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Abstract 

Many patients undergoing magnetic resonance imaging (MRI) and computed 

tomography (CT) scans experience elevated anxiety. Patients should be informed about 

the procedural, behavioural, psychosocial and sensory aspects of preparation before 

these procedures. Providing preparatory information the way patients prefer is central to 

high-quality, patient-centred care and may improve patient outcomes. eHealth shows 

promise for delivering patient-centred preparatory information, as patient education 

websites can be tailored to individuals’ preferences. However, little research has 

assessed whether patients’ preferences for receiving a range of preparatory information 

items are met before MRI and CT procedures. Furthermore, no studies have examined 

MRI and CT patients’ ability to locate and apply online health information, a concept 

termed eHealth literacy, necessary for patients to engage with and benefit from eHealth.  

This thesis addresses these knowledge gaps by evaluating MRI and CT outpatients’ 

experiences of, and preferences for receiving, preparatory information. It also examines 

issues related to measuring and describing eHealth literacy. Four published papers 

based on one cross-sectional study are included. Paper One assesses patient-perceived 

information receipt, concluding that provision of preparatory information linked to 

guideline recommendations needs improvement. Paper Two evaluates patient 

preferences for receiving this information, with findings highlighting a need for 

improved elicitation of, and responsiveness to, patients’ preferences. Paper Three 

evaluates the factorial validity of the eHealth Literacy Scale (eHEALS). Findings 

support a three-factor eHEALS structure and raise questions about existing 

interpretations of eHEALS data. Paper Four is the first to apply exploratory analyses to 

identify four subgroups of patients, characterised as having low to very high eHEALS 
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factor scores. Collectively, this body of work indicates that patient-centred preparatory 

information provision before MRI and CT procedures should be enhanced. However, 

not all patients perceive that they can engage meaningfully with eHealth. eHealth 

should be offered alongside other information modes to improve patient-centred 

preparation before MRI and CT procedures. 
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Synopsis 

Magnetic resonance imaging (MRI) and computed tomography (CT) scans are 

increasingly common diagnostic and surveillance processes within Australian healthcare 

settings. Patients who are scheduled to undergo these imaging procedures may 

experience elevated anxiety and distress, reinforcing a need for adequate preparation. It 

is recommended that preparatory information for such potentially threatening medical 

procedures address the procedural, sensory, psychosocial and behavioural aspects of 

care. Furthermore, the content and amount of preparatory information provided should 

be adapted to suit patients’ preferences. Responding to patients’ preferences in this way 

is important for high-quality, patient-centred care, and may result in improved 

psychosocial and clinical outcomes. Providing too little preparatory information can 

heighten patient anxiety and distress, prevent informed medical decision-making and 

limit compliance with clinical requirements, whereas providing too much preparatory 

information can overwhelm patients and increase anxiety levels. Delivering the right 

amount of patients’ preferred preparatory information is therefore paramount.  

The internet holds promise as a standardised and sustainable mode for providing 

patients’ preferred information about how to prepare for MRI and CT procedures. This 

is because the internet is highly accessible and provides advanced capabilities (e.g. 

tailoring, multimedia, interactive functionality). eHealth refers to the organisation and 

delivery of health services and information using the internet and related technologies, 

and is a focus of national and international healthcare agendas. Optimal use of patient 

education websites is, however, contingent on patients having the ability to seek, find, 

understand, appraise and apply electronic health information, otherwise termed eHealth 

literacy. eHealth literacy research is challenged by the rapid speed of eHealth 
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development, limited application of emerging analytical techniques for psychometric 

assessment, and paucity of measurement research in clinical settings. This limits the 

credibility of eHealth literacy findings and makes it unclear whether medical imaging 

patients have the capabilities to meaningfully engage with and benefit from eHealth. 

This thesis-by-publication reports research examining MRI and CT medical imaging 

outpatients’ experiences of and preferences for receiving preparatory information, and 

their eHealth literacy. It consists of an Introduction, an overview of the Thesis Structure 

and Study Scope, four peer-reviewed publications and a Discussion. The four 

publications are based on a cross-sectional survey of MRI and CT outpatients recruited 

from a major public tertiary referral hospital in metropolitan Australia. 

The Introduction contextualises the importance of patient-centred preparatory 

information and the relevance of eHealth. The prevalence and burden of MRI and CT 

procedures are discussed, and the procedural, behavioural, psychosocial and sensory 

domains of preparatory information are introduced. The importance of preparatory 

information is outlined in relation to policy and ability to influence patient outcomes. 

The chapter defines patient-centred care and discusses the need for information to be 

delivered in accordance with patient preferences. Shortcomings of existing medical 

imaging research are highlighted, including the limited assessment of patient-centred 

information provision across all four domains of preparation, and the lack of studies 

using dual assessment of patient receipt of both too much and too little preparatory 

information. As eHealth presents an opportunity to deliver information that is tailored to 

patient preferences, rates of internet access and functionality are discussed. Strategic 

initiatives to promote the implementation of eHealth are also described. eHealth literacy 

components (i.e. awareness, skills and evaluation) are introduced as necessary for 
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facilitating engagement and maximising potential benefits from eHealth. The chapter 

concludes by identifying the need for more research assessing the measurement 

properties of the commonly used eHealth Literacy Scale (eHEALS), and describing 

eHealth literacy in patient populations.  

Paper One reports the findings from 234 MRI and CT outpatients who completed at 

least one of 33 survey items assessing receipt of preparatory information. Information 

items most commonly endorsed as having been received related to the reason for 

referral (85%) and how to find the imaging department (74%). The median number of 

preparatory information items that were not received was 18 (interquartile range: 8–25; 

possible maximum: 33). The prevalence of information non-receipt was highest for 

items addressing management of anxiety after (74%) and during (69%) the scan. These 

findings indicate that not all recommended preparatory information items assessed as 

part of this study were recalled as received by patients before MRI and CT procedures. 

The implications for informed consent and preparation are discussed. Paper One has 

been published in Journal of Patient Experience. 

Paper Two examines the prevalence and correlates of receiving preparatory 

information that is aligned with the preferences of 234 MRI and CT outpatients. 

Building on Paper One findings, Paper Two reports that unmet information preferences 

are commonly related to receiving too little information, as opposed to receiving too 

much. The 10 highest ranked unmet information preferences were endorsed by at least 

25% of participants; these mostly related to information about the scan (e.g. how to alert 

the radiographer if you have questions or concerns during the scan) and post-scan 

periods (e.g. how and when you will receive the scan results). Contrary to expectations, 

none of the scan or sociodemographic characteristics assessed were significantly 
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associated with reporting an increased number of unmet information preferences. These 

findings indicate there is room to improve responsiveness to patients’ information 

preferences in this medical imaging setting. It is suggested that interventions should 

elicit and respond to preferences at an individual patient level, rather than being targeted 

to groups defined by scan or sociodemographic characteristics. Findings from Papers 

One and Two support the potential utility of eHealth as a way of delivering patient-

centred information that is tailored to the individual, whilst also being accessible, 

scalable and easily integrated into existing service models. Paper Two has been 

published in Patient Education and Counseling. 

To enable the evaluation of eHealth as an approach to address patient information 

preferences in medical imaging settings, there is a need to firstly measure eHealth 

literacy in this population. Paper Three contributes to our understanding of eHealth 

literacy measurement by validating the three-factor structure of the commonly used 8-

item eHEALS with 256 MRI and CT outpatients. Confirmatory factor analysis resulted 

in all reliability measures being acceptable and two out of three goodness-of-fit indices 

being adequate (SRMR = 0.38; CFI = 0.944; RMSEA = 0.156). These findings 

challenge accumulated evidence supporting a unidimensional eHEALS structure. 

Furthermore, they allow for greater insights to be derived from eHEALS data, as 

specific aspects (i.e. awareness, skills, evaluation) of eHealth literacy can be discerned. 

This may lead to more targeted eHealth literacy improvement interventions and more 

effective eHealth implementation approaches. Paper Three has been published in JMIR 

Human Factors. 

Paper Four extends the findings of Paper Three by assessing the number and correlates 

of eHealth literacy subgroups among 256 MRI and CT outpatients. This included an 
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evaluation of how eHEALS factors (i.e. awareness, skills, evaluation) co-exist within 

subgroups of patients who have similar eHealth literacy. Four latent classes were 

identified, distinguishing participants with low (21.1% of participants), moderate 

(26.2% of participants), high (32.8% of participants) and very high (19.9% of 

participants) eHealth literacy. Across each class, participants were most competent in 

relation to eHealth skills, followed by either awareness or evaluation. Those who 

preferred not to receive a lot of information about their health were significantly more 

likely to be assigned to the low eHealth literacy class, compared with the moderate 

eHealth literacy class. Similarly, those who used the internet less than daily were 

significantly more likely to be assigned to the low eHealth literacy class, compared with 

the high eHealth literacy class. These findings make an important contribution to the 

interpretation of eHEALS scores. Whilst dichotomising high versus low eHealth 

literacy subgroups is common practice in the literature, Paper Four findings suggest this 

method may not provide the most reliable and meaningful understanding of how 

eHealth literacy varies within a population. This study’s identification of multiple 

subgroups suggests that patients undergoing MRI and CT procedures may require 

differentially targeted support, addressing specific components of eHealth literacy (i.e. 

awareness, skills, evaluation), to better engage with eHealth. Paper Four has been 

published in Journal of Medical Internet Research. 

In conclusion, this thesis-by-publication makes a unique and methodologically robust 

contribution to our understanding of MRI and CT outpatients’ experiences of, and 

preferences for receiving, preparatory information that is linked to guideline 

recommendations. Furthermore, it builds knowledge about the psychometric quality and 

interpretation of eHealth literacy data. Together, findings indicate there is capacity to 

improve the patient-centred provision of preparatory information in advance of MRI 
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and CT procedures. Approaches that better elicit and respond to patients’ preparatory 

information preferences are needed in this setting. Whilst patient education websites 

have the capability to provide widely accessible preparatory information in line with 

patient preferences, the study findings indicate that not all patients are able to engage at 

the same level with these programs. eHealth literacy improvement interventions, 

targeting specific eHealth literacy components (i.e. awareness, skills, evaluation) and 

patient subgroups (e.g. those with low and moderate eHealth literacy) therefore warrant 

investigation. Such intervention research may maximise the potential benefits of 

providing online preparatory information to patients undergoing MRI and CT 

procedures. Until such time, eHealth should be part of a suite of modes of information 

offered to patients, so they can access the information they prefer in advance of MRI 

and CT procedures.  
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The burden of high-technology potentially threatening medical 

imaging procedures 

Computed tomography and magnetic resonance imaging scans are increasingly 

used, potentially threatening medical procedures  

High-technology medical imaging, such as computed tomography (CT) and magnetic 

resonance imaging (MRI) scans are examples of potentially threatening medical 

procedures used to diagnose, treat and monitor a range of health conditions, including 

musculoskeletal conditions and cancer1,2. These procedures are performed by public and 

private radiology providers, on both an inpatient and an outpatient basis3. Over 100 

million CT scans and 80 million MRI scans are performed worldwide each year4,5. 

Australia is the 8th and 15th highest provider of CT and MRI scans, respectively, 

compared with other member countries of the Organisation for Economic Co-operation 

and Development6,7. Between 2008 and 2018, the number of scans performed per 1000 

inhabitants in Australia increased from 88 to 134 for CT scans6 and from 20 to 48 for 

MRI scans7, with a commensurate rise in medical imaging expenditure3. In 2012–2013, 

Medicare expenditure for CT and MRI scans was $790 million8 and $250 million9 

respectively, and since this time, financial outlays have continued to grow3. An MRI 

scan is approximately 20% more expensive than a CT scan and seven times more 

expensive than an x-ray9. The increase in CT and MRI service usage across Australia 

has been attributed to a number of factors: advances in medical imaging technology 

leading to improved image quality and patient safety10; wider availability of scanning 

machines delivering imaging services that are eligible for Medicare Benefits Schedule 

rebates9; a growing and ageing population causing an increase in the prevalence of 

health conditions for which these procedures are performed9; and national reform 

extending MRI requesting rights to general practitioners9.  



29 
 

Patients may feel threatened about undergoing MRI and CT scans for a number of 

reasons, including unfamiliarity with the imaging process, fear of the results and their 

implications, and the potential risks associated with the procedure11,12. MRI scans use 

strong magnets, radiofrequency pulses and a computer to create detailed images of the 

inside of the body2. There are many different MRI techniques (e.g. functional MRI of 

metabolic function versus cardiac MRI of heart and blood vessel structures), with each 

providing specific information about the patient2. An MRI scan requires the patient to 

lie on a bed, which moves into a tunnel within the scanner2 (Figure 1.1). The patient 

must remain still in this enclosed space for a length of time, ranging from 10 minutes to 

over an hour, depending on the body part being scanned and the MRI technique being 

used2. Similarly, a patient having a CT scan must lie on a bed which moves in and out 

of a large circular gantry1 (Figure 1.2). A CT scanner uses x-rays and computer 

technology to take images or “photo slices” of the body, and these images are combined 

to produce three-dimensional images1. In some cases, patients undergoing MRI and CT 

scans are injected or asked to ingest (CT patients only) a contrast medium to highlight 

body structures (e.g. blood vessels and the bowel)13,14.  

 

 

 

 

 

 

Figure 1.1: Magnetic 
resonance imaging scanner   

Source: Unpublished video. 

Missing Piece Media.    
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Figure 1.2: Computed 
tomography scanner 

Source: Unpublished video. 

Missing Piece Media   

 

There are a number of precautions and risks that patients must be aware of prior to 

undergoing MRI or CT. For example, if metal objects are taken into an MRI scanner, 

they can move, heat up and make electrical currents, potentially causing serious harm to 

patients2. A CT scan exposes patients to a level of radiation that may slightly increase 

their cancer risk, with the increased risk dependent on their age and the number of CT 

scans received1. Contrast medium can induce minor allergic reactions, such as nausea or 

itchy skin, in about 1 to 3 out of every 100 patients. It can also cause more severe 

allergic reactions, such as difficulty breathing, in less than 1 in 25,000 patients13,14. 

Despite these risks, MRI and CT scans provide much higher diagnostic precision, image 

clarity and detail (e.g. ability to show soft tissue structures) than other types of scans, 

such as x-rays, and as a result, referring doctors commonly consider the benefits of 

these procedures to outweigh the risks15.  
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There can be a substantial psychosocial burden associated with undergoing 

magnetic resonance imaging and computed tomography scans  

Patients have widely varying perceptions of threat from, and experiences of, MRI and 

CT procedures. A systematic review of 15 qualitative studies examining patients’ 

experiences with having high-technology medical imaging identified 127 findings 

related to pre- and post- procedure time points. These findings were synthesised into 11 

key themes16. Feelings of lack of control, anxiety and claustrophobia were commonly 

reported by patients, and these feelings were often intensified by the high importance 

that patients placed on having a scan16. Similarly, Forshaw et al (2018) conducted a 

cross-sectional study of outpatients preparing for a medical imaging procedure in an 

Australian tertiary referral hospital11. Even after controlling for other variables, MRI 

and CT imaging modalities were associated with significantly higher odds of patients’ 

reports of raised state anxiety before undergoing the procedure, compared with other 

types of imaging modalities, such as ultrasounds11. State anxiety refers to anxiety in 

relation to the procedure itself, rather than proneness to anxiety or general feelings of 

anxiety (i.e. trait anxiety)11. In Forshaw et al’s (2018) study, 56% (95/169) and 59% 

(46/78) of patients undergoing MRI and CT respectively, reported raised state anxiety 

prior to the scan11. Other studies have also reported elevated pre-procedure anxiety 

among MRI17-19 and CT patients20,21. 

Objective measures of heart rate, respiratory rate and hormone levels suggest that 

psychological distress often persists throughout the procedure17,22,23. For example, van 

Minde et al (2014) monitored the heart rates of 67 MRI patients and concluded that high 

rates of stress and anxiety were commonly experienced across the entirety of the 

procedure17. Participants’ heart rates peaked as they were being moved into the scanner, 

indicating that anxiety and stress levels were highest at the beginning of the 
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procedure17. Medical imaging patients more likely to report significantly high levels of 

anxiety include females11,20, those having a scan for the first time11,20, patients having a 

head scan17 and those requiring an injection of contrast medium20. Whilst psychological 

wellbeing typically improves once the scan is completed17, some patients experience 

anxiety after the procedure. The expectation of test results is consistently reported as a 

major cause of anxiety among MRI and CT patients11,16,21,24. Thompson et al’s (2010) 

qualitative study of long-term lymphoma survivors undergoing surveillance CT scans 

reported that the time between the scan and the receipt of results is particularly 

distressing21. Quantitative studies indicate that approximately half of patients report 

feeling most anxious or worried about results11,24. These findings emphasise the need 

for adequate preparation to address the psychosocial burden commonly experienced 

among patients undergoing MRI and CT procedures. 

Providing patients with preparatory information may improve patient 

outcomes 

Adequate patient preparation is a clinical and ethical necessity  

Preparatory requirements for medical imaging vary depending on the patient’s medical 

history, scan type and part of the body being scanned1,2. For example, an abdominal 

MRI may require the patient to fast in advance of the appointment, whereas MRI of the 

leg may not require restricted food or drink intake. Other preparations required may 

involve changing drug prescriptions in advance of the procedure, arriving early to the 

appointment, preparing for an injection or ingestion of contrast medium and/or 

arranging alternative transport home1,2. The implications of poor preparation are 

significant, with some risks, such as interactions with metal objects and allergic 

reactions to contrast medium, having the potential to cause serious harm to patients (e.g. 
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burns, skin irritation or difficulty breathing)1,2. Accordingly, guidelines specify that 

healthcare providers must communicate preparatory information to patients prior to the 

procedure and seek informed patient consent25. The Medical Imaging Informed Consent 

Guidelines of the Royal Australian and New Zealand College of Radiologists 

(RANZCR, 2019) recommend that information is provided to patients about scan risks 

and benefits, and whom to contact with questions25. Information addressing other 

aspects of the procedure (e.g. any significant short- and/or long-term physical, 

emotional, mental, social, sexual or other outcomes from the scan) may also be 

provided, but the amount of information delivered is at the discretion of the healthcare 

provider and dependent on factors such as examination complexity and patient 

characteristics (e.g. age, education and cultural background)25. These recommendations 

are consistent with international medical imaging policies26,27.  

Guidelines and systematic reviews also recommend that patients undergoing potentially 

threatening medical procedures be provided with specific information about the 

procedural, sensory, psychosocial and behavioural elements of preparation28-31. 

Procedural, sensory, psychosocial and behavioural information respectively refers to: 

the risks, sequence of events and equipment to be used; sensations that will be felt, seen 

or heard; management of emotions; and the patient’s role in facilitating the procedure28-

31. Preparatory information provided to patients aims to build a realistic schema of the 

procedure to be experienced32,33. This allows the patient to anticipate what is coming 

and reassures them of the normality of their medical encounter32,33, i.e. the patient’s 

expectation is congruent with the experience of having the procedure. In this way, 

preparatory information has the potential to mediate patients’ reactions to potentially 

threatening medical procedures34. This notion is consistent with the Transactional 

Model of Stress and Coping, which posits that when coping with stressful events (e.g. a 
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medical imaging procedure), an individual assesses the information they have, including 

what they think they know about the environment (e.g. scan process, benefits and risks) 

and evaluates the perceived implications of that information for their wellbeing, in order 

to formulate a coping response35. This is pertinent to high-technology medical imaging, 

as psychological discomfort has been associated with degraded imaging quality36, as 

well as increased delays in or terminations of the procedure37. The Royal Australian 

College of General Practitioners reports that between 2% and 5% of patients cannot 

tolerate the tight space of an MRI scanner38. International research suggests that up to 

10% of MRI patients abort a scan due to anxiety or claustrophobia22,39. This may result 

in delayed diagnoses and subsequent adverse impacts on the long-term health of 

patients, highlighting the importance of adequate patient preparation. 

Providing information is effective for improving some patient and service 

outcomes 

Improved outcomes have been reported for some patient populations undergoing 

potentially threatening medical procedures when they have been provided with 

preparatory information29,40-42. A meta-analysis of 191 studies conducted with patients 

undergoing a range of major and minor surgical procedures found that providing pre-

operative information resulted in small-to-moderate beneficial effects on post-operative 

physical outcomes (e.g. recovery, post-operative pain) and psychological distress 42. 

More recently, Powell et al (2016) conducted a meta-analysis of 105 studies which 

examined the effects of psychological preparation on general surgical patients’ post-

operative outcomes29. It was reported that additional information improved some 

service outcomes (e.g. length of stay) and patient outcomes (e.g. negative affect), but 

not other outcomes (e.g. post-operative pain)29. Furthermore, systematic reviews of 

descriptive and intervention studies with cancer patients undergoing chemotherapy, 
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radiotherapy and surgery found that preparatory information often improved patients’ 

quality of life, satisfaction, information needs, knowledge, physical symptoms and 

healthcare costs40,41. However, findings were mixed for the impact of such information 

on patients’ psychological outcomes, including anxiety, depression and psychological 

distress 40,41. These meta-analyses and systematic reviews consistently recommend that 

more evidence from high-quality experimental studies is needed to confirm the 

beneficial effects of information provision29,40-42.  

Inconsistencies in findings may be attributed to variation between studies in 

methodological quality and intervention characteristics (e.g. content and amount of 

information provided). For example, Waller et al (2015) reported that providing a 

smaller amount of patient-specific information may be more effective than providing a 

larger quantity of generic information when preparing patients for chemotherapy and 

radiotherapy41. Similarly, a recent meta-analysis of 71 trials found that no single 

element of procedural, sensory or behavioural preparatory information was effective in 

improving post-surgical psychological outcomes. It was concluded that multiple 

elements of preparatory information should be delivered, as each plays a role in 

holistically preparing patients43. 

In contrast to surgery29,40,42, the body of research assessing the impact of information 

provision on patient and service outcomes in medical imaging is small, with only two 

reviews having been conducted44,45. Munn and Jordan’s (2012) systematic review 

assessed the effectiveness of preparatory interventions in improving anxiety and scan 

completion for outpatients undergoing high-technology medical imaging procedures, 

including MRI, CT and positron emission tomography44. Six intervention studies were 

identified with MRI and CT outpatients in Europe and Egypt, and these studies 
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suggested that information provision was likely to be effective in improving patient 

anxiety and worries when coupled with a psychological intervention44. Similarly, Munn 

and Jordan (2014) systematically reviewed intervention studies assessing the effects of 

non-pharmacological interventions on nuclear medical imaging patients’ outcomes. Of 

the four studies that examined the impact of providing additional information, two 

studies found it had positive effects on patient anxiety and satisfaction, one study found 

it increased anxiety, and one study found it had no effects on anxiety45. More recent 

studies have examined the effects of videos containing procedural and sensory 

information on MRI outpatients’ motion artefacts, with conflicting results reported46,47. 

These mixed findings are consistent with those from studies of surgical29,40,42, 

chemotherapy and radiotherapy41 populations, and suggest that there is a need to 

determine optimal approaches to providing preparatory information, including specific 

preparatory information items (i.e. procedural, behavioural, sensory, psychosocial) that 

should be addressed.  

Meeting patient information preferences is a component of high-

quality patient-centred care 

Patient-centred information provision is recommended 

Providing care that is aligned with patients’ wants and needs has been prioritised by 

international governments, organisations and lobby groups as a key principle of high-

quality, patient-centred care48-50. Patient-centred care refers to providing care that is 

“respectful of and responsive to individual patient preferences, needs and values, and 

ensuring that patient values guide all clinical decisions”49. This model of care is based 

on open and genuine communication that recognises the rights and responsibilities of 

the patient48. In particular, a patient-centred approach ensures that patient autonomy is 
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maintained to the level patients desire, whilst also enabling shared decision-making51. 

The Institute of Medicine and the Picker Institute recognise information provision as 

central to patient-centred care49,50. Patients should be provided with information that is 

attentive, responsive and tailored to their needs and preferences49.  

An information need refers to knowledge that patients perceive they need to satisfy a 

goal that is relevant to a medical context or situation, at a specific point in time52. For 

example, in the case of MRI and CT procedures, an information need may refer to 

knowledge that patients think they need to allow them to prepare adequately in advance 

of the scan. Patient information preferences refer to the relative desirability of different 

types of information53,54. These include the content, amount, source, format and timing 

of information that patients want to receive41,54. To provide information in a preference-

sensitive manner, healthcare professionals must give patients options and choices for 

the way in which they receive information53. This process may be complex, since 

patients’ information preferences often change as they proceed through different stages 

of care54,55. Moreover, factors such as age, gender, prior utilisation of medical services, 

literacy levels and coping styles have been found to mediate patient preferences for 

health information54,56-58. For example, a study of medical imaging patients found that 

participants who had undergone fewer scans previously (i.e. <6 scans) were 

significantly more likely to consider it important to receive preparatory information, 

compared with those who had undergone a greater number of prior scans (i.e. 6 or more 

scans)58.  
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Continued research is needed to evaluate whether medical imaging patients 

receive the content and amount of preparatory information they prefer 

Patient-centred care is a key focus area for quality improvement in Australian59 and 

international60 medical imaging bodies. In addition to the need to ensure that 

information required for informed patient consent is provided25, medical imaging 

patients’ preferences for information should be used to guide the delivery of preparatory 

information. However, a recent scoping review of six international radiology reporting 

guidelines, including that of the RANZCR, found that recommendations to consider 

patient preferences when reporting results (e.g. desires for lay language summaries) 

were not included in any guidelines61. Additionally, few studies examine medical 

imaging patients’ preferences for preparatory information. Whilst many aspects (i.e. 

content, amount, source, format and timing) should be addressed to deliver information 

in a patient-centred manner, a plausible first step to achieving patient-centred care is 

understanding what (i.e. content) and how much (i.e. amount) preparatory information 

patients prefer to receive. This is important, as providing too little information (resulting 

in unmet information needs) can heighten patients’ anxiety and distress62, limit their 

ability to make informed medical decisions49, and prevent compliance with clinical 

requirements (e.g. preparation for a procedure)49. Conversely, providing too much 

information can overwhelm patients and increase anxiety levels63,64. 

Of the studies that evaluate medical imaging patients’ preferences for content of 

preparatory information, few examine information related to all four domains of 

preparation (i.e. procedural, behavioural, sensory and psychosocial). Studies conducted 

with patients undergoing a range of medical imaging procedures, including MRI and CT 

scans, indicate that between 53% and 82% of participants would like to receive 

procedural information from a healthcare professional before the procedure24,65. 
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Similarly, 68% of medical imaging patients report needing reassurance before a 

procedure24, suggesting a desire for psychosocial information. Pahade et al (2018) 

conducted a multi-institutional cross-sectional survey with 1542 carers and patients 

undergoing MRI, CT and other medical imaging procedures, and asked participants how 

important it was for them to have the answers about areas of information before the 

scan58. Thus, this measure provided a proxy for patient preferences to receive 

information content. Information about how to prepare was perceived as being most 

important (74%), followed by what the imaging test would be like (68%), and whether 

the test used radiation (64%)58. However, the broad nature of information assessed in 

this study (e.g. how to prepare) prevented the identification of clearly defined content 

areas (e.g. specific aspects of preparation) to be delivered in accordance with patient 

preferences. 

To enhance patient-centred information provision, it is also important to determine 

whether these preferences for information are being met by clinical practice; this aspect 

was not assessed by Pahade et al58. Ollivier et al’s (2009) cross-sectional study with 190 

outpatients attending a cancer imaging department found that 66% of participants felt 

poorly informed and wanted more information about the personnel who would be 

treating them (i.e. procedural information)24. Rosenkrantz et al (2015) reported that, 

among 176 patients awaiting MRI, CT, ultrasound and nuclear medicine examinations, 

19% of participants had unanswered questions. These questions often related to imaging 

logistics (e.g. the sequence of events when having the scan), the use of contrast medium 

and when results would be available, suggesting that not enough information was 

received by patients in a way that they could understand65. Moreover, Thornton et al 

(2015) conducted six qualitative focus groups with patients who were undergoing or 

had received cancer treatment or screening, and identified a substantial gap between 
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patients’ expectations and experiences with receiving procedural and behavioural 

medical imaging information66. Patients regularly needed to initiate discussions with 

healthcare providers to meet their preferences for more information about the reason for 

the examination, testing alternatives and intervals between follow-up66. Whilst these 

findings indicate that too little information had been received, it was also reported that 

patients’ preferences for amount of information varied substantially. Most patients felt 

that risk information should be available, but some considered open discussions of 

medical imaging risks to be useless or frightening66. A conflict between wanting but 

being afraid to receive information has also been reported among patients with chronic 

obstructive pulmonary disease and cancer67,68, and highlights sensitivities in delivering 

the right amount of information and the right content to facilitate patient coping. 

Despite this, there is a lack of studies that rigorously conduct a dual assessment of 

patient receipt of both too much and too little preparatory information in advance of 

medical imaging. Identifying discrete information content items, which address each 

domain of preparation, that are not provided in the amount that medical imaging 

patients prefer, is necessary to inform targeted areas for service improvement. 

The internet is a potential mechanism for delivering patient-centred 

information  

Internet access and use has proliferated 

Access to information customisable to patient preferences is increasingly possible since 

the emergence of the internet. Globally, the number of internet users has increased four-

fold, from 1.1 billion people (8% of world’s population) in 2005 to 4.1 billion people 

(53.6% of the world’s population) in 201969. Whilst the number of internet users is 

greatest in the developed world (86.6% of individuals), usage is steadily increasing 
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across the least developed countries of the world (19.1% of individuals)69. In Australia, 

access to the internet has increased from 56% of households in 2004–2005 to 86% of 

households in 2016–201770. Population-based data from 2019 indicate that digital 

inclusion gaps for age and geographical location are wide but narrowing71. Younger 

Australians have higher rates of internet use, with 97.7% of those aged 18–24 years 

accessing the internet in the previous three months, compared with 55.2% of those aged 

65 years and over70. Rates of internet access are highest in major Australian cities 

(87.9% of individuals) and lowest in remote areas (80.6% of individuals)70. Due to the 

widespread adoption of the internet, online information and services are increasingly 

relevant to Australians’ everyday lives. In 2013, as part of the World Internet Project, 

the Swinburne Institute for Social Research administered telephone-based surveys to 

1000 nationally representative Australian adults72. This study found that, of those who 

used the internet in the past three months, 84% classified the internet as important to 

their current way of life, 92% felt that the internet was a fast and efficient means to gain 

information and 85% felt that the internet made life easier72.  

The internet can be leveraged for the patient-centred delivery of health-related 

information 

eHealth refers to the organisation and delivery of health services and information using 

the internet and related technologies73, and has been lauded as a key component of 

future healthcare delivery74. In May 2005, the World Health Organization’s eHealth 

Resolution, which promotes international, multisector collaboration to facilitate the 

integration of eHealth into healthcare systems, was adopted75. Additionally, the Global 

Observatory for eHealth was developed to mark the start of a centrally coordinated, 

international focus in the area76. Since this time, significant investments in developing 

Australia’s eHealth capability have been made, as demonstrated by the $51 billion 
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investment in the National Broadband Network77. The National eHealth Transition 

Authority and, more recently, the Australian Digital Health Agency have been 

developed to lead the uptake and adoption of digital health solutions across the 

country78. Australia’s National Digital Health Strategy for 2018–2022 identifies priority 

areas for the safe, seamless and secure integration of eHealth into modern healthcare 

systems79. These priority areas include, for example, ensuring health information is 

available for consumers whenever and wherever it is needed79. 

Given the increased attention to eHealth over the last decade, it is not surprising that the 

internet is one of the most common sources that people turn to for health-related 

information80. In 2015, 78% of Australian adults with internet access reported using the 

internet for health purposes in the previous 12 months80. This finding is reflected in 

other developed countries, including the United Kingdom where 69% of a nationally 

representative sample of current internet users sought health information on the internet 

in 2013, compared with only 37% in 200581. Studies of the general public and patients 

consistently report that specific diseases, conditions or symptoms are the most searched 

health topics on the internet, followed by information about treatments or procedures, 

and doctors or other health professionals82-86. Those more likely to search for health 

information online are younger, are women, and have greater internet use and higher 

education87-91. For example, Powell et al (2011) undertook a cross-sectional survey of 

792 people accessing the United Kingdom’s National Health Service website, and 

reported that participants who were 35 years or younger were significantly more likely 

than those over 35 years of age to search for health information online prior to 

consulting a healthcare professional92. Such online health information searching is 

important as it has been found to have significant effects on subsequent medical 

decision-making, such as whether to attend ambulatory care or undergo treatment93. 
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Online health information-seeking has increased despite decreased public trust in online 

health resources94,95. Diminishing trust can be attributed to the varying quality, accuracy 

and reliability of the large volume of online health information available96,97; despite 

this, people turn to the internet for its convenience, coverage and anonymity92,97. 

Qualitative studies indicate that people seek health information online to obtain 

reassurance, to challenge and supplement information received from health services, 

and to overcome external barriers (e.g. difficulty getting an appointment, travelling to 

see a healthcare professional) to accessing information from traditional services92,97. 

Additionally, the health information that is available online is increasingly 

sophisticated, with interactive features such as modules, quizzes, tailored content and 

multimedia98. van Gemert-Pijnen et al (2013) highlight the potential of the internet for 

personalising health information, therefore providing a mechanism for patient-centred 

care99. In particular, web-based algorithms that tailor features, interfaces, interaction 

design and messaging to individual needs, preferences and context, can be used to 

increase the usefulness and persuasiveness of health information99.  

Internet-based health information may be effective in improving patient 

outcomes 

Patient education websites and internet interventions are commonly studied in the field 

of eHealth100. Patient education websites are relatively low intensity interventions that 

provide consumers with self-guided access to online information about health-related 

issues100. In contrast, internet interventions are typically high-intensity, structured 

behavioural or cognitive treatments converted for online delivery. They are based on 

effective face-to-face interventions; personalised to the user; interactive; enhanced by 

graphics, animations, audio, and possibly video; and tailored to provide follow-up and 

feedback100. Thus, patient education websites hold relevance for patient-centred 
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information provision and should be differentiated from internet interventions when 

reviewing research that reports on effectiveness and usage.  

Studies examining patient education websites are largely descriptive, with a focus on 

website quality101,102, development103-105 and engagement106. Experimental studies 

conducted with surgical107,108, cardiac109, cancer110 and general practitioner111 

populations suggest that patient education websites may be effective in improving a 

range of physical, psychosocial and service outcomes. van der Meij et al (2016) 

systematically reviewed trials evaluating the effectiveness of perioperative educational 

or supportive websites or devices, which provide information about the surgery and 

recovery processes108. Of the 12 studies identified, eight reported significant positive 

impacts on patient outcomes, including physical functioning, self-efficacy and 

anxiety108. Elkjaer et al (2010) evaluated a website providing specific education and 

self-treatment information for patients with ulcerative colitis112. Compared with usual 

care, the website resulted in greater treatment adherence, knowledge and quality of life, 

as well as reduced numbers of acute and routine outpatient clinic visits112. Spoelman et 

al (2016) conducted an interrupted time series analysis of 912,000 patients visiting their 

general practitioners from 2009 to 2014, and found that two years after the release of an 

evidence-based patient education website, the consultation rate had reduced by 12%111, 

suggesting that eHealth may be effective in minimising healthcare usage within this 

population. 

There is an absence of research assessing the effectiveness of patient education websites 

in improving patient and service outcomes in the medical imaging context44,45. 

Nevertheless, descriptive studies suggest an appetite for web-based information 

provision in this setting66,113. Horton et al’s (2000) study of 205 adult CT outpatients 
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reported that 83% of participants with internet access indicated that web-based 

information about radiological examinations would be useful113. A qualitative study of 

six focus groups with cancer patients undergoing medical imaging reported that self-

directed internet searches were most commonly used to retrieve benefit and risk 

information, and that patients wanted to receive hospital-endorsed online preparatory 

information, along with face-to-face information66. The American College of Radiology 

and Radiological Society of North America’s publicly accessible website, 

radiologyinfo.org, receives over one million visitors per month114. However, a recent 

cross-sectional study of 1542 radiology patients and caregivers across the United States 

(US) found that materials by national radiology organisations account for only 5% of 

sources from which people seek information about a procedure58. Collectively, these 

findings point to the challenge of a disconnect between patients’ intention to use, and 

their behaviours engaging with, patient education websites. Although the internet holds 

promise as a future mode of information provision for medical imaging, credible online 

information sources are not being used to their potential. 

eHealth literacy is important in maximising the potential benefits of 

internet-based health information  

There is considerable variation between patients in eHealth literacy  

Before assessing the potential effectiveness of the internet in delivering patient-centred 

information to medical imaging patients, it is important firstly to ensure that patients 

have adequate eHealth literacy. eHealth literacy refers to an individuals’ ability to seek, 

find, understand and appraise health information from electronic sources, and apply the 

knowledge gained to addressing or solving a health problem115. A series of analytic and 

context-specific literacy types comprise the concept of eHealth literacy: traditional; 
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computer; media; health; information; and science115. An eHealth-literate individual 

must be able to: read and understand website content; navigate through the various 

website pages, links and downloadable content; identify credible sources; manage vast 

amounts of information; understand which health-related material will meet their needs; 

and interpret the information to achieve associated benefits115. 

However, consumers have been found to have limited search and evaluation skills 

required for using online health information effectively83. Peak Australian healthcare 

bodies, including the Consumers Health Forum of Australia and the Australian College 

of Rural and Remote Medicine, have identified eHealth literacy as a significant barrier 

to patients achieving optimal and equal benefits from eHealth79. Cross-sectional studies 

of the general public and older adults indicate that male gender, increased age and lower 

education are associated with reduced eHealth literacy116,117. A review by Watkins and 

Xie (2014) reported that older adults are particularly susceptible to poor eHealth 

literacy, despite the potential effectiveness of high-quality interventions that target 

eHealth literacy118. Whilst older people may have one of the greatest needs for eHealth 

support, studies with younger people119, adult patients120 and minority groups121 suggest 

that eHealth literacy could also be improved among these populations. However, no 

descriptive research has examined levels of eHealth literacy among patients undergoing 

MRI and CT procedures. It is therefore unclear whether patients in this setting have the 

capabilities to engage meaningfully with patient education websites, and whether 

eHealth could be an appropriate channel for the patient-centred delivery of preparatory 

information prior to MRI and CT procedures. 

The need to address this gap in the literature is accentuated, as greater eHealth literacy 

has been found to be associated with improved instrumental outcomes (e.g. self-
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management of healthcare needs, physical exercise, eating a balanced diet) and 

interpersonal outcomes (e.g. asking physicians questions, consulting with physicians on 

information retrieved) among the general population117,122. Additionally, Stellefson et 

al’s (2019) recent study of 174 patients with chronic obstructive pulmonary disease 

reported that greater eHealth literacy was associated with increased lung-specific health-

related quality of life123. However, Neter and Brainin’s (2019) recent systematic review 

highlights a paucity of research examining the association between eHealth literacy and 

health outcomes among patient populations124. Only two of eight studies surveyed 

patients with diagnosed medical conditions (e.g. HIV and cancer survivors), with the 

remaining assessing college students and community adults124. No studies evaluated the 

association between eHealth literacy and health outcomes among patients undergoing 

potentially threatening medical procedures. This highlights the under-representation of 

and need for eHealth literacy research with patients undergoing MRI and CT 

procedures, who could benefit greatly from online health information. Furthermore, the 

quality of evidence within the eight studies was classified as low to moderate, 

suggesting that whilst eHealth literacy may be beneficial, ongoing research of higher 

methodological rigour should be conducted to strengthen the reliability of 

conclusions124.  

Limited quality of and engagement with online health information reinforces 

the need for eHealth literacy 

An abundance of readily accessible health-related information on the internet125 further 

highlights the importance of eHealth literacy among MRI and CT patients. Several 

studies have examined the quality of information contained on websites designed 

specifically for patients undergoing medical imaging procedures114,126,127. For example, 

Bowden et al (2017) applied the DISCERN, a validated instrument for the assessment 



48 
 

of healthcare information quality, to 108 websites providing information about common 

radiological procedures, including MRI and CT, and concluded that the overall quality 

of websites examined was poor127. Hansberry et al (2017) found that only 2 of 100 

radiology website articles assessed were written at the 3rd to 7th grade reading level 

recommended by the National Institutes of Health and American Medical 

Association114. Furthermore, few imaging websites address the range of preparatory 

information that patients require for a procedure126,128. Smart and Burling (2001) 

systematically searched the internet for patient radiology resources, and reported that of 

21 websites identified, 79% did not address procedural risks and 46% did not address 

result availability126. Moreover, Johnson et al’s (2017) recent assessment of US private 

practice radiology websites found that information addressing examination quality, 

safety and experience was missing in up to 60% of websites128. Collectively, these 

findings indicate the need for patients to be able to critically evaluate online health 

information, thus reinforcing the necessity of eHealth literacy. 

eHealth literacy is also required to maximise engagement with eHealth resources129,130. 

Limited eHealth literacy has been identified as a key self-reported barrier to the use of 

the internet for health purposes by people with chronic health conditions129. Holt et al 

(2019) conducted a cross-sectional study with 246 outpatients diagnosed with 

gastrointestinal diseases, diabetes and other endocrine conditions, and found that those 

with lower eHealth literacy were less likely to be users of digital health services130. 

eHealth research is impacted by high rates of non-usage attrition, whereby consumers 

either do not use or prematurely stop using web-based eHealth interventions131. Non-

usage attrition rates between 40% and 50% are commonly reported, but attrition may be 

even higher132,133. It is possible that non-usage of patient education websites exceeds 

that of internet interventions, as characteristics specific to internet interventions (e.g. 
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counsellor support and a modular set-up) have been associated with increased eHealth 

exposure133. In line with this, Kakkar and Jacobson (2013) examined the effects of a 

preparatory website on colonoscopy patients’ bowel preparation, and found that only 

6% of participants randomised to the intervention watched the online video134. More 

aggressive efforts to enhance engagement were recommended, including the use of 

nursing staff to support patients in using the website, therefore suggesting that some 

participants did not have the skills or desire to engage with web-based materials. Such 

lack of engagement, which may be partly a consequence of limited eHealth literacy, 

restricts the potential benefits of online health information and also presents 

methodological issues for this field of research131. eHealth literacy should therefore be 

assessed to inform the development of targeted eHealth support strategies that maximise 

the use of patient education websites and the potential benefits to be achieved from this 

use.  

Accurate assessment of eHealth literacy is an essential first step 

towards effective delivery of internet-based health information 

Valid and reliable measurement is essential 

Valid, reliable and responsive scales are required to minimise measurement error in 

descriptive and intervention research135. Table 1.1 shows the psychometric properties 

that are used to evaluate the rigour of measurement instruments. In combination, these 

properties provide unique information about the accuracy, precision and sensitivity of 

each measure136. Evidence for these properties should guide the selection and 

application of measurement instruments for research, as well as the assessment and 

interpretation of results obtained using these instruments136. 

  



50 
 

Table 1.1: Description of psychometric properties 

Measurement property Description 

Reliability: Refers to error in measurement135 

Internal consistency The extent to which items in a scale are homogeneous137 

Test-retest reliability Reproducibility or stability over time138 

Measurement invariance Equivalence of measurement among different groups139 

Validity: Refers to the extent to which a scale measures the construct of interest135 

Content validity Extent to which items represent the issue being measured135 

Face validity Assessment of whether the scale appears to measure what it intends 

to measure140 

Construct validity Extent to which scores on a scale are consistent with hypotheses, 

based on an assumption that the scale validly measures the construct 

of interest136 

Factorial (or structural) 

validity  

Degree to which scores on an instrument are an adequate reflection 

of the dimensionality of the construct to be measured136 

Convergent validity Positive correlation with another scale measuring the same 

construct135 

Divergent validity No correlation with another scale measuring a different construct135 

Known groups Ability of a scale to differentiate between two or more known 

groups137 

Criterion validity How well the scale agrees with a criterion135 

Concurrent validity Ability to render equivalent scores to an alternative “gold standard” 

measure135 

Predictive validity Ability to predict scores for a future outcome135 

Cross-cultural validity Degree to which an adapted version displays similar scores to the 

original instrument136 

Responsiveness: Capacity of a scale to detect changes over time138 

Acceptability: Extent to which an instrument is acceptable to complete141 

Feasibility: Level of burden for those administering the instrument138 
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The importance of rigorous assessment of a measure’s psychometric properties is 

highlighted by the development of the Consensus-based Standards for the Selection of 

Health Measurement Instruments (COSMIN)136 and the Patient-Reported Outcomes 

Measurement Information System (PROMIS)142. COSMIN is an international initiative 

aiming to improve the selection of outcome measurement instruments in research and 

clinical practice, whilst PROMIS is an initiative of the National Institutes of Health to 

accelerate and bolster medical research processes142. These initiatives provide 

standardised, best-practice direction for the scientific development, evaluation and 

implementation of patient-reported measurement instruments, from conceptualisation 

through to widespread psychometric testing among diverse populations136,142. It is 

recommended that establishing reliable, valid and responsive scales involves multiple 

studies across multiple settings, conducted over time142. Following initial development, 

measurement instruments should continue to be refined as new data about scale 

adequacy accumulate. This includes retesting a scale when it is used in new populations 

and as new analytical techniques become available. These recommendations support the 

need for ongoing evaluation of eHealth literacy measurement, particularly as 

technological advancements change the way that eHealth programs are intended to be 

used143. 

Psychometric evaluation of eHealth literacy measures is warranted 

One of the first and most commonly used measures of eHealth literacy is the self-

reported eHealth Literacy Scale (eHEALS)144. This eight-item tool measures 

consumers’ combined knowledge, comfort, and perceived skills at finding, evaluating, 

and applying electronic health information to health problems144. Strengths of the 

eHEALS include its brevity and ease of administration among populations with diverse 
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sociodemographic116,145-147, ethnic145,148,149 and disease120,150,151 profiles. The scale has 

been translated from English into at least six other languages145,146,148,152-154 and has 

demonstrated measurement invariance across English-speaking countries155. Acceptable 

test-retest reliability148,156 and internal consistency among populations of varying age 

and ethnicity145,146,148,149,156,157 have been reported. Whilst mixed findings exist, some 

studies report that the eHEALS demonstrates convergent validity by significantly 

correlating with measures of computer knowledge and computer skills146,156. 

Additionally, the eHEALS has recently been adapted so that it can be administered to 

carers of people with chronic disease158. 

Despite its wide use, there are limitations associated with the eHEALS that need to be 

addressed, including the factorial validity of the scale. As shown in Table 1.1, factorial 

validity refers to the degree to which scores on an instrument (e.g. the eHEALS) are an 

adequate reflection of the dimensionality of the construct to be measured (e.g. eHealth 

literacy)136. A majority of studies have used data-driven analytical techniques, such as 

exploratory factor analysis, to conclude that the eHEALS measures a single 

dimension144-148,156,157,159. This type of analysis is most appropriate in the early phases of 

measure development, when latent variable structures are unknown160. However, more 

recently, theoretically driven analytical approaches, such as confirmatory factor 

analysis, have been applied to verify hypothesised eHEALS factor structures. This has 

resulted in findings of scale multidimensionality155,161,162. For example, Sudbury-Riley 

et al (2018) used the self-efficacy and social-cognitive theories underpinning eHealth 

literacy to propose and validate a three-factor eHEALS structure, comprising awareness, 

skills and evaluation domains, among a multi-national sample of adult internet users155. 

These factors are empirically supported as there are conceivably many aspects involved 

in seeking, finding, applying and evaluating online health information.  
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Uncertainties about the factorial validity of the eHEALS contributes to inconsistencies 

in the interpretation of eHEALS data, and makes it difficult to compare and contrast 

findings of various studies. In accordance with literature suggesting that the eHEALS is 

unidimensional144-148,156,157,159, many studies have evaluated eHEALS scores on a global 

level, reporting total score mean or median values116,117,149,163. Meanwhile, other studies 

report item response frequencies116,164,165, thereby disregarding scale constructs, and 

others arbitrarily assign total score cut-points to differentiate high versus low overall 

eHealth literacy166,167. For example, Richtering et al (2017) examined eHealth literacy 

among people with moderate-to-high cardiovascular disease risk, and predetermined 

that a score of 26 or more would indicate high eHealth literacy166. Without an 

understanding of clinically important thresholds, which consistently define eHEALS 

scores that indicate that a person can meaningfully engage with eHealth to obtain 

health-related benefits (e.g. greater self-management of illness), the implications of 

existing eHEALS findings are unclear. If multiple eHEALS dimensions do exist, the 

global assessment of eHEALS scores limits the depth of insights that can be drawn 

about specific components of eHealth literacy that potentially require improvement. 

Together, limitations regarding factorial validity and the interpretation of eHEALS 

scores emphasise a need for continuing psychometric analyses across populations and 

settings142, particularly in populations where the eHEALS has not been applied 

previously, such as medical imaging patients.  

eHealth literacy should inform eHealth design and implementation approaches 

Ongoing psychometric analyses may better inform eHealth design and implementation 

approaches. Despite emerging evidence for eHEALS multidimensionality155,161,162, 

existing literature does not identify specific components of eHealth literacy that should 
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be targeted for improvement (e.g. awareness, skills and evaluation), and the use of 

global cut-points sets a precondition for two types of eHealth literacy (i.e. high versus 

low). Thus, the identification of meaningful subgroups of patients who have differing 

eHealth literacy and associated support needs is limited. This is important to address as 

the Australian Office of the eSafety Commissioner states the need to match digital 

training options to the levels of need and confidence of consumers168. Furthermore, 

Norman and Skinner (2006) propose that core eHealth literacy skills are not fixed and 

can therefore be improved with appropriate training and support115. The identification 

and evaluation of novel eHealth literacy subgroups may therefore be an appropriate next 

step towards building knowledge about the nature of eHealth literacy and its 

implications for research and clinical practice. This is pertinent to MRI and CT 

outpatients, where studies of eHealth literacy are yet to be conducted, despite the high 

potential utility of patient education websites for preparatory information provision. 

Such knowledge could inform more targeted eHealth literacy improvement strategies, 

by identifying unique support needs within different sections of the population. This 

research may also result in more targeted time and resource investments in eHealth, by 

identifying groups of people who have the required competency and are therefore more 

likely to benefit from eHealth implementation.  

Thesis aims  
 

This literature review has identified several research gaps in preparing patients for 

potentially threatening MRI and CT procedures. For example, despite the increasing 

global focus on patient-centred care, there is scant literature assessing Australian MRI 

and CT medical imaging outpatients’ experiences with receiving discrete items of 

procedural, sensory, psychosocial and behavioural preparatory information in line with 
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their preferences. The internet holds promise as a wide-reaching and sustainable vehicle 

to deliver patient-centred preparatory information, but patients need adequate eHealth 

literacy to effectively engage with and benefit from these programs. Valid and reliable 

measurement of eHealth literacy is important for identifying patients who need support 

to benefit from eHealth. Uncertainties regarding the factorial validity of the eHEALS, 

the most commonly used measure of eHealth literacy, cast doubt on findings related to 

this measure. These uncertainties limit the assessment and understanding of eHealth 

literacy among populations, and must be addressed to determine whether eHealth is a 

suitable channel for the delivery of preparatory information before MRI and CT 

procedures. 

This thesis therefore aims to: 

1. examine MRI and CT medical imaging outpatients’ experiences of and 

preferences for receiving procedural, sensory, psychosocial and behavioural 

preparatory information in advance of a scan (Papers One and Two); 

2. evaluate the factorial validity of the eHealth Literacy Scale among MRI and CT 

outpatients (Paper Three); and 

3. identify the number and correlates of subgroups of MRI and CT outpatients 

reporting similar eHealth literacy (Paper Four).  
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Thesis structure 

This thesis-by-publication comprises four published papers which are based on one 

cross-sectional study. Papers One and Two provide descriptive data evaluating 

preparatory information receipt and preferences, whilst Papers Three and Four 

contribute to measurement literature by exploring the interpretation and understanding 

of eHealth literacy. To supplement the published methodology (for Papers One to Four), 

a summary of the study design characteristics is described below. 

Study scope 

Design 

A cross-sectional survey was conducted. This design was selected due to the paucity of 

published research examining the provision of preparatory information (i.e. procedural, 

sensory, psychosocial and behavioural information) to patients undergoing medical 

imaging procedures. Specifically, a cross-sectional design was chosen to: (i) quantify 

the need to improve patient-centred preparatory information provision; (ii) identify 

subgroups that may be targeted for improved patient-centred information provision and 

eHealth literacy support; and (iii) explore relationships among eHEALS constructs. In 

accordance with best practice for research design and methodology1, this descriptive 

research is necessary to identify the need for, and inform the objectives of, future 

intervention research in this field. 

Sample 

The study was conducted from November 2016 to January 2017 with 280 magnetic 

resonance imaging (MRI) and computed tomography (CT) medical imaging outpatients 

recruited from the Hunter New England Medical Imaging Department, located in the 
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John Hunter Hospital, New South Wales, Australia. This hospital is a major service 

provider to the broad geographic Hunter New England region. The Hunter New 

England Local Health District spans 131,785 square kilometres, encompassing a major 

metropolitan centre, as well as regional and remote communities2.  

Procedure 

Medical imaging receptionists identified potentially eligible participants attending for 

outpatient CT or MRI appointments, and asked whether they would be interested in 

talking to a researcher about a study that they might be eligible to participate in. 

Interested patients were introduced to the student researcher who provided an overview 

of the study, assessed patient eligibility to participate and sought verbal patient consent 

to complete one online questionnaire. Consenting patients were provided with a tablet 

computer and asked to complete the questionnaire prior to their scans. If the patient was 

called for the scan prior to finishing the survey, only those questions which had been 

completed were used for data analysis. For examination of consent bias, the receptionist 

and researcher sought verbal permission from non-consenting patients to record their 

age, gender and scan type. 

Measures 

The cross-sectional survey was comprised of three components:  

1) Information about preparing for the scan: A 33-item scale (developed by the student 

researcher, supervisory team and clinical collaborators) examining preparatory 

information receipt and preferences. These items were systematically designed to 

measure recommended preparatory content areas (i.e. procedural, sensory, psychosocial 

and behavioural information)3,4, align with governing imaging policy by the Royal 
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Australian and New Zealand College of Radiologists5,6 and be relevant to the Hunter 

New England Medical Imaging context (refer to Paper Two Methods for a full 

description of measure development). Self-report was selected as a means of data 

collection as patient-reported outcome measures are critical for reliable evaluation of 

the extent to which communication and care are patient-centred7. Three additional items 

that were not the focus of this thesis, but provided preliminary insights into patients’ 

preferences for information source, as well as format and timing of information, were 

included in the questionnaire. 

2) Your internet use: The 8-item eHealth Literacy Scale (eHEALS) was selected as it 

has demonstrated reliability and validity, and was the most commonly used self-report 

measure of eHealth literacy available when the study was conceptualised8 (refer to 

Thesis Introduction and Discussion for details of psychometric properties of eHealth 

literacy measures). Two additional items, adapted from existing informatics research9,10, 

assessed participants’ internet access and frequency of use. One author-developed item 

assessed participants’ use of the internet for scan preparation.  

3) About you and your scan: 12 items examining participants’ sociodemographic, 

disease and scan characteristics. Some sociodemographic items were adapted from the 

Australian Bureau of Statistics National Health Survey 2014-1511, whilst the item 

assessing participants’ overall health has demonstrated reproducibility, reliability, and 

concurrent scale performance with the established health status measure, SF-12V12. 
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PAPER ONE 

There is a clinical and ethical requirement to appropriately prepare patients 

for potentially threatening medical procedures, including high-technology 

medical imaging. However, limited research has examined patients’ 

experiences of receiving such preparatory information before undergoing 

MRI and CT procedures in Australia. In the absence of existing measures, 

a study-specific self-report scale was developed and administered to 

evaluate the extent to which medical imaging patients received 33 items of 

preparatory information linked to guideline recommendations. Paper One 

describes the pre-procedure preparatory information experiences of MRI 

and CT outpatients attending a major tertiary referral centre in 

metropolitan NSW. This paper was published in Journal of Patient 

Experience (Thesis Appendix 3.2). 

Hyde LL, Mackenzie LJ, Boyes AW, Symonds M, Brown S, Sanson-

Fisher R. Medical imaging outpatients' experiences with receiving 

information required for informed consent and preparation: A cross-

sectional study. Journal of Patient Experience 2018; 5(4): 296-302. 
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Abstract 

Background: Medical imaging outpatients often experience inadequate information 

provision and report high levels of anxiety. However, no studies have assessed patients’ 

receipt of preparatory information in this setting.   

Objective: To examine medical imaging outpatients’ perceived receipt or non-receipt 

of preparatory information from health professionals and imaging department staff prior 

to their procedure. 

Method: Computed Tomography and Magnetic Resonance Imaging outpatients at one 

Australian hospital self-completed a touchscreen computer survey assessing their 

perceived receipt of 33 guideline-recommended preparatory information items.  

Results: Of 317 eligible patients, 280 (88%) consented to participate. Eight percent 

(95% CI 5%-12%) of participants reported receiving all information items. The median 

number of information items not received was 18 (IQR 8-25). Items most frequently 

endorsed as “not received” were: how to manage anxiety after (74%) and during the 

scan (69%). Items most commonly endorsed as “received” were: reason for referral 

(85%) and how to find the imaging department (74%). 

Conclusion: Few medical imaging outpatients recalled receiving recommended 

preparatory information. Preparatory communication needs to be improved to better 

meet patient-centred service imperatives. 

Key words: Communication; patient education; imaging; survey data 
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Introduction 

International medical imaging bodies endorse the importance of appropriately 

communicating procedural risks and benefits to patients before the point of care1-5. 

Providing comprehensive preparatory information is a legal and ethical imperative, as it 

supports patient autonomy, quality of care and informed patient consent1-7. The 

provision of this information may also improve patient outcomes, such as reducing 

anxiety and distress8. General recommendations regarding preparation for potentially 

threatening medical procedures highlight the need to communicate procedural, 

behavioural, sensory and psychosocial information9,10. This information refers, 

respectively, to the sequence of events and equipment to be used, the patient’s role in 

facilitating the procedure, the sensations that will be felt, and the management of 

emotions, and should relate to the time before, during and after the procedure9-12.  

Magnetic Resonance Imaging (MRI) and Computed Tomography (CT) medical imaging 

outpatients are an increasing population undergoing a potentially threatening, high 

technology medical procedure, who require such preparatory information. For example, 

in Australia, the four year service growth rate since 2010 for MRI and CT scans was 

47.4% and 29.4% respectively13. Similar growth has been seen internationally, 

including in the USA, Canada and Turkey14,15. Although these procedures occur 

frequently, they are considered potentially threatening because of their association with 

high levels of anxiety16-19. Consistent with broader international literature, a recent 

Australian study found that 56% of MRI and 59% of CT outpatients reported raised 

state anxiety (using the short-form state scale of the State-Trait Anxiety Inventory) prior 

to undergoing their procedure20. Such anxiety contributes to patients feeling a loss of 

control during the procedure17,19. Research findings in France, the USA and Scotland 
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suggest that communication could be improved for these patients16,21,22. Inadequate 

communication prior to diagnostic medical procedures contributes to negative patient 

experiences23, and efforts are being made to enhance patient-provider communication 

within medical imaging settings24-26. However, very limited research has assessed MRI 

and CT medical imaging outpatients’ experiences with receiving preparatory 

information, and no Australian-based studies have been completed. Therefore, this 

study examined MRI and CT medical imaging outpatients’ perceived receipt and non-

receipt of preparatory information from health professionals and imaging department 

staff prior to their imaging procedure.  

Methods 

Design and setting 

A cross-sectional survey of medical imaging outpatients scheduled for MRI or CT 

examinations was conducted in one medical imaging clinic within the John Hunter 

Hospital located in Newcastle, New South Wales, Australia. In this setting, MRI and CT 

medical imaging outpatients are typically provided with mailed written preparatory 

information and verbal information when scheduling and attending their appointment. 

Sample 

Eligible patients were: (i) attending for an outpatient MRI or CT appointment at the 

Hunter New England Medical Imaging Department at John Hunter Hospital; and (ii) 18 

years or older. Patients were excluded if they had (i) insufficient English language 

proficiency; or (ii) a cognitive or physical impairment which precluded informed 

consent and/or survey completion.  
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Procedure 

Medical imaging receptionists identified potentially eligible patients when they 

presented for their appointment, informed them about the research and invited them to 

speak with a trained researcher. The researcher provided interested patients with written 

and verbal information about the study, and gained verbal informed consent to 

participate. The age, gender and scan type of non-consenting patients was recorded with 

their permission.  

Patients who consented to participate were provided with a tablet computer and asked to 

self-complete an online questionnaire prior to their scan. The researcher was available 

to help participants who had difficulties using the tablet computer, and paper and pen 

versions of the questionnaire were available for those who requested it. If the patient 

was called for their procedure prior to finishing the questionnaire, only those questions 

that had been completed were used for data analysis. Ethics approval was obtained from 

the Human Research Ethics Committees of the Hunter New England Local Health 

District (16/10/19/5.11) and University of Newcastle (H-2016-0386). 

Measure 

Patient perceived receipt of information: was measured using a series of investigator-

developed items. General standards addressing patient preparation for potentially 

threatening medical procedures were initially used to identify the preparatory domains 

(i.e. procedural, behavioural, sensory and psychosocial) that items should address9,10,27. 

Domain-related items were developed using these general standards9,10,27. As this study 

was based in Australia, items were also informed by the Royal Australian and New 

Zealand College of Radiologists (RANZCR) Standards of Practice2, consumer 

materials28,29 and informed consent guidelines1. Behavioural scientists, radiographers 
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and imaging department management staff initially reviewed and agreed upon the face 

validity of the questionnaire. This version was then reviewed by members of the general 

public and health professionals in the ageing, disability and nursing sector, for ease of 

comprehension and completion time. Minor amendments to survey item wording and 

screen presentation were made. The revised questionnaire was pilot-tested with patients 

across a two week period in the medical imaging department, which resulted in further 

changes to item structure and presentation. The final questionnaire included 33 items 

which asked participants whether they had received information from imaging 

department staff or health care professionals prior to arriving for the scan procedure, 

with response options: ‘no, but I wanted this information’, ‘no, but I didn’t want this 

information’, ‘yes, but I didn’t want this information’, and ‘yes, and I wanted this 

information’. This analysis was centred on patient experiences with receiving 

information, given the legal and ethical implications, as well as the requirement for 

information delivery to facilitate patient preparation. As such, ‘no’ responses and ‘yes’ 

responses were combined to indicate the non-receipt and receipt of preparatory 

information respectively. The internal consistency (Kuder-Richardson coefficient) of 

these dichotomised preparatory information items was 0.9630. 

Study factors 

Sociodemographic and scan characteristics: Standard items assessed age, gender, 

marital status, highest level of education completed, postcode, scan type and prior 

scans. Postcode was mapped to the Accessibility/Remoteness Index of Australia Plus 

(ARIA + 2011) classification to examine remoteness31. 
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Data analysis 

The gender, age group (<65 years versus ≥65 years) and scan type of consenters and 

non-consenters were compared using chi-squared tests. The median number of received 

and non-received items (and interquartile range [IQR]) were reported due to non-

normally distributed data. The proportion of participants reporting a) non-receipt of 

each information item; and b) 0-33 non-received information items was calculated with 

95% confidence intervals (CI’s). Due to an absence of theoretically or empirically 

sound hypotheses, this study was not powered to explore patient characteristics 

associated with perceived receipt or non-receipt of information. 

Results 

Sample 

Of the 394 patients considered for the study during the 6 week recruitment period, 317 

were eligible and invited to speak with the researchers. Of eligible patients, 280 (88%) 

consented to take part in the study. There was no significant difference between 

consenters and non-consenters based on gender (χ2=2.200; p=0.138) and age group 

(χ2=0.003; p=0.956). Significantly more CT patients than MRI patients declined the 

study participation invitation (χ2=6.565; p=0.010). Of consenting participants, 273 

(98%) started the survey, 234 (84%) started “information received” items, 218 (78%) 

completed these items and 208 (74%) completed all survey items. There were no 

significant differences in participant characteristics between those who did and did not 

complete all survey items (gender: χ2=0.614, p=0.433; age: χ2=0.537 p=0.464; scan: 

χ2=0.095, p=0.758).  
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Table 2.1 provides a summary of the sociodemographic and scan characteristics of 

participants who started the survey.   

Table 2.1: Participant sociodemographic, scan and information preference profile 
(N = 273a) 

Characteristic n (%) 

Mean years of age, (SD)  57 (14) 

Gender Male 130 (48%) 

Female 142 (52%) 

Marital status Married or living with partner 133 (63%) 

Single or never married  28 (13%) 

Divorced or separated  34 (16%) 

Widowed 17 (8%) 

Education completed High school or less 195 (71%) 

More than high school 78 (29%) 

Geographic location Metropolitan 209 (78%) 

Non-metropolitan 59 (22%) 

Scan type CT 108 (40%) 

MRI 157 (59%) 

Don’t know 3 (1%) 

Prior scans Not had scan before 66 (25%) 

Had scan <1 year ago 93 (35%) 

Had scan ≥1 year ago 97 (37%) 

Don’t know 8 (3%) 

a Completed at least one item. Item sample sizes vary due to missing data. 

Self-reported non-receipt of preparatory information items 

The median number of preparatory information items received was 15 (IQR 8-25) and 

non-received information items was 18 (IQR 8-25). Eight percent (95% CI 5%-12%) of 

participants reported receiving all preparatory information items, whereas 69% (95% CI 

63%-75%) reported not having received at least 10 information items, and 45% (95% 
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CI 39%-52%) reported not having received at least 20 information items. As shown in 

Table 2.2, the proportion of respondents who reported not having received each 

preparatory information item from health professionals prior to their scan ranged 

between 15%-74%. 

Table 2.2: Prevalence of patient perceived non-receipt of preparatory information 
items (N = 234a) 

Rank Item Information not 
received 

n (%) 
1 How to manage scan-related fear or anxiety after the scan? 150 (74%) 

2 How to manage scan-related fear or anxiety during the scan? 151 (69%) 

3 Who will be with you during the scan? 149 (66%) 

4 How to manage scan-related fear or anxiety before the scan? 151 (65%) 

What you will see during the scan? 147 (65%) 

6 Any after-effects in the day/s following the scan? 129 (63%) 

Whether someone should come with you to the scan? 144 (63%) 

8 Where to find information about any aspects related to the 

scan? 

144 (62%) 

9 How to alert the radiographer if you have questions or 

concerns during the scan? 

135 (61%) 

10 How the scanner takes images of the body? 132 (59%) 

12 Any physical sensations you may feel during the scan? 130 (58%) 

Whether you can drive home from the scan? 127 (58%) 

14 What to do if you suffer from claustrophobia? 125 (56%) 

How long you will have to stay at the department after the 

scan? 

123 (56%) 

15 What the scanner looks like? 124 (55%) 

18 What you will hear during the scan? 122 (54%) 

Where to park in the hospital? 124 (54%) 

Whether you can move during the scan? 122 (54%) 

20 When to expect the results of the scan? 105 (51%) 

What you will be asked to wear during the scan? 117 (51%) 
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Rank Item Information not 
received 

n (%) 
21 Any risks associated with the scan? 113 (50%) 

23 Whether you will need an injection at the scan? 102 (45%) 

Who to speak to if you had any questions about the scan in 

the week/s before your appointment? 

104 (45%) 

24 Being required to lie on a table that moves in and out of the 

scanner? 

99 (43%) 

26 How you will receive the results of the scan? 84 (41%) 

How long the scan will take? 92 (41%) 

28 The benefits of having a CT or MRI scan? 86 (37%) 

How long you will have to wait in the department before 

having the scan? 

84 (37%) 

29 Steps you needed to take to prepare for your scan in the day/s 

before your appointment? 

80 (34%) 

30 What to eat or drink on the day of the scan? 78 (33%) 

31 What to bring to the scan (e.g. prior scan results)? 70 (31%) 

32 How to find the imaging department in the hospital? 60 (26%) 

33 Why your doctor referred you for a CT or MRI scan? 35 (15%) 

a Completed at least one item. Item sample sizes vary due to missing data 

Discussion 

This study explored patient experiences in relation to preparatory information 

communication in an Australian medical imaging setting. MRI and CT medical imaging 

outpatients perceived that they received approximately half of the assessed preparatory 

information items from health professionals and imaging department staff prior to their 

scan. These findings suggest that future improvements are needed to better meet patient-

centred, legal and ethical imperatives associated with preparatory information delivery. 
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Most patients received information about scan type, reason for referral and 

appointment practicalities 

Consistent with Chesson et al.’s (2002) Scottish cross-sectional study of 372 medical 

imaging outpatients, which reported that 82% of respondents were aware of why their 

examination was required, 85% of participants in this study had received information 

about the reason for referral22. Similarly, when arriving for their procedure, 99% of 

participants in this study were able to self-report the type of scan they were attending 

for. Information addressing the type and requirement for the scan was therefore received 

by patients, indicating appropriate service delivery in this element of preparatory 

communication. 

At least two-thirds of patients reported they had received information that could 

facilitate timely appointment attendance and enhanced imaging quality: how to find the 

imaging department (74%), what to bring to the scan (69%), what to eat or drink (67%) 

and steps to prepare beforehand (66%). These findings align with a small US-based 

study conducted with patients undergoing diagnostic medical interventions, where a 

majority of participants, or their families, recalled receiving procedural (97.9%) or 

behavioural (100%) information about the intervention23. Our study findings may reflect 

that the appointment letter received by patients specifies how to find the imaging 

department and what to bring to the scan. Alternatively, these findings may indicate that 

patients place a higher level of importance on practical aspects of preparation, which is 

reflected in higher rates of recall of this information. Future research is needed to assess 

the concordance between information delivery and patient-reported information needs, 

as well as the impact of patient-centred information provision on patient outcomes.  
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Some imaging-specific and general preparatory information items were 

commonly not received 

Up to 74% of respondents perceived that they had not received preparatory information 

items from medical imaging department staff or other health professionals prior to their 

scan. This included between 37%-50% reporting not having received items required for 

informed consent (i.e. procedural risks, benefits and who to speak to with questions), 

despite being recommended by RANZCR Medical Imaging Consent Guidelines1 and 

literature suggesting that receipt of the right amount of such information can reduce pre-

procedural anxiety32. However, these findings mirror those of otorhinolaryngology head 

and neck surgery patients preparing for invasive diagnostic or therapeutic medical 

procedures, in which patient recall of risk-related information ranged between 35%-

54%33. Whilst factors including patient age, education, time since information provision 

and perceived relevance of information may influence recall rates33, these findings 

indicate that there is room to improve information provision prior to medical imaging 

procedures, and current practices may not be meeting medical imaging-specific 

standards. 

Some general standards for preparation for potentially threatening medical procedures 

were also commonly not met in this medical imaging setting. Despite MRI and CT 

medical imaging outpatients experiencing high levels of anxiety16-18, which is associated 

with procedure terminations, motion artifacts and reduced diagnostic utility of 

images18,34, information on how to manage anxiety before, during and after the scan 

were among the most commonly non-received items (i.e. by 65-74% of respondents). 

This gap in patient-reported receipt of information may be a result of misalignment 

between medical imaging guidelines (which do not explicitly mandate the provision of 

such information)2,4,5 and broader preparatory guidelines (which do recommend the 
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delivery of anxiety-related information)9,10. Although Australian and international 

medical imaging bodies advocate the importance of emotional support and alleviation of 

patient anxiety3,29,35, these findings suggest a need for standards that more clearly guide 

communication of psychosocial information to patients. 

The pre-procedural timing of survey completion is another important consideration for 

information provision findings. It is likely that the information required for informed 

consent is provided when patients attend for their scan. Additionally, anxiety 

management strategies, such as telling the patient that they can press the alert buzzer if 

they become uncomfortable, may be provided at the point of care when presenting the 

scan room and equipment. However, providing information in advance of potentially 

threatening medical procedures has been suggested to increase patient preparation and 

participation in health care36. Further research is needed to assess medical imaging 

outpatients’ post-procedural perceptions of information provision, and whether the 

timing of information delivery meets patients’ needs. There is also a lack of clarity 

about what low intensity, evidence-based approaches may assist patients to self-manage 

imaging-related anxiety8,37. Consequently, we are undertaking a randomised controlled 

trial to test the impact of an information intervention on reducing anxiety among 

medical imaging outpatients.   

Most imaging patients are left to self-source information about their scan 

Over half (62%) of the respondents reported not being informed of where to find further 

information about the scan. Medical imaging outpatients who self-source information 

most commonly do so from family and friends, drawing the accuracy of sourced 

information into question22. To ensure information seekers’ needs are met by credible 
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sources, there is a need to enhance patient awareness of reliable information materials 

that are developed by peak medical imaging bodies. 

Limitations 

This research was designed to establish current patterns of preparatory information 

receipt, in order to inform service-wide improvements that may benefit all MRI and CT 

outpatients. This study was not intended to assess preparatory information receipt 

among medical imaging inpatients, nor was it designed to test for differences in 

information receipt by specific CT or MRI scan type. Although the sample size was 

small relative to the volume of outpatients attending the department annually, it was 

sufficient for detecting prevalence estimates with 95% CIs with 7% margin of error. 

Findings may not generalize beyond the single, large metropolitan medical imaging 

department study setting. However, the age and gender profile of the sample was similar 

to that of participants in other large Australian38,39 and international studies40,41 with 

medical imaging outpatients.  

Significantly more CT patients than MRI patients refused study participation, 

suggesting that the sample is less representative of CT patients. This may be due to 

some CT patients being asked to arrive at least 15 minutes in advance of their scheduled 

appointment (versus 30 minutes for MRI patients), thus perceiving they have 

insufficient time to participate in the research prior to their scan. The exclusion of those 

with insufficient English to allow survey completion may have led to an 

underestimation of the proportion of medical imaging patients who didn't receive 

information items42. Patient self-report may have been influenced by recall bias, 

however patient perceptions of past communication have been suggested to influence 

present health behaviours43. Whilst further evaluation of the psychometric properties of 
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the information receipt measure is required, item development was informed by relevant 

guidelines, standards, and expert views, and demonstrated excellent internal 

consistency. 

Conclusion 

This study contributes important knowledge regarding key preparatory information 

items that are commonly received and not received by MRI and CT medical imaging 

outpatients, and may inform enhanced medical imaging preparation guidelines and 

improved forms of information delivery. Although information relating to scan type, 

reason for referral and practicalities are commonly received, these findings suggest that 

not all recommended preparatory information is provided to patients. Further research is 

needed to assess whether current information provision is aligned with patient 

preferences for this information, and determine the impact that preparatory information 

has on patient outcomes.  
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PAPER TWO 

Prevalence and Correlates of Patient-centred Preparatory 

Information Provision to Computed Tomography and 

Magnetic Resonance Imaging Outpatients:  

A Cross-sectional Study 
 

 

  

PAPER TWO 

Understanding whether health information is delivered in accordance with 

patient preferences is a key component of high-quality patient-centred care. 

This is emphasised by national and international medical imaging bodies (e.g. 

Royal Australian and New Zealand College of Radiologists and Royal College 

of Radiologists). Paper One found that, prior to undergoing their MRI or CT 

procedures, many patients did not receive the items of preparatory information 

assessed in the study. Paper Two builds on these findings by assessing whether 

patients received preparatory information in accordance with their preferences. 

It also evaluates the factors associated with patients reporting a high number of 

unmet information preferences. This paper was published in Patient Education 

and Counseling (Thesis Appendix 4.2). 
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Prevalence and correlates of patient-centred preparatory information provision 

to Computed Tomography and Magnetic Resonance Imaging outpatients: A 
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Abstract  

Objective: Responsiveness to information preferences is key to high-quality, patient-

centred care. This study examined the top ten preparatory information items not 

delivered in accordance with medical imaging outpatients’ preferences, and patient 

characteristics associated with reporting a greater number of unmet information 

preferences.  

Methods: Magnetic resonance imaging and computed tomography outpatients were 

recruited consecutively in one major public hospital waiting room. Participants self-

administered a touchscreen computer questionnaire assessing their sociodemographic 

and scan characteristics, and unmet preferences for 33 guideline-endorsed preparatory 

information items.   

Results: Of 317 eligible patients, 280 (88%) consented to participate. Given equal 

rankings, the top ten unmet information preferences included 13 items which were 

endorsed by at least 25% of participants, and commonly related to receiving ‘too little’ 

information. One item related to the pre-scan period, seven items to the scan period and 

five items to the post-scan period. None of the patient characteristics examined were 

significantly associated with reporting a greater number of unmet information 

preferences. 

Conclusion: There is room to improve responsiveness to medical imaging outpatients’ 

preparatory information preferences. Improvements should be targeted at individuals, 

rather than groups defined by sociodemographic or scan characteristics.  
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Practice implications: A standardised approach to addressing individual patient’s 

information preferences is needed. 

Key words: computed tomography; cross-sectional study; information preferences; 

magnetic resonance imaging; patient-centred care 

 

 

  



109 
 

Introduction 

How can we assess whether health information provision is patient-centred? 

A key pillar of high-quality patient-centred care is responsiveness to patient needs, 

values and preferences1-3. This includes delivery of patients’ preferred format, amount 

and timing of health-related information1-3. Patient-centred communication styles are 

typically associated with higher rates of patient satisfaction than more paternalistic, 

provider-centred approaches4,5, and may lead to improved health outcomes, including 

enhanced medical decision-making, and improved physical and emotional health6,7. 

Whilst it is increasingly acknowledged that information should be made available to 

patients in a variety of formats, less is known about how to improve responsiveness to 

patient’s preferences for amount of information, including how much information 

patients want at key points in the trajectory of care3,8. Patients who receive less 

information than they want can be characterised as having an unmet information need, 

whilst patients who receive either too much or too little information can be 

characterised as having an unmet information preference. Too little information can 

result in heightened anxiety and distress9,10, and too much information can overwhelm 

patients and increase anxiety levels11,12. As such, assessment of patient’s unmet 

information preferences can help to identify areas where patient-centred communication 

could be improved. Despite this, research has tended to focus on patients’ unmet 

information needs13-16. 

Does patient-centred information provision vary by patient subgroup? 

Studies in oncology and rheumatology settings have indicated that patients’ unmet 

needs for more information vary according to patient characteristics such as age14-17, 

stage of illness17-19 and physical functioning14,16,17. The assessment of factors associated 
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with a greater number of unmet information preferences is important for informing the 

development of targeted strategies to improve care, yet remains under-studied. 

Furthermore, despite findings which suggest that the most frequent information needs 

are treatment-related19, little research has been conducted with general populations 

undergoing anxiety-provoking medical procedures. The research that has been 

conducted commonly focuses on preparatory information provision prior to surgery20-24. 

There is a need for research assessing patient-centred information delivery relating to 

other potentially threatening medical procedures.  

Is preparatory information provision prior to medical imaging procedures 

patient-centred? 

Adequate communication of preparatory information prior to potentially threatening 

medical procedures is important, as it allows the patient to anticipate what is coming 

and reassures them of the normality of their experience9. Preparatory information should 

address procedural, sensory, psychosocial and behavioural aspects of care, which refers, 

respectively, to the sequence of events and equipment to be used, sensations that will be 

felt, management of emotions and patient’s role in facilitating the procedure25-27. The 

number of patients undergoing potentially threatening medical imaging procedures, 

such as magnetic resonance imaging (MRI) and computed tomography (CT) scans, has 

increased over time28. These procedures are associated with high anxiety levels29,30 

which has been suggested to increase procedure delays or terminations, and resultantly 

impacts on patient wellbeing, and service timeliness, coordination and quality31,32. 

However, little research assesses whether information provision aligns with patient 

preferences in this setting. Thornton and colleagues’ USA-based qualitative study of 

cancer patients found that participants often wanted a wide range of medical imaging 

information yet were regularly left to initiate these discussions themselves33. Similarly, 
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Ollivier and colleagues reported that French cancer patients undergoing MRI and CT 

scans needed greater reassurance and procedural explanations30. These findings 

highlight that most of the research in this area has focused on cancer and emphasise the 

need for studies assessing unmet information preferences across general CT and MRI 

outpatient settings. This research should identify specific information items commonly 

reported as unmet preferences, so that findings translate to clearly defined areas for 

future practice improvement. 

This study aims to identify, among MRI and CT medical imaging outpatients:  

1. the ten most prevalent preparatory information content items reported as unmet 

information preferences (i.e. participants perceived they were given too little or 

too much information); and 

2. sociodemographic, scan and information preference characteristics associated 

with reporting a greater number of unmet information preferences.  

Methods 

Design and setting 

A cross-sectional survey of CT and MRI medical imaging outpatients was conducted 

over six weeks in one medical imaging clinic in the John Hunter Hospital located in 

Newcastle, NSW, Australia. This study is reported in accordance with the STROBE 

checklist of observational studies in epidemiology34. 

Participants 

Eligible participants were: (i) attending for an outpatient CT or MRI appointment at the 

Hunter New England Medical Imaging Department at John Hunter Hospital; and (ii) 18 

years or older. Inclusion was not restricted to specific medical conditions being 
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investigated by these diagnostic scans. Participants were excluded if they (i) had poor 

English proficiency as determined by medical imaging reception staff; or (ii) had a 

cognitive or physical impairment precluding informed consent and/or survey 

completion. 

Procedure 

Medical imaging receptionists identified potentially eligible patients presenting for their 

appointment, informed them about the research and invited them to speak with a trained 

researcher. The researcher provided interested patients with written and verbal study 

information, and gained verbal consent to participate. The age, gender and scan type of 

non-consenting patients was recorded with their permission.  

Patients who consented to participate were provided with a tablet computer and asked to 

self-complete an online questionnaire prior to their scan. The researcher was available 

to help participants who had difficulties using the tablet computer, and paper-and-pen 

versions of the questionnaire were available upon request. If the patient was called for 

their procedure prior to finishing the questionnaire, only those questions that had been 

completed were analysed. Ethics approval was obtained from the Human Research 

Ethics Committees of the Hunter New England Local Health District (16/10/19/5.11) 

and University of Newcastle (H-2016-0386). 

Unmet information preferences measure 

Development: Unmet information preferences were measured using a series of 

investigator-developed items. General standards addressing patient preparation for 

potentially threatening medical procedures were initially used to identify preparatory 

domains (i.e. procedural; behavioural; sensory; psychosocial) that items should 
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address25-27. Domain-related items were developed using these general standards25-27, as 

well as Royal Australian and New Zealand College of Radiologists (RANZCR) 

Standards of Practice35, consumer materials36,37 and informed consent guidelines38. The 

items were applicable to patients having MRI or CT scans. Behavioural scientists, 

radiographers and health administrators initially reviewed and agreed upon the face 

validity of the questionnaire.  

Pilot testing: Members of the general public and health professionals in the ageing, 

disability and nursing sector reviewed the questionnaire for item comprehension and 

completion time. Minor amendments to item wording and screen presentation were 

made based on the feedback. Prior to data collection, the revised questionnaire and 

recruitment protocol were tested with 134 MRI and CT outpatients [mean years of age 

(SD) = 53.6 (15.8); 61% female; 51.6% MRI] in the medical imaging department over a 

two week period. This timeframe ensured that the recruitment protocol was 

appropriately tested given high rotation of medical imaging receptionists in the study 

setting. Further changes to item structure and presentation were made.  

Final version: The final questionnaire included an explanation indicating that the items 

related to information that participants were given by a health professional or other 

imaging department staff before arriving for their scan. The item stem “Before arriving 

for your scan today, were you given any information about…”, was followed by a list of 

33 items of information (refer Appendix A (provided at Thesis Appendix 4.3)). 

Participants were asked to respond either: ‘no, but I wanted this information’, ‘no, but I 

didn’t want this information’, ‘yes, but I didn’t want this information’, and ‘yes, and I 

wanted this information’. Item presentation was randomised using computer algorithms 

to reduce systematic bias in missing data and account for potential order effects39. An 
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unmet information preference was defined as items where there was discordance 

between patient preferences and experiences40. Responses indicating the receipt of too 

little (no, but I wanted this information) and too much (yes, but I didn’t want this 

information) information were therefore combined to indicate an unmet information 

preference. The internal consistency (Kuder-Richardson coefficient) of these 

dichotomised information items was 0.9441. 

Study factors 

Sociodemographic, scan and information preference characteristics: included age, 

gender, residential postcode, scan type, prior scans, marital status, highest level of 

education completed, perceived overall health, and preference for amount of health 

information. Postcode was mapped to the Accessibility/Remoteness Index of Australia 

Plus (ARIA + 2011) classification to examine remoteness42, and categorised as 

metropolitan (major cities of Australia) or non-metropolitan (inner regional, outer 

regional, remote or very remote Australia).  

Data analysis 

To investigate consent bias, the gender, age group (< 65 years; ≥ 65 years) and scan 

type of consenters and non-consenters were compared using chi-squared tests. To 

investigate sampling bias, t-tests and chi-squared tests were used to compare the gender, 

age, scan type and geographic location profile of participants, versus all patients seen in 

the department during the study period. The proportion of participants reporting an 

unmet information preference for each item was calculated with 95% confidence 

intervals (CIs). The distribution of total number of unmet information preferences for all 

participants who had completed all 33 items (i.e. all items with non-missing values) 

were summarised as percentages. Data for patients having MRI and CT scans were 
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analysed together, however scan type was included as a study factor in regression 

analyses. Zero-inflated negative binomial regression was used to model the counts of 

unmet preferences across 33 items. This model was used due to the possibility that zeros 

occur by two different methods and due to over dispersion of the count outcome 

variable. Model fit was assessed using the Vuong test and the likelihood ratio test for 

the over dispersion coefficient alpha = 0. A zero-inflated model assumes that the zero 

outcome may be due to two different processes. The same predictors were used to 

model the counts and the excess zeros: gender, age (< 65 years; ≥ 65 years), marital 

status (married or living with partner; not married or living with partner), geographic 

location (metropolitan; non-metropolitan), education (high school or less; more than 

high school), information amount preference (not a lot of information; a lot of 

information), overall health (poor or fair; good or better than good), scan type (MRI; 

CT), and prior scans (had scan before; don’t know or not had scan before). Available 

case analysis was conducted. All analyses used a significance level of 5%. Analysis was 

conducted using STATA Version 13.1. 

Sample size 

Sample size was calculated based on an intent to dichotomise the outcome variable, for 

which a sample size of 200 would be sufficient to detect differences of approximately 

20% in characteristics between those who were classified as having at least one unmet 

preparatory information preference (versus no unmet preparatory information 

preferences) with 80% power and a 5% significance level. However, after data 

collection, the analysis was refined to investigate the more meaningful and quantitative 

outcome of number of unmet information preferences. Modelling of a count outcome is 
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generally more powerful than a binary outcome and this change is expected to have 

increased the statistical power of the study.   

Results 

Sample 

Of the 394 patients considered for the study during the six week recruitment period, 317 

were eligible and invited to speak with the researcher (Figure 3.1). Of eligible patients, 

280 (88%) consented to participate, 273 (86%) started the full survey, and 234 (74%) 

started information preference items. There was no significant difference between 

consenters and non-consenters based on gender and age group. Significantly more CT 

patients than MRI patients did not consent to participate (χ2 = 6.565; p = 0.010). The 

gender, age, scan type and geographic location of participants who commenced the 

survey was not significantly different from that of all potentially eligible patients seen in 

the department during the study period (Table 3.1). Two hundred and eighteen (78%) 

participants completed all of the unmet information preference items and 208 (74%) 

completed the full questionnaire. There were no significant differences in gender, age 

and scan type between those who did and did not complete the full questionnaire. Table 

3.1 provides a summary of the sociodemographic and scan characteristics of the 

included sample. 
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Figure 3.1: Flow diagram of recruitment 

  

Considered n = 394 

Approached & eligible n = 317 

Not approached for the study 

Too busy (n = 20) 

Patient late for appointment (n = 10) 

Called for appointment immediately (n = 10) 

Distressed (n = 5) 

Researcher not available (n = 3) 

Completed survey previously (n = 3) 

Other (n = 2) 

Ineligible 

Cognitively / physically unable (n = 19) 

Non-English speaking (n = 4) 

Not CT / MRI (n = 1) 

 
Not consenting 

Refused to participate (n = 37) 

Not starting the survey 

Called for appointment prior to 

commencing survey (n = 7) 

 
Consenting & starting survey n = 273 

Data available for analysis 

All info experiences/preferences n = 218 

All sociodemographic & scan n = 208 

 

Data excluded 

Having both CT and MRI (n = 1) 
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Table 3.1: Participant sociodemographic, scan and information preference profile 

Characteristic 

Participants 
who 

commenced 
the survey 
(N = 273a) 

Potentially 
eligible 

patients seen in 
the department 

during the 
study period 

(N = 754) 

 

 n (%) Test 
statistic, 

p  
Mean years of age, 

(SD) 

 57 (14) 55 (17) t = 1.72 

p = 0.08 

Gender Male 130 (48%) 352 (47%) χ2 = 0.75 

Female 142 (52%) 402 (53%) p = 0.10 

Marital status Married or living with 

partner 

133 (63%) - - 

Single or never married  28 (13%) - - 

Divorced or separated  34 (16%) - - 

Widowed 17 (8%) - - 

Education completed High school or less 195 (71%) - - 

More than high school 78 (29%) - - 

Geographic location Metropolitan 209 (78%) 557 (74%) χ2 = 1.55 

Non-metropolitan 59 (22%) 197 (26%) p = 0.21 

Overall health Fair or worse 151 (55%) -  

Good or better than good 122 (45%) -  

Scan type CT 108 (40%) 329 (44%) χ2 = 0.66 

MRI 157 (59%) 425 (56%) p = 0.41 

Don’t know 3 (1%) -  

Scan experience Not had scan before 66 (25%) -  

Had scan <1 year ago 93 (35%) -  

Had scan ≥1 year ago 97 (37%) -  

Don’t know 8 (3%) -  

Information amount 

preferences 

Not a lot of information 121 (44%) -  

A lot of information 152 (56%) -  
a Not all items add to 273 due to missing data from incomplete surveys  
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Top 10 ranked preparatory information items reported as unmet information 

preferences 

Each of the top ten ranked information items delivered in discordance with patient 

preferences were endorsed by at least one quarter of participants (Table 3.2). Five of 

these commonly unmet information preference items were procedural, four behavioural, 

two psychosocial and two sensory. Of the thirteen items reported as the most common 

unmet information preferences, one related to the pre-scan period, seven to the scan 

period and five to the post-scan period. Across the 33 information items, the proportion 

of respondents reporting unmet information preferences ranged from 12% - 33%. 

Among those reporting unmet information preferences, the proportion receiving too 

little information ranged from 38% - 90%, while the proportion receiving too much 

information ranged from 10% - 62%.  

Table 3.2: Top ten ranked items for which CT and MRI medical imaging 
outpatients reported not receiving their preferred amount of information (N = 
234a). 

   Unmet preference option 
endorsed 

Sum of unmet 
preference 

percentagesb  
   No, but I 

wanted this 
information 

“Too little 
information” 

Yes, but I 
didn’t want 

this 
information 
“Too much 

information” 

Preferences     
unmet 

“Too much or 
too little 

information” 

Rank Item Domain n (%) 

1 When to expect 

the results of the 

scan? 

Procedural 61 (28%) 10 (5%) 71 (33%) 

2 How to alert the 

radiographer if 

you have questions 

or concerns during 

the scan? 

Behavioural 59 (27%) 10 (5%) 69 (32%) 
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   Unmet preference option 
endorsed 

Sum of unmet 
preference 

percentagesb  
   No, but I 

wanted this 
information 

“Too little 
information” 

Yes, but I 
didn’t want 

this 
information 
“Too much 

information” 

Preferences     
unmet 

“Too much or 
too little 

information” 

Rank Item Domain n (%) 

3 How you will 

receive the results 

of the scan? 

Procedural 51 (23%) 15 (7%)  66 (30%) 

4 Whether you can 

drive home from 

the scan? 

Behavioural 50 (23%) 13 (6%) 63 (29%) 

5 How to manage 

scan-related fear 

or anxiety during 

the scan? 

Psychosocial 49 (22%) 12 (6%) 61 (28%) 

Any after-effects 

in the day/s 

following the 

scan? 

Sensory 54 (25%) 6 (3%) 60 (28%) 

7 How long you will 

have to stay at the 

department after 

the scan? 

Behavioural 48 (22%) 12 (5%) 60 (27%) 

8 Where to find 

information about 

any aspects related 

to the scan? 

Behavioural  43 (18%) 15 (6%) 58 (25%) 

Any risks 

associated with the 

scan? 

Procedural 44 (20%) 13 (5%) 57 (25%) 

What you will see 

during the scan? 

Sensory 39 (17%) 17 (8%) 56 (25%) 
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   Unmet preference option 
endorsed 

Sum of unmet 
preference 

percentagesb  
   No, but I 

wanted this 
information 

“Too little 
information” 

Yes, but I 
didn’t want 

this 
information 
“Too much 

information” 

Preferences     
unmet 

“Too much or 
too little 

information” 

Rank Item Domain n (%) 

What to do if you 

suffer from 

claustrophobia? 

Psychosocial 36 (16%) 20 (9%) 56 (25%) 

How long the scan 

will take? 

Procedural 38 (17%) 18 (8%) 56 (25%) 

What you will be 

asked to wear 

during the scan? 

Procedural 40 (18%) 16 (7%) 56 (25%) 

a Not all items were completed by 234 participants due to missing data 
b Percentages don’t add to 100% due to met preference responses being omitted 

Characteristics associated with reporting a greater number of unmet 

information preferences 

Figure 3.2 shows the distribution of number of unmet information preferences as a 

percentage of the 218 participants who completed all 33 items. Twenty five percent of 

participants reported no unmet information preferences (n = 54; 95% CI 19% - 31%). 

The 

Table 3.3 zero inflated negative binomial model (count equation) shows that there was 

no significant association between participants’ sociodemographic and scan 

characteristics, and reporting a greater number of unmet information preferences. The 

inflation model shows that there was no significant association between participants’ 

sociodemographic and scan characteristics, and reporting zero unmet information 

preferences. Despite this, the Vuong test indicated that the zero inflated model was an 

improvement over the standard negative binomial model (p = 0.004). The test for alpha 
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= 0 was highly significant (p < 0.001) indicating that the model was more appropriate 

than Poisson. 

 

Figure 3.2: Proportion of participants reporting 0-33 unmet preferences for 
preparatory information content items (N = 218).  

 

Table 3.3: Zero-inflated negative binomial regression of sociodemographic and 
scan characteristics associated with reporting a greater number of unmet 
information preferences (N = 208). 

Variable Count equation 
(IRR for number of 

unmet needs) 

Inflation (binary) 
equation 

(Odds of zero count) 
 IRRa (95% 

CI) 
p ORb (95% 

CI) 
p 

Gender     

Male  1.00  1.00  

Female  1.15 (0.84 – 

1.60) 

0.38 0.64 (0.24 – 

1.70) 

0.37 

Age     

Less than 65 years 1.00  1.00  

65 years or older 0.80 (0.54 – 
1.17) 

0.25 2.20 (0.72 – 
6.68) 

0.16 

Marital status     

Married / living with partner 1.00  1.00  

Not married / living with 

partner 

1.27 (0.91 – 

1.76) 

0.16 0.84 (0.31 – 

2.24) 

0.73 

Geographic location     

Metropolitan 1.00  1.00  
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Variable Count equation 
(IRR for number of 

unmet needs) 

Inflation (binary) 
equation 

(Odds of zero count) 
 IRRa (95% 

CI) 
p ORb (95% 

CI) 
p 

Non-metropolitan  1.26 (0.86 – 

1.84) 

0.24 2.36 (0.90 – 

6.17) 

0.08 

Education     

High school or less 1.00  1.00  

More than high school 0.99 (0.72 – 

1.37) 

0.96 0.97 (0.36 – 

2.60) 

0.96 

Information amount preference     

Not a lot of information 1.00  1.00  

A lot of information 0.78 (0.55 – 

1.12) 

0.18 0.58 (0.22 – 

1.54) 

0.28 

Overall health     

Fair or worse 1.00  1.00  

Good or better than good 0.91 (0.66 – 
1.26) 

0.57 1.82 (0.65 – 
5.08) 

0.25 

Scan     

CT  1.00  1.00  

MRI  0.78 (0.55 – 

1.10) 

0.16 3.86 (0.82 – 

18.06) 

0.09 

Scan experience     

Not had scan before / don’t 

know 

1.00  1.00  

Had scan before  0.74 (0.51 – 

1.08) 

0.12 1.02 (0.33 – 

3.18) 

0.97 

a Incidence rate ratio  
b Odds ratio 

Discussion and conclusion 

Patient-centred care is a strategic priority across peak Australian and international 

medical imaging bodies43,44. This study is the first to assess the extent to which 

preparatory information delivery meets the preferences of patients attending a large, 

Australian metropolitan medical imaging department. Whilst patient-centred care is 

important for quality improvement within diagnostic services43,44, this study found that 
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there is room to improve responsiveness to individual patient’s preferences for 

information across all assessed sociodemographic and scan characteristics. 

Which information items are most commonly not delivered in accordance with 

patient preferences?  

Patients more commonly receive too little information, as opposed to too much 

information 

MRI and CT medical imaging outpatients more commonly reported receiving too little 

information relating to the “top ten” unmet information preferences, as opposed to too 

much information. This aligns with earlier findings indicating that many benefit and 

risk-related information items are reported as not received across medical imaging 

patients33. Collectively these findings suggest that efforts are needed to ensure that those 

who want information are receiving it. Provider responsiveness to those who don’t want 

information comes with greater complexity, as legal and ethical imperatives mandate 

the provision of certain information items for informed consent38. Obligations at the 

patient- and service- level are therefore not always aligned, and it is not always possible 

to provide all information in a patient-centred manner. Further efforts are needed to 

ensure improved responsiveness to patient preferences for information, where legally 

and ethically appropriate.  

The most frequently endorsed unmet information preferences related to all types of 

preparatory information 

All preparatory domains (i.e. procedural, behavioural, sensory, psychosocial) were 

represented in the “top ten” unmet information preference items, suggesting that limited 

responsiveness to patient preferences is not isolated to one information type. Unmet 

preferences across multiple preparatory domains has also been reported in other 

research, particularly amongst those undergoing potentially threatening medical 
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procedures45-47. Mackenzie and colleagues’ study of radiation oncology outpatients, 

found that better care could be provided with respect to information about patients’ 

cancer (procedural and behavioural information), emotional and spiritual support 

(psychosocial information) and management of physical symptoms (behavioural 

information)45. A holistic approach to providing preparatory information is important, 

as such information has been found to work synergistically9, and therefore unmet 

preferences in one preparatory domain may reduce the effectiveness of information 

provision within another domain. Hence, strategies are needed to concurrently respond 

to individual patient preferences for information across the behavioural, procedural, 

sensory and psychosocial aspects of care. This is increasingly difficult given time and 

resource constraints impacting healthcare delivery48 and indicates a requirement for 

standardised approaches that ensure holistic patient-centred information provision.  

Information about the time during and after the scan was most commonly not delivered 

in accordance with patient preferences 

Our findings indicate that unmet information preferences often relate to the procedural 

and post-procedural period. It is possible that information relating to the time during 

and after the scan is provided at the point of care, however this does not reflect best-

practice recommendations35,49, and is not meeting patients’ expressed need for 

information prior to their examination. Early information provision, addressing all 

phases of the procedure, is important as many patients experience high anxiety levels 

before their procedure30, and information at this time can empower the patient, facilitate 

active care management24 and allow them to anticipate what is coming50. Greater efforts 

are therefore needed to ensure prompt responsiveness to patient preferences for 

information relating to the whole trajectory of care, from referral to receipt of results.  
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Which patient characteristics are associated with having a greater number of 

unmet information preferences?  

Surprisingly, none of the sociodemographic or scan characteristics examined in this 

study were associated with the number of unmet information preferences reported. 

Whilst mixed findings exist regarding factors associated with unmet information needs 

in other fields of research14-19, findings relating to the health status measure used in this 

study did not support the link between physical and psychological health status and 

unmet need that has been reported across other settings and patient groups14,16,17,51. 

Adult, adolescent and young adult patients across oncology and rheumatology settings 

have been reported to experience a higher number of unmet information and service 

needs when experiencing poorer physical health or requiring psychological 

support14,16,51. The discrepancy between existing supportive care literature and our 

findings may be attributable to measurement differences, with the majority of studies 

focusing on unmet information needs14,16,17,51, as opposed to unmet information 

preferences.  

Of the small number of studies assessing patient-perceived receipt of too much 

information52-55, few examine patient characteristics associated with unmet information 

preferences (i.e. by examining the receipt of too much and too little information in 

combination). Zucca and colleagues examined the correlates of oncology patients’ 

perceived receipt of too much or too little life expectancy information52. Particular 

patient characteristics were related to perceived receipt of too much information (e.g. 

stage of illness, being younger) and too little information (e.g. stage of illness, being 

anxious or depressed). Although, as is commonly the case across the field, too much 

and too little information were examined separately rather than in combination52, hence 

limiting capacity for comparisons with this study. Zucca and colleagues’ findings52 do, 
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however, indicate that other factors which we did not examine, such as psychological 

distress and illness progression (where applicable), may be related to unmet information 

preferences. These factors, as well as those relevant to the delivery and receipt of 

information but not examined in our study (e.g. quality of referrer, health condition 

under examination), may warrant further investigation.  

Multiple approaches can, and have been, used to assess patient-centred communication, 

including observation, physician and student experiences, and patient perception 

questionnaires40. Whilst patient self-report has potential limitations, such as possible 

recall bias or patient misunderstanding, it is recommended as the gold standard measure 

in this field, as the patient is conceivably the best person to assess whether their 

preferences have been met40,56. The current study, and others52, attempt to capture the 

mismatch between preferred and actual information delivery concurrently in a single 

self-report scale (as opposed to comparing agreement between two measures), hence 

reducing participant burden. This approach builds on unmet needs and preference 

literature and has promise, given the high survey completion rate, participant ease in 

responding to the items and endorsement by behavioural scientists. As such, the 

reliability and validity of data captured by this type of hybrid assessment is also worth 

exploring in future research.   

Practice implications 

As no sociodemographic characteristics were associated with reporting a greater number 

of unmet information preferences, patient-centred information provision may vary at an 

individual rather than a group level. This highlights the need for health professionals 

and other imaging department staff to elicit and respond to individual patient’s 

information preferences at each touch point in the care trajectory. Given that the 



128 
 

majority of commonly unmet preferences related to receiving ‘too little’ information, 

strategies are needed to support healthcare professionals to identify and respond to 

patients who want more information. This may include communication training and 

question aids to prompt clinicians in eliciting unique information preferences57, 

followed by the use of widely used information provision approaches, such as 

information sheets targeted to specific aspects of preparation (i.e. procedural, 

behavioural, sensory, psychosocial), for those seeking more information58. It is 

recognised that these approaches may be challenging to implement given time and 

resource constraints impacting healthcare59,60. 

An alternative and potentially feasible strategy may be supplementing existing 

information provision practices with online information delivery. The internet provides 

tailoring functionality so that individuals can indicate their preferences for format, 

timing and amount of information, and materials can be adapted accordingly61. 

Additional benefits include wide accessibility and high interactivity of online 

information61. However, this approach assumes that patients have an ability to seek, 

find, understand and evaluate online health resources (otherwise termed eHealth 

literacy)62 as well as decide how much and what information they would like to receive. 

Research may be needed to assess patient eHealth literacy, and identify strategies or 

aids which may assist patients in expressing personal information preferences. High-

quality research is also needed to assess the impact of the internet in facilitating patient-

centred communication on outcomes for imaging services (e.g. appointment 

terminations) and imaging patients (e.g. anxiety and distress). 
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Limitations 

Findings may not generalise beyond the single, metropolitan medical imaging 

department study setting, and may not apply to groups that were excluded (i.e. non-

English speaking patients, cognitively and physically impaired patients) or 

underrepresented (CT patients). The sociodemographic and scan profile of study 

participants did, however, reflect that of all patients seen through the department in the 

study period (Table 3.1). In the absence of a standardised measure of patient-centred 

preparatory information provision in medical imaging settings, this study used an 

investigator-developed patient self-report measure to determine alignment between 

patients’ preferred and actual receipt of preparatory information56. Whilst the instrument 

has demonstrated internal consistency41, further evaluation of its psychometric 

properties is needed. The reason for reporting an unmet information preference was not 

explored. It is therefore unclear whether health professionals or other imaging 

department staff failed to elicit and respond to patient information preferences, or 

whether alternative factors, such as changing preferences over time, contributed to study 

findings.  

Conclusion 

There is room to improve responsiveness to patients’ preferences for preparatory 

information within the medical imaging setting. The number of unmet information 

preferences did not vary significantly based on participants’ sociodemographic and scan 

characteristics, suggesting that health care professionals and imaging department staff 

should be supported and encouraged to elicit and respond to information preferences at 

an individual patient level. A standardised approach to patient-centred information 

exchange that elicits patient preferences, and tailors information delivery accordingly, 
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may be an important first step to improving the quality of preparatory communication 

prior to medical imaging procedures. 
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PAPER THREE 

Three-factor Structure of the eHealth Literacy Scale among 

Magnetic Resonance Imaging and Computed Tomography 

Outpatients: A Confirmatory Factor Analysis 
 

  
PAPER THREE 

To understand the potential utility of eHealth in eliciting and responding to 

medical imaging patients’ information preferences, we must be able to 

accurately measure their eHealth literacy, i.e. their ability to locate and use 

online health materials. The eHealth Literacy Scale (eHEALS) is a brief 

measure of eHealth literacy, which has been widely used since its 

development in 2006. However, there are mixed findings regarding the 

factorial validity of the eHEALS. It was recently proposed that the 

eHEALS has a multidimensional structure rather than a unidimensional 

structure. Paper Three seeks to validate the recently proposed three-factor 

eHEALS structure using confirmatory factor analysis. This paper was 

published in JMIR Human Factors (Thesis Appendix 5.2). 

Hyde LL, Boyes AW, Evans TJ, Mackenzie LJ, Sanson-Fisher R. Three-

factor structure of the eHealth Literacy Scale among magnetic resonance 

imaging and computed tomography outpatients: A confirmatory factor 

analysis. JMIR Human Factors 2018; 5(1): e6. 
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Abstract 

Background: eHealth literacy is needed to effectively engage with web-based health 

resources. The 8-item eHealth literacy scale (eHEALS) is a commonly used self-report 

measure of eHealth literacy. Accumulated evidence has suggested that the eHEALS is 

unidimensional. However, a recent study by Sudbury-Riley and colleagues suggested 

that a theoretically-informed three-factor model fitted better than a one-factor model. 

The 3 factors identified were: awareness (2 items), skills (3 items), and evaluate (3 

items). It is important to determine whether these findings can be replicated in other 

populations.   

Objective: The aim of this cross-sectional study was to verify the three-factor eHEALS 

structure among magnetic resonance imaging (MRI) and computed tomography (CT) 

medical imaging outpatients.  

Methods: MRI and CT outpatients were recruited consecutively in the waiting room of 

one major public hospital. Participants self-completed a touchscreen computer survey, 

assessing their sociodemographic, scan, and internet use characteristics. The eHEALS 

was administered to internet users, and the three-factor structure was tested using 

structural equation modelling. 

Results: Of 405 invited patients, 87.4% (354/405) were interested in participating in 

the study, and of these, 75.7% (268/354) were eligible. Of the eligible participants, 

95.5% (256/268) completed all eHEALS items. Factor loadings were 0.80 to 0.94, and 

statistically significant (P < .001). All reliability measures were acceptable (indicator 

reliability: awareness=.71–.89, skills=.78–.80, evaluate=.64–.79; composite reliability: 

awareness=.89, skills=.92, evaluate=.89; variance extracted estimates: awareness=.80, 
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skills=.79, evaluate=.72). Two out of three goodness-of-fit indices were adequate 

(standardised root mean square residual [SRMR]=.038; comparative fit index 

[CFI]=.944; root mean square error of approximation [RMSEA]=.156). Item 3 was 

removed because of its significant correlation with item 2 (Lagrange multiplier [LM] 

estimate=104.02; P<.001), and high loading on 2 factors (LM estimate=91.11; P<.001). 

All three indices of the resulting 7-item model indicated goodness of fit (χ2(11)=11.3; 

SRMR=.013; CFI=.999; RMSEA=.011).  

Conclusions: The three-factor eHEALS structure was supported in this sample of MRI 

and CT medical imaging outpatients. Although further factorial validation studies are 

needed, these 3 scale factors may be used to identify individuals who could benefit from 

interventions to improve eHealth literacy awareness, skill, and evaluation competencies.   

Key words: eHealth; literacy; factor analysis; measures; psychometrics   
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Introduction 

Consumer eHealth literacy is critical to maximising the benefits of eHealth 

Technologically-enabled healthcare is important at both the patient and service level, 

given the increasing resource and timing pressures on the health care system1, the 

digital transformation of health-related industries2, and changing consumer expectations 

about their role in care3. eHealth refers to the organization and delivery of health 

services and information using the internet and related technologies4. eHealth holds 

potential as a scalable form of service delivery that is accessible, low-cost, promotes 

patient empowerment and enhances patient-provider information exchange5. However, 

to reap the possible benefits, patients must be eHealth literate6. eHealth literacy refers to 

an individual’s ability to seek, find, understand and appraise health information from 

electronic sources, and apply the knowledge gained to addressing or solving a health 

problem6. Limited ability to seek, find, understand, and appraise electronic health 

information has been recognised as a key self-reported barrier to the utilisation of the 

internet for health purposes7. The first step in identifying individuals who may benefit 

from improved eHealth literacy is the development of valid and reliable tools assessing 

this construct.  

The eHealth literacy scale is a standardised and widely used measure  

The eHealth literacy scale (eHEALS) was among the first, and continues to be one of 

the most commonly used, self-reported measures of eHealth literacy8,9. The scale 

comprises 8 items, which assess consumers’ combined knowledge, comfort, and 

perceived skills at finding, evaluating and applying electronic health information to 

health problems8. Consistent with the current definition of eHealth4, all eHEALS items 

are specific to health information access via the internet, as opposed to other electronic 
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forms of information provision (e.g. Compact Disc Read-Only Memory [CD-ROM], 

computer games). The scale was developed to address the need for an easily self-

administrable eHealth literacy measure that could be applied across a wide range of 

populations and contexts8. Widespread adoption of the scale has been demonstrated, 

with the measure translated into multiple languages10-17, and used across participants 

with diverse sociodemographic10,15,16,18, ethnic11,14,19 and disease profiles13,20,21. Items 

were originally developed and validated among Canadian youths more than a decade 

ago8, and subsequent studies have demonstrated test-retest reliability across younger14 

and older age cohorts10, internal consistency across populations of varying age and 

ethnicity10,11,14,15,19,22, and measurement invariance across English speaking countries23. 

However, inconsistent findings exist regarding the convergent and predictive validity of 

the scale10,11,24, and debate continues about its factor structure10-17,22,23,25-28. We sought 

to contribute to this knowledge by assessing the factorial validity and internal 

consistency of a three-factor structure of the eHEALS.  

The factor structure of the eHealth literacy scale is uncertain 

Norman and Skinner’s original factorial validation of the eHEALS found that the scale 

assesses a single dimension8. Numerous studies with the general public have supported 

this finding10,11,14-16,22,25,26, including those specific to children15, university students14,16 

and older adults10,22. However, the strength of these conclusions is limited by the 

common use of exploratory factor analysis (EFA)8,10,11,14,15,22,25,26. EFA originates from 

classical test theory and holds value in the early stages of scale development when 

factor structure is unknown and latent variable structures need to be identified29. EFA 

does, however, have some limitations. For example, it often involves subjective 



145 
 

decision-making processes, and does not account for the theory which may inform 

latent variable structures30.  

Confirmatory factor analysis (CFA) is an alternative analysis technique, also derived 

from classical test theory, that allows models to be tested via theoretically or 

empirically driven hypotheses31. However, studies assessing a unidimensional eHEALS 

structure using CFA commonly report poor fit indices13,23,27,28. This may be because a 

single factor structure does not account for the multifaceted nature of the concept of 

eHealth literacy, such as its inherent literacy types (i.e. traditional, health, information, 

scientific, media, and computer) or the multiple components of information retrieval 

and use (i.e. finding, applying and evaluating electronic health information)6. Paige and 

colleagues13 completed one of the only studies of the construct validity of the eHEALS 

using CFA with chronically ill patients, and found evidence for a three-factor structure. 

Despite this, multidimensionality of the eHEALS was refuted on the basis that a large 

proportion of variance loaded on one factor only. The authors applied the partial credit 

model, which is a unidimensional item response theory technique, to conclude that a 

single structure exists, despite CFA values indicating a poor unidimensional fit13. A 

two-factor model based on the concepts of information-seeking and appraisal has also 

been tested12,27,28. Although this model has a strong theoretical basis, 2 of the 3 studies 

testing this structure reported inadequate fit indices12,27. Furthermore, all were based on 

translated versions of the scale, which can result in varied item meaning and 

interpretation32.  
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Recent literature proposes that the eHealth literacy scale has a three-factor 

structure 

Sudbury-Riley and colleagues23 used CFA to test a three-factor structure of the English-

language version of the eHEALS with a multinational sample of adult internet users 

from the United Kingdom (n=407), New Zealand (n=276), and the United States 

(n=313). A hypothesis-driven approach was adopted, whereby 2 eHEALS items were 

mapped to an “awareness” factor, 3 items to a “skills” factor and 3 items to an 

“evaluate” factor. These factors were derived from the self-efficacy and social-cognitive 

theoretical constructs underpinning eHealth literacy8,23. Self-efficacy theory is based on 

the premise that goal achievement is mediated by self-belief and confidence, and social 

cognitive theory states that social context influences goal achievement33. Sudbury-Riley 

and colleagues23 therefore proposed that an individual’s awareness is shaped by their 

environment (e.g. exposure to web-based health information), their skills are influenced 

by social factors (e.g. modelling, instruction and social persuasion), and their ability to 

evaluate eHealth resources is mediated by their confidence and persistence. CFA fit 

indices supported the hypothesized three-factor eHEALS structure across all 3 

countries23.  

Further research is needed to verify the three-factor structure of the 

standardised eHealth literacy scale with patient populations 

The study by Sudbury-Riley and colleagues23 contributes to our understanding of the 

underlying structures of the eHEALS, however it has some limitations. In particular, a 

modified version of the scale was used, based on feedback from the authors’ family, 

friends and colleagues, in which “and information” was added to items to address the 

increasing interactivity of eHealth materials. It is therefore unclear whether the three-

factor structure also applies to the original version of the scale. The study was also 
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conducted with middle aged members of the general population, restricting the 

generalisability of findings across medical populations and age cohorts. This adds to the 

common under-representation of chronically ill patients in the eHEALS measurement 

literature, despite the potential benefits of eHealth to this population13.  

Given that evidence about the properties of a measure is accumulated over a number of 

studies, the appropriate next step it is to determine whether Sudbury-Riley and 

colleagues’ findings can be replicated in a different population. To address this need, 

and also overcome some of the limitations of Sudbury-Riley and colleagues’ work23, 

this factorial validation study was conducted with patients, using the standardised 

eHEALS. Magnetic resonance imaging (MRI) and computed tomography (CT) medical 

imaging outpatients represent a high volume of patients with diverse demographic 

characteristics and medical diagnoses34,35, and as such, research completed with these 

patients may have high generalisability. Furthermore, MRI and CT medical imaging 

outpatients require substantial preparatory information that could potentially be 

delivered on the internet36. Hence, this study aimed to test the factorial validity and 

internal consistency of the three-factor structure of the eHEALS, identified by Sudbury-

Riley and colleagues23, among MRI and CT medical imaging outpatients. 

Methods 

Design and setting 

A cross-sectional survey of CT and MRI medical imaging outpatients was conducted in 

a medical imaging clinic at a tertiary referral hospital located in regional New South 

Wales, Australia. 
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Participants 

Eligible participants were attending for an outpatient CT or MRI appointment at the 

tertiary referral hospital, were 18 years or older, and had access to the internet for 

personal use. Participants were excluded from the study if they had a cognitive or 

physical impairment which precluded them from providing informed consent or 

participating in the study; or if they were unable to complete the questionnaire because 

of poor English proficiency. These criteria mean that a diversity of participants in terms 

of frequency, confidence and reasons for personal use of the internet were eligible to 

participate. Consistent with the original eHEALS validation study8, use of the internet 

for health was not an eligibility requirement.   

Procedure 

Patients who were potentially eligible for the study were identified by medical imaging 

reception staff when they presented for their outpatient appointment. These patients 

were informed about the research and invited to speak with a trained research assistant. 

Interested patients were provided with a written information sheet and introduced to the 

research assistant, who gave an overview of the study and obtained patients’ verbal 

consent to participate. The age, gender and scan type of non-interested and non-

consenting patients were recorded. Consenting participants were provided with a tablet 

computer and asked to complete a web-based questionnaire before their scan. A paper 

version of the questionnaire was provided to participants who requested it. Ethics 

approval was obtained from the Hunter New England Human Research Ethics 

Committee (16/10/19/5.11) and University of Newcastle (H-2016-0386). 
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Measures 

Participants’ eHealth literacy was assessed using the 8-item English-language version of 

the eHEALS8. Respondents indicated their level of agreement with each statement on a 

5-point Likert scale, which was scored from 1 “strongly disagree” to 5 “strongly agree”.  

Sociodemographic, scan, and information preference characteristics were examined 

using standard items. These items assessed participant age, gender, marital status, 

highest level of education completed, postcode, and scan type. Postcodes were mapped 

to the Accessibility/Remoteness Index of Australia Plus 2011 classification to examine 

remoteness37 and categorised as metropolitan (major cities of Australia) or non-

metropolitan (inner regional, outer regional, remote or very remote Australia). One 

item, adapted from an existing health information wants questionnaire38, assessed how 

much information participants liked to have about their health. Response options were 

“no information”, “some information”, and “a lot of information”.  

Internet characteristics were assessed by 2 items. Use of the internet for scan 

preparation was assessed by an author-developed item: Have you searched the internet 

for information to help you prepare for your scan? with response options “no”, “yes”, 

and “don’t know”. Frequency of internet use was measured with a single item used in 

existing informatics literature39, in which participants respond on a 6-point scale 

ranging from “less than once a month” to “several times a day”.  

Sample size 

Rules of thumb for CFA recommend a sample size of at least 200 participants40 41, or 10 

participants per parameter estimated42. Wolf and colleagues43 found that a sample size 

of at least 150 is required for three-factor models with fewer than 4 indicator variables 
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per factor and assuming strong factor loadings of .8. To accommodate deviation from 

these assumptions, and given that 19 parameters were estimated for the eHEALS CFA, 

the more conservative estimate of at least 200 participants was applied to this study. 

Statistical analyses 

Participant characteristics and eHEALS responses were summarised as frequencies and 

percentages, or means and standard deviations. Consent bias was assessed for gender, 

scan type and age group using chi-square tests. CFA was undertaken using the CALIS 

procedure of SAS software v9.4 (SAS Institute, Cary, NC, USA). We chose CFA as it is 

the same theoretically-sound technique used by Sudbury-Riley and colleagues23, and 

therefore allowed for a direct comparison of results. Given the high completion rate 

(98.1% [256/261] of participants who started the eHEALS completed all items), this 

analysis was restricted to participants with complete eHEALS data. The relationship 

between latent variables (i.e. awareness, skills, evaluate) and manifest variables 

(eHEALS items 1-8), as proposed by Sudbury-Riley and colleagues23, was tested using 

structural equation modelling (Figure 4.1). All loadings were standardised, with 

variances fixed at 1. The model was estimated using the full information maximum 

likelihood method. Standardised factor loadings and co-variances were calculated with 

95% CIs. 

Reliability measures included: indicator reliability to determine the percentage of 

variation in the item explained by each factor; composite reliability (CR) to assess 

internal consistency (>.70 ideal)29; and variance extracted estimates (VEEs) to 

determine the amount of variance captured by factors with regard to variance 

attributable to measurement error (>.50 ideal)44. Discriminant validity was assessed 

following the method proposed by Anderson and Girbing45.  
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Model goodness of fit was assessed using a range of metrics. Absolute indices included 

the chi-square statistic, the chi-square to degrees of freedom ratio (<2 ideal)46 and the 

standardised root mean square residual (SRMR; <.055 ideal)29. The incremental index 

was reported as the comparative fit index (CFI; >.95 good fit)47. The parsimony index 

used was the root mean square error of approximation (RMSEA; <.05 close 

approximate fit, .05-.08 acceptable fit, >.10 poor fit)29,47. Lagrange multiplier (LM) 

estimates of items on different factors were assessed to identify complex items and 

possible ways to improve the model.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1: eHealth Literacy Scale three-factor model proposed by Sudbury-Riley 
and colleagues23  

Evaluate 

Awareness 

Skills 

1. I know what health resources are available 

on the internet. 

2. I know where to find helpful health 

resources on the internet. 

3. I know how to find helpful health resources 

on the internet. 

4. I know how to use the internet to answer my 

questions about health. 

5. I know how to use the health information I 

find on the internet to help me. 

6. I have the skills I need to evaluate the health 

resources I find on the internet. 

7. I can tell high quality from low quality 

health resources on the internet. 

8. I feel confident in using information from 

the internet to make health decisions. 
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Results 

Sample 

A total of 405 potentially eligible patients were invited to discuss the study with a 

research assistant during the 7-week recruitment period. Of the invited patients, 87.4% 

(354/405) were interested in participating in the study, and of these, 75.7% (268/354) 

were eligible. Of these eligible participants, 97.4% (261/268) started the eHEALS, and 

95.5% (256/268) completed all eHEALS items. There were no significant differences 

between patients who were and were not interested in participating in the study based 

on gender, scan type or age group. Figure 4.1 provides a summary of the 

sociodemographic, scan and internet characteristics of eligible participants. Multimedia 

Appendix 1 (provided at Thesis Appendix 5.3.1) provides a summary of participant 

responses to eHEALS items.  

Table 4.1: Participant sociodemographic, scan and internet characteristics (N = 
268) 

Characteristic n (%)a 

Mean age years (SDb) 53 (15) 

Gender  

 Male 120 (44.8) 

 Female 148 (55.2) 

Marital status  

 Married or partner 148 (64.9) 

 Not married/living with partner  80 (35.1) 

Education completed  

 High school or less 169 (63.1) 

 More than high school 99 (36.9) 

Geographic location  

 Metropolitan 212 (79.1) 
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Characteristic n (%)a 

 Nonmetropolitan 56 (20.9) 

Scan type  

 CT 104 (38.8) 

 MRI 160 (59.7) 

 Don’t know 4 (1.5) 

Used Internet for scan  

 Yes 29 (10.9) 

 No 237 (88.8) 

 Don’t know 1 (0.3) 

Frequency of Internet use  

 Less than once a month 11 (4.1) 

 Once a month 5 (1.8) 

 A few times a month 14 (5.2) 

 A few times a week 36 (13.5) 

 About once a day 51 (19.1) 

 Several times a day 150 (56.2) 

Information amount preference  

 No information 2 (0.8) 

 Some information 59 (26.0) 

 A lot of information 166 (73.1) 

a Number of observations for each characteristic may not total 268 because of missing 
data 
bSD: standard deviation. 

Confirmatory factor analysis 

Convergence between the implied and observed variance co-variance matrices was 

achieved within 10 iterations. As shown in Table 4.2, all factor loadings were at or 

above .80 and were statistically significant (P<.001). All CRs exceeded .70, indicating 

good reliability, and all VEEs exceeded the cutoff of .50 indicating convergent validity. 

Discriminant validity of the model was demonstrated, with statistically significant chi-
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square difference-tests (P<.001) for each pair of factors. The absolute index SRMR was 

.038, indicating adequate fit to the hypothesized model. The incremental index CFI was 

.944, and therefore close to the .95 threshold of acceptability (Table 4.3). However, the 

chi-square statistic (χ2
17=124.2) was highly significant and suggestive of poor fit, and 

the chi-square statistic to degrees of freedom ratio of 7.3 exceeded the acceptability cut-

off of 246. The parsimony index RMSEA was .16, indicating poor fit.  

When investigating the possible reasons for less than ideal fit, LM estimates provided 

strong evidence for a path between item 3 “I know how to find helpful health resources 

on the internet” and the awareness factor (LM estimate=107.66; P<.001). There was 

also strong evidence for a path between item 2 “I know where to find helpful health 

resources on the internet” and item 3 “I know how to find helpful health resources on 

the internet” (LM estimate = 91.11; P<.001). Given apparent overlap between items 2 

and 3, a 7-item model which excluded item 3 was tested, which indicated good model 

fit (Table 4.3). See Multimedia Appendix 2 (provided at Thesis Appendix 5.3.2) for 

factor loading and residual error estimates for this altered model.   

Table 4.2: Factor loading and residual error estimates for confirmatory factor 
analysis of hypothesized model 

Factor-variable Factor 
loadings 
(95% CI) 

Error 
estimates 
(95% CI) 

IRa CRb VEEc 

Awareness      

 I know what health resources 

are available on the Internet 

0.85  

(0.80-0.89)e 

0.29  

(0.21-0.36)e 

.71 .89 .80 

 I know where to find helpful 

health resources on the 

Internet 

0.94  

(0.91-0.97)e 

0.11  

(0.05-0.17)e 

.89   

Skills      
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Factor-variable Factor 
loadings 
(95% CI) 

Error 
estimates 
(95% CI) 

IRa CRb VEEc 

 I know how to find helpful 

health resources on the 

Internetd 

0.90  

(0.86-0.93)e 

0.20  

(0.14-0.26)e 

.80 .92 .79 

 I know how to use the Internet 

to answer my questions about 

health 

0.88  

(0.85-0.92)e 

0.22  

(0.16-0.28)e 

.78   

 I know how to use the 

information I find on the 

Internet to help me 

0.88  

(0.85-0.92)e  

0.22  

(0.16-0.28)e 

.78   

Evaluate      

 I have the skill I need to 

evaluate the health resources I 

find on the Internet 

0.89  

(0.85-0.92)e 

0.21  

(0.15-0.28)e 

.79 .89 .72 

 I can tell high quality from 

low quality health resources 

on the Internet 

0.86  

(0.82-0.90)e 

0.26  

(0.19-0.33)e 

.74   

 I feel confident in using 

information from the Internet 

to make health decisions 

0.80  

(0.75-0.85)e 

0.36  

(0.28-0.44)e 

.64   

a IR: indicator reliability. 
b CR: composite reliability.  
c VEE: variance extracted estimate. 
d This item was dropped in the alternative 7-item model (see Multimedia Appendix 2 
(provided at Thesis Appendix 5.3.2)). 
e P < .001. 
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Table 4.3: Goodness-of-fit indices for tested models 

Index type and fit index Statistics for 
hypothesized 8-item 
model 

Statistics for tested 7-
item model 

Absolute index   

 chi-square 124.2 11.3 

 chi-square degrees of freedom 17 11 

 P-value for the chi-square <.001 .417 

 SRMRa .038 .012 

Incremental index   

 Bentler CFI .944 .999 

Parsimony index   

 RMSEAc estimate .156 .011 

 RMSEA lower 90% CI .131 .000 

 RMSEA upper 90% CI .182 .066 

aSRMR: standardized root mean square residual. 
bCFI: comparative fit index. 
cRMSEA: root mean square error of approximation. 

Discussion 

Principal findings 

This study was the first to examine the theoretically-derived three-factor structure of the 

eHEALS, as proposed by Sudbury-Riley and colleagues23, among a sample of MRI and 

CT medical imaging outpatients. This three-factor structure was supported, with 2 out 

of 3 goodness-of-fit indices indicating adequate fit to the hypothesized model. Although 

these findings oppose accumulated evidence for a unidimensional structure of the 

eHEALS8,10,11,14-16,22,25,26, they are consistent with the social cognitive and self-efficacy 

theory underpinning eHealth literacy8,23,33. As a result, it may be timely for researchers 

to examine patients’ eHealth literacy across eHEALS factors, to inform targeted eHealth 

literacy improvement interventions. This study contributes important knowledge about 
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the structure of the eHEALS, yet further factorial analyses, including multidimensional 

item response theory analyses are required across populations to increase the reliability 

of these findings. 

Findings broadly support the proposed three-factor structure of the eHEALS  

The proposed model demonstrated strong internal consistency and discriminant validity, 

suggesting that items within each factor measured the same general construct, and these 

constructs were sufficiently different from one another. Similarly, 2 out of 3 fit indices 

demonstrated good fit to the proposed three-factor model. Factor loadings were high 

and statistically significant, similar to that reported by Sudbury-Riley and colleagues23. 

This finding contrasts to the majority of existing literature, where it is argued that a 

single factor structure exists8,10-16,19,22,25,26. Most such prior research is based on data-

driven EFA techniques8,10,11,14,15,22,25,26, which may indicate that limited reference to the 

theoretical underpinnings of eHealth literacy has resulted in inaccurate interpretations of 

eHEALS data in the past.  

Not all goodness-of-fit indices were ideal   

Poor fit of the parsimony index suggests that complexity exists within the three-factor 

model. RMSEA estimates have also been identified as a poor performing goodness of 

fit metric in other CFA eHEALS literature12,13,27 and are rarely reported as being a close 

approximate fit, indicating that relationships among items need to be interrogated. 

When we investigated further, it was found that item 3 “I know how to find helpful 

health resources on the internet” loaded on both “skills” and “awareness” domains, and 

correlated significantly with item 2 “I know where to find helpful health resources on 

the internet”. This finding supports that of Sudbury-Riley and colleagues23, who 

identified substantial overlap between items 2 and 3. Potential item homogeneity is also 

evident in prior literature, as measures of internal consistency have commonly been 
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reported to be approaching the .95 threshold of acceptability for Cronbach 

alpha10,11,15,19, with some reported to have reached .9722. The redundancy of items 2 and 

3 is unsurprising given their similar structure and meaning (i.e. about how and where to 

find helpful health resources on the internet). It is also possible that the low education 

level of the sample48, and the distressing setting of a hospital waiting room49, 

contributed to participants’ difficulties in differentiating between item meanings. 

However, patient understanding of eHEALS items has been questioned previously, and 

the need for further research investigating item interpretation across populations has 

been indicated11.  

For this study, we did not restrict our sample to health-related internet users. This aligns 

with the majority of studies assessing the factorial validity of the eHEALS, including 

Norman and Skinner’s original validation study8,10-17,19,22,26-28. Furthermore, Norman 

and Skinner8 highlight the potential application of the scale to those with varying levels 

of technology use. eHEALS response options of disagree and strongly disagree provide 

for those who do not use the internet for health. Despite this, some participants within 

this study voluntarily reported being unsure of how to respond to each item as they did 

not use the internet for health. This anecdotal feedback suggests that items within the 

scale may not be interpretable to the wide population for which it was originally 

intended8, and further research is needed to investigate the face and content validity of 

the scale among those who do and do not use the internet for health purposes. 

As model fit improved when item 3 “I know how to find helpful health resources on the 

internet” was excluded, an adapted 7-item eHEALS may be appropriate to consider. 

Reducing the number of items would result in two factors containing 2 items, which 

could create difficulties with model identification and convergence29. Likewise, it is 
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unknown whether a reduced 2-item “skill” factor would adequately measure the 

construct and appropriately detect changes over time. As such, further research is 

needed to test the psychometric properties (specifically content validity, test-retest 

reliability, predictive validity, and responsiveness) of a 7-item eHEALS. Until this 

point, it is recommended that the standardised 8-item scale is used, with consideration 

of preliminary evidence supporting a three-factor structure. 

The three-factor structure of the eHEALS may reflect an eHealth literacy pathway 

among internet users 

Despite some fit indices being less than ideal, considering eHealth literacy by factor 

may help to guide web-based health information provision in research and clinical 

practice. Furthermore, in accordance with the eHealth literacy continuum proposed by 

Diviana and colleagues12, the eHEALS may measure an eHealth literacy pathway. In 

this instance, eHEALS factors are structured sequentially, and a user gradually 

demonstrates proficiency in more complex tasks. That is, a user must first be aware of 

eHealth resources, before they can use their skills to navigate and interact with 

electronic content, and finally evaluate content quality and applicability to their health 

situation. Only once a user has undertaken all 3 of these steps, will they be able to 

effectively engage with eHealth resources and reap related benefits. This proposed 

pathway structure is supported by findings of Neter and colleagues24, who reported that 

success rates gradually declined for older adults performing health-related computerised 

simulation tasks, as they stepped through the process of accessing, understanding, 

appraising, applying and generating new health information. These findings may, 

however, be influenced by order effects of the simulated tasks50, and further research is 

needed to validate such a causal pathway.  
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Important implications for the future development and evaluation of eHealth 

literacy improvement strategies 

On the basis of these findings, researchers and health care professionals have the 

opportunity to identify areas (i.e. awareness, skills or evaluate) where competency is 

low, and target eHealth literacy improvement interventions accordingly. These 

interventions may, for example, include clinician recommendations to web-based 

materials to increase awareness and reduce the need to evaluate content51, training 

sessions to enhance eHealth literacy skills52, or the promotion of checklists to aid in the 

evaluation of web-based resources53. Additionally, user characteristics, such as 

sociodemographic, health and internet use attributes, that are associated with lower 

competency across eHEALS factors could be identified, so that assistance is directed 

towards those most in need. No studies have been conducted to determine the 

competency of individuals across eHEALS awareness, skill and evaluate domains, and 

further research is needed.   

Limitations 

CFA was selected as it represents an understudied yet rigorous aspect of classical test 

theory, and logically extends on the existing body of EFA and CFA measurement 

literature. The recent emergence of item response theory analyses of the eHEALS12,13,16 

has advantages over classical test theory approaches, including the capacity to establish 

increased item level psychometric information (e.g. item difficulty). The application of 

multidimensional item response theory techniques to validate the three-factor eHEALS 

structure should be explored further. Furthermore, this study assessed one psychometric 

property (i.e. factorial validity), and more research is needed to investigate other 

understudied measurement properties of the eHEALS, such as its predictive validity.   
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It is possible that findings may not be generalisable beyond the medical imaging 

context. Similarly, as most participants reported using the internet at least daily (75.3%, 

201/267), study findings may not be generalisable to those who use the internet less 

frequently. As we did not ask participants about the activities they undertook on the 

internet, it is unclear whether the results are applicable to those who do or do not use the 

internet for health. Future research is consequently needed to validate study findings 

across patients with diverse demographics, medical diagnoses and internet use patterns. 

Additionally, our study was based on the standardised version of the eHEALS. As 

recognised in prior research12,23, this version may not sufficiently capture competency in 

using Web 2.0 (e.g. social networking) for health. Further research is needed to 

determine whether scale modifications are needed to reflect the evolving nature of 

eHealth interventions. 

Conclusions 

Although potential item redundancy impacted fit indices, the three-factor structure of 

the eHEALS was broadly supported. On the basis of these findings, the eHEALS could 

be used to inform the development of tailored eHealth literacy enhancement strategies, 

which may in turn increase engagement with web-based health resources. Further 

research is needed to confirm the three-factor structure across other medical settings and 

populations to support the generalisability of these findings.  
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PAPER FOUR 

Paper Three confirmed the multidimensional three factor structure of the 

eHEALS. The three factors identified were awareness, skills and 

evaluation. Paper Four builds on these findings by using cluster analyses 

to identify and characterise subgroups of patients reporting similar 

eHealth literacy based on eHEALS scores. This analysis provides the first 

assessment of variability in eHEALS factors (i.e. awareness, skills, 

evaluation) across subgroups of patients, and allows specific areas of low 

competency that require targeted improvement or support to be identified. 

This paper was published in Journal of Medical Internet Research (Thesis 

Appendix 6.2). 
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Abstract 

Background: Variations in individual’s electronic health (eHealth) literacy may 

influence the degree to which health consumers can benefit from eHealth. The eHealth 

Literacy Scale (eHEALS) is a common measure of eHealth literacy. However, the lack 

of guidelines for the standardised interpretation of eHEALS scores limits its research 

and clinical utility. Cut points are often arbitrarily applied at the eHEALS item or global 

level which assumes a dichotomy of high and low eHealth literacy. This approach 

disregards scale constructs and results in inaccurate and inconsistent conclusions. 

Cluster analysis is an exploratory technique which can be used to overcome these 

issues, by identifying classes of patients reporting similar eHealth literacy without 

imposing data cut-points. 

Objective: The aim of this cross-sectional study was to identify classes of patients 

reporting similar eHealth literacy and assess characteristics associated with class 

membership.  

Methods: Medical imaging outpatients were recruited consecutively in the waiting 

room of one major public hospital in New South Wales, Australia. Participants 

completed a self-report questionnaire assessing their sociodemographic characteristics 

and eHealth literacy, using the eHEALS. Latent class analysis was used to explore 

eHealth literacy clusters identified by a distance-based cluster analysis, and to identify 

characteristics associated with class membership. 

Results: Of 268 eligible and consenting participants, 256 (95.5%) completed the 

eHEALS. Consistent with distance-based findings, 4 latent classes were identified, 

which were labelled as low (21%; n = 54), moderate (26%; n = 67), high (33%; n = 84) 
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and very high (20%; n = 51) eHealth literacy. Compared with the low class, participants 

who preferred to receive a lot of health information reported significantly higher odds of 

moderate eHealth literacy (odds ratio 16.67; 95% CI 1.67-100.00; P=.02), and those 

who used the internet at least daily reported significantly higher odds of high eHealth 

literacy (odds ratio 4.76; 95% CI 1.59-14.29; P=.007). 

Conclusions: The identification of multiple classes of eHealth literacy, using both 

distance-based and latent class analyses, highlights the limitations of using the eHEALS 

global score as a dichotomous measurement tool. The findings suggest that eHealth 

literacy support needs vary in this population. The identification of low and moderate 

eHealth literacy classes indicate that the design of eHealth resources should be tailored 

to patients’ varying levels of eHealth literacy. eHealth literacy improvement 

interventions are needed, and these should be targeted based on individuals’ internet use 

frequency and health information amount preferences.  

Key words: internet; health; literacy; cluster analysis; medical imaging 
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Introduction 

Electronic health literacy is important for the use and receipt of benefits from 

electronic health programs 

Web-based interventions have been reported to be consistently more effective than non-

Web-based modalities in changing patient health behaviours and health-related 

knowledge1. Information and communication technology is also recognised as a 

promising enabler of safe, integrated, and high-quality health care, yet more 

scientifically rigorous research is needed2,3. Accordingly, internet-enabled healthcare is 

a strategic priority globally4-7. Electronic health (eHealth) literacy is one important 

factor influencing the use and receipt of benefits from Web-based health resources8-10. 

eHealth literacy refers to an individual’s ability to seek, find, understand and appraise 

health information from electronic sources, and apply the knowledge gained to 

addressing or solving a health problem11. The concept is derived from 6 literacy types 

(i.e. health, computer, media, science, information, traditional literacy, and numeracy), 

which play an important role in facilitating engagement with Web-based health 

resources11. Inadequate eHealth literacy has been self-reported as a barrier to use of the 

internet for health information seeking purposes amongst the chronically ill12. 

Furthermore, descriptive research indicates that eHealth literacy is associated with 

positive cognitive (e.g. understanding of health status)8, instrumental (e.g. self-

management, physical exercise and dieting)8-10 and interpersonal (e.g. physician 

interaction)8 outcomes from Web-based health information searches. Individuals with 

lower eHealth literacy have been suggested to be older8,13,14, less educated8,14,15, have 

lower access to, or use of, the internet15-17, and have poorer health8. 
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Interpretations of electronic health literacy data are inconsistent 

Approaches used to assess eHealth literacy have included objective performance testing 

18,19 and self-reported measurement 20-23. The most commonly used self-reported 

measure is the 8-item, eHealth Literacy Scale (eHEALS)20. Compared with other self-

report measures of eHealth literacy, strengths of the eHEALS include its psychometric 

rigour, brevity, ease of administration, and availability in a number of 

languages17,19,20,24-26. One of the key issues limiting the utility of the eHEALS is the lack 

of information about interpretation of these data. Although there is a convention that 

higher scores represent a higher level of eHealth literacy20, there is an absence of 

guidance for the standardised interpretation of these scores. This guidance is needed to 

inform decision-making and follow-up actions27. eHEALS mean and median 

scores8,13,14,28, as well as item response frequencies14,29,30, are typically reported. Cut-

points have been arbitrarily applied at the item level15, which disregards scale 

constructs. Furthermore, the common use of a single cut-point to the global scale8,16,28 

implies a dichotomy of high versus low eHealth literacy, and does not account for 

respondent self-perceived competency across the multiple eHEALS factors (i.e. 

awareness, skills and evaluation)24,31. These factors have only recently been 

identified24,31, demonstrating that our understanding of the eHEALS and its 

psychometric properties is continuing to evolve more than a decade after the scale was 

published.  

A robust approach to analysing electronic health literacy data is required 

Shortcomings in the interpretation of eHEALS scores highlights the need for a robust 

approach to analysing and interpreting eHealth literacy data. In line with the principles 

of scale development27,32, measures should be refined as new data about a scale’s 
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properties accumulates. This includes retesting a scale when it is used in new populations 

and as new analytical techniques become available27,32. Cluster analysis is a sophisticated 

analytical approach, which has not previously been applied to eHealth literacy research. 

This powerful technique is used to identify natural groupings or structures within data, 

and can therefore classify individuals who score similarly on an outcome measure, such 

as the eHEALS33. It has several strengths including: First, it is a data-driven, 

exploratory technique, and therefore not dependent on scoring thresholds which are 

arbitrarily imposed by the author(s). Second, being able to observe and characterise 

natural structures or groupings means that researchers have a better understanding of 

subgroups of eHealth literacy in the sample population. If classes (or clusters) exist, 

ignoring their presence by analysing the data as a single group could lead to an 

averaging out of any effects of interest34. Third, this approach allows for the multiple 

eHEALS domains (i.e. skill, awareness and evaluate) to be considered simultaneously 

across subgroups. For example, it can be known if one subgroup self-rates their 

awareness as highest, whereas another subgroup self-rates their skills as highest. 

Finally, regression analyses can be completed to examine patient characteristics 

associated with assignment to each eHealth literacy class.  

By understanding the number and characteristics of groupings, it can be known whether 

a one size fits all approach to eHealth literacy improvement is appropriate, or whether 

more tailored interventions are required. If tailoring is needed, understanding how 

different classes scored across the eHEALS factors allows researchers and clinicians to 

ensure interventions are designed to specifically address the needs of that subgroup. 

Furthermore, understanding patient characteristics associated with class membership 

allows the identification of individuals who should be targeted for interventions, or who 

will require more intensive support throughout periods of eHealth delivery. A cluster 
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analysis of eHEALS data is therefore an important next step to better understand the 

multi-component nature of eHealth literacy and how these eHEALS factors co-exist in 

subgroups of patients.  

This study aimed to determine (1) whether there are identifiable eHealth literacy classes 

among magnetic resonance imaging (MRI) and computed tomography (CT) medical 

imaging outpatients; and (2) sociodemographic and internet use characteristics 

associated with each eHealth literacy class.   

Methods 

Design and setting 

This cross-sectional study was completed with MRI and CT medical imaging 

outpatients attending the imaging department of a large, tertiary hospital, located within 

New South Wales, Australia. The results of this study have been reported in accordance 

with the Strengthening the Reporting of Observational Studies in Epidemiology 

checklist of observational studies in epidemiology35 and the Checklist for Reporting 

Results of Internet E-Surveys36.  

Participants 

Eligible participants were: (1) attending for an outpatient MRI or CT scan; (2) 18 years 

or older; and (3) reported having access to the internet for personal use. Participants 

were excluded if they were: (1) non-English speaking; (2) deemed by reception staff to 

be cognitively or physically unable to consent or complete the survey; or (3) identified 

as having completed the survey previously. MRI and CT medical imaging outpatients 

were the focus of this research because they have high unmet information preferences 

which could potentially be met by eHealth capabilities37. 
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Procedure 

Medical imaging department receptionists identified potentially eligible participants 

when they presented for their outpatient appointment. Potentially eligible participants 

were informed about the research and invited to speak with a trained research assistant. 

Interested patients were provided with a written information sheet and introduced to the 

research assistant, who gave an overview of the study and obtained the patient’s verbal 

consent to participate. During this overview, interested patients were told that the Web-

based questionnaire would take approximately 10-15 minutes to complete, participation 

was voluntary and responses would remain confidential. The age, gender and scan type 

of non-interested and non-consenting patients were recorded. Consenting patients were 

provided with a tablet computer and asked to complete a Web-based questionnaire 

before their scan. Participants’ study identification number, assigned by the receptionist 

and entered by the research assistant, provided access to the questionnaire. Each 

participant could move freely through each screen using next and back buttons. The 

questionnaire was pilot tested with MRI and CT medical imaging outpatients 2 weeks 

before study commencement, which confirmed the acceptability and feasibility of 

electronic survey administration in this study setting. A paper-and-pen version of the 

questionnaire was available to participants who requested it. If the patient was called for 

their procedure before finishing the questionnaire, only those questions that had been 

completed were used for data analysis. Electronic responses were de-identified, 

collected using the QuON platform38, and stored securely on an access-restricted part of 

the University of Newcastle server. Ethics approval was obtained from the Human 

Research Ethics Committees of the Hunter New England Local Health District 

(16/10/19/5.11) and University of Newcastle (H-2016-0386). 
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Measure 

eHealth literacy was assessed using the 8-item eHEALS. All 8 eHEALS items were 

administered on 1 screen within the Web-based questionnaire, and the presentation of 

these items was not random. Respondents indicated their level of agreement with each 

statement on a 5-point Likert scale from 1 strongly disagree to 5 strongly agree. 

Responses were summed to give a final score ranging from 8 to 40, with higher scores 

indicating higher eHealth literacy. The tool has demonstrated test-retest reliability17, 

internal consistency17,19,28, and measurement invariance across English speaking 

countries24. Previous studies, largely employing exploratory factor analysis, have 

suggested that the scale measures a single factor8,17,19,20. Emerging research using 

confirmatory factor analysis and based on the theoretical underpinnings of eHealth 

literacy, suggests that the scale measures 3 factors: awareness, skills, and evaluate24,31. 

This 3-factor eHEALS structure has been identified in the medical imaging study 

setting (standardised root mean residual=0.038; confirmatory fit index=0.944; and root 

mean square error of approximation=0.156)31. As such, self-rated awareness, skills, and 

evaluate competencies of patients within each subgroup were explored within this 

study.  

Study factors  

On the basis of previous research indicating an association with eHealth literacy, 

standard self-report items assessed participant gender, age, marital status, education, 

internet use frequency, and overall health status8,13-17. Remoteness of residence, health 

information amount preference (no information; some information; and a lot of 

information), and internet use for scan preparation (yes; no; and don’t know) were 

hypothesised to influence eHealth literacy and were therefore included as covariates. 
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Participant postcodes were mapped to the Accessibility/Remoteness Index of Australia 

Plus (ARIA + 2011) to categorise participant remoteness as metropolitan (major cities 

of Australia) or non-metropolitan (inner regional, outer regional, remote or very remote 

Australia)39. 

Data analysis 

Participant characteristics were summarised as frequencies and percentages or means 

and standard deviations. Consent bias was assessed for gender, scan type and age group 

using Chi-square tests. Given the high completion rate (98.1% [256/261] for individuals 

starting eHEALS items), only complete eHEALS data were included in the analyses. 

Items relating to each eHEALS factor were summed to generate separate awareness, 

skill and evaluate factor scores.  

Identification of electronic health literacy classes 

Cluster analysis was completed using a 2-phased approach. Distance-based 

unsupervised clustering was undertaken as an initial exploratory knowledge discovery 

technique, to identify natural clusters of patients according to their responses (refer 

Multimedia Appendix 1 (provided at Thesis Appendix 6.3.1) for methods and results). 

Secondary clustering of patients, using latent class analysis (LCA) as a statistical 

modelling approach, was to be completed as a follow-up if distance-based cluster 

structures were observed. LCA was subsequently performed to verify the 4-cluster 

structure identified. LCA is less sensitive to choice of parameters (e.g. distance metric), 

allows for uncertainty in class membership, and has greater power and lower type 1 

error rates when compared with other clustering techniques34, and was, therefore, 

selected as the primary analysis technique. Latent class membership probabilities were 

calculated to determine the proportion of the sample that belonged to each of the 
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classes. Item response probabilities were calculated to determine the probability of 

endorsing each response option, conditional on class membership. The Bayesian 

Information Criterion (BIC) and G2-statistic were computed to aid in determining the 

optimal number of classes (with plateauing indicating no improvements to model fit)40, 

as were overall class interpretability and model parsimony. Model entropy was 

computed, with values closer to 1 representing clear class delineation41. The maximum 

posterior probability of class membership was also calculated for each participant, based 

on the optimal number of classes, with values greater than .5 indicating adequate 

probability for class assignment42.   

Characteristics associated with class membership 

An LCA regression analysis was performed to identify participant sociodemographic 

and internet use characteristics associated with class membership. Given the exploratory 

nature of data analysis, all covariates were initially cross-tabulated with class 

membership (assigned according to maximum posterior probability) to identify model 

sparseness, and then analysed using univariate LCA regression: gender; age (<65 years 

vs 65+ years); geographic location of residence (major city vs regional or rural); marital 

status (married or living with spouse vs not married), education (high school or less vs 

more than high school); overall health (fair or worse; good or better than good); 

information amount preference (a lot of information vs not a lot of information); 

internet use for scan preparation and internet use frequency (daily vs less than daily). 

Likelihood ratio tests (based on the univariate results) were performed to determine 

whether each predictor significantly improved the fit of the model. Covariates with a 

statistically significant likelihood ratio test (P<.05) were included in the final 

multivariable LCA regression. Distance-based and latent class analyses were performed 

in R 3.443. Descriptive statistics were computed in STATA v13.  
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Sample size 

Sample sizes of at least 200 have been suggested as adequate for LCA, dependent on 

subsequent model fit and number of classes40,44. As such, a sample of at least 200 was 

deemed appropriate for this study. 

Results 

Sample 

A total of 405 potentially eligible patients were invited to discuss the study with a 

research assistant during the 7-week recruitment period, of which 354 (87.4%) were 

interested in participating. Of 268 eligible participants, 261 (97.4%) started the 

eHEALS, 256 (95.5%) completed all eHEALS items, and 222 (85.1%) completed all 

eHEALS and study factor items. There were no significant differences between patients 

who were and were not interested in participating in the study based on gender, scan 

type or age group. Table 5.1 provides a summary of the sociodemographic, scan and 

internet characteristics of the study sample. 

Table 5.1: Participant sociodemographic, scan and internet characteristics (N = 
256). Number of observations for each characteristic may not total 256 because of 
missing data. 

Characteristic Value 

Age (years), mean (SD)  53 (15.0) 

Electronic Health Literacy Scale (eHEALS) domain score, mean (SD) 

 Awareness (possible total=10) 6.9 (2.0) 

Skills (possible total=15) 10.9 (2.9) 

Evaluate (possible total=15) 10.0 (3.1) 

Gender, n (%) 

 Male 112 (43.8) 

Female 144 (56.3) 
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Characteristic Value 

Marital status, n (%) 

 Married or partner 146 (64.6) 

Not married/living with partner  80 (35.4) 

Education completed, n (%) 

 High school or less 128 (56.6) 

More than high school 98 (43.4) 

Geographic location, n (%) 

 Metropolitan 200 (78.1) 

Nonmetropolitan 56 (21.9) 

Overall health, n (%) 

 Poor 17 (7.7) 

Fair 75 (34.1) 

Good 94 (42.7) 

Very good 34 (15.5) 

Scan type, n (%) 

 Computed tomography 101 (39.4) 

Magnetic resonance imaging 152 (59.4) 

Don’t know 3 (1.2) 

Used internet for scan, n (%) 

 Yes 27 (10.5) 

No 228 (89.1) 

Don’t know 1 (0.4) 

Frequency of internet use, n (%) 

 Less than once a month 11 (4.3) 

Once a month 5 (1.9) 

A few times a month 14 (5.5) 

A few times a week 33 (12.9) 

About once a day 47 (18.4) 

Several times a day 146 (57.0) 

Information amount preference, n (%) 

 No information 2 (0.8) 
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Characteristic Value 

Some information 58 (25.9) 

A lot of information 165 (73.3) 

Identification of electronic health literacy classes 

The BIC and G2-statistic continued to decrease as the number of classes (K) increased, 

but the improvement was progressively smaller after 3 classes (see Table 5.2). On the 

basis of the interpretability of the latent classes, the reduction in class size beyond K = 

4, and parsimony, the 4 class model was selected as the optimal class structure. The 

lowest maximum posterior probability under this 4 class model was .516. As such, all 

participants exceeded the threshold of .5 for maximum posterior probability and were 

assigned to a class. Hence, LCA findings on number of classes were consistent with that 

of distance-based clustering (see Multimedia Appendix 1 (provided at Thesis Appendix 

6.3.1)). 

Table 5.2: Goodness of fit indices for 1 to 5 class structures 

 BICa G2-statistic Entropy 

1 class structure 5893.74 3402.83 1.00 

2 class structure 5148.66 2474.76 0.97 

3 class structure 4651.68 1794.79 0.98 

4 class structure 4556.81 1516.93 0.92 

5 class structure 4545.21 1322.34 0.90 

a BIC: Bayesian Information Criterion. 

 

Multimedia Appendix 2 (provided at Thesis Appendix 6.3.2) shows the unconditional 

item response probabilities of each eHEALS response option based on class assignment. 

Classes were named according to likely level of eHealth literacy, with respect to that of 

other classes identified in the analysis: 
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Class 1-low eHealth literacy (21.1% of respondents, 54/256): when compared with 

other classes, class 1 had the highest probability of responding disagree and strongly 

disagree across all eHEALS items. The probability of this group responding either 

disagree or strongly disagree was highest for awareness items (0.88 and 0.89), followed 

by evaluate items (0.79, 0.81, and 0.88) and skills items (0.66, 0.75, and 0.84). 

Class 2–moderate eHealth literacy (26.2% of respondents, 67/256): when compared 

with other classes, class 2 had the highest probability of responding undecided across all 

eHEALS items, and the second highest probability of responding agree across 

awareness and skills items. This group was most likely to respond undecided to 

awareness items (0.56 and 0.59), either agree (0.54 and 0.58) or undecided (0.48) to 

skills items, and undecided to evaluate items (0.55, 0.61, and 0.63). 

Class 3–high eHealth literacy (32.8% of respondents, 84/256): when compared with 

other classes, class 3 had the highest probability of responding agree across all 

eHEALS items. The probability of this class responding agree was greatest for skills 

items (0.97, 0.97, and 1.00), followed by awareness (0.80 and 0.91), and evaluate items 

(0.68, 0.71, and 0.81).  

Class 4–very high eHealth literacy (19.9% of respondents, 51/256): when compared 

with other classes, class 4 had the highest probability of responding strongly agree 

across all eHEALS items. The probability of this class responding strongly agree was 

greatest for skills items (0.71, 0.79, and 0.90), followed by evaluate (0.57, 0.74, and 

0.86) and awareness items (0.53 and 0.61).  
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Characteristics associated with class membership 

Internet use for scan preparation was not included in regression analyses due to 

sparseness (i.e. 10.5%, 27/256 of participants responded yes to internet use for scan 

preparation). Following univariate analyses, likelihood ratio difference tests indicated 

that age, education, marital status, overall health status, information amount preference, 

and internet use frequency all significantly improved the fit of the model (P <.05; see 

Multimedia Appendix 3 (provided at Thesis Appendix 6.3.3)), and were included in the 

multivariable regression analysis (see Table 5.3). 

Class 1 (low eHealth literacy) was selected as a reference class for multivariable 

regression. This was because these participants likely need additional support to engage 

with eHealth, making identification of the characteristics of participants in this 

subgroup a priority. As shown in Table 5.3, participants who indicated that they 

preferred not to receive a lot of information about their health had 0.06 times the odds 

of belonging to class 2 (moderate eHealth literacy), compared to class 1 (low eHealth 

literacy), and this difference was statistically significant. Furthermore, participants who 

reported using the internet less than daily had 0.21 times the odds of belonging to class 

3 (high eHealth literacy), compared to class 1 (low eHealth literacy), and this difference 

was statistically significant. There were no other significant differences in 

sociodemographic or internet use attributes between participants in class 1 (low eHealth 

literacy) and classes 2, 3, and 4 (moderate, high and very high eHealth literacy, 

respectively). 
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Table 5.3: Adjusted odds ratios associated with membership of class 2, 3 and 4, 
compared with class 1. 

Variable Class 1 versus class 
2 
(low vs moderate) 

Class 1 versus class 
3 
(low vs high) 

Class 1 versus class 
4 
(low vs very High) 

 Odds ratio 
(95% CI) 

P 
value 

Odds ratio 
(95% CI) 

P 
value 

Odds ratio 
(95% CI) 

P 
value 

Age 

 <65 years  Refa Ref Ref Ref Ref Ref 

65 years or older 0.37 

(0.06-2.11) 

.26 0.32 

(0.10-1.03) 

.06 0.37 

(0.07-2.00) 

.25 

Education 

 High school or less Ref Ref Ref Ref Ref Ref 

More than high 

school 

1.09 

(0.15-7.65) 

.93 2.21 

(0.52-9.47) 

.29 3.89 

(0.67-

22.76) 

.14 

Marital status 

 Married or living 

with spouse 

Ref Ref Ref Ref Ref Ref 

Not married 1.63 

(0.26-10.23) 

.60 0.96 

(0.27-3.41) 

.96 0.91 

(0.14-6.01) 

.92 

Information amount preference 

 A lot of 

information 

Ref Ref Ref Ref Ref Ref 

Not a lot of 

information 

0.06 

(0.01-0.60) 

.02b 0.61 

(0.18-2.04) 

.43 0.23 

(0.04-1.29) 

.10 

Overall health 

 Fair or worse Ref Ref Ref Ref Ref Ref 
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Variable Class 1 versus class 
2 
(low vs moderate) 

Class 1 versus class 
3 
(low vs high) 

Class 1 versus class 
4 
(low vs very High) 

 Odds ratio 
(95% CI) 

P 
value 

Odds ratio 
(95% CI) 

P 
value 

Odds ratio 
(95% CI) 

P 
value 

Good or better than 

good 

1.10 

(0.24-5.02) 

.91 1.16 

(0.35-3.87) 

.81 1.48 

(0.33-6.68) 

.61 

Internet use frequency  

 Daily Ref Ref Ref Ref Ref Ref 

Less than once a 

day 

0.62 

(0.14-2.67) 

.52 0.21 

(0.07-0.63) 

.007b 0.17 

(0.02-1.76) 

.14 

aRef: reference category.  
bStatistically significant. 
 

Discussion 

Principal findings 

This study was the first to identify classes of patients based on eHealth literacy, and to 

assess characteristics associated with class membership. The identification of multiple 

classes, using both distance-based and latent class analyses, highlights issues with using 

the eHEALS global score as a dichotomous measurement tool. In particular, these 

findings suggest that it may be important to account for multiple eHealth literacy 

subgroups when developing standardised guidance for the interpretation of eHEALS 

scores. Furthermore, the identification of multiple classes suggests that the design and 

delivery of eHealth resources may need to be tailored based on eHealth literacy. Patient 

characteristics, such as internet use frequency and health-related information amount 

preferences, may provide an indication of eHealth literacy, and related support needs.  
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Multiple electronic health literacy subgroups were identified 

In total, 4 eHealth literacy classes were identified, and the probabilities of belonging to 

each of the 4 classes were similar (i.e. range from 19.9% to 32.8%). The finding that 

eHealth literacy varied substantially in this population suggests that MRI and CT 

medical imaging outpatients may have differing support needs relating to the use of 

eHealth technology. Subgroups of patients were characterised by having either very 

high, high, moderate or low eHealth literacy. Within the very high eHealth literacy 

subgroup, awareness was the lowest scoring competency. This may be because 

consumers who are familiar with eHealth also understand the masses of Web-based 

information that is available and the common difficulty of locating valid and reliable 

information sources12. Across all classes, participants reported being most competent in 

their skills using eHealth resources. Such skills may be perceived highly because they 

align to the computer and media literacy types, which comprise eHealth literacy11. 

These literacy types are increasingly used in the digital era, with 87% of Australians 

being identified as internet users in 2016-201745.  

In total, 2 out of 4 classes, comprising 52.7% of respondents, had the highest probability 

of responding either agree or strongly agree to eHEALS items, reflecting high and very 

high eHealth literacy. Despite this, there was room for improvement in awareness, skills 

and evaluation competencies for the remaining 2 classes, comprising 47.3% of 

respondents and reflecting low and moderate eHealth literacy. This approximately even 

split in eHealth literacy capabilities is also apparent in other studies completed with 

cardiovascular disease patients16 and chronic disease patients46, which used arbitrary 

cut-points to dichotomise high versus low eHealth literacy. It is possible that the 

application of dichotomous cut points prevented the identification of such diverse 

eHealth literacy subgroups. Further research using cluster analysis should be conducted 
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to determine whether multiple eHealth literacy subgroups exist across other health 

consumer populations. This information may inform the development of more targeted 

eHealth literacy improvement interventions. 

Internet use frequency and health information amount preferences predicted 

class membership 

Those who had used the internet less than daily had approximately 5 times the odds of 

belonging to the low eHealth literacy class compared with the high eHealth literacy 

class. Although mixed findings exist19, an association between internet use and eHealth 

literacy has been reported in studies with chronically ill patients and the general 

public15-17. Our findings may suggest that frequent internet users do use the internet for 

health, and this may result in greater self-reported eHealth literacy. Alternatively, they 

may indicate that frequent internet users self-perceive that their ability to engage with 

and evaluate general internet resources is transferable to health-related content.  

Those with a preference not to receive a lot of information about their health had over 

16 times the odds of belonging to the low eHealth literacy class, compared with the 

moderate eHealth literacy class. To the authors’ knowledge, this study is the first to 

explore the association between preferred amount of information and eHealth literacy. It 

is possible that the inclusion of an undecided response option, resulted in imposter 

syndrome for those in the moderate class47. In this case, participants underestimate their 

competency, opting for a neutral response option, to prevent being perceived as 

overconfident. Therefore, those in the moderate class may be more eHealth literate than 

findings suggest, which could contribute to a significant finding when comparing low 

and moderate classes. It may also be possible that those who prefer to receive a lot of 

information about their health are Web-based health-related information seekers, hence 
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requiring eHealth literacy. An evidence review completed by the Australian 

Commission on Quality and Safety in Health Care found that patients typically use the 

internet as a supplement to advice from a health professional48. It is therefore likely that 

those who have greater preferences for health-related information, require and develop 

the awareness, skills and evaluation abilities needed to use this Web-based 

supplementary information. An analysis of the potentially moderating effects of Web-

based health-related information seeking on the association between information 

amount preference and eHealth literacy should be explored in the future. This analysis 

should include an examination of the types of eHealth resources being accessed and 

used.  

The technology acceptance model provides a theoretical justification for the 

characteristics related to a subgroup assignment49. Under this model, technology 

acceptance is influenced by perceived ease of use, and usefulness of the internet49. 

Accordingly, those who use the internet more frequently may be more likely to perceive 

ease of use of Web-based health resources. Similarly, those who prefer to receive a lot 

of health-related information may be more likely to deem eHealth as useful. Such 

perceived acceptability may result in greater self-rated eHealth literacy. Continued 

studies are needed to investigate this association and determine whether other factors 

not explored in this study, which promote perceived ease of use and usefulness of 

eHealth (e.g. speed and availability of the internet, and self-management of chronic 

conditions, respectively), are associated with eHealth literacy. Contrary to expectations 

and inconsistent with previous studies8,13-15, no other examined sociodemographic 

characteristics significantly influenced class membership. Inconsistencies with existing 

literature may indicate that the predictors of eHealth literacy differ across populations, 

settings, or cut points applied.  
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Practice implications 

The identification of low and moderate eHealth literacy classes suggests that eHealth 

literacy improvement interventions may be warranted within this population. However, 

there is minimal high-quality research investigating the effectiveness of such 

interventions, highlighting a need for continued research in this area50. Given their 

association with low class membership, those who use the internet less than daily and 

prefer not to receive a lot of health information should be the focus of such eHealth 

literacy improvement interventions. In the interim, researchers and clinicians should 

tailor the design and delivery of eHealth resources to patients’ eHealth literacy, in order 

to maximise engagement and potential receipt of benefits. As skills were the highest 

rated competency across all classes within this study population, future eHealth 

interventions should be designed with a focus on promoting awareness and reducing the 

need to evaluate eHealth resources within the imaging setting. A written provider 

recommendation which directs consumers towards credible eHealth resources may be 

one scalable strategy to do this31,51. In cases where skills are low, alternative strategies 

may be needed, such as clear instructions on how to appropriately navigate Web-based 

content, reduced click-through requirements to retrieve Web-based materials, and the 

use of persuasive system design elements to enhance usability and maintain 

engagement52.  

Limitations and future research 

To aid in the interpretation of findings, labels (i.e. very high, high, moderate and low) 

were arbitrarily assigned to eHealth literacy classes. It is therefore unclear whether, for 

example, those classified as very high eHealth literacy were indeed very high. As this 

study applied a novel approach to data analysis and interpretation, the generalisability of 
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findings across medical imaging settings and to other patient groups is unknown. This 

class structure and the predictors of class membership should be studied and replicated 

in other populations. Furthermore, it is possible that the setting influenced responses as 

participants may have assumed that eHEALS questions related to scan-specific 

information on the internet rather than general eHealth resources.  

The eHEALS was selected due to its established psychometric properties, emerging 

research proposing a 3-factor structure, and wide application17,19,20,24,28,31. However, it 

has been criticised for not measuring health 2.0. (i.e. user-generated content and 

interactivity) and therefore lacking relevance to modern technology21,24,53. Some studies 

have adapted the scale to address this limitation, yet the body of research is small and as 

a result, the impacts on scale psychometric properties remain unclear21,24. The 

generation of new Web-based content is, however, not highly relevant within the 

context of preparatory information provision for medical imaging procedures and this 

limitation is therefore not expected to influence our study.  

Conclusions 

This study used sophisticated analytical techniques to add to evidence about the nature 

of eHEALS scores within a clinical population. Cluster analyses were used to identify 4 

classes of patients with differing eHealth literacy within this sample of MRI and CT 

medical imaging outpatients. The proportion of participants assigned to each latent class 

was similar, suggesting that eHealth literacy varies within this study setting. Across all 

classes, skills were perceived as the highest rated competency followed by either 

awareness or evaluation. The frequency of participants’ personal internet use and their 

health-related information preferences predicted class membership. Tools such as the 

eHEALS may need to be administered to identify class assignment, and inform eHealth 
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literacy improvement interventions, as well as the design and delivery of eHealth 

resources. Findings from this study should also contribute to the development of 

guidance for eHEALS scoring interpretation, which is a necessary next step to improve 

scale utility27. Study findings should be replicated in other populations and settings to 

increase the generalisability of results. 
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Thesis overview 
 

This body of research responds to two key priority areas for healthcare; namely, the 

requirement for patient-centred care and the application of information and 

communication technology to support healthcare. Patient-centred care is recognised as 

an integral component of high-quality service delivery1-3, and eHealth is a key element 

of Australian and international health reform agendas4,5. The internet provides a 

mechanism to deliver health information in a way that is standardised and scalable, and 

accommodates variability in patients’ information preferences6. However, despite the 

importance of patient-centred care1-3, it is uncertain whether patients’ preferences for 

content and amount of preparatory information are met prior to undergoing high-

technology medical imaging procedures. Magnetic Resonance Imaging (MRI) and 

Computed Tomography (CT) are common, potentially threatening diagnostic and 

surveillance medical imaging procedures conducted in Australian healthcare settings7,8, 

but very few studies have assessed the extent to which preparatory information is 

delivered in a patient-centred manner to people undergoing these procedures. 

Furthermore, patients’ eHealth literacy is an important consideration when determining 

the potential application of eHealth for patient-centred preparatory information 

provision. However, there are mixed findings about the accuracy of one of the most 

commonly used self-reported measures of eHealth literacy, the eHealth Literacy Scale 

(eHEALS)9. Thus, the implications of eHEALS findings for the development and 

implementation of eHealth are speculative.  

This thesis comprises four publications that address gaps in knowledge about delivering 

patient-centred preparatory information to MRI and CT outpatients. This study is the 

first to simultaneously assess whether Australian MRI and CT outpatients receive 
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preparatory information that is linked to guideline recommendations (Paper One) and 

what their preferences are for receiving this information (Paper Two). Additionally, an 

analysis of the factorial validity of the eHEALS (Paper Three) and an assessment of 

subgroups of patients reporting similar eHealth literacy (Paper Four) have been 

completed. The findings provide a novel contribution to the field by identifying discrete 

preparatory information items and domains requiring improved provision of patient-

centred information. Moreover, these findings identify eHealth literacy components and 

patient subgroups that should be supported to maximise patient engagement and the 

benefits of eHealth. 

Key finding 1: There is discord between recommendations for 

preparatory information and patients’ preferences for receiving this 

information 

This study is the first in Australia, and one of few internationally, to involve dual 

assessment of medical imaging outpatients’ experiences of receiving preparatory 

information (Paper One) and their preferences for receiving preparatory information 

(Paper Two). This novel approach allowed identification of the extent to which patients 

received information items linked to guideline recommendations10-13, and whether their 

preferences for receiving preparatory information were met by clinical practice. 

Identification of the preparatory domains (i.e. procedural, behavioural, sensory and 

psychosocial) for information provision and the items of information that patients want 

but do not receive is useful in defining possible areas for intervention research and 

service modification.  
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There is room to improve patient-centred information provision across all four 

domains of preparation 

Not all preparatory information assessed as part of this study was reported as being 

received by patients prior to undergoing MRI and CT procedures (Paper One). When 

patient preferences for information were not met, it was mostly because they received 

too little information, rather than too much (Paper Two). It is encouraging that one-

quarter of participants reported no unmet information preferences. However, each of the 

13 most prevalent unmet information preference items were reported by at least one-

quarter of participants as not being delivered in accordance with their preferences. 

These information items covered all domains of preparation (i.e. procedural, 

behavioural, sensory and psychosocial). Additionally, for each of these items, the 

proportions of participants wanting but not receiving information (16% to 28% of 

participants) exceeded those of participants receiving information that they did not want 

(3% to 9% of participants). The items that were most commonly delivered in 

discordance with patient preferences related to when to expect scan results, how to alert 

the radiographer during the scan, and how to receive scan results. Furthermore, despite 

pre-procedure risk information being required for informed patient consent10, one-

quarter of participants reported unmet preferences regarding information about scan 

risks.  

When taken together, the findings reported in Papers One and Two indicate that there is 

capacity to improve the provision of patient-centred preparatory information in the lead-

up to patients’ MRI and CT procedures. The need for improved patient-centred 

information provision applied to all domains of preparation, and commonly related to 

patient preferences to receive more information. Being provided too little information is 

conceivably more concerning than being provided too much information, given the 
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potential legal and ethical implications regarding informed patient consent10 and the 

clinical implications for patient preparation11-13. These findings suggest that overall, 

efforts to provide more information in advance of MRI and CT procedures are needed. 

The holistic assessment of discrete preparatory information items covering procedural, 

behavioural, sensory and psychosocial domains is a key strength of this study. Imaging 

research often focuses on one or only a few elements of preparation14-19, making it 

unclear whether a diverse range of information content items are offered to patients in 

accordance with their preferences. Pahade et al’s (2018) multi-institutional US study of 

1542 outpatients and carers attending for radiological examinations found that 78% of 

participants had received information about the scans before their appointments, and 

information about “how to prepare” was perceived as being most important to receive 

before arriving for the scans. However,  the authors did not examine the content of 

information provided, or whether specific aspects about “how to prepare” were more or 

less preferred by patients20. The studies that examine patients’ information preferences 

typically relate to specific procedural or behavioural information17-19. For example, 

Thornton et al (2015) conducted one of a small number of studies examining whether 

patient preferences for defined procedural and behavioural information items were met. 

In line with Paper Two findings, it was reported that cancer patients undergoing medical 

imaging regularly needed to instigate patient-provider discussions to meet their 

preferences for more information17. Similarly, qualitative research suggests that medical 

imaging outpatients often want a greater amount of clear and simplified preparatory 

information21. Collectively, these findings are consistent with the study reported in this 

thesis, suggesting that some preparatory information is not received by patients before 

scans in a way they can recall and in the amount that they prefer. 
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However, as data for this study were collected in the waiting room prior to procedures, 

it is recognised that some elements of preparatory information may have been given to 

patients when they were called for their scans. Seven of the 10 most prevalent 

information items not received by patients (Paper One) and 12 of the 13 most prevalent 

unmet information preference items (Paper Two) related to information about the scan 

and post-scan periods. This suggests that, in relation to the 33 preparatory information 

items examined, patient preferences for information concerning the time leading up to 

the scan were generally met, but were unmet for information about subsequent points 

along the care trajectory. Anecdotal feedback from radiographers within the study 

setting indicated that information is regularly provided at the point of care, in the 

context of the scanning room and equipment. This feedback is consistent with findings 

of Lee et al (2006) who reported that radiology technologists are more likely than other 

health professionals to inform patients about the risks of CT scans, and they most 

commonly do so verbally22. Additionally, the study setting’s practice of providing 

information immediately prior to patients’ procedures reflects the guidance of the 

Australian Commission of Safety and Quality in Health Care, which indicates that 

consumers should be provided with information at time points that are relevant and 

specific to their stage of care23. However, the study findings for unmet information 

preferences (Paper Two) suggest that, prior to arriving for an appointment, patients 

commonly want information that relates to the times before, during and after the scans. 

Early information provision has also been identified as important to allow sufficient 

time for patients to review information, consider its implications and use it to inform 

their medical decision-making24.  
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Efforts to enhance patient-centred preparatory information provision should 

be directed at all patients 

Contrary to expectations, no patient characteristics were associated with reporting a 

greater number of unmet information preferences (Paper Two). An absence of literature 

assessing correlates of unmet information preferences (i.e. receipt of too much and too 

little information) prevented the comparison of findings with wider research. However, 

as unmet information preferences in this study mostly related to receiving too little 

information (as opposed to too much), some similarities with unmet information needs 

research could be expected. Studies with patients undergoing cancer treatment have 

found that, unlike the results of this study (Paper Two), participant characteristics 

including age25-28 and health status29-31 were associated with unmet information needs. 

Divergence in findings may indicate that different variables correlate with the receipt of 

too little information and too much information. Thus, effect sizes are reduced when 

assessing these groups in combination (i.e. as unmet information preferences), albeit 

with small proportions of participants indicating receipt of too much information. This 

notion is supported by research examining life expectancy discussions among 

Australian cancer patients, where it was reported that some patient variables (e.g. being 

anxious) were associated with receiving too little information but not too much32. 

Similarly, other variables (e.g. being younger) were associated with reporting too much 

information but not too little32. Whilst these results provide a possible explanation for 

the findings of Paper Two, the research design of this study was not adequately powered 

to separately assess the correlates of receiving too little and too much information. 

The analyses examining characteristics associated with unmet information preferences 

were limited to nine dichotomised variables (e.g. health status was grouped into “poor 

or fair” versus “good or better than good” categories). A more granular analysis of 
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explanatory variables, maintaining the integrity of response options, might have resulted 

in the identification of correlates of unmet information preferences. The ability to 

identify characteristics associated with an outcome is also limited by the range of 

characteristics examined. It is therefore possible that other relevant characteristics 

which were not assessed in this study (e.g. stage of illness) are associated with unmet 

information preferences. Nevertheless, these findings indicate that efforts to improve 

patient-centred information provision should be targeted at all MRI and CT outpatients, 

irrespective of the sociodemographic, scan or disease characteristics that were assessed 

in this study. 

It may not be possible to deliver information in accordance with patient 

preferences whilst meeting legal and ethical requirements for preparation and 

informed patient consent 

The Medical Imaging Informed Consent Guidelines developed by the Royal Australian 

and New Zealand College of Radiologists (RANZCR, 2019) indicate that preparatory 

information provision is a shared responsibility, with the referring doctor providing 

information about clinical context and the radiologist providing information about the 

examination10. The item of information most commonly both wanted and received by 

participants related to why doctors had referred patients for a scan (78% of participants 

reported that their preference to receive this information was met). This suggests that 

patient preferences for information about the clinical context of the referral were often 

aligned with informed patient consent guidelines10 and addressed as part of clinical 

practice. However, 33% to 38% of participants did not want to receive information 

items that are mandated for informed patient consent (i.e. benefits of the procedure and 

who to speak to with questions)10. This highlights a mismatch between the patient-

centred approach of providing information aligned with patients’ wants and needs3,33, 
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and the clinical requirements for information provision10. These findings suggest that it 

would not be possible to fully meet patient preferences for the content and amount of 

information (particularly when there is a preference to not receive information items) 

whilst still satisfying legal and ethical responsibilities. Alternative patient-centred 

approaches to providing preparatory information may need to be considered, such as 

adapting the timing, source and format of information to be responsive to patients’ 

preferences, rather than modifying the content itself. One approach to deliver such 

tailored information may be through the use of patient education websites6,34. 

Key finding 2: Improved assessment and interpretation of eHealth 

literacy is needed to guide targeted support for the use of eHealth 

Accurate assessment and interpretation of patients’ capabilities to use patient education 

websites (i.e. eHealth literacy) is key to determining whether eHealth may be a feasible 

vehicle for the patient-centred provision of preparatory information. This study 

contributes new knowledge about the validity of the most commonly used self-report 

measure of eHealth literacy, the eHEALS9. The use of advanced analytical techniques 

has also enabled insights into medical imaging outpatients’ eHealth literacy and the 

related need for support to engage meaningfully with eHealth (Papers Three and Four).  

It may be appropriate to assess eHealth literacy across multiple factors 

Paper Three reported on the use of confirmatory factor analysis (CFA) to validate a 

recently proposed multidimensional eHEALS structure identified by Sudbury-Riley et 

al (2017) in a multinational sample of adult internet users35. Three discrete eHEALS 

factors (i.e. awareness, skills and evaluation) were identified in the medical imaging 

study population. The validated structure differentiates between the following domains: 
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(i) awareness, i.e. understanding what health resources and information are available on 

the internet (eHEALS items 1 and 2); (ii) skills, i.e. knowing how to find and engage 

with these health resources and information (eHEALS items 3 to 5); and (iii) evaluation, 

i.e. the appraisal and effective application of online health resources and information 

(eHEALS items 6 to 8)35. The finding regarding eHEALS multidimensionality was 

expected, since the self-efficacy and social-cognitive theories underpinning eHealth 

literacy9,36 indicate that many components (e.g. finding, applying and evaluating 

electronic health information) are needed to effectively engage with eHealth. Paper 

Three reported on the first study to replicate Sudbury-Riley et al’s (2017) psychometric 

findings within a new population and setting. Replication of findings is important 

because it adds to evidence regarding scale adequacy, increases confidence in the 

validity of eHEALS multidimensionality findings, and provides a better indication of 

generalisability of findings to MRI and CT outpatients37. The continued accumulation 

of psychometric evidence is necessary to inform the wider application of the three-

factor eHEALS structure among populations37,38.  

This finding of a three-factor structure challenges a large volume of research which 

employs exploratory factor analysis (EFA) to conclude that the eHEALS measures a 

single construct9,39-45. The difference in the number of constructs identified in this study 

compared with other research may be explained by differences in the analytical 

techniques used. EFA is most appropriate in the early phases of measure development 

when the number of dimensions needs to be reduced and there is no preconceived factor 

structure46. Given that the eHEALS was developed a long time ago and has been 

extensively tested35, the EFA approach may no longer be optimal. Confirmatory factor 

analysis is instead recommended when a hypothesised measurement model can be 

established47. This type of analysis is advantageous as it can account for the underlying 
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theory that informs latent variable structures, and is less reliant than EFA on subjective 

decision-making processes48.  

In contrast to this study, the few studies that have applied CFA to examine the construct 

validity of the eHEALS commonly report single-factor49-52 or two-factor53-55 structures. 

However, the conclusions of these studies are often flawed, as they are based on 

inadequate fit indices49,53 and seek to validate EFA findings of unidimensionality49-52, 

despite a dearth of theoretical or empirical argument to support the notion that the 

eHEALS measures a single dimension. The difference in findings may also be attributed 

to three of seven identified studies using linguistic translations of the scale50,53,55. 

Translating the eHEALS from English, the language in which it was originally 

designed, to other languages may result in changed item meanings and interpretations, 

therefore producing different results with different translated versions56.  

Since Paper Three was published, two studies have been conducted which use CFA to 

propose and validate three-factor eHEALS structures57,58. Reder et al (2019) 

administered a German translation of the scale to women over the age of 50 years, who 

were first-time invitees to a mammography screening program. The authors concluded 

that there are three eHEALS factors: (1) information seeking, i.e. ability to find health 

information on the internet (eHEALS items 1, 3 and 4); (2) information appraisal, i.e. 

ability to evaluate electronic health information sources (eHEALS items 6 and 7); and 

(3) information use, i.e.  ability to use this information to make health decisions 

(eHEALS items 2, 5 and 8)57. This eHEALS factor structure was based on empirical 

hypotheses formed from the eHEALS’ item wording, as well as the authors’ proposed 

model of health competence57. Similarly, Paige et al (2018) used multi-group 

exploratory structural equation models, as opposed to eHealth literacy or other theories, 
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to identify four different eHEALS factor structures among a sample of multi-

generational US adults58. Confirmatory factor analysis was then applied to conclude that 

the three-factor structure demonstrated the best model fit. This structure comprised: (1) 

eHealth information awareness, i.e. understanding what health information is available 

on the internet and where it can be located (eHEALS items 1 and 2); (2) eHealth 

information seeking, i.e. knowledge about how to find and use helpful health resources 

on the internet (eHEALS items 3 and 4); and (3) eHealth information engagement, i.e. 

evaluating and using health information to answer health-related questions (eHEALS 

items 5 to 8)58. The fit of this three-factor structure was acceptable and invariant across 

generations included in the study (i.e. millennials, generation X, and baby boomers and 

silent generation)58. The grouping of items into factors was different in these studies57,58 

and in Paper Three. Nevertheless, results from these studies and those reported in this 

thesis consistently suggest that the eHEALS measures multiple discrete factors, 

generally related to finding, using and applying online health information. The 

identification of similar findings despite sampling differences (e.g. patients versus 

general public; German, US and Australian participants) strengthens the reliability of 

conclusions. Hence, this new work adds further weight to the argument for eHEALS 

multidimensionality. 

Identification of four eHealth literacy subgroups challenges the existing 

interpretations of eHEALS scores 

Paper Four reports the findings of a cluster analysis to identify and characterise 

subgroups of patients reporting similar eHealth literacy, based on their eHEALS scores. 

Cluster analysis is used to identify natural groupings within data and does not impose a 

priori cluster structures59. Thus, this analytical technique is ideal in the context of 

eHealth literacy, where data-driven approaches have not previously been applied to 
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inform hypotheses for the number and composition of eHealth literacy subgroups. 

Furthermore, recommendations for the standardised interpretation of eHEALS scores 

are missing, and score thresholds constituting clinically important levels of eHealth 

literacy are unknown. For the first time, this study identified four subgroups of patients 

with similar levels of eHealth literacy: low (21.1% of participants); moderate (26.2% of 

participants); high (32.8% of participants); and very high (19.9% of participants). These 

findings indicate that substantial variability in eHealth literacy should be accounted for 

when interpreting eHEALS scores.  

The findings reported in Paper Four are strengthened by the consistent results obtained 

when using both distance-based and latent class cluster analyses. Distance-based cluster 

analysis was initially completed as an unsupervised, exploratory, knowledge discovery 

technique59. This approach was undertaken to explore whether a model was likely to 

exist; thus, obtaining definitive results was not the objective of this analysis. After 

distance-based clustering identified four hierarchical clusters, it was appropriate to 

proceed to secondary clustering using latent class analysis. Latent class analysis was 

selected as the primary analysis technique as it is less sensitive to choice of parameters, 

allows for uncertainty in class membership, and has greater power and lower type 1 

error when compared with other clustering methods60. Based on model fit, overall 

interpretability and model parsimony, latent class analysis findings also indicated a 

four-class structure, therefore increasing confidence that multiple, differentiated eHealth 

literacy subgroups existed within the population; this is a finding that has not been 

reported previously.  

The identification of four meaningful eHealth literacy subgroups contradicts existing 

interpretations of eHEALS data. Common analytical approaches to the eHEALS have 
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included reporting overall eHEALS mean and median values50,61-65, as well as item 

response frequencies64,66,67. Furthermore, other studies arbitrarily and inconsistently 

assigned cut-points at the eHEALS item or global levels68-70, assuming a dichotomy of 

high versus low eHealth literacy. This assumption was not supported by the study 

findings reported in Paper Four. Caution should therefore be used when interpreting 

eHealth literacy findings based on such traditional analytical techniques. In particular, 

the findings reported in Paper Four reinforce the need for accurate and clinically 

meaningful guidelines for eHEALS score interpretation71, and suggest that such 

guidelines should account for multiple ranges of eHEALS scores (i.e. representing low, 

moderate, high and very high eHealth literacy). Score interpretation guidelines may 

enable comparisons among study findings, inform development and targeting of 

interventions to improve eHealth literacy, and inform decision-making about population 

readiness for eHealth implementation.  

Targeted support is needed to maximise the benefits that can be achieved from 

eHealth 

The ability to distinguish between multiple subgroups of eHealth literacy is a key 

strength of this study, as it can direct the provision of intensive and less intensive 

support for patient engagement with eHealth. Hence, resource utilisation may be more 

efficient, and there may be increased likelihood that support strategies align with 

patients’ needs. A substantial proportion of the sample (47%) were classified as 

belonging to low and moderate eHealth literacy subgroups, therefore requiring a higher 

level of differentiated eHealth support. These findings were not surprising, as studies 

among other patient populations72-74, including outpatients diagnosed with 

gastrointestinal diseases, diabetes and other endocrine conditions74, indicate that levels 

of eHealth literacy are in need of improvement. These findings also align with 
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statements by peak Australian healthcare bodies (e.g. Consumers Health Forum of 

Australia) that eHealth literacy is a significant barrier to achieving optimal benefits from 

eHealth5. 

The findings reported in Paper Four suggest that frequency of internet use and 

preferences for amount of health information can be used to identify patients most in 

need of support to engage with eHealth. Participants who self-reported using the 

internet at least daily were significantly more likely to be in the “moderate” eHealth 

literacy class, compared with the “low” eHealth literacy class. Furthermore, participants 

who reported preferring to receive a lot of health information (versus not a lot of health 

information) were significantly more likely to be in the “high” eHealth literacy class, 

compared with the “low” eHealth literacy class. These findings are consistent with the 

small number of studies conducted with patients with chronic disease and with the 

general public, which report a significant yet weak positive correlation between internet 

use and eHealth literacy39,65,75. No other research has examined the association between 

eHealth literacy and preferences for amount of health information. Other characteristics 

that are comparable to preferences for amount of health information have, however, 

been reported as factors associated with eHealth engagement76,77. In particular, 

predictors of eHealth usage that have been identified in other studies include a belief 

that information can make a difference to health76 and that there is a need for 

information to fill a void in knowledge77. Whilst these predictors are not the same, they 

are both consistent with a preference to receive a lot of health information, and 

collectively suggest that those who want more health information may also have greater 

capabilities in engaging with eHealth. 
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This study provides the first assessment of variability in eHEALS factor scores (i.e. for 

awareness, skills and evaluation) across subgroups. Being able to assess awareness, 

skills and evaluation allows the identification of specific areas of low competency that 

require targeted improvement or support. Respondents in all subgroups perceived that 

they were most competent in terms of eHealth skills, followed by either awareness or 

evaluation. Room for improvement in awareness and evaluation was expected, given the 

abundance of poor-quality online health information78, which creates difficulties in 

understanding which information can be retrieved and reliably used79.  

Limited awareness is reflected in reported online health-information-searching 

behaviours. Pahade et al’s (2018) study of 1542 radiology outpatients and carers found 

that 31% of participants referred to general web sources such as Google and WebMD to 

independently source preparatory information, whereas only 5% referred to sources by 

national radiology organisations (e.g. RadiologyInfo)20. The accuracy, completeness, 

readability, design, disclosures, and references provided in general imaging websites are 

often low, and these factors may contribute to patients’ perceived difficulties in 

evaluation80-82. van der Vaart et al (2013) also found suboptimal eHealth evaluation 

capabilities when observing how patients with rheumatic disease performed across a set 

of eHealth tasks83. The largest number of problems encountered by participants related 

to assessing the relevance and reliability of information83. No participants were 

observed verifying the quality of information on one website with that of another83. 

These volume and quality issues are recognised by users, as qualitative research 

indicates that some of the greatest self-reported barriers to eHealth engagement pertain 

to issues with the information or presentation of information online, and the vast 

amount of information available79. The current assessment of eHealth literacy by use of 

eHEALS factors, therefore, contributes to literature suggesting that whilst most people 
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have reasonable skills, awareness and evaluation should be targeted as areas requiring 

support.  

Clinical implications: There is a need to better elicit and respond to 

patient’s preparatory information preferences 

Findings from Papers One and Two suggest a need to better elicit and respond to patient 

preferences across multiple domains of preparation (i.e. procedural, behavioural, 

sensory and psychosocial) whilst complying with duty of care requirements. A 

standardised approach to robust, patient-centred information provision may therefore be 

beneficial. Whilst eHealth holds promise as a sustainable mode for delivering 

information aligned to patient preferences6,34, findings presented in Papers Three and 

Four suggest that not all patients are ready for online health information provision. A 

suite of preparatory information modes should therefore be considered to enable 

responsiveness to a range of patient preferences, and address patients’ varied capacity to 

engage with online health information. 

A shared understanding of patients’ preparatory information preferences is an 

important first step to delivering patient-centred care 

With up to 28% of the study sample reporting receipt of too little information (Paper 

Two), there are clinical and ethical requirements to deliver more information to patients. 

It may therefore be appropriate to implement strategies that facilitate greater patient-

provider discussion of information preferences. It is widely accepted that asking 

patients about their preferences is a crucial first step to delivering patient-centred 

care84,85. Nevertheless, this can be difficult to achieve within the context of large, 

multidisciplinary and resource-constrained healthcare systems, such as public medical 

imaging services86,87. Question prompt lists are one scalable approach that may be 



219 
 

considered to address this need. This method involves patients being provided with the 

option to choose from an established list of questions, or being asked to generate their 

own list of questions to discuss with their healthcare providers88. Sansoni et al’s (2015) 

systematic review of 50 interventions found that, when endorsed by the physician and 

provided immediately prior to a consultation, question prompt lists are effective in 

increasing the amount of information provided by healthcare professionals88. For the 

purpose of preparatory information provision prior to MRI and CT scans, these lists 

may provide patients with options about the content, amount, source, format and timing 

of information they can request. Moreover, there is an opportunity to feasibly integrate 

question prompt lists into booking confirmation letters that are routinely mailed to MRI 

and CT outpatients in this setting. Other approaches that may be considered for 

developing a shared understanding of patient information preferences include, for 

example, clinician training to improve the elicitation of patient information preferences 

at the time of booking appointments, offering patients additional consultations to 

discuss their information preferences, and coaching of patients before their 

appointments to help them develop skills in expressing information preferences89,90.  

Multiple modes of information provision should be offered to respond to 

patient preferences 

In addition to greater discussion of patient preferences, there is also a need for greater 

responsiveness to patient preferences to enable provision of patient-centred information. 

Tailored interventions that are responsive to individual patient preferences have been 

proposed as the ultimate strategy to deliver patient-centred information91. eHealth 

programs hold promise, as branching algorithms can direct patients to their preferred 

type of information6,34. Yet, in accordance with Vereni and Zdanis’ (2018) meta-

analysis of technology-informed and traditional methods of patient education92, 



220 
 

delivering online preparatory information without responding to patients’ eHealth 

literacy and preferences for receiving information may diminish the effectiveness and 

benefits of interventions. As approximately half of participants in this study reported 

low-to-moderate eHealth literacy, and a small minority (11%) referred to online health 

information to prepare for their scans, it may not be appropriate to rely on eHealth as a 

single solution to enhance patient-centred communication in this setting. Rather, 

multiple modes of preparatory information should be available to address patient 

preferences. These information modes should be responsive to patient preferences for 

content and amount of information, and also to patients’ preferred source, format and 

timing for receiving preparatory information. Whilst not the focus of this thesis, 

supplementary unpublished data collected as part of this research project indicated that 

the majority of participants preferred to receive written information (66%), followed by 

verbal information (28%). Almost half of participants indicated that they would prefer 

to receive information about scans from their doctors (47%), followed by radiographers 

(16%) and receptionists (16%). Furthermore, most participants (63%) preferred to 

receive this information at least one week before an appointment. These findings 

provide initial insights into the preferences of patients in the study setting regarding 

other aspects of information provision, and are consistent with Australian studies that 

relate to medical imaging93, general medical procedures94 and radiotherapy95. Thus, 

approaches that provide preparatory information in a way that patients prefer may 

include, for example, offering information through preparatory telephone calls, 

information booklets and patient education websites.  
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Methodological strengths and limitations 
 

A series of methodological challenges that affect the veracity of findings from web-

based cross-sectional studies need to be considered when interpreting the findings of 

this study, including non-representativeness of the sample and limited generalisability 

across broader healthcare settings96. To increase transparency, enable replication and 

facilitate the evaluation of reliability, validity and generalisability of this study, the 

findings were described in accordance with relevant scientific reporting guidelines, 

including the Strengthening the Reporting of Observational studies in Epidemiology 

checklist for cross-sectional studies97 and the Checklist for Reporting Results of Internet 

E-Surveys98.  

Generalisability 

Generalisability refers to the extent to which the results of a study can be applied across 

other situations and to other people99. When assessing generalisability, it is important to 

determine whether study participants are representative of the population of interest, and 

whether the study setting and procedures are indicative of real-world clinical practice99. 

Findings suggest that participants recruited to this study were generally representative 

of MRI and CT outpatients attending the study department. Specifically, no significant 

differences were found between participants and potentially eligible patients attending 

the department during the study period in age, gender, geographic location and scan 

type. This may have been a result of the recruitment strategy, with in-person rather than 

passive online recruitment. In addition, there was a high consent rate (88%). Such 

findings are important; whilst not identified in this study, existing literature suggests 

that age and gender may influence patients’ information preferences and eHealth 

literacy25,26,65. In terms of wider representativeness, the age and gender profile of the 
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sample was similar to other Australian100,101 and international102 medical imaging 

studies which are representative of patients attending the public healthcare systems in 

those countries. Thus, confidence is increased that the study findings are generalisable 

to MRI and CT outpatients at this site, and potentially across broader medical imaging 

settings. 

The Australian Institute of Health and Welfare highlights the diversity in size of 

facilities and types of services provided by Australia’s public hospital sector103. This 

likely results in differing operating models, governance arrangements and funding 

structures across hospitals103, and may lead to differences in the way that information is 

communicated to patients. It is also possible that factors which vary across hospital 

locations, such as healthcare provider training and patient education104, limit the 

generalisability of findings to patients attending other hospitals, particularly those in 

rural and remote regions. Furthermore, the generalisability of study findings to patients 

attending private practices is limited, given the differences in public versus private 

service characteristics, such as the volume of patients seen and the availability of 

funding87. The convenience sample selected for this study, in which participants were 

consecutively recruited, was consistent with the sampling approach used by other 

studies in this field of research14,19,105. However, it is acknowledged that recruitment 

from multiple centres, and random sampling of participants, are likely to produce 

findings that have greater generalisability to MRI and CT outpatients more broadly. 

It is also important that study results are interpreted within the confines of the eligibility 

criteria. As the study sample was restricted to outpatients undergoing MRI and CT 

procedures, it is unclear whether the results can be generalised to other imaging 
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procedures with different preparatory needs (e.g. nuclear medicine services and positron 

emission tomography scans). Papers Three and Four report findings from participants 

who identified as internet users, although the difference in rates of internet access 

between the study sample (78%) and Australians aged 65 years and older (51%)106 

suggests that study findings may not be applicable to the general cohort of older-aged 

people, who may have lower levels of eHealth literacy. Whilst non-English speaking 

patients comprise a very small minority (<1%) of patients attending the medical 

imaging department, the study findings may not be generalisable to this group. These 

patients may have unique requirements when engaging with eHealth programs, such as 

language and cultural translation, which could impact their eHealth literacy. This also 

applies to patients with cognitive and physical impairments, who were excluded from 

the study, as the need for additional support (e.g. disability aids), may result in changed 

experiences in receiving preparatory information and engaging with online health 

information. It is possible that exclusion of these groups resulted in an under-estimation 

of patients’ unmet information preferences. 

Outcome measurement 

Patients’ experiences and preferences for information were assessed pre-procedure. On 

one hand, measuring outcomes in the waiting room at this time was advantageous as 

patients’ responses were not affected by their experience of the procedure. On the other 

hand, data collection at this time means that information provided immediately before 

the procedure (e.g. by the nurse during preparation for the scan) was not captured. This 

may have resulted in under-estimation of information received and over-estimation of 

unmet information preferences. It is also possible that recall bias impacted participants’ 

reported receipt of information. Items within the questionnaire related to information 
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that participants had received from a health professional or other imaging department 

staff before arriving for an MRI or CT procedure. As there was no specified timeframe 

during which information was received, participants might have inconsistently 

interpreted and responded to the items. For example, it is possible that some participants 

reported on information received in the days prior to the scan, whereas others reported 

on information received from the time of appointment booking. In addition, over one-

third of participants had undergone the same procedures in the previous year. Hence, 

their responses might have reflected information provided as part of prior scan 

experiences, particularly as patients undergoing follow-up scans in close time proximity 

may be less likely to receive detailed preparatory information. To address potential 

recall issues, it might have been beneficial to verify the accuracy of patient self-report 

by comparing findings with objective measures of information receipt, such as clinician 

reports or audiotapes of consultations. However, this approach would need to be 

confined to specific health professionals (e.g. imaging department staff) and would 

therefore not capture information received from all the health professionals who may 

communicate with patients about having a scan (e.g. community nurses, specialists, 

general practitioners and physiotherapists).  

Tablet computers were found to be an acceptable mode of data collection, with 93% of 

participants completing the survey electronically. Of these, 78% used the tablet 

computer independently and 22% required a level of assistance. Paper-and-pen 

administration of the questionnaire was usually due to internet connectivity issues, as 

opposed to participants being unwilling to complete the questionnaire electronically. It 

is not expected that this influenced survey results, as meta-analyses indicate that mode 

of administration does not cause bias in patient-reported outcome measures, particularly 
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when comparing self-completion with assisted-completion questionnaires107. 

Additionally, Lane et al’s (2006) review of randomised controlled trials found that 

patients preferred tablet computers, compared with paper-and-pen questionnaires108. 

There are further advantages of tablet computers: (i) greater anonymity of participant 

responses, as researchers are not required to collect and enter individual respondent 

data, thus possibly reducing social desirability bias; (ii) less opportunity for manual data 

entry errors when transcribing answers on a paper-and-pen questionnaire to a database; 

and (iii) the ability to randomise item presentation, as used for information experience 

and preference items in this study, thus minimising order effects bias109. Furthermore, 

tablet computer survey administration, and the use of no more than two researchers for 

recruitment and data collection, might have increased the likelihood that survey items 

were consistently understood by, administered to and communicated to participants.  

At the time the study was conducted, there were no published, psychometrically robust 

tools available to assess information receipt and preferences in the medical imaging 

context. As a result, an author-developed, study-specific measure was developed. A 

methodical, scientific and multi-phased approach was taken to create the measure, using 

best practices for developing and validating scales for health and behavioural 

research110,111. Firstly, general13,112 and imaging-specific guidelines113-116 (e.g. 

Standards of Practice for Diagnostic and Interventional Radiology by the RANZCR, 

Medical Imaging Informed Consent Guidelines by the RANZCR, and MRI and CT 

consumer materials) were reviewed to identify relevant preparatory domains and items, 

and to establish the content validity of the scale. Next, behavioural scientists, 

radiologists and health administrators reviewed the domains and items to ensure they 

were appropriate and addressed key elements of information that should be 
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communicated to patients. This step further strengthened content validity and 

established face validity of the scale. Finally, the tool was administered to health 

professionals in the ageing, disability and nursing sectors, as well as 134 MRI and CT 

outpatients attending the study setting across a two-week period. This testing was 

completed to ensure that items were understandable, easy to complete and feasible to 

administer in the study setting, and provided insights to further evaluate the content and 

face validity of the scale. Throughout each stage, the scale was iteratively refined, the 

item pool was reduced and revisions were made to item presentation and wording.  

Whilst a robust approach was taken, additional steps could have been introduced to 

further increase the scientific rigour of measure development. In particular, item 

generation was based on deductive methods through thorough reviews of peer-reviewed 

and grey literature110, including the websites of relevant professional organisations (e.g. 

the RANZCR website)115,116. To ensure a broad and comprehensive item pool, and 

increase content validity of the scale, it might have been beneficial to also use inductive 

approaches110. For example, focus groups could have been conducted to explore 

preparation from patients’ and providers’ perspectives, with their insights informing 

item development. Supplementing the views of experts with those of the target 

population during this process might have also improved the face validity of the scale.  

Pilot testing was completed via behavioural observation during survey administration, 

and unstructured feedback from participants110. More structured exploration of whether 

patients understood the items and responded in a way that was intended would have 

been valuable. This could have been done by undertaking cognitive interviews, where 

participants “think aloud” as they complete the scale to share what they believed each 
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individual item was asking, the reason for selecting a response, and the relevance of the 

item. Such cognitive interviews would have built an understanding of the need for item 

modification to improve the scale’s face validity and acceptability110. 

A unique strength of the measure is the ability to assess information experiences and 

preferences with a single response scale, thereby minimising participant burden and 

maximising scale utility. Responses were combined to indicate receipt of information 

(yes, and I wanted this information; yes, but I didn’t want this information) and non-

receipt of information (no, but I wanted this information; no, but I didn’t want this 

information), as well as unmet information preferences (no, but I wanted this 

information; yes, but I didn’t want this information) and met information preferences 

(yes, and I wanted this information; no, but I didn’t want this information). Internal 

consistency was strong across dichotomised experience (Kuder-Richardson coefficient 

= 0.96) and preference items (Kuder-Richardson coefficient = 0.94)117. Despite being 

robust, this measurement approach did not capture reasons for reporting unmet 

information preferences.  

The rapidly evolving nature of technology creates challenges for developing 

psychometrically robust measures of eHealth literacy which remain relevant over 

time118. Whilst no instrument is unanimously considered a gold standard measure of 

eHealth literacy119, a wealth of research has used and continues to use the eHEALS, 

thus informing the approach to measurement in this study. The eHEALS was selected 

for use because it is brief, has demonstrated rigour across many psychometric properties 

and is applicable across settings9,35,119. However, many have questioned the relevance of 

the eHEALS to the modern digital era119. As the eHEALS was developed from work in 
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the late 1990s and early 2000s120, it precedes the “health 2.0” movement (i.e. interactive 

technologies that support people to communicate about their health, self-monitor their 

health and receive treatment via the internet121) and likely omits issues relevant to 

modern health technologies (e.g. social media). Anecdotal feedback obtained from 

researchers who were monitoring study participants when they were completing the 

eHEALS also suggests that, despite the fact that items were developed for individuals 

who use technology for a range of purposes9, some participants were unsure of how to 

respond to items if they did not use the internet to search for health information. These 

difficulties with item interpretation might have resulted in response bias. 

Since this study was undertaken, new tools to measure eHealth literacy have emerged 

which attempt to address some of the limitations of the eHEALS119. These measures are 

theoretically-informed and multidimensional, thus aligning with the many literacy 

types, theories and engagement behaviours (e.g. finding, applying and evaluating 

electronic health information) that underpin eHealth literacy. van der Vaart et al’s 

(2017) Digital Health Literacy Instrument was designed to measure a broad spectrum of 

skills relevant to health 1.0 (e.g. information gathering) and health 2.0 (e.g. 

interactivity)122. Paige et al (2019) developed an 18-item instrument to measure 

functional, communicative, critical and translational eHealth literacies123. Furthermore, 

Seckin et al (2016) developed the 19-item Electronic Health Literacy Scale to measure 

the elements of communication, trust and action regarding online health information124. 

These tools are promising developments for improving the assessment of eHealth 

literacy, but were not published at the time that this study was conducted, and their 

psychometric properties have not been widely investigated.  



229 
 

The evaluation of the eHEALS’ factorial validity (Paper Three) was based on 

confirmatory factor analysis, derived from Classical Test Theory (CTT)125. This 

traditional psychometric model assumes that measurement instruments are fallible, and 

observed scores are therefore comprised of a true score and an error score125,126. This 

error is random and normally distributed, meaning that it can be higher or lower across 

individuals and settings, with higher error reducing certainty about the attribute being 

measured 125,126. Despite being widely used, CTT has shortcomings, including a lack of 

population invariance and confounding parameters (e.g. common dependency between 

item difficulty and item discrimination) 125-127. Item Response Theory (IRT) is a 

contemporary measurement model that overcomes these limitations, using stronger 

assumptions, probabilistic modelling and statistical adjustments to examine how item 

properties manifest into latent traits127,128. Originally developed for analyses of 

unidimensionality with dichotomous response options, IRT advances now allow for the 

assessment of multidimensionality with multiple item responses127,128, and may have 

been appropriate to apply as part of this study.  

Future research directions 

Whilst this study contributes new knowledge regarding patient-centred information 

provision and the psychometric quality of the eHEALS in the medical imaging setting, 

it also highlights opportunities for ongoing research. In particular, findings have 

identified new areas for investigation into the measurement of patient information 

preferences and eHealth literacy, approaches to facilitate patient-centred preparation, 

and strategies to enhance eHealth literacy. As conclusions were drawn from a single-site 

cross-sectional study, there is a need to replicate study findings across time, and in new 
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populations and settings, to build a body of evidence that can inform future research and 

be used to improve service delivery37,71.  

Continued psychometric analyses of measures of patient-centred preparatory 

information provision 

As discussed in Papers One and Two, there is a need to build evidence regarding the 

measurement of patients’ receipt of preparatory information within medical imaging 

settings. An absence of psychometrically tested measures of preparation for medical 

procedures at the time of study completion demonstrates that this field is in its infancy. 

A robust approach was taken to developing and testing the measure of patient-centred 

information provision that was reported in this thesis. However, further work is needed 

to evaluate the psychometric properties of this scale. This includes assessing the author-

developed scale’s construct validity (i.e. whether the items measure discrete concepts), 

factorial validity (i.e. degree to which scores are an adequate reflection of these 

concepts) and predictive validity (i.e. whether scores can be used to predict other patient 

outcomes)129.  

Since this study was conducted, a generic measure to assess patients’ perceptions of the 

quality of preparation provided for medical interventions, MiPrep, has become 

available130. Module 1 of MiPrep can be used to evaluate receipt and adequacy of 

preparatory information130. Whilst this is a promising measure, some of the 

psychometric qualities of MiPrep (e.g. construct validity assessed via exploratory factor 

analysis) were derived from a single study, and further analyses of reliability and 

validity are required across time and settings71,130. Additionally, MiPrep was developed 

for administration after medical procedures and would require adaptation for the pre-

procedural assessment of the adequacy of preparation130.  
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Continued exploration of patient-centred preparatory information provision 

This study suggests there is room to better elicit and respond to patient information 

preferences, but the reliability and generalisability of these conclusions is unclear. 

Further multi-site cross-sectional research is needed to determine whether these findings 

reflect patient-centred information provision across state, national and international 

medical imaging services. In addition to validating patients’ preferred amount and 

content of preparatory information, ongoing research should assess whether medical 

imaging patients’ preferences for the source, format and timing of preparatory 

information provision are met. This includes whether these preferences vary at different 

stages of care (e.g. before, during and after their procedures). An examination of service 

characteristics (e.g. the source, timing, mode and content of appointment confirmations) 

associated with reporting fewer unmet information preferences would also be useful in 

identifying optimal models of service provision. Future research should be adequately 

powered to explore characteristics associated with the receipt of too much versus too 

little information, in order to identify targeted patient groups that require differing 

approaches to information provision. Additionally, other potential correlates of unmet 

patient information preferences should be assessed, such as the source of referral (e.g. 

general practitioner versus specialist) and reason for referral (e.g. diagnostic versus 

follow-up). In accordance with the Transactional Model of Stress and Coping131 

described in the Thesis Introduction, it is conceivable that these suggested correlates 

influence patient perceptions of their environment (e.g. scan process and risks) and the 

resultant need for information to facilitate coping131. Mixed methods could also be 

employed to examine the reasons for patients’ unmet information preferences (e.g. 

providers’ failure to elicit preferences, or change in preferences over time) and to better 

direct improvements in patient-centred communication. Furthermore, an examination of 
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patient preferences for online versus offline health information would be worthwhile, as 

this could inform the implementation of traditional and technologically-enabled media 

to provide preparatory information in line with patients’ preferences. 

Once multi-site cross-sectional research has been conducted, it may be appropriate to 

evaluate interventions to enhance patient-centred information provision. This could 

include examining whether question prompt lists are effective in eliciting patients’ 

preparatory information preferences in the medical imaging context88. For example, 

MRI and CT outpatients could be provided with a list of information items that can be 

requested from healthcare providers, in addition to providing options for the source, 

timing and format of information provision. Subsequently, information could be 

delivered in accordance with these preferences as part of intervention research. eHealth 

may be one option to deliver such information, but other information modes should be 

considered for those who do not want to receive online health information. These 

include, for example, extended written information leaflets, podcasts and face-to-face 

preparatory consultations. The impacts of interventions on patient outcomes (e.g. 

anxiety) and service outcomes (e.g. appointment non-attendance) should be evaluated, 

and process measures (e.g. time and cost of intervention delivery) assessed, to 

determine the potential benefits of these interventions and their ability for translation 

into standard clinical practice.  

Refinement of eHealth literacy outcome measures 

Despite being conceptualised more than a decade ago, the definition of eHealth literacy 

is still not agreed, and terminology is inconsistently applied119. This presents a 

fundamental challenge for measurement research: to rigorously evaluate content 
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validity, a clear definition of the concept being examined is needed129. Digital health 

literacy, internet literacy and e-literacy are terms that are often used interchangeably and 

as a proxy for eHealth literacy119. This lack of definition is seen in scientific reporting 

guidelines (e.g. CONSORT), which state the need for eHealth trials to report on 

computer or internet literacy132. A focus on single literacies does not recognise the 

multiple literacy types which constitute the concept133 and play important roles in 

facilitating engagement. Additionally, varying eHealth literacy definitions may be 

attributed, in part, to the emergence of “health 2.0” in 2004121 and the changing ways in 

which eHealth applications are intended to be used120. Techniques such as Delphi 

methodology134 should be applied to develop a standardised definition of eHealth 

literacy which recognises the multi-component nature of the concept, reflects “health 

2.0” and can be used to validate the relevance of eHealth literacy measures, including 

the eHEALS, in the modern digital era.  

Such work may inform the continued use of the eHEALS, its adaptation (e.g. addition 

of a module to assess “health 2.0”), or its replacement with more recently developed 

measures of eHealth literacy122-124. Whilst these more recently developed measures 

appear relevant in the modern digital era, more work is required to establish their 

psychometric properties and their potential for superseding the eHEALS. For example, 

van der Vaart et al (2017) reported that the Digital Health Literacy Instrument 

demonstrated internal consistency, construct validity and test-retest reliability, but some 

ceiling effects were identified, and educated respondents were overrepresented in the 

study122. Paige et al’s (2019) multidimensional instrument of transactional eHealth 

literacies was tested with a sample of mostly older respondents (>65 years), and some 

key psychometric properties (e.g. test-retest reliability) were not evaluated123. Likewise, 
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items in Seckin et al’s (2016) Electronic Health Literacy Scale were based on a review 

of existing literature, but were not validated by respondents or experts in the field, 

raising uncertainties about the scale’s content validity124. Additionally, recruitment and 

testing were completed via a web-based panel of participants, who likely have high 

levels of eHealth literacy124. The use of non-representative samples from single studies 

limits generalisability and reinforces the need to replicate findings with diverse 

populations before measures are more widely applied71. Nevertheless, measures by van 

der Vaart (2017) and Paige et al (2019) have both demonstrated convergent validity 

with the eHEALS122,123. This is encouraging as it suggests that these measures 

adequately assess behaviours originally identified as constituting eHealth literacy9,133, as 

well as possibly providing new information about eHealth engagement capabilities. 

The evaluation of concurrent and predictive validity is limited across eHealth literacy 

measurement research, including for that of the eHEALS9 and recently developed 

scales122-124. This likely reflects the absence of “gold standard” measures of eHealth 

literacy for comparison119. Weak-to-moderate correlations have been reported between 

perceived eHealth literacy, using the eHEALS, and performed eHealth literacy, using 

simulated computer tasks39,135. Similarly, van der Vaart et al (2017) coupled the self-

report Digital Health Literacy Scale with performance-based items, in which 

respondents were asked to apply skills in fictional scenarios122. However, performance 

items showed poor discriminant validity and internal consistency, thus restricting the 

conclusions that could be drawn122. A challenge with this research is that the 

performance tests were also author-developed, and behaviours constituting active 

eHealth engagement remain unclear136. Short et al (2018) recently recommended that in 

the absence of valid and reliable measures, multiple methods be used to track eHealth 
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engagement, such as self-report, system usage data and sensor data (e.g. tracking eye 

movements)136. Further research is needed to develop best-practice measures of eHealth 

engagement and compare the outputs with scores on eHealth literacy measures. 

To maximise research and clinical utility of the eHEALS, guidance for the standardised 

interpretation of scores is needed71. Findings from Papers Three and Four suggest that 

score interpretation guidance should account for multiple subgroups and eHEALS 

factors, i.e. categorisation of scores constituting very high, high, moderate and low 

eHealth literacy across the components of awareness, skills and evaluation. It is 

acknowledged that, whilst other studies proposing eHEALS multidimensionality have 

since been published57,58, Paper Three reports one of only two studies35 validating this 

three-factor eHEALS structure. Additionally, Paper Four is the first to identify multiple 

eHEALS subgroups. A body of evidence is required for psychometrically rigorous 

guideline development71. To accumulate the necessary evidence, future research should 

focus on (i) the widespread validation of multidimensionality and multiple subgroups 

among populations; (ii) identification of minimal important differences in scores across 

factors; and (iii) determination of whether score interpretation varies across contexts 

and audiences71. Particularly, the examination of eHEALS multidimensionality using 

item response theory methods127,128 is a logical extension of the existing body of 

research, and should be considered when seeking to validate the three-factor eHEALS 

structure among populations. 

Intervention research to enhance eHealth literacy 

The identification of low and moderate eHealth literacy subgroups (Paper Four) 

suggests that improvement interventions are required to maximise potential benefits 

from eHealth in this setting. Norman and Skinner (2006) propose that core eHealth 
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literacy skills are not static and can therefore be improved with appropriate training and 

support133. However, few studies have evaluated strategies to improve eHealth literacy, 

and those that have been conducted often include a high risk of bias137. Interventions 

that hold promise are those that use human interaction to build meaning and 

commitment, such as classes to support the effective use of eHealth137-140. For example, 

Kalichman et al (2006) conducted a randomised controlled trial with people living with 

HIV/AIDs, and reported that eight bi-weekly training sessions designed to enhance 

participants’ understanding, skills and evaluation of online health information, resulted 

in significantly greater use of the internet for health in the months following the 

intervention, compared with time-matched social support groups140. More recently, 

Blakemore et al (2020) conducted a mixed-methods study which reported that massive 

open online courses were effective in significantly improving eHealth evaluation skills 

of learners, including those of cancer patients139.  

These results are supported by the Extended Health Valence Model141, which posits that 

an interaction between perceived susceptibility to a health-related threat and severity if 

that threat materialises, as well as risks and benefits associated with using patient 

education websites, influence eHealth engagement behaviours141. Classes in the 

effective use of eHealth provide an opportunity to use patient education websites 

without the potential danger of misinformation, therefore reducing perceived risks, and 

potentially increasing perceived engagement capabilities. Being able to identify specific 

components of eHealth literacy (i.e. awareness, skills, evaluation) across clearly defined 

participant subgroups, as indicated in this study (Paper Four), means that more targeted 

and potentially effective improvement interventions may be developed and tested. In 

particular, these findings suggest that structured classes designed to enhance eHealth 
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awareness and evaluation warrant investigation as part of high-quality intervention 

research, particularly for individuals who use the internet less than daily and who prefer 

not to receive a lot of health information. 

Another strategy to increase awareness and reduce the need to evaluate content may be 

the introduction of doctor recommendations to view credible online health materials. In 

accordance with the Extended Health Valence Model141, increased efforts by doctors 

and other healthcare professionals to highlight the benefits of patient education websites 

may result in increased intentions and capabilities to engage with eHealth. Furthermore, 

this approach aligns with the preferences of a majority of participants to receive 

preparatory information from their doctors (unpublished results from this study). 

Research suggests that the active promotion of eHealth using recommendations that 

draw on providers’ sense of authority and credibility may result in greater eHealth 

use142,143. In their cross-sectional study of 132 Australian parents of children with 

chronic coronary heart disease, Kasparian et al (2017) reported that 25% of participants 

had received eHealth recommendations from their doctors, 97% of whom had referred 

to the recommended information source144. Additionally, 90% of participants indicated 

that they would definitely use a doctor’s eHealth recommendation if it were provided to 

them in the future144. These results reinforce the potential of doctor recommendations in 

increasing awareness of, and engagement with, credible patient education websites, but 

also indicate the under-utilisation of this approach across Australian healthcare practice. 

Thus, continued research may examine whether doctor eHealth recommendations may 

be effective in enhancing patients’ self-reported eHealth literacy. 
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Conclusion 

This body of research builds knowledge about patient-centred preparatory information 

provision among MRI and CT outpatients, and the potential utility of eHealth in 

responding to patient information preferences in this setting. The need for this research 

is emphasised by growing numbers of medical imaging outpatients7,8, and the strategic 

focus on technologically-enabled5 and patient-centred1-3 models of healthcare. Overall, 

findings indicate that greater efforts are needed to provide patient-centred preparatory 

information prior to MRI and CT procedures. In particular, patients often want but do 

not receive the recommended procedural, sensory, psychosocial and behavioural 

information prior to a scan. Whilst the internet provides a way of delivering tailored 

preparatory information6,34, not all patients perceive that they have the capabilities to 

engage meaningfully with eHealth. Ongoing research is also needed to strengthen 

understandings of eHealth literacy assessment and interpretation. Such research may 

inform targeted approaches to maximise eHealth engagement and the possible benefits 

to be achieved from its use. Until such time, eHealth should co-exist alongside other 

options that provide patients with access to the preparatory information they prefer. 
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Appendix 2.1: Receptionist expression of interest script 
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Appendix 2.2: Research assistant recruitment script 

  

  

Hi, I’m [name] from the Medical School at the University of Newcastle. You have been given some information about the study, but I can 

tell you a bit about it now. We are looking at ways that we can improve the information that people get before they come in for MRI or CT 

scans. To do this, we are asking people having a scan today to fill in a short questionnaire on an iPad. It should take about 10 to 15 

minutes to complete. Participation in this study is voluntary, so you do not need to participate if you don’t want to. Your decision or not to 

participate won’t impact your medical care in any way and your treating clinician will not know if you personally chose to participate. If 

you are called for your appointment, we will just use the answers that you have provided up to that point. Would you like a few moments 

to read over the information sheet before you decide whether or not you would like to participate in the study? 

YES 

Ok. Let me know if you have any questions as you read 

through it. 

(Given the patient some time to read the information 

statement) 

YES 

Great. Thank you very much. Here is the iPad. Have you used 

an iPad before? 

NO 

That’s fine. For the study, would it be ok if I record details of your age, 

gender and scan?  

(Record as appropriate). 

Thanks very much for your time. 

NO 

Have you got any questions about the information that you have been 

given?  

(Answer as appropriate).  

Would you like to participate in the study? 

 

NO 

That’s ok. I can show you how to use it. It is touchscreen, so please just 

press on the response option that you wish to select and press on next. 

You can also scroll down on the iPad by touching the screen and 

moving your finger up or down. The next buttons are at the bottom of 

the screen which will move you through the questions. I will be here, 

so please let me know if you have any questions or need help using it. 

YES 

Great. I will just let you know that the next buttons are at the 

bottom of the screen. Please let me know if you have any 

questions as you go through it.  
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Appendix 5.3: Paper Three supplementary materials 

Appendix 5.3.1: Paper Three Multimedia Appendix 1 
 

Multimedia Appendix Table 1: Participant responses to eHEALS items (N = 261) 

Factor  

Variable 

Strongly 

disagree 

Disagree Undecided Agree Strongly 

agree 

 n (%)a 

Awareness      

I know what health resources 

are available on the internet 

12 (5) 50 (19) 55 (21) 115 (44.1) 29 (11) 

I know where to find helpful 

health resources on the 

internet 

10 (4) 50 (19) 47 (18) 121 (46.4) 33 (13) 

Skills      

I know how to find helpful 

health resources on the 

internet 

9 (4) 41 (16) 37 (14) 135 (51.9) 38 (15) 

I know how to use the internet 

to answer my questions about 

health 

12 (5) 28 (11) 36 (14) 132 (51.2) 50 (19) 

I know how to use the 

information I find on the 

internet to help me 

10 (4) 34 (13) 48 (19) 126 (49.8) 40 (16) 

Evaluate      

I have the skill I need to 

evaluate the health resources I 

find on the internet 

14 (5) 48 (19) 53 (21) 93 (36) 49 (19) 
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Factor  

Variable 

Strongly 

disagree 

Disagree Undecided Agree Strongly 

agree 

 n (%)a 

I can tell high quality from 

low quality health resources 

on the internet 

11 (4) 59 (23) 63 (25) 79 (31) 44 (17) 

I feel confident in using 

information from the internet 

to make health decisions 

21 (8) 52 (20) 72 (28) 81 (32) 30 (12) 

a Number of observations for each eHEALS item may not total 261 due to missing data 
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Appendix 5.3.2: Paper Three Multimedia Appendix 2 

Multimedia Appendix Table 2: Factor loading and residual error estimates for the 

confirmatory factor analysis of the 7-item model 

Factor 

Variable 

Factor loadings 

(95% CI) 

Error estimates 

(95% CI) IRa CRb VEEc 

Awareness 

I know what health resources are 

available on the internet 

.85 (.80 to .89)e .28 (.20 to .36)e .72 .89 .80 

I know where to find helpful 

health resources on the internet 

.94 (.90 to .98)e .12 (.05 to .19)f .89 

Skills 

I know how to use the internet to 

answer my questions about health 

.90 (.86 to .93)e .20 (.14 to .25)e .80 .90 .82 

I know how to use the 

information I find on the internet 

to help me 

.92 (.89 to .94)e .16 (.11 to .22)e .84 

Evaluate 

I have the skills I need to 

evaluate the health resources I 

find on the internet 

.89 (.86 to .93)e .21 (.14 to .27)e .79 .89 .72 

I can tell high quality from low 

quality health resources on the 

internet 

.86 (.82 to .90)e .26 (.19 to .33)e .74 

I feel confident in using 

information from the internet to 

make health decisions 

.80 (.75 to .85)e .36 (.28 to .44)e .64 

a IR: Indicator Reliability 
b CR: Composite Reliability  
c VEE: Variance Extracted Estimate 
e P < .001f P = .001 
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Appendix 6.3: Paper Four supplementary materials 

Appendix 6.3.1: Paper Four Multimedia Appendix 1: Distance-based cluster analysis 
 

Method 

Distance-based cluster analysis was used as an unsupervised, exploratory, knowledge 

discovery technique to identify natural clusters of participants reporting similar eHealth 

literacy. Euclidean distance (i.e. straight line distance between coordinates) and Cosine 

distance (angular distance between coordinates) was computed. Hierarchical and 

kmeans clustering was computed on the optimal distance metric [1].  

Hierarchical clustering is an approach in which points with the closest distance are 

gradually combined in a tree structure, and (in the simplest case) a fixed-depth cut point 

is selected, hence establishing clusters following the branches of the tree [1]. Kmeans 

clustering starts from a number of k samples randomly chosen, and iteratively adds 

samples to one of each k groups by choosing the group with the closest mean to the 

sample. After a sample is added to a group, the group mean position is updated. The 

procedure is repeated several times with different random starting points to robustly 

estimate group assignment [1]. 

The gap statistic, which uses bootstrapping to compare within cluster dispersion for a 

varying number of clusters to that of a reference uniform distribution, was computed for 

kmeans and hierarchical clustering. The point at which the gap statistic was greatest, 

was taken to indicate the optimal number of clusters. Clustering structure was visually 

appraised by a t-distribution stochastic network embedding (TSNE) projection [2, 3], 

with clusters indicated in different colours.  
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Results 

Euclidean distance provided an optimal distance metric 

Plots indicated a more compact and differentiated model using Euclidean distance (refer 

Suppl. Figure 1), with the overall dispersion of the points narrower when compared to 

that of the Cosine distance plot (refer Suppl. Figure 2). In both cases, distinctive cluster 

structures were visually apparent. This may be because the eHEALS response scale is 

ordinal (i.e. participants had only 5 response options), and distance between samples 

can only take discrete rather than continuous values. 

 

Suppl. Figure 1: Euclidean TSNE Projection 
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Suppl. Figure 2: Cosine TSNE Projection 

 

The gap statistic for hierarchical clustering indicated a four-cluster structure 

The gap statistic computed for hierarchical clustering of the Euclidean distance metric 

indicated a four cluster structure (refer Suppl. Figure 3): cluster 1: n = 135; cluster 2: n 

= 9; cluster 3: n = 44; cluster 4: n = 68. This cluster structure was apparent based on 

both firstmax (i.e. first maximum of the gap statistic) and globalmax (i.e. highest gap 

statistic in the range analysed) criteria. The hierarchical clustering dendrogram 

illustrates this four-cluster structure (refer Suppl. Figure 4), with high branch joining 

points demonstrating clear delineation between clusters. This four cluster structure was 

also apparent when plotted against TSNE projections (refer Suppl. Figure 5). The gap 

statistic computed for kmeans clustering did not indicate an optimal number of clusters 

(refer Suppl. Figure 6). 
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Suppl. Figure 3: Gap statistic computed for hierarchical clustering of eHEALS items 

 

Suppl. Figure 4: Hierarchical clustering dendrogram (K=4) on Euclidean distance 
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Suppl. Figure 5: Hierarchical clusters (K=4) mapped against Euclidean TSNE 

projections  

 

Suppl. Figure 6: Gap statistic computed for kmeans clustering of eHEALS items 
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Appendix 6.3.2: Paper Four Multimedia Appendix 2: Unconditional item response 
probabilities for a 4-class model of electronic health literacy 
 

Suppl. Table 1. Unconditional item response probabilities for a 4-class model of 

electronic health literacy (column headings in brackets are the names allocated to 

electronic health literacy classes by the authors; text in italics is used to indicate the 

eHealth Literacy Scale response option within each item with the highest probability of 

endorsement for each class). 

eHEALSa 

factor 

eHEALS 

item  

Class 1 

(low) 

Class 2 

(moderate) 

Class 3  

(high) 

Class 4  

(very high) 

 Responses 

(score) 

ρ (SEb) 

Awareness I know what health resources are available on the internet 

 Strongly 

agree (5) 

0.00 (0.00) 0.00 (0.00)  0.02 (0.00) 0.53 (0.14) 

 Agree (4) 0.08 (0.06) 0.41 (0.09) 0.80 (0.06) 0.27 (0.14) 

 Undecided 

(3) 

0.04 (0.03) 0.56 (0.09) 0.12 (0.04) 0.10 (0.05) 

 Disagree (2) 0.72 (0.13) 0.02 (0.02) 0.06 (0.05) 0.08 (0.12) 

 Strongly 

disagree (1) 

0.16 (0.13) 0.02 (0.02) 0.00 (0.00)  0.02 (0.02) 

 I know where to find helpful health resources on the internet 

 Strongly 

agree (5) 

0.00 (0.00) 0.00 (0.00) 0.02 (0.01) 0.61 (0.19) 

 Agree (4) 0.08 (0.07) 0.40 (0.10) 0.91 (0.06) 0.26 (0.16) 

 Undecided 

(3) 

0.04 (0.05) 0.59 (0.10) 0.00 (0.00) 0.06 (0.00) 

 Disagree (2) 0.74 (0.18) 0.01 (0.03) 0.07 (0.05) 0.06 (0.08) 

 Strongly 

disagree (1) 

0.15 (0.20)  0.00 (0.02) 0.00 (0.00) 0.02 (0.02) 

Skills I know how to find helpful health resources on the internet 

 Strongly 

agree (5) 

0.00 (0.00) 0.03 (0.02) 0.00 (0.00) 0.71 (0.16) 

 Agree (4) 0.08 (0.08) 0.54 (0.10) 0.97 (0.03)  0.22 (0.11) 
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eHEALSa 

factor 

eHEALS 

item  

Class 1 

(low) 

Class 2 

(moderate) 

Class 3  

(high) 

Class 4  

(very high) 

 Responses 

(score) 

ρ (SEb) 

 Undecided 

(3) 

0.07 (0.05) 0.44 (0.10) 0.02 (0.02) 0.04 (0.07) 

 Disagree (2) 0.73 (0.16) 0.00 (0.00) 0.01 (0.01) 0.00 (0.00) 

 Strongly 

disagree (1) 

0.11 (0.15) 0.00 (0.00) 0.00 (0.00) 0.04 (0.07) 

 I know how to use the internet to answer my questions about health 

 Strongly 

agree (5) 

0.02 (0.01) 0.03 (0.05) 0.01 (0.01) 0.90 (0.08) 

 Agree (4) 0.15 (0.13) 0.58 (0.10) 0.97 (0.03) 0.08 (0.06) 

 Undecided 

(3) 

0.17 (0.07) 0.38 (0.09) 0.00 (0.00) 0.02 (0.04) 

 Disagree (2) 0.48 (0.17) 0.00 (0.00) 0.02 (0.02) 0.00 (0.00) 

 Strongly 

disagree (1) 

0.18 (0.19) 0.02 (0.02) 0.00 (0.00) 0.00 (0.00) 

 I know how to use the health information I find on the internet to help me 

 Strongly 

agree (5) 

0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.79 (0.10) 

 Agree (4) 0.08 (0.09) 0.47 (0.08) 1.00 (0.00) 0.12 (0.09) 

 Undecided 

(3) 

0.17 (0.08) 0.48 (0.07) 0.00 (0.00) 0.10 (0.10) 

 Disagree (2) 0.57 (0.19) 0.05 (0.04) 0.00 (0.00) 0.00 (0.00) 

 Strongly 

disagree (1) 

0.18 (0.15) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 

Evaluate I have the skills I need to evaluate the health resources I find on the 

internet 

 Strongly 

agree (5) 

0.00 (0.00) 0.03 (0.04) 0.04 (0.03) 0.86 (0.10) 

 Agree (4) 0.06 (0.09) 0.24 (0.07) 0.81 (0.05)  0.10 (0.07) 

 Undecided 

(3) 

0.13 (0.08) 0.55 (0.09) 0.09 (0.04) 0.04 (0.05) 

 Disagree (2) 0.57 (0.19) 0.18 (0.09) 0.05 (0.03) 0.00 (0.00) 

 Strongly 

disagree (1) 

0.24 (0.22) 0.00 (0.00) 0.01 (0.02) 0.00 (0.00) 
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eHEALSa 

factor 

eHEALS 

item  

Class 1 

(low) 

Class 2 

(moderate) 

Class 3  

(high) 

Class 4  

(very high) 

 Responses 

(score) 

ρ (SEb) 

 I can tell high-quality from low-quality health resources on the internet 

 Strongly 

agree (5) 

0.02 (0.01) 0.03 (0.02) 0.04 (0.03) 0.74 (0.10) 

 Agree (4) 0.04 (0.05) 0.14 (0.06) 0.71 (0.07) 0.16 (0.07) 

 Undecided 

(3) 

0.07 (0.10) 0.63 (0.09) 0.15 (0.05) 0.10 (0.09) 

 Disagree (2) 0.69 (0.16) 0.19 (0.09) 0.10 (0.05) 0.00 (0.00) 

 Strongly 

disagree (1) 

0.19 (0.14) 0.01 (0.02) 0.00 (0.00) 0.00 (0.00) 

 I feel confident in using information from the internet to make health 

decisions 

 Strongly 

agree (5) 

0.02 (0.04) 0.00 (0.00) 0.00 (0.00) 0.57 (0.13) 

 Agree (4) 0.06 (0.06) 0.14 (0.06) 0.68 (0.06) 0.22 (0.09) 

 Undecided 

(3) 

0.13 (0.06) 0.61 (0.08) 0.21 (0.05) 0.14 (0.09) 

 Disagree (2) 0.48 (0.12) 0.21 (0.08) 0.10 (0.04) 0.06 (0.04) 

 Strongly 

disagree (1) 

0.31 (0.12) 0.03 (0.03) 0.01 (0.01) 0.02 (0.04) 

aeHEALS: eHealth Literacy Scale. 
bSE: standard error. 
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Appendix 6.3.3: Paper Four Multimedia Appendix 3: Log likelihood difference tests 
 

Suppl. Table 2: Log likelihood difference tests to identify covariates that significantly 

improved model fit 

 

  

Variable Chi-Squared (DF) P-value  

Age  9.61 (3) P = .02 

Gender 4.55 (3) P = .21 

Education  508.01 (3) P < .001 

Geographic location 2.28 (3) P = .52 

Marital status 489.70 (3) P < .001 

Information amount preference 526.26 (3) P < .001 

Overall health 508.53 (3) P < .001 

Internet use frequency  23.95 (3) P < .001 



362 
 

 

 

Appendix 7: Publication relevant to, but not included in, the thesis



 

363 
 

Appendix 7.1: Additional publication  



364 
 

  



 

365 
 

  



366 
 

  



 

367 
 

  



368 
 

  



 

369 
 

  



370 
 

  



 

371 
 

 

 



372 

Appendix 7.2: Copyright clearance for additional publication 




