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Abstract 

A substantial body of research has shown that visual aids can enhance verbal medical 

information. However, from the literature, it is unclear what type of visual aid is the most effective. 

Medical images can be a promising vehicle for health communication: several studies have 

reported that feedback of medical images improved patients’ understanding of health information, 

illness beliefs and compliance with medical advice. On the other hand, the effects of medical 

images are not fully understood, as this type of research is still in its early stages. 

 This thesis aimed to explore how medical images can be effectively used for patient 

education. More specifically, in a set of studies, this thesis evaluated the impact of medical 

images on attention, the understanding of health information, illness and treatment beliefs and 

how the addition of images impacts on the perception of the educational material. The images 

were tested using different methods of presentation, such as printed patient education material 

(PEM), computer-based information and during face-to-face interventions. The effects of medical 

images were compared to the effects of unillustrated information and other types of images such 

as cartoons, anatomical drawings and photographs. The broad goal of this work was to gain new 

insights into how medical images affect patients and how such images could be incorporated into 

healthcare practice. 

This thesis comprises four studies; the first was a content analysis of images used in 

existing PEM about gout. The study identified 310 images in 71 publicly available online 

educational resources about gout. The resources were from medical and health organisations 

and health education websites from Australia, Canada, Ireland, New Zealand, South Africa, UK 

and USA. The content analysis found that key concepts about gout and treatment were under-

represented, and a large proportion of images did not convey any information about gout. 

Moreover, about a third of gout PEM did not include any images.  

The second study evaluated how the addition of a medical illustration to an educational 

leaflet and the type of the illustration affected people’s understanding, illness beliefs and the 

perception of the material. Two hundred and four members of the general public were recruited in 

a local supermarket. The participants saw one of the four leaflets about gout: a text-only leaflet or 

a leaflet illustrated with either a cartoon, an anatomical drawing or a medical scan. The study 
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found that pictures aided the understanding of information, increased the visual appeal of material 

but had no effects on illness perceptions about gout. Out of the three image types, cartoons were 

the most helpful for improving the understanding, but people preferred a more detailed 

anatomical image; the medical scan offered no benefits. 

The third study evaluated the educational effects of computer-based material about gout 

based on either a text without images, text with medical images or text with images taken from 

existing PEM about gout. One hundred and fifty-eight university students, staff and members of 

the general public were recruited through university advertisements. The study found no negative 

effects of medical images on people’s understanding of gout. Moreover, medical images made 

the material more visually appealing, and compared to images from existing PEM, evoked more 

interest and feelings of control. 

The final study explored how the personalisation of medical images influenced illness 

perceptions, medication beliefs and treatment understanding in people with gout. Sixty patients 

with a confirmed diagnosis of gout took part in the study. Either personal medical images, generic 

medical images or images from an existing gout PEM were embedded into a face-to-face 

educational presentation about gout. The study found that all three interventions favourably 

influenced illness understanding, medication beliefs and illness perceptions. Personalisation of 

images made the information more interesting and helpful. 

Overall, the findings from this work suggest that medical images have no adverse effects 

on people and can be incorporated into PEM. Moreover, when explained appropriately, these 

images can induce more interest and increase the visual appeal of the material. Medical images 

yield more benefits when they are personalised and shown to patients during a longer face-to-

face consultation rather than embedded in shorter printed leaflets.  

This thesis contributes to the literature by providing further evidence of the superiority of 

illustrated PEM over unillustrated. Furthermore, it addresses the gaps in the understanding of 

how medical images compare to other types of pictures in their effects on people, and in what 

form medical images should be presented to patients. The work reported in this thesis can inform 

the development of materials for patients. Future research needs to explore what types of 

medical images are the most suitable for patient education, and if interventions based on medical 

images can induce positive long-term changes in patients’ health outcomes and well-being.  
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Does Every Picture Tell a Story? The Use of Medical Images 

for Patient Education 

Chapter One. Topic Introduction and Thesis Overview  

Both theory and empirical evidence support the idea that visual aids can enhance verbal health 

communication. Research suggests that the addition of visual aids can improve the 

understanding and recall of medical information. Moreover, visualisation of health information can 

help alter patients’ beliefs about illness and treatment, as well as promote health behaviours. 

However, existing literature has not definitively answered the question about what visual aids 

should be used and how to optimise benefits for patients.  

Medical images are a promising vehicle for patient education. These images comprise a 

variety of visual representations obtained from medical technology, for example, computed 

tomography, magnetic resonance tomography or ultrasound. Such images can offer benefits over 

other types of visual aids as they accurately represent the body anatomy and are specific to the 

patient. Medical images are routinely used by doctors, but patients rarely see these images. The 

impact of such images on psychological and behavioural outcomes is not fully understood as 

research on the use of medical images in patient education is still in its early stages. Preliminary 

evidence indicates that medical images have the potential to convey health information 

effectively. However, the effects of medical images have not been previously evaluated in 

comparison with other visual media or using different methods of presentation of images, such as 

a part of printed materials or during a face-to-face medical consultation. 

Research Aims 

This thesis aims to explore whether medical images can be effectively used for patient education. 

Medical images will be tested in a variety of contexts, such as printed patient education materials, 

face-to-face interventions, and as a part a computer-based educational material. In a series of 

studies, this thesis will investigate the impact of medical images on viewers’ attention, 

understanding of health information, illness and treatment beliefs, as well as the perception of the 

material. The effects of medical images will be compared to the effects of unillustrated information 
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and other visual media such as cartoons, photographs and drawings. Overall, the broad goal of 

this work is to provide new insights into how medical images can be incorporated into existing 

healthcare practice and where they can add the most benefits.  

Research Questions 

Chapter Two: Why use medical images? 

Chapter Three: Why is patient education a key aspect of gout management? 

Chapter Four: What information do images in gout education resources convey? 

Chapter Five: What type of medical illustration is more effective for improving the understanding 

of gout and changing illness beliefs? 

Chapter Six: How do medical images influence attention, understanding and the perception of 

health information about gout? 

Chapter Seven: Does seeing personal medical images help improve illness and treatment beliefs 

in people with gout? 

Thesis Outline 

Research on the use of medical images poses several challenges. Firstly, the class of medical 

images is extremely diverse. Depending on the illness, the imaging technology and the way the 

data is processed, visualisations can look very different. For example, a computed tomography 

scan for gout can be presented as a black and white 2D image or as an interactive 3D colour-

coded model. Furthermore, some types of medical images can be easier to interpret without prior 

knowledge than others. Finally, different health conditions have different potential for 

visualisation; for example, a fracture can be easily visualised with x-ray or computed tomography, 

whereas, the visualisation of influenza using medical imaging can be problematic. 

This thesis aims to gain insights into how one type of illness visualisation can be used to 

convey health information in different contexts: it will examine whether computed tomography 

scans can effectively communicate information about one illness – gout. Chapter 2 will discuss 

the rationale behind using medical images as a visualisation medium in health education. Chapter 

3 will provide more information about gout and why it was selected as an example of illness for 

the purpose of the work presented in this thesis. 
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Chapter 4 will report results from a content analysis of visual aids used in existing patient 

education materials on gout. Chapter 5 will explore the effects of different styles of medical 

illustrations such as cartoons, medical scans and anatomical drawings on comprehension, illness 

beliefs and perception of printed educational material about gout. Chapter 6 will report the 

findings from a study that compared a text-only educational material about gout with the same 

material enhanced with either medical images or images from existing patient materials on gout. 

The study measured the influence of these three types of material on attention, understanding 

and perception of information. Chapter 7 will investigate whether personal medical scans, generic 

medical scans or illustrations used in existing patient education materials on gout can change 

illness and treatment beliefs in people with gout. Chapter 8 will sum up the results reported in 

chapters 4-7 and discuss the clinical implications and directions for future research. 
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Chapter Two. The Use of Visual Aids in Patient Education 

There is both a theoretical basis and empirical evidence supporting the idea that visual aids can 

enhance patient education materials. Research has shown that visual aids can help improve the 

understanding of health information, recall of medical instructions and induce changes in health 

behaviours (for example, Hollands et al., 2010; Houts et al., 2006). This chapter will first provide 

an overview of cognitive theories that explain why visuals can aid the communication of health 

information. Then, it will review existing research on the use of visual aids in patient education 

and discuss the methodological issues that arise from research that uses visual aids in patient 

education interventions. Finally, the last section will focus on one type of visuals – medical 

images and will discuss why such images can be an invaluable tool for illness visualisation and 

why more research is required to understand the effects of such images on patients. 

The Theoretical Basis for Using Visual Images for Information Communication 

The Dual Coding Theory 

The dual coding theory of cognition suggests that human experience acquired via sensory organs 

is coded with two separate systems: the verbal linguistic system and non-verbal imagery (Paivio, 

1971). The verbal system encodes information related to language; the non-verbal system 

encodes external scenes and generates internal mental images (Sadoski & Paivio, 2013). The 

non-verbal system allows to encode and reproduce all information at once, whereas the verbal 

code is sequential. For example, to recite a piece of text, the words need to be organised in a 

sequence, whereas details of a familiar room can be described in any order. This way, non-verbal 

representations and visual mental images, in particular, make more information available at one 

time. Therefore, the information presented as pictures can be remembered better than verbal 

information, as shown in experimental studies using free recall tasks (Paivio & Csapo, 1973).  

Pictures can also be superior to verbal information as they can effectively convey 

information irrespective of the learner’s educational level. This is because imagery is relatively 

separate from language, and the individual does not need to be literate to encode information 

non-verbally. For example, children rapidly learn by acquiring mental images while the verbal 

meaning can be attached to those mental images at later stages of the development.  



	 5 

However, according to the dual coding theory, the information is remembered best if 

encoded both in the verbal and non-verbal systems. This last proposition has a direct implication 

for healthcare as abstract disease information is often presented to patients only verbally with no 

visual aids. Consequently, only one channel is used to encode the information which could lead 

to a suboptimal recall. To help patients remember more, the information needs to be presented in 

a way that activates both verbal and non-verbal systems and ensures the two systems are 

interconnected.  

The Cognitive Theory of Multimedia Learning 

The cognitive theory of multimedia learning (CTML) elaborated on the assumptions of the dual 

coding theory (Paivio, 1971) and the theory of cognitive load (Sweller et al., 2011). According to 

CTML, people learn better from multimedia resources - materials that contain both pictorial/visual 

information and verbal/auditory information (Mayer, 2014). In other words, leaning is more 

effective when the information is presented as both pictures and words rather than words alone - 

this is called the multimedia effect. The benefits of learning with multimedia materials (containing 

both text and pictures) compared to text-only materials have been demonstrated in multiple 

studies (Anglin et al., 2004; Eitel et al., 2013; Levie & Lentz, 1982; Mayer, 2014). 

CTML posits that pictorial and verbal information is processed in different channels, and 

each channel has limited capacity. Multimedia materials activate both channels and help reduce 

the cognitive load in one channel. For example, the presentation of information in textual format 

can lead to cognitive overload in the verbal channel, which, in turn, will hinder learning. On the 

other hand, the addition of pictures that complement the text can facilitate learning by reducing 

the cognitive load in the verbal channel. CTML also emphasises that the integration of pictures 

and words into a coherent mental model creates a deeper understanding compared to discrete 

representations formed just from words or pictures (Mayer & Sims, 1994).  

The Cognitive and Affective Theory of Multimedia Learning 

The cognitive and affective theory of multimedia learning (CATML) further developed the 

assumptions of the dual coding theory, the theory of cognitive load and the cognitive theory of 

multimedia learning. However, CATML also incorporated motivation, metacognition and individual 

differences as mediators of learning (Moreno, 2006). One of the central ideas of CATML is the 
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concept of affective mediation - the idea that affective features of educational material can 

increase or decrease cognitive engagement and consequently influence learning. Based on this 

assumption, pictures added to verbal information can aid learning, as pictures have the potential 

to elicit emotions and affect attitudes (Levie & Lentz, 1982). In other words, pictures can make the 

information more engaging, and by enhancing engagement, learning is improved.  

In a demonstration of this process, Plass et al. (2014) added visual elements aimed at 

inducing positive emotions into an educational intervention about immunisation. The authors used 

either neutral or appealing colours and face-like shapes or basic geometrical shapes to depict key 

elements such as allergens and T-cells. In-line with CATML, they found that appealing colours 

and face-like shapes increased positive emotions and comprehension.  

How Can Visual Aids Help in Healthcare Setting? 

The theories described above suggest that visual aids can enhance learning by helping encode, 

recall and integrate information. The addition of visuals can also make the information more 

engaging. The cognitive model of communication and compliance developed by Ley (1982) can 

help illustrate why visual aids can be useful in the healthcare context. The model suggests that 

there are interconnections between a patient’s understanding of medical information, recall, 

satisfaction and compliance with medical advice (see Figure 1). In other words, patients who 

understand and are able to recall medical information tend to be more satisfied with the 

information and are more likely to comply with medical advice. Ley’s model has been supported 

in a number of empirical studies (Ley, 1982, 1988; Ley et al., 1976).  

In this section, we will review research that looked at the effects of visual aids on each of 

the components of Ley’s model - people’s understanding, recall, satisfaction and adherence. 

Ley’s model only focuses on adherence and does not consider other health behaviours or 

psychological outcomes. However, an overview of studies that evaluated the influence of visual 

aids on other health behaviours and psychological outcomes will also be included. 
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Figure 1. Ley’s Cognitive Model of Communication and Compliance (Ley, 1982) 

 
 

The Effect of Visual Aids on the Comprehension of Health Information 

Patients have to make important decisions about their health, for example, choose between 

several treatment options. Such decisions may be challenging without a full understanding of the 

nature of the illness, available treatments and their likely outcomes and potential complications. 

Existing patient education materials designed to assist patients’ understanding and decision 

making are often written at a complex level well above the reading level of an average adult 

(Morony et al., 2015; Sharon et al., 2000; Stossel et al., 2012). For example, Hansberry et al. 

(2014) found that the readability of patient education materials in several surgical subspecialties 

ranged from the 10th to 15th-grade level, which is considerably higher than the 8th grade of the 

average US adult. 

 Research has shown that the addition of visual aids to educational texts for patients can 

improve the understanding of medical information. Austin et al. (1995) tested the effects of 

illustrated and unillustrated discharge instructions for people who sustained lacerations. The 

authors found, that compared to the text without pictures, illustrated material significantly 

improved patients’ understanding of instructions. Another study reported similar results for 

illustrated emergency department release instructions: those who saw illustrated materials had 

higher levels of comprehension and reported better compliance with wound care instructions 

(Delp & Jones, 1996). The addition of pictures to the text was shown to improve the 

understanding of information about cancer screening (Brotherstone et al., 2006) and cervical 

cancer prevention (Michielutte et al., 1992). Leiner et al. (2004) found that parents and caretakers 

Satisfaction Adherence 

Understanding 

Recall 
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who saw an animated cartoon about polio vaccination scored higher on a knowledge test than 

those who read a text without any visuals.  

The Effect of Visual Aids on Recall  

Empirical evidence suggests that patients can forget a large proportion of information they 

receive from a health professional during a consultation (Anderson et al., 1979; Eran et al., 2010; 

Ley, 1982; Li et al., 2014). A review by Ley (1982) found that patients correctly remembered 

between 31% - 71% of medical information. Research has shown that pictures added to text-

based information can enhance both free and cued recall of medical information (Houts et al., 

2006). Done & Lee (1998) tested the effectiveness of a preoperative video about anaesthesia as 

a part of patient education before surgery. The study found that compared to a no-video 

condition, patients who saw the video were between 2 to 16 times more likely to recall all 

information correctly depending on the preoperative state and trait anxiety scores. Houts et al. 

(1998) tested whether spoken medical instructions accompanied by pictographs were 

remembered better than spoken instructions without pictures. Participants who received 

information with pictographs recalled 85% of instructions correctly compared to 14% of correct 

recall in the no-picture condition. Kools et al. (2006) found that illustrated information about 

asthma devices had positive effects on recall of instructions. Moreover, compared to the text-only 

condition, participants who received illustrated instructions were more likely to carry out the 

described procedures correctly. 

The Influence of Visual Aids on Patient Engagement and Satisfaction with 

Information 

Several studies have shown that a large proportion of people prefer information containing visual 

aids (Jones, Kleinstäuber, Martin, et al., 2019; Moll, 1986; Vilallonga et al., 2012). Bol et al. 

(2013) assessed patients’ satisfaction with the information presented on a website either as a text 

about lung cancer or a text with a video. Compared to the group who saw the text-only version, 

patients who saw the website with a conversational-styled video reported being more satisfied 

with the comprehensibility, attractiveness, and the emotional support from the website. Moreover, 

seeing the video also enhanced recall. In a similar study, Bol et al. (2014) found that patients 

were more satisfied with the attractiveness of the website about cancer if it contained still images 
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and a text rather than the text alone. Moreover, adults aged 65 and older were more satisfied with 

the website and recalled more information about cancer if they saw the illustrated version.  

A study on patient satisfaction with a pre-anaesthetic consultation before surgery found 

that an educational video about anaesthesia significantly improved patients’ satisfaction with the 

information (Snyder-Ramos et al., 2005). Patients who saw a video during their pre-anaesthetic 

interview reported higher satisfaction (98%) and higher information gain (93%) compared to those 

who had a standard interview without the video (91% and 72% respectively). Sharma et al. (2019) 

compared the effects of a verbal and image-assisted consultation on patients’ understanding, 

satisfaction with the consultation and willingness to comply with treatment recommendations. 

Patients with peripheral retinal lesions who saw their retinal images during the consultation were 

more satisfied with the consultation, reported higher understanding of the condition and treatment 

and were more willing to undergo the treatment advised by the doctor. Seeing the images also 

increased trust in the doctor, as evidenced by a lower need to seek a second opinion before 

starting the treatment. 

Images can make the information more engaging (Levie & Lentz, 1982) and relatable 

(Ministry of Health NZ, 2012; Robinson & Ortiz, 2011). Delp & Jones (1996) found that patients 

who sustained lacerations were more likely to read the discharge instructions if the information 

contained pictures. A review of patient education materials on gout concluded that the addition of 

images showing tophaceous gout might increase the relevance of the information for people with 

this form of gout (Ministry of Health NZ, 2012). Robinson & Ortiz (2011) in a qualitative study, 

found that showing photographs of a person with ethnic skin affected by melanoma increased the 

relevance of the information and altered the perceived risk of developing melanoma skin cancer 

in ethnic minorities. 

The Effect of Imagery on Psychological and Behavioural Outcomes 

Several studies have found that the addition of visual aids to patient education about surgery and 

post-operative recovery can reduce patients’ anxiety, improve understanding and compliance with 

medical advice. A study by Jlala et al., (2010) showed that a standard consultation plus a brief 

video explaining limb surgery under regional anaesthesia reduced state anxiety both before and 

after the surgery. Other research successfully incorporated animations and video segments into 

an intervention about the importance of early mobilisation after surgery (Jones, Kleinstäuber, 
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Akroyd, et al., 2019). The intervention explained why early mobilisation and early oral nutrition 

were essential for a better recovery (see Figure 2). The animations demonstrated digestive 

processes and changes inside the body when resting versus active. The study found that the 

intervention improved the perception of early mobilisation and compliance with post-surgery early 

mobilisation advice. Hermann (2002) used a 3D animation to explain the anatomy and surgical 

procedures before thyroidectomy. Compared to the group that received the same information as 

a written text, those who saw the animation had a better understanding of the surgical procedure 

and possible complications. The animation also induced higher trust in the treatment, increased 

the readiness for the surgery and reduced anxiety. 

Figure 2. Screenshot From the Patient Education Intervention Aiming to Promote Early 

Mobilisation and Nutrition After Surgery (Jones, Kleinstäuber, Akroyd, et al., 2019) 

 

Note. The intervention explained the importance of physical activity and oral nutrition by showing 

what happened inside the body. For example, it demonstrated that movement raised the 

heartbeat and improved blood circulation.  
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The potential of visual aids to influence worry, optimise illness and treatment beliefs as 

well as alter behavioural intentions has been demonstrated in a number of studies. Lee et al. 

(2011) compared the effects of a computer-based programme about the risk of heart disease with 

and without a 3D model of a moving heart. The study found that participants who saw the model 

had greater worry about heart disease immediately after the intervention and in a 4-week post-

test. Furthermore, after viewing the model, the participants reported an increased understanding 

of the heart disease, higher perceived personal susceptibility to heart disease as well as higher 

behavioural intentions to eat healthy and be more physically active. Jones et al. (2016) used 

animation and still images to explain the formation of blood clots inside the artery and their effects 

on the heart to educate patients about the acute coronary syndrome. Compared to those who 

received standard care, people who saw the animation had a stronger belief in the ability of the 

treatment to control the illness and lower concerns. They were also less likely to believe that the 

medication was harmful. At the 7-week follow-up, the intervention group had higher treatment 

control beliefs, a faster return to normal activities and reported exercising more. Stephens et al. 

(2016) found that 3D-printed models of healthy and osteoporotic bones enhanced a standard 

consultation with patients at high risk of fractures. People who saw the models had a better 

understanding of osteoporosis, reported being more emotionally affected and were almost 2.5 

times more likely to initiate oral bisphosphonate treatment. 

 A systematic review of 25 studies assessed the influence of visual images on skin self-

examination for melanoma skin cancer (McWhirter & Hoffman-Goetz, 2013). The review found 

that images improved knowledge and self-efficacy related to self-examination. Moreover, images 

increased the accuracy of self-examination and motivation to perform it more frequently 

(McWhirter & Hoffman-Goetz, 2013). A Cochrane review by Hollands et al. (2010) identified five 

studies that used visual feedback of medical images as a part of education about risk factors for 

melanoma skin cancer. All five studies found that images had positive effects and increased skin 

self-examination behaviour (Oliveria et al., 2004), reduced the tanning booth use (Gibbons et al., 

2005), decreased time spent in the sun (Mahler et al., 2003, 2007) and increased intentions to 

use sunscreen (Mahler et al., 2006, 2007). 

Preliminary evidence suggests that visual representation of information about illness and 

treatment can also have positive effects on treatment adherence to antiretroviral therapy (ART). 
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Jones, Coetzee, et al. (2019) conducted a study with South African patients who have been living 

with HIV and were non-adherent to ART. The authors used a life visual demonstration to explain 

the importance of consistent intake of ART. The demonstration included a clear body-shaped 

container filled with a coloured liquid symbolising high viral load (see Figure 3). When a tablet 

representing ART medication was added, the liquid changed colour to clear (to show that the 

medication reduced viral load). The intervention also explained that inconsistent intake of the 

medication could make ART ineffective – the liquid stayed coloured even after the tablet was 

added. The study found that compared to those who received standard care with adherence 

counselling, people who saw the visual demonstration had better adherence and reduced plasma 

viral load to a clinically significant level.  

Figure 3. Device used in the Live Demonstration of the Effects of Antiretroviral Therapy (ART) 

(Jones, Coetzee, et al., 2019) 

 

Note. The clear container represented the patient’s body. The pink liquid symbolised high viral 

load. The addition of the tablet (symbolised ART) changed the liquid colour to clear but only when 

taken regularly. If the doses were missed, the addition of the tablet had no effects, and the liquid 

remained pink. 
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Perera et al. (2014) successfully incorporated imagery into a smartphone-based 

intervention to improve adherence to ART. The control group received a standard version of a 

smartphone app that showed the participant’s daily ART dosing schedule. The intervention group 

used the same app, which also included a real-time graphical representation of participants’ viral 

load, the plasma concentration of ART medications and the immune protection provided by ART 

(see Figure 4). At a three-month follow-up, the participants in the intervention group had higher 

self-reported adherence to ART and reduced viral load.  

Figure 4. Real-Time Visualisation of the Level of Protection Against HIV Replication (Perera et 

al., 2014) 

 

Note. Each antiretroviral medicine was visualised as a protective barrier around the CD4 

lymphocytes. When the concentration of the medications dropped below the recommended level, 

the virus (HIV particle) began attacking the CD lymphocytes. 

Where Can Imagery Help the Most? 

A recent European survey on health literacy found that about 47% of respondents and 61% of 

people with one or more long-term illness had insufficient or problematic levels of health literacy 

(Kickbusch et al., 2013; Sørensen et al., 2015). Moreover, about 750 million adults worldwide 

remain illiterate (UNESCO Institute for Statistics, 2017). The addition of imagery has been shown 

to be particularly beneficial for patient education in populations with lower levels of literacy 

(Entwistle & Williams, 2008; Houts et al., 2006). Michielutte et al. (1992) found that compared to 
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text-only information, illustrated health education brochure increased comprehension among poor 

readers but had no effects on better readers. Several studies demonstrated that people with 

lower levels of literacy gain a better understanding of the information if it is presented as text and 

pictures rather than text alone (Houts et al., 2001; Mansoor & Dowse, 2003; Patel et al., 1990). A 

narrative literature review of 44 articles concluded that pictographs with simplified text could 

noticeably improve discharge instructions for older adults with lower levels of literacy (Choi, 

2011).  

 A large body of research suggests that visual aids can significantly alter step-by-step 

medical instructions. Studies have shown that pictures can improve the understanding, recall and 

compliance with verbal discharge instructions (Austin et al., 1995; Delp & Jones, 1996; Zeng-

Treitler et al., 2008). Supplementing written or spoken information with pictures can also enhance 

comprehension, recall of medication instructions and adherence to medication regimen (Chan et 

al., 2015; Katz et al., 2006; Sojourner & Wogalter, 1998; Yin et al., 2011).  

 Visual aids also have the potential to assist patients’ decision making. Sharma et al. 

(2019) reported that patients who saw their retinal images as a part of the consultation were more 

willing to undergo the recommended treatment than those who received the same information but 

did not see the images. In a set of studies, Fagerlin et al. (2005) found that when statistical 

information about different treatments for angina was presented with pictographs, people were 

less likely to rely on anecdotal reasoning when choosing a hypothetical treatment option.  

Problems with Existing Research on the Use of Imagery in Patient Education 

Overall, existing literature offers no definitive recommendations on what visual aids should be 

used and in what format to maximise the benefits and minimise harm for patients. This is partly 

because there is no well-established methodology for testing the efficacy of visuals and no clear 

definition of a visual aid. The same information can be presented visually via a variety of media. 

For example, information about osteoporosis can be visualised as an infographic, a 3D printed 

model of an osteoporotic bone, a bone density scan or a video. Moreover, visuals aids can be 

incorporated in patient education using different methods, for example, in an app on the phone, in 

a printed leaflet or during a medical consultation.  

To date, little research compared the educational value of several visual media and 

methods of their presentation or identified what educational content visual aids should depict. 
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This thesis aims to contribute to this type of research. The present work is based on the idea that 

visualisation of processes inside the body during illness and treatment can be an effective visual 

aid for patient education. Several studies that used illness visualisation to educate patients about 

their disease yielded positive changes in beliefs about illness and treatment as well as adherence 

(Jones et al., 2017; Jones & Petrie, 2017; Karamanidou, Weinman, et al., 2008; Perera et al., 

2014). This thesis will explore whether medical images are a suitable medium for illness 

visualisation and whether such images have any advantages or disadvantages compared to other 

types of visual aids presented using a variety of methods.  

The next section will define medical images and discuss the suitability of using such 

images for the communication of health information. It will also provide an overview of patient 

education research that incorporated medical images and will discuss gaps in the existing 

literature. The chapter will end with a description of the theoretical approach adopted in this thesis 

to investigate the effects of medical images. 

Can Medical Images Be Used as a Visualisation Medium for Health Education? 

What Are Medical Images? 

Medical images are visualisations of real structures or processes in the patient’s body. These 

images can be acquired from a variety of objective medical technologies such as medical 

imaging, medical photography, direct methods of visual inspection of the interior of the body (e.g., 

endoscopy) or other sources. Medical imaging is a broad class of diagnostic scanning 

technologies such as X-ray, computed tomography, magnetic resonance imaging, 

ultrasonography, positron emission tomography and many other. Medical photography is an area 

of photography that documents clinical presentations of an illness and can be used to observe the 

disease progress over time, for example, for monitoring of changes in moles in people at high risk 

of melanoma skin cancer. Some technologies such as endoscopy or hysteroscopy allow visual 

inspection of organs and cavities through the insertion of the tool into the patient’s body and are 

widely used for physical examinations and surgery. While health professionals rely on medical 

images for diagnostics, and medical interventions, patients rarely see such images.  
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Suitability of Medical Images for Health Education 

Research suggests that many patients have rudimentary knowledge of anatomy and may be 

unaware of the location of key organs (Weinman et al., 2009). Weinman et al. (2009) assessed 

the anatomical knowledge of 722 participants from the general public and six different patient 

populations. The study found that participants with an organ-specific pathology generally were not 

better at locating their affected organs than healthy individuals from the general public. For 

example, lungs were correctly located by 27% of people from the general public and 37% of 

respiratory patients; the difference between the groups was not significant. Medical images have 

the potential to address this gap and help gain a better understanding of the anatomy through 

accurate and realistic representations of the interior of the body. 

Medical images provide several opportunities for tailoring and personalisation of 

information. Clinicians can use personal medical scans to educate patients about their condition. 

It is a potentially fruitful approach as previous research has shown that personalised information 

can have higher educational and motivational value (DiClemente et al., 2001; Martens et al., 

2015; Polonsky & Fisher, 2015). On the other hand, generic medical images can be tailored to 

the educational needs of a broader population. Advances in technology and image processing 

software enable to create a variety of static and dynamic models of organs, tissues and bone 

structures. These visualisations can be obtained in 2D, 3D and in real-time; parts of the image 

can be colour coded and further altered to meet the educational goals.  

A large number of medical images from diagnostic examinations is produced every year. 

Therefore, using these images can be a cost-effective strategy that does not involve the 

expenditure associated with the development of additional visual materials. For example, about 

3.6 billion medical imaging procedures with ionizing radiation (i.e., computed tomography, X-ray) 

were performed annually worldwide in 2000-2007 with more than 377 million radiologic 

examinations in 2006 in the United States (Mettler et al., 2009). It has been estimated that 

between 1997 and 2006, the number of examinations with computed tomography doubled, with 

magnetic resonance imaging tripled and ultrasound rose by 40 percent (Smith-Bindman et al., 

2008).  

Finally, medical images provide objective information about the presence or absence of 

pathological processes. Such images can potentially aid the comprehension of medical 
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information and provide a fuller picture of a person’s health status. Moreover, the clinician’s 

decision to disclose or not to disclose images to the patient can influence the doctor-patient 

rapport (Carlin et al., 2014). Therefore, the feedback of medical images to patients needs to be a 

part of the ongoing discussion around the importance of shared decision-making and informed 

consent in healthcare.  

Does Empirical Evidence Support the Use of Medical Images for Patient 

Education? 

The literature on the use of medical images for patient education is scarce. However, a number of 

studies have demonstrated that viewing medical images can improve the understanding of health 

information (Carlin et al., 2014; Devcich et al., 2014; Morris & Van Wijhe, 2010) and make the 

information more believable and impactful (Hollands & Marteau, 2013; Phelps et al., 2017; 

Wheeler, 2010). Phelps et al. (2017) used computed tomography scans to explain medical 

conditions to the members of the general public. Compared to the no image condition, 

participants who saw the scans reported a greater understanding of the information, higher 

perceived accuracy of the information and were more satisfied with the communication. Hollands 

& Marteau (2013) found that compared to text-only material, health information was more 

believable when it included a medical image.  

Visual feedback of medical images has been successfully used to promote skin self-

examinations and UV-protective behaviours (Hollands et al., 2010). A study with people at high 

risk for melanoma skin cancer showed that the addition of personal whole-body photographs to 

an educational intervention about skin self-examinations increased the number of self-

examinations by 2.8 times (Oliveria et al., 2004). Two studies by Gibbons et al. (2005) reported a 

change in attitudes towards tanning and a decrease in the use of tanning booths in college 

students after seeing ultraviolet (UV) photographs of their face showing the UV damage to the 

skin. Seeing personal UV photos led to stronger intentions to use sunscreen in both college 

students and beachgoers (Mahler et al., 2003, 2006, 2007).  

There is also evidence that medical images can help improve health behaviours 

associated with a high risk of coronary artery disease. Several studies used electron-beam 

computed tomography scans as a part of patient education about the risk factors of coronary 

artery disease. Asymptomatic patients who saw calcification in their arteries reported exercising 
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more, changing their diet (Orakzai et al., 2008; Schwartz et al., 2011), improved adherence to 

statin therapy (Kalia et al., 2006) and aspirin (Orakzai et al., 2008). Bovet et al. (2002) included 

arterial ultrasonography images in an educational intervention to promote smoking cessation. The 

study found that smokers who saw images showing their arterial plaques had substantially higher 

quit rates than those who received the same intervention without the medical images.  

 Feedback of medical images can also have positive effects on clinically meaningful 

outcomes, as demonstrated by research in diabetes (G. Rees et al., 2013) and coronary artery 

disease (Mols et al., 2015; Rozanski et al., 2011). G. Rees et al. (2013) used personal retinal 

images as a part of an educational intervention for people with non-proliferative diabetic 

retinopathy and suboptimal levels of HbA1c. The authors found that viewing the images was 

associated with an improvement in HbA1c, increased foot care and higher motivation for better 

blood glucose control. Furthermore, using medical images of coronary artery calcifications in 

consultations about coronary artery disease favourably influenced cholesterol levels (Mols et al., 

2015; Rozanski et al., 2011) and systolic blood pressure (Rozanski et al., 2011). 

So far, this section discussed the benefits of using medical images for patient education. 

However, such images can also have negative effects. Ogden et al. (2009) found that real-time 

visual feedback of the diagnostic screen during hysteroscopy interfered with patient-physician 

interaction. Moreover, women who saw the screen during the procedure reported less optimism 

about the treatment effectiveness, higher anxiety after the procedure and described their 

physician as less receptive compared to those who did not get the visual feedback. Kurjak et al. 

(2007) recommended not to show 3D ultrasonography visualisations of the foetal face to the 

parents during the first trimester. In early pregnancy, the foetus might look strange or distorted; 

hence such images may induce parental worry. On the other, the authors concluded that 

visualisations created at later developmental stages of the foetus could provide reassurance and 

strengthen emotional bonds. 

Other research has reported neither positive nor negative effects of medical images. A 

study with asymptomatic army personnel found that seeing calcification in the arteries did not 

influence any health-related, behavioural or psychological outcomes (O’Malley et al., 2003). 

Lederman et al. (2007) found no effect of health education accompanied by coronary computed 

tomography scans on adherence to cholesterol medication or diet in postmenopausal women. 
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Another study reported no changes in bowel preparation for colonoscopy after viewing 

instructions with endoscopic images (Calderwood et al., 2011).  

Gaps in the Literature on the Use of Medical Images 

Medical images are a broad class of visual representations of the body obtained from a variety of 

medical technologies, for example, medical imaging. Such images have several advantages over 

other types of visualisations as they accurately represent body anatomy and are specific to the 

patient. There is empirical evidence that medical images can improve understanding of medical 

information, promote health behaviour change and favourably influence clinically meaningful 

outcomes. 

However, there are several unanswered questions associated with the incorporation of 

medical images into patient education. Firstly, medical images are intended for health 

professionals and may be too difficult for laypeople to interpret. Generally, patient education 

literature recommends using simple visual aids (Choi, 2011; Houts et al., 2006; Rohret & 

Ferguson, 1990). It is believed that simple pictures with a minimum amount of details should yield 

better educational results; whereas complex and detailed visuals might divert attention from the 

information and can hinder the comprehension (see Chapter 5 for further discussion). On the 

other hand, it has been shown that people may prefer more realistic and detailed images (Moll, 

1986; Phelps et al., 2017; Strong & Erolin, 2013). This discrepancy between people’s preference, 

recommendations for simpler visuals and the existing evidence that medical images can improve 

comprehension, will be further explored in research presented in Chapters 5 and 6. 

Several studies have shown that a large proportion of people prefer seeing images 

(Jones, Kleinstäuber, Martin, et al., 2019; Moll, 1986; Vilallonga et al., 2012). However, medical 

images represent the body in a realistic way which can potentially make the viewer feel uneasy 

and therefore induce negative effects. For example, Carlin et al. (2014) asked patients about their 

views on seeing their own diagnostic images. About half of the participants reported having a 

mixed opinion about the images: they wanted to see images of skeletal structures but not soft 

tissues or abdomen organs as the latter appeared squeamish. To date, it is unclear whether the 

addition of medical images reduces the visual appeal of the material, induces negative emotional 

response or generally can decrease the educational value of the information. These questions will 

be addressed in Chapters 5-7. 
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The majority of studies reviewed in this section used personal diagnostic scans in their 

intervention groups and compared them to standard care or non-personalised education. For 

example, the intervention group could receive a scan of their coronary arteries and health 

recommendations based on their artery calcification score. At the same time, the control group 

did not see the scan and got generic advice on the prevention of coronary heart disease. As 

personalisation of information per se can positively influence health communication, this study 

design does not contribute to the understanding of the role of medical images. Further research is 

required to explore whether personalisation is the driving factor of the positive changes induced 

by interventions based on medical images. Chapter 7 will discuss this problem in more detail. 

Overall, research that evaluated the suitability of medical images for health education 

appears to be heterogeneous in research designs and the types of medical images tested. This 

thesis will use a more focused approach and aim to gain insights into how a single type of illness 

visualisation can be used to convey health information in different settings. It will examine if 

medical images, and computed tomography scans, in particular, can effectively communicate 

information about one illness – gout. 

The next chapter will describe clinical presentations, causes and treatment for gout and 

discuss why patient education about gout is essential. In brief, gout was selected as it is a chronic 

disease which can be successfully managed through long-term pharmacological treatment and 

certain lifestyle modifications. Chronic illnesses are the largest cause of death in the world (Yach 

et al., 2004). Nonetheless, in the developed countries, about half of patients with chronic 

conditions do not adhere to prescribed long-term treatments (World Health Organisation [WHO], 

2003). A study that compared adherence among people with different chronic conditions found 

that people with gout had the lowest adherence rate at 36.8%, while compliance of individuals 

with hypertension, hypothyroidism, type 2 diabetes, seizure disorders, hypercholesterolemia and 

osteoporosis ranged between 72% and 51% (Briesacher et al., 2008).  

Dual-energy computed tomography (DECT) is a relatively new non-invasive method 

which can help clinicians with the diagnosis and monitoring of gout (Dalbeth & Choi, 2013). DECT 

scans can be rendered both in 2D and 3D, as static or interactive models. This technology can be 

used to create patient-friendly visualisations of pathological processes inside their body. 

However, to date, the effects of such images have not been tested. 
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Summary 

This chapter discussed a theoretical basis for using visual aids in patient education and reviewed 

the empirical evidence on the topic. Overall, existing literature supports the idea that the addition 

of visual aids can improve the understanding and recall of medical information as well as 

compliance with medical advice. Although there is a variety of visual aids, this thesis proposes 

that medical images can be an effective medium for the communication of health information. 

Medical images are a broad class of visual representations of the body obtained from a variety of 

medical technologies, for example, medical imaging. Such images can offer benefits over other 

types of visual aids as they accurately represent body anatomy and are specific to the patient. 

Preliminary evidence suggests that feedback of medical images to patients can improve 

comprehension, motivate health behaviours and improve health outcomes. However, more 

research is needed to understand how medical images compare with other visual aids and how 

medical images should be presented to patients to optimise benefits and minimise potential harm.  
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Chapter Three: What Is Gout and Why Patient Education About Gout 

Is Crucial? 

What Is Gout? 

Gout is chronic disease of monosodium urate (MSU) crystal deposition that affects 1-4% of the 

population in Western Europe and North America (Kuo et al., 2015). In New Zealand, gout is 

found in 3.8-4.9 % of the population over 20 years old and in more than 10% of Māori and Pacific 

men (Dalbeth et al., 2015). In gout, deposition of monosodium urate (MSU) crystals in joints and 

soft tissues occur in the presence of high serum urate (see Dalbeth et al., 2016).  

Clinically, gout manifests as recurrent episodes of acute joint inflammation with the first 

flare starting usually in the big toe (1st metatarsophalangeal joint). However, other joints, for 

example, knees, elbows and wrists can also be affected. During a gout flare, patients describe 

excruciating joint pain and burning sensation in the affected joint. The most painful episodes are 

typically rated as more than 7 on the 0 to 10 pain scale (Taylor et al., 2015). A person having a 

gout flare may be unable to walk, sleep and perform everyday tasks. Flares typically resolve by 

themselves within 7-14 days. Acute episodes are followed by a relatively asymptomatic period 

during which, in the absence of serum urate suppression, MSU crystals will continue to form.  

If serum urate is not effectively managed, gout will progress to chronic gouty arthritis – 

persistent joint inflammation induced by MSU crystals, tophaceous gout or both. Tophaceous 

gout is characterised by the formation of tophi – accumulation of MSU crystals in tissues. Tophi 

present as painless nodules under the skin that can form in peripheral joints for example in finger 

joints, elbows and joints of the foot. However, they can also develop in other locations such as 

ears or nose (Dalbeth et al., 2016). Tophi can cause joint deformity, severely restrict joint 

movement and, if infected, lead to skin ulcers. Infiltration of tophi into bone can cause bone 

erosion and joint damage (Dalbeth et al., 2009).  

Gout has a major impact on patients’ quality of life, work and productivity (Lindsay et al., 

2011). Several studies have shown that people with gout have a significantly lower health-related 

quality of life both in physical and mental domains compared to age-matched non-diseased 

norms, especially in those with tophaceous gout or more frequent flares (Becker et al., 2009; 

Khanna et al., 2012; Lee et al., 2009). A prospective study that followed up a cohort of 51 297 
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males over the period of 12 years found that men with gout have a higher risk of death from all 

causes as well as a higher risk of myocardial infarction than men without gout (Choi & Curhan, 

2007).  

Treatment for gout involves the short-term management of gout flares as well as urate-

lowering medication (ULT) for long-term control of the disease. Anti-inflammatory and pain-

management drugs are used to reduce the clinical manifestations of gout during the flare. As a 

part of long-term management of gout, the guidelines of all major international rheumatology 

associations recommend the long-term use of ULT (FitzGerald et al., 2020; Hui et al., 2017; 

Sivera et al., 2014). ULT reduces the concentration of serum urate and helps maintain the target 

serum urate level. If the target serum urate level is maintained for a substantial period, MSU 

crystals start to dissolve, leading to a reduction in the severity and frequency of gout flares, as 

well as a regression of tophi. To achieve the dissolution of MSU crystals, ULT needs to be taken 

regularly for a long time, possibly lifelong. If ULT is stopped, the serum urate will increase within 

several days.  

The Role of Patient Education in Gout Management 

Despite the demonstrated efficacy of ULT for the management of gout (Dalbeth et al., 2016; 

FitzGerald et al., 2020), adherence to ULT is reported to be poor. A systematic review by De Vera 

et al. (2014) found that adherence to ULT varied from 10 to 46%. The lack of comprehensive 

information about the illness and treatment as well as patients’ beliefs are important factors that 

can contribute to treatment non-adherence to ULT (Coleshill et al., 2019; Doherty et al., 2012; 

Rees et al., 2014). Research has shown that there are gaps in patients’ understanding of causes 

and consequences of gout as well as the role of ULT (Spencer et al., 2012; van Onna et al., 

2015). Harrold et al. (2012) reported that only 25% of people who received ULT in the past year 

knew for how long the medication should be taken and other research showed that only 14% of 

people with gout new their target serum urate (Coburn et al., 2016). 

In some cases, the initiation of ULT can cause gout flares which can continue to occur 

months after the treatment was started even if the serum urate target was achieved (Dalbeth et 

al., 2016). Harrold et al. (2012) found that only 12% of people with gout were aware of this risk. 

Information about the possibility of gout flaring up after the start of ULT is an essential part of 
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patient education as people might consider such flares as a sign that the medicine is not working, 

and hence choose to terminate their treatment.  

Patients’ perceptions of gout seem critical in the effective long-term management of the 

illness. Perceived understanding of gout was associated with better adherence to ULT (Dalbeth et 

al., 2011). The same study found that illness perceptions such as higher perceived severity of 

symptoms and consequences gout, lower personal and treatment control predicted the worsening 

of musculoskeletal disability at 1 year.  

Negative perceptions of the illness are associated with much poorer outcomes. 

Serlachius et al. (2017) found that all-cause mortality in people with gout was associated with 

negative beliefs about consequences of gout, perceived severity of symptoms, illness concerns 

and an increased emotional response to the illness. The stigmatisation of gout can be another 

factor contributing to non-adherence. Gout is often described with humour and portrayed as a 

self-inflicted disease caused by over-indulgence in food and alcohol (Duyck et al., 2016). Several 

qualitative studies have shown that people with gout may experience feelings of embarrassment, 

and hence are reluctant to seek support and talk about their illness with others (Lindsay et al., 

2011; Spencer et al., 2012).  

Patient education is recognised as a key strategy in gout management and is 

emphasised in the guidelines of several major rheumatology associations (Hui et al., 2017; 

Richette et al., 2017). Empirical evidence also suggests that patient education can be an effective 

tool for the management of the disease. A study by F. Rees et al. (2013) reported that a 

combination of an educational intervention and appropriate ULT helped achieve the 

recommended treatment target in 9 out of 10 people with gout. The benefits of patient education 

were also shown in a randomised controlled trial with 517 patients (Doherty et al., 2018). The 

study employed a nurse-led intervention that involved extensive patient education and patient 

engagement in shared decision making. The nurses provided full information about gout as well 

as discussed patients’ illness perceptions. Ninety-five percent of participants who received the 

intervention achieved the recommended target serum urate level, and 96% were adherent to ULT 

at 2 years. Compared to the standard care group, those in the intervention group improved the 

quality of life, had fewer flares and saw improvements with their tophi, reinforcing the importance 

of improving patient education about the illness. 
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People with gout report they want more comprehensive resources about gout and more 

tailored information (Richardson et al., 2015; Treharne et al., 2018; van Onna et al., 2015). 

However, gout education materials are often difficult for patients to understand as they are written 

at a complex level and do not cover some important aspects of gout management (Jimenez-Liñan 

et al., 2017; Johnston et al., 2015). Furthermore, illustrations in such materials also require 

improvements, as some people with gout prefer to see more pictures or find it difficult to relate to 

currently used illustrations (Ministry of Health NZ, 2012.; Richardson et al., 2015; Rolston et al., 

2018). The next chapter will provide more insight into how illustrations are used in existing patient 

education materials on gout. 

Summary 

Gout is a chronic condition characterised by recurrent episodes of excruciating joint pain and 

acute inflammation followed by asymptomatic periods. Untreated gout has a major impact on the 

quality of life and productivity. Urate-lowering medication is available and effective for long-term 

gout management. However, adherence to this treatment is variable. The possibility of gout flares 

after the treatment initiation, the need to take medication every day for many years and the 

intermittent nature of gout flares require extensive patient education to prevent the risk of 

treatment non-compliance. Research has found that people with gout often are not adequately 

informed about the illness and lack the understanding of important aspects of gout management. 

On the other hand, empirical data suggests that appropriate patient education can improve 

adherence to treatment and help achieve the required treatment targets. However, existing 

educational materials about gout require improvement. 
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Chapter Four. Not Every Picture Tells a Story: A Content Analysis of 

Visual Images in Patient Educational Resources About Gout 

The previous chapter discussed why patient education is particularly important in gout 

management. It also briefly covered why existing patient education resources about gout need to 

be improved. Several analyses of gout education materials have shown that many resources use 

complex language and do not provide key information that people with gout need to know 

(Jimenez-Liñan et al., 2017; Johnston et al., 2015; Robinson & Schumacher, 2013). A review by 

the New Zealand Ministry of Health (2012) also found that the quality of illustrations was poor. In 

interviews, people with gout reported that the images used in patient education materials (PEM) 

are often difficult to relate to or are irrelevant for their lives (Ministry of Health NZ, 2012; 

Richardson et al., 2015). However, only a handful of studies have questioned the quality of visual 

material in gout PEM, and no studies to date have assessed the content of the images in detail. 

The present chapter will address this gap and explore what concepts about gout and its 

treatment are reflected in images used in existing patient educational resources about gout. The 

study described below presents the results from a content analysis of 310 images taken from 71 

educational resources about gout. The resources were from medical and health organisations 

and health education websites from seven English-speaking countries: Australia, Canada, 

Ireland, New Zealand, South Africa, UK and USA.  
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Abstract 

Objective. To evaluate what concepts about gout and its treatment are reflected in images in 

online educational resources about gout. Methods. A Google search was performed to identify 

English-language patient resources from medical and health organisations and health education 

websites in seven countries: Australia, Canada, Ireland, New Zealand, South Africa, UK and 

USA. Two raters independently coded the images in the resources into five main categories: 

clinical presentations of gout, monosodium urate (MSU) crystals/urate, medicines, food/healthy 

lifestyle, and other advice for people with gout. Results. One hundred and three resources were 

identified; 28 resources without images were excluded. Seventy-one educational resources with a 

total of 310 images were included in the study sample. Of the 310 images, clinical presentations 

of gout were depicted in 92 images (30%), food/healthy lifestyle in 73 images (24%), urate/MSU 

crystals in 50 (16%), medicines in 14 (5%). Urate-lowering medication was shown only in one 

image (0.3%) and just six images (2%) depicted a serum urate target. Ninety-one images (29%) 

did not convey specific information about gout. Conclusion. Key concepts about gout and 

treatment are under-represented in the images used in educational resources for patients. A large 

proportion of the images do not convey useful information about gout or its management.  
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Introduction 

Gout presents as a painful inflammatory arthritis caused by chronic deposition of monosodium 

urate (MSU) crystals in joints and soft tissues. This disease affects 3.9% of the population in the 

United States (Chen-Xu et al., 2019). The guidelines of all major international rheumatology 

societies recommend the long-term use of urate-lowering therapy (ULT) to achieve the dissolution 

of MSU crystals (FitzGerald et al., 2020; Hui et al., 2017; Sivera et al., 2014).  

Long-term adherence to medication can be challenging for patients with gout, especially 

if they have not been provided with accurate and comprehensive information about the cause of 

the illness and the importance of consistent daily ULT (Richette et al., 2017; Spencer et al., 

2012).  Management programmes that focus on patient education about gout have been shown 

to improve adherence to ULT and lead to better health outcomes (Doherty et al., 2018; F. Rees et 

al., 2013).  

Several recent analyses of the text in gout educational resources have reported the use 

of complicated language and lack of accurate information about ULT (Jimenez-Liñan et al., 2017; 

Johnston et al., 2015; Robinson & Schumacher, 2013). However, the content of images in these 

resources has not been assessed in any detail. The addition of visual images to textual 

information can improve the comprehension of health information, recall and compliance with 

medical advice (Hollands & Marteau, 2013; Hollands et al., 2010; Houts et al., 2001, 2006; 

Williams et al., 2012). People with gout also highlight the importance of visual aids in materials 

about gout (Nguyen et al., 2018). Despite the well-recognized benefits of including images within 

patient educational resources, we were able to identify only one study that briefly mentioned the 

poor quality of images in gout educational resources (Ministry of Health NZ, 2012). 

Therefore, the objective of this study was to evaluate 1) what images are used in 

educational resources for people with gout; 2) what concepts about gout and treatment for gout 

are reflected in these images. 

Materials and Methods 

Inclusion and Exclusion Criteria 

The content of images in patient resources about gout from medical and health organisations and 

health education websites was analysed. Medical and health organisations included health 
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governing agencies, non-governmental organisations, professional medical associations, 

hospitals and universities. Health education websites were websites and health education blogs 

that explicitly stated that providing quality health information for patients was a goal in their 

mission statement. 

Resources were included if they were in English; communicated information about gout; 

were aimed at people with gout or the general public and were publicly accessible online in one of 

seven English-speaking countries: Australia, Canada, Ireland, New Zealand, South Africa, the 

United States, or the United Kingdom. Six English-speaking countries were selected based on 

previous research that assessed texts in educational materials about gout (Johnston et al., 2015). 

South Africa was included as it has a large population who speak English as their first language 

comparable in size to Ireland and New Zealand (Crystal, 2012). 

Resources were excluded from the content analysis if they had no still images; consisted 

of videos; targeted health professionals; included no information about gout or treatment for gout 

(i.e., provided insurance advice for patients); required a paid subscription, or came from neither a 

medical/health organisation nor from a dedicated health educational resource (e.g., newspapers, 

social media, general knowledge websites). 

Data Sources 

The resources were identified using a Google search in incognito mode to avoid personalisation 

of search results based on the computer’s browsing history. The term “gout” was used to perform 

the search separately for each of the seven geographical regions using the Google advanced 

search tool. For example, all resources shown for the search term “gout” in the region “Australia” 

which met the inclusion criteria were listed for further consideration. This procedure was then 

repeated for each of the remaining six countries. 

The first fifty search outcomes in each country were reviewed to identify resources from 

medical and health organisations. Additionally, a bibliographical search through these resources 

was performed to identify extra materials. Information from health education websites was 

included if such websites were encountered within the first twenty search outcomes. 
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Content Analysis 

Web pages with associated image galleries as well as PDF files were analysed by two raters (AK 

and CD).  Images in each resource were numbered. The two raters independently coded every 

image using a set of categorical scales (e.g., Does the image show any clinical presentations of 

gout? 1- yes, 0- no; If yes, does the image show tophi?  1- yes, 0- no). The images were 

reviewed with their labels and captions; the main body of the text was disregarded. Each image 

within the resource was coded for content using descriptors within five main content categories 

that we identified in published recommendations for gout educational materials (9,10): “clinical 

presentations of gout”, “MSU crystals and/or urate”, “medication”, “dietary and lifestyle factors” 

and “other advice” (see Table 1). 

Images that could not be coded into five main categories above were labelled as “Non-

gout specific” and analysed further using an additional set of descriptors. These descriptors 

included a range of questions about who or what was shown in the image; for example, “Does the 

image show people?” (yes/no), “Does the image show anatomical structures?” (yes/no), “Does 

the image show areas of the body?” (yes/no). If people were present in the image, their identity 

and gender were described (i.e., a health professional and a patient; male/female patient).  

As images often contain multiple concepts, the coding scheme allowed description of the 

same image using more than one category. For example, if an x-ray scan showed tophi it would 

be coded into a single category “clinical presentations of gout”. However, if the x-ray showing 

tophi was used in a collage, for example, with a microscopy image showing MSU crystals – this 

image would be coded into two categories: “clinical presentations of gout” and “MSU crystals 

and/or urate”. 

A training sample was used to achieve the initial calibration and refinement of the coding 

scheme. Following training, Cohen’s kappa (SE) for inter-reviewer agreement for all scales 

ranged from 0.62 (0.123) to 0.99 (0.008) with an average of 0.85 (0.044). Disagreements were 

resolved through discussion and consultation with an independent reviewer (ND) when 

necessary. 
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Table 1. Main Content Categories Used for Coding Images in Patient Resources About Gout 

Content category Category definition Category descriptors (yes/no) 

Clinical 

presentations of 

gout 

What clinical presentations of 

gout are shown in the images 

Shows subcutaneous tophus? 

Shows redness and/or swelling of a joint? 

Shows joint pain? 

MSU crystals and/or 

urate  

What information about MSU 

crystals and urate images convey 

Shows MSU crystals and/or urate? 

Shows that MSU crystals can be dissolved 

(e.g., “before and after” treatment 

comparisons)? 

Links MSU crystals and urate (e.g., MSU 

crystals and urate are present in the 

image)? 

Shows target serum urate either 

numerically or graphically? 

Shows causes of high serum urate (e.g., 

depiction of kidneys and high urate in one 

image)? 

Shows how to test for serum urate? 

Medications How images depict medicines and 

their purpose 

Shows medicines? 

Conveys information about the purpose of 

medication (i.e., ULT and urate/MSU 

crystals are shown in one image)? 

Depicts side-effects of medicines? 

Dietary and lifestyle 

factors 

What information images convey 

about diet and lifestyle 

Shows food/drinks? 

Is it clear from the image and captions if 

the depicted food/drink should be avoided 

or consumed by people with gout? 

Shows a healthy lifestyle? 

Promotes physical activity and/or 

exercise? 

Other advice for 

people with gout 

Advice not related to 

pharmacological treatment, 

healthy lifestyle or dietary 

modification 

Conveys information about foot care? 

Contains footwear recommendations for 

people with gout? 
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Statistical Analysis 

The data was analysed in IBM SPSS Statistics (v 25.0) and MS Excel. Frequencies and 

percentages were calculated to examine the proportion of images in each content category. 

Results 

Search Results 

One hundred and three unique educational resources about gout were identified. Four resources 

were excluded as they included videos but no still images. A further 28 (27%) educational 

resources were excluded as they did not include any visual images. The final dataset for analysis 

comprised of 71 unique educational resources; 53 webpages and 18 PDF files. The resources 

were from the US (n= 34), New Zealand (n= 10), UK (n= 9), Canada (n= 8), Australia (n= 4), 

Ireland (n= 3) and South Africa (n= 3). The number of images per resource ranged from 1 to 25 

images, the mean (SD) was 4.37 (4.7), and 27 (38%) resources contained a single image. In 

total, 310 images were analysed. 

Content Categories 

Of the 310 images, the most common single content category was clinical presentations of gout, 

which were depicted in 92 (30%) of the images (Table 2). The second most common category 

was non-gout specific content, which was present in 91 (29%) images. Food and health lifestyle 

content was present in 73 (24%) images, whereas content about medicines was present in 14 

(5%) of images. MSU crystals and/or urate were depicted in 50 (16%) of images. Hundred and 

eighty images (58%) were coded into a single main content category, 28 images (9%) into two 

categories, 1 image (0.3%) into three. 
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Table 2. Content Categories Depicted in Patient Educational Resources About Gout 

Content category* Frequency % (N= 310) 

Clinical presentations of gout 92 30 

MSU crystals and/or urate 50 16 

Medicines 14 5 

Food and/or healthy lifestyle 73 24 

Other advice for people with gout (i.e., foot care) 9 3 

Non-gout specific images (i.e., doctor-patient interaction, 

scientists doing research) 

91 29 

Note. *If an image fell into two categories: for example, clinical presentations of gout and 

MSU crystals were shown in the image, it would appear in two categories: “clinical 

presentations of gout” and “MSU crystals and/or urate”. 

 

Areas of the body affected by gout were shown in 106 images (34%): these included the 

clinical presentations of gout and MSU crystals/urate content. Of these 106 images, the feet were 

shown in 71 (67%) images, hands in 23 (22%), knees in 9 (8%), ears in 7 (7%), and elbows in 6 

(6%). 

Clinical Presentations of Gout 

Of the 92 images with content about clinical presentations of gout, 48 (52%) showed redness 

and/or swelling, 37 (40%) showed subcutaneous tophi, and 22 (24%) depicted joint pain. 

Examples are shown in Figure 5. Severe consequences of untreated gout such as skin ulcers, 

infected tophi or amputation, were shown in 5 (5%) of the 92 images in this category. Seventy-

two images (78%) were coded using a single coding descriptor, twenty images (22%) – two 

coding descriptors. 
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Figure 5. Examples of Images Showing Clinical Presentations of Gout 

 

Note. A - an image showing redness and swelling; B - an image showing subcutaneous tophi in 

the hand; C - an image showing joint pain; D* - an image showing severe consequences of gout 

(ulcerating tophus). * The image was kindly supplied by Pharmac, New Zealand. 

MSU Crystals and Urate 

Of the 50 images with content about MSU crystals and/or urate, 20 (40%) depicted the link 

between MSU crystals and clinical presentations of gout; 12 (24%) linked serum urate to clinical 

presentations; and 5 (10%) depicted the link between serum urate levels and MSU crystals. 

Examples are shown in Figure 6. No image depicted that MSU crystals can be dissolved. Only 6 

(12%) of these images depicted target serum urate levels; one (2%) portrayed how to check for 

serum urate levels; and three (6%) depicted the causes of high serum urate levels. Twenty-six 

images (52%) were coded using a single coding descriptor, 9 (18%) – two descriptors, 1 (2%) – 

three descriptors. 
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Figure 6. Examples of Images Showing MSU Crystals and Urate 

 

Note. A* - an image linking MSU crystals to clinical presentations of gout such as pain; B** - an 

image explaining the link between urate and MSU crystals; C* – an image communicating 

information about serum urate and urate target levels (the orange line at 0.36 mmol/L). * The 

image was kindly supplied by Pharmac, New Zealand. ** Courtesy of the Ministry of Health, New 

Zealand. 

Medication for Gout 

Of the 14 images with content about medications, 12 (86%) were images of an unidentified, non-

specific medication, one was an image of a ULT medication (allopurinol and probenecid), and one 

was an image of colchicine. Examples are shown in Figure 7. One image was coded as showing 

the purpose of medication (ULT for lowering serum urate); one image showed both the purpose 

of medication and what the medicine does in the body. One image depicted side effects of gout 

medicines. No images portrayed the recommended duration of therapy (e.g., short-term when in 

pain, for a long time, lifelong).  
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Figure 7. Examples of Images Showing Unidentified Drugs 

 

Note. * The image was kindly supplied by Pharmac, New Zealand. 

Dietary and Lifestyle Factors 

Fifty-nine images were coded as showing food or healthy lifestyle, 14 images showed both. Of 

the 73 images with content about food and/or healthy lifestyle, 52 (71%) depicted food and/or 

drink. Of these 52 images, 44 (85%) depicted food and/or drink that people with gout can 

consume, 23 (44%) depicted food and/or drink discouraged in rheumatology guidelines. Although 

the images were reviewed with captions, 28 of the 52 (54%) images that depicted food and/or 

drink did not clearly communicate whether the depicted food or drink should be consumed, 

limited, or avoided by people with gout.  

Of the 73 images with content about food and/or healthy lifestyle, 35 (48%) were also coded as 

promoting healthy lifestyle. Of these 35 images, 16 (46%) portrayed exercise and physical 

activity, 12 (34%) portrayed general healthy eating, and 5 (14%) portrayed weight loss. Three 

images promoted smoking cessation and/or limiting alcohol; and one image promoted blood 

pressure control.  

Other Advice for People with Gout 

Of the nine images with content depicting other advice, there were four different images related to 

foot care and/or footwear recommendations for people with gout as well as five images with 
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unique messages: “seek social support”; “see a rheumatologist”; “look for more information about 

gout”; “use a walking stick to assist walking”; and “use grippy cutlery”. 

Non-Gout Specific Images  

Of the 91 images that did not fall into any of the five main categories, 63 (69%) were depictions of 

people; 8 (9%) showed anatomical structures or bodily processes with no information about gout; 

6 (7%) included infographics not classified elsewhere; and 14 (15%) were generic images such 

as photographs of healthy feet or abstract art. Examples are shown in Figure 8.  

Of the 63 images depicting people, 20 (32%) showed a health professional alone or with 

a patient. Depictions of male patients were three times more common than female: of the 16 

images showing patients, 10 (63%) represented men, 3 (19%) - women, and gender was unclear 

in 3 (19%) images. Other depictions of people comprised 3 (5 %) images of individuals in pain of 

unclear aetiology, 4 (6%) of researchers/scientists. However, the majority (36, 57%) showed 

people whose identity was unclear from the image, for example, a portrait of a happy couple or a 

photograph of parents playing with children (see Figure 8A). Such images showed static people 

or social interactions. 

 

Figure 8. Examples of Non-Gout Specific Images 

 

Note. A* - an example of a non-gout specific image showing people; B - an example of a non-

gout specific image showing a health professional; C - a generic image of healthy feet. * The 

image was kindly supplied by The Gout Education Society, USA. 
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Discussion 

This content analysis has identified that visual images used in publicly available educational 

resources about gout do not depict central concepts about gout and its treatment. Despite the 

well-documented benefits of using images in patient education, about a third of the educational 

resources identified for the purpose of this study did not include any images and had to be 

excluded from the analysis. Furthermore, the content analysis of the images that were included in 

the educational resources revealed a lack of visual representation of key messages about gout 

such as serum urate targets, MSU crystals and gout treatment. Almost a quarter of all images 

were related to diet and healthy lifestyle, whereas urate-lowering therapy was depicted in a single 

image. About a third of all images did not convey information about gout.  

Our analysis of visual images in gout educational resources aligns with prior studies that 

assessed the text in similar resources (Jimenez-Liñan et al., 2017; Ministry of Health NZ, 2012; 

Robinson & Schumacher, 2013). Present analysis of images showed that while gout flares and 

advanced gout were represented reasonably well, essential information about treatment was 

lacking. In line with the literature that revealed extensive coverage of food and healthy lifestyle 

topics in gout educational texts (Jimenez-Liñan et al., 2017), diet and healthy lifestyle were 

reflected in a large proportion of images. Furthermore, even when viewed with captions, less than 

half of images depicting food or drink provided clear instructions whether this item should be 

consumed, limited, or avoided by people with gout. 

All rheumatology society gout management guidelines recommend using ULT to achieve 

and maintain a target serum urate level, which is necessary for the dissolution of MSU crystals 

and long-term control of the illness (Hui et al., 2017; Richette et al., 2017). In this study, we found 

that very few images in gout educational resources showed medicines, and that there was a 

single image of allopurinol, the most widely used urate-lowering drug. There was no visual 

information about the purpose of urate-lowering therapy, or any indication that this therapy can 

dissolve MSU crystals. Furthermore, there was no depiction of treatment timelines, despite a 

recent survey which showed only a quarter of people with gout on ULT were aware of how long 

this medication should be taken (Harrold et al., 2012). Recent research has suggested only 14% 

of people with gout know their target serum urate (Coburn et al., 2016). We identified only six 
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images that depicted target urate levels in the entire dataset of 310 images; there was just one 

image that explained how to test for serum urate.  

About a third of the images did not convey gout-specific information. These were 

predominantly depictions of social interactions, photographs of static people and generic images 

of doctors with patients. The images showing male patients were three times more common than 

those showing female patients.  Although gout prevalence is higher in men, the lack of 

information tailored for women and underrepresentation of female patients in images has been 

reported as an issue in several previous qualitative studies of women’s experience with gout 

(Liddle et al., 2015; Richardson et al., 2015). 

The findings of the present study indicate that educational resources for people with gout 

could be significantly improved by better visual depiction of key points about gout and its 

management including the underlying causes of gout, the role of MSU crystals, the effects of 

urate-lowering therapy, and serum urate targets. The images should depict both male and female 

patients to cater to different patient populations. Finally, non-gout specific images should be 

tailored to convey illness-related information. 

This study has several limitations. Only resources in English from seven English-

speaking countries were selected for this content analysis. Therefore, the findings may not be 

generalizable to materials in other languages or other geographical regions. Furthermore, we did 

not include news articles, general knowledge websites and social media resources. Information 

was obtained using only one search engine - Google. However, Google is the most widely used 

search platform (Purcell et al., 2012), and the selected resources are likely to be representative of 

information that most patients can find online. At the time of data collection, there were no 

universal guidelines on what information patient resources about gout should or should not 

include. The criteria used for this content analysis were based on rheumatology society treatment 

guidelines. Therefore, the findings of the present study should be interpreted alongside current 

gout management guidelines.  

Finally, this study only provides an insight into how images in educational resources can 

be improved and did not investigate whether better educational resources could lead to a better 

understanding of the disease and better health outcomes. Patient education is emphasized as a 

core aspect of gout management in recommendations of European League Against Rheumatism 
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(EULAR) (Richette et al., 2017). Patient reports suggest that people with gout want more 

information and better resources (Ministry of Health NZ, 2012; Richardson et al., 2015). 

Moreover, it has been shown that a patient education intervention can help patients achieve the 

target serum urate (F. Rees et al., 2013). The causal relationships between better educational 

resources, understanding and health outcomes need to be investigated further in future research. 

However, if the educational resources for patients do not effectively convey essential information 

about gout, it is hard to expect any changes in people’s understanding of the disease. 

Conclusion 

In conclusion, this study revealed that essential information about gout and its treatment is not 

supported by visual images used in current educational resources about gout. The content of 

visual images should be carefully considered when developing educational resources about gout, 

to reinforce key educational messages and promote understanding about the condition.   
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Chapter Five. The Effect of Different Styles of Medical Illustration on 

Information Comprehension, the Perception of Educational Material 

and Illness Beliefs 

The previous chapter reported the results of a content analysis of images in existing PEM about 

gout. The analysis has shown that a large proportion of the materials do not contain any images. 

The study also found that out of 310 images included in the review, the majority of images (60%) 

were photographs, followed by simple line drawings (13%), cartoons (8%) and anatomical 

drawings (7%). Furthermore, 3% were medical scans, 3% were graphs, and 7% were other 

images (usually they were collages that could be coded into two or more categories).  

 To date, it is unclear what style of illustration is the most effective medium for health 

communication. Moll (1986) found that cartoons and simple line drawings aided the 

comprehension of information about osteoporosis the most; on the other hand, the majority of the 

participants preferred viewing photographs. Dwyer (1967) compared the educational effects of 

several styles of visual illustrations of the heart. The study found that a simple drawing of the 

heart was the most effective for promoting the overall understanding of the information. In some 

tasks, a more detailed drawing of the heart yielded the same results as the simple picture. 

However, the most detailed image – a photorealistic drawing offered no educational benefits. 

Research by Moll and Dwyer mentioned above dates back to late 1970-1990, and it did 

not consider the use of medical images. With recent advances in medical imaging technology, 

medical images can be a new promising vehicle for patient education. However, little research 

evaluated the effects of medical images in comparison with other styles of illustrations. The study 

described in this chapter aimed to address this gap. 
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Abstract 

Objective. To explore how the addition of a medical illustration and its style affected information 

comprehension, perception of educational material and illness beliefs. Methods. Two hundred 

and four people recruited in a supermarket were randomised to read one of the four leaflets about 

gout and fill out a questionnaire. Three leaflets had a picture showing gout in the form of a 

cartoon, an anatomical drawing or a computed tomography scan (CT). The control leaflet did not 

contain images. Results. Seeing an illustrated leaflet helped correctly identify treatment for gout 

X2(1, N=204)= 5.51, p=0.019. Out of the three images, only the cartoon was better than text in 

conveying information about treatment X2(1, n=102)= 8.84, p=0.018. Participants perceived 

illustrated leaflets as more visually appealing t(70)= 3.09, p=0.003, and the anatomical image was 

seen as more helpful for understanding of the illness than the cartoon. Pictures did not 

significantly influence lay illness perceptions about gout. Conclusion. Pictures aid the 

understanding of health information and increase the visual appeal of materials. While simpler 

illustrations convey information more effectively, people prefer more detailed anatomical images; 

CT scans offer no benefits over simpler images. Practice implications. The results can help 

guide the use of images in gout education material. 
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Introduction 

A substantial body of research has demonstrated benefits of using visual materials in patient 

education. Compared to text-only interventions, the addition of visual aids can improve 

comprehension of medical information, recall and compliance with medical advice (Delp & Jones, 

1996; Graham et al., 2012). Patient education materials employ a variety of illustrations including 

anatomical drawings of the body, cartoons and other styles of pictures. However, few studies 

looked at what styles of illustrations are more helpful for conveying health information.  

It is thought that simpler images are easier to interpret as there are no distracting details. 

A research by Moll (1986) explored the effect of several illustration types on the communicational 

value of a health message. His analysis revealed that an educational booklet containing cartoons 

was the most effective for improving information comprehension, and simple line drawings were 

second in effectiveness. A review on the role of pictures in health communication found that the 

simplification of visual aids was essential for effective communication of health information (Houts 

et al., 2006).  

On the other hand, previous research has shown that viewing computed tomography 

(CT) scans can also improve people’s understanding of illness and treatment (Carlin et al., 2014; 

Devcich et al., 2014; Morris & Van Wijhe, 2010). A study in the general population found a better 

understanding and recall of medical information, as well as greater levels of satisfaction in the 

way diagnoses were communicated, in those who viewed CT images (Phelps et al., 2017).  

Medical scans are complex and highly detailed visualisations of structures of the body 

and may be difficult for a layperson to interpret. Therefore, it is unclear whether these scans have 

any educational benefits over simpler visual mediums such as cartoons or simple drawings. This 

study investigated firstly how the addition of a medical illustration to an educational text affected 

information comprehension and people’s perception of educational material. It was hypothesised 

an educational leaflet on gout with an embedded medical illustration of gout would improve 

people’s understanding of the information about the disease and will be more interesting than the 

same leaflet without images. Secondly, the study compared the impacts of three illustration styles 

including a cartoon, a simple anatomical drawing and a CT scan. A leaflet about gout containing a 

cartoon was expected to improve understanding of information about gout more so than other 

illustrations.  
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Materials and Methods 

Study Design 

The study employed a quasi-experimental design with four arms 1:1 allocation ratio and one 

measurement immediately after the intervention.  

Shoppers at a local supermarket were approached with an invitation to take part in 

research aiming to explore better ways of presenting information about gout. The participants 

were asked to read one of the four educational leaflets on gout and fill out a questionnaire. Three 

leaflets had an embedded image showing the foot of a person with gout depicted in the form of 

either a cartoon, an anatomical drawing or a 3D computed tomography scan (see Figure 9). The 

control leaflet included the same text without an image. All four intervention leaflets included a 

text explaining what gout was, causes of gout and treatment for it.  

The participants were blinded both to the study design and the group allocation. 

Randomisation was performed by stacking the study booklets according to a randomisation 

sequence. The sequence was generated by the researchers using an online research 

randomisation tool (Research Randomizer.org) based on 51 blocks of 4 unique numbers to 

ensure 1:1 allocation ratio.  

Participants 

A convenience sample of two hundred and four supermarket shoppers was recruited into the 

study. To take part they had to be over 18 years old and be able to fill out a questionnaire in 

English. A power calculation using G*Power software (Faul et al., 2007) showed that for a 

medium effect size (f=0.25), 4 groups (3 image conditions and one no image arm), α=0.05 and 3 

degrees of freedom, one-way ANOVA would require a sample of 201 subjects to reach 85% of 

power. 
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Figure 9. Educational Leaflets About Gout 

A 

 

B 

 

C 

 

D 

 

Note. A – the leaflet with a cartoon illustration; B – the leaflet with an anatomical 

illustration; C – the leaflet with a 3D dual-energy computed tomography scan; D – no 

image arm leaflet. 
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Procedure 

The study was approved by the University of Auckland Human Participants Ethics Committee 

(Reference number: 021867). A research stand was arranged in one of the popular supermarkets 

in Auckland, New Zealand. Shoppers were invited to participate in a study looking at how 

information about gout could be better presented to improve illness and treatment understanding 

in the general public and patients. While in the supermarket, the participants were asked to read 

an educational leaflet about gout and fill-out an anonymous questionnaire. All participants 

received an NZ$10 shopping voucher. 

Intervention 

Text 

The intervention leaflets included the same text (see Appendix 1.1). The information was derived 

from a widely used patient information booklet on gout available on the New Zealand Ministry of 

Health website (Ministry of Health NZ, 2015). The Flesch–Kincaid Grade Level was 5.9 which 

complies with the recommendation of the American Medical Association for patient education 

materials being written at or below the 6th grade (Weiss et al., 2003). 

Images 

The images embedded in the leaflet showed a foot of a person with gout affected by urate 

crystals depicted in the form of a cartoon, an anatomical image or a CT scan (see Figure 9). 

Urate crystals were colour coded in green in all three images. The cartoon was a basic shape of 

the foot with a green area representing urate crystals. The anatomical image showed the foot as 

well as foot bones and joints with a urate crystal deposit in the big toe. The CT scan was an 

anonymised dual-energy computed tomography ankle and foot bilateral scan. The scan was 

rendered in 3D using standard image processing radiology software. This software allows 

visualise the foot in detail and helps to identify urate crystals by highlighting them in a contrasting 

colour.  

Measures 

Demographic information about age, sex, ethnicity and occupation was collected during the 

study. To determine participants’ previous experience with gout, two items of the questionnaire 
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asked whether the participant or any of their family members or friends had ever been diagnosed 

with gout. 

Perception of the intervention leaflet was assessed using eight questions. The participants were 

asked to rate on an 11-point Likert scale (0-10) their worry about gout induced by the leaflet 

(Cameron & Diefenbach, 2001; Hollands & Marteau, 2013), the believability and ease of 

understanding of the information; how interesting, visually appealing and helpful the leaflet was 

for understanding of gout, and how likely they were to read it, if it was in a clinic. Additionally, 

participants in the image conditions rated how helpful the image was for the understanding of 

gout. 

Information comprehension was measured with four multiple choice questions designed 

to test understanding of the information about gout provided in the intervention leaflet. The 

participants were asked to choose only one answer. The questions asked about the causes of 

gout (What causes gout? a. Too much alcohol; b. Too much seafood; c. High blood urate; d. 

Diabetes), causes of gout attacks (What inside the joint causes attacks of gout? a. Virus; b. 

Crystals; c. Bacteria; d. Calcium), best treatment for gout (Which of these is the best treatment for 

gout? a. A balanced diet and moderate physical activity; b. Short course of urate-lowering 

medication; c. Long-term urate-lowering medication; d. Painkillers), one question asked whether 

gout was a form of arthritis. The total number of correct answers was analysed as well as 

answers to the individual questions. 

Illness perceptions were measured with the Brief Illness Perceptions Questionnaire 

(Broadbent, Petrie, et al., 2006). Participants were asked to imagine they were diagnosed with 

gout and answer questions about perceived consequences of gout, personal control over gout, 

treatment control (how much treatment could help gout), illness identity (“How much would you 

experience symptoms from gout?”), concerns about gout, emotional response to having gout and 

understanding of the illness. One item was added to assess the perceived illness severity (“How 

serious do you think gout is as an illness?”) (Hollands & Marteau, 2013; Witte, 1992). All items 

were rated on an 11-point Likert scale (0-10). 

Gout is often depicted as a self-inflicted condition caused by over-indulgence in food and 

alcohol (Duyck et al., 2016). Such public beliefs can induce feelings of embarrassment in people 

with the condition and discourage from seeking treatment (Doherty et al., 2012). To assess 
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perceived gout stigma a single-item measure asking to rate on an 11-point Likert scale (0-10) 

“How embarrassed would you feel if you were diagnosed with gout?” was added to the survey 

(Petrie et al., 2018). 

Statistical Analysis 

The data was analysed in IBM SPSS Statistics (v 25.0). Statistical significance was determined at 

p≤0.05. T-test for independent samples was used to determine differences between the no image 

and the medical illustration arms in perception of educational leaflet and illness perceptions. The 

effects of the illustration style on illness perceptions and perception of the leaflet were explored 

with one-way analysis of variance (ANOVA). Multiple comparisons were performed with Sidak’s 

adjustment. Games-Howell test was employed when the assumption of equality of variances was 

violated. The chi-square test of independence was used for the analysis of the information 

comprehension section.  

Results 

Demographic Characteristics 

There were no statistically significant differences between the four groups in demographic 

characteristics, the number of people with gout and the number of people whose family or friends 

were diagnosed with gout (see Table 3). The majority of the sample identified as New Zealand 

European (46%), 19% as Indian and 10% as Māori.  61% of the participants were females. The 

age of the sample ranged from 18 to 87 years with an average of 46.9 years (SD=17.5).  
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Table 3. Demographic Characteristics of the Sample 

 

No image 
(n=51) 

Cartoon 
(n=51) 

Anatomical 
image (n=51) 

CT scan 
(n=51) 

Total 
sample 
(n=204) 

Age in years M(SD) 50.2 (18.7) 43.9 (15.3) 48.8 (17.7.) 44.7 (17.9) 46.9 (17.5) 

Gender      

Female 31 (61%) 28 (55%) 31 (61%) 34 (67%) 124 (61%) 

Ethnicity      

Māori 3 (6%) 7 (14%) 6 (12%) 5 (10%) 21 (10%) 

NZ European 25 (49%) 27 (53%) 23 (45%) 20 (39%) 95 (46%) 

Other European 3 (6%) 0 (0%) 4 (8%) 5 (10%) 12 (6%) 

Pacific peoples 3 (6%) 3 (6%) 0 (0%) 3 (6%) 9 (4%) 

Chinese 0 (0%) 4 (7%) 4 (8%) 7 (14%) 15 (7%) 

Indian 13 (25%) 7 (14%) 11(21%) 7 (14%) 38 (19%) 

Other 4 (8%) 3 (6%) 3 (6%) 4 (7%) 14 (7%) 

Education      

Primary 0 (0%) 0 (0%) 1 (2%) 2 (4%) 3 (1%) 

Secondary 16 (31%) 16 (32%) 7 (14%) 13 (26%) 52 (26%) 

Tertiary 35 (69%) 34 (67%) 42 (82%) 36 (71%) 147 (72%) 

Have been 

diagnosed with 

gout 

4 (8%) 8 (16%) 2 (4%) 9 (18%) 23 (11%) 

Friends or family 

have been 

diagnosed with 

gout 

18 (35%) 24 (47%) 20 (39%) 27 (53%) 89 (44%) 
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Perception of the Intervention Leaflet 

The leaflet containing a medical illustration was rated as significantly more visually appealing than 

the no image leaflet t(70)= 3.09, p=0.003. There were no significant differences between the 

leaflets in believability t(202)= 0.26, p= 0.80 and ease of understanding of information t(202)= 

0.26, p= 0.80. Addition of a picture did not make the leaflet more interesting t(202)= -0.63, p= 

0.53, more worry provoking t(202)= -0.29,  p= 0.77 or more helpful for the understanding of gout 

t(202)= -0.94, p= 0.35. Illustrated and text-only leaflets were similarly likely to be read if they were 

in a clinic t(202)= 0.49, p= 0.63. 

The image style had a significant effect on how visually appealing and helpful the leaflet 

was for participants’ understanding of gout (see Table 4). A post hoc test showed that leaflets 

with the cartoon and anatomical drawing were more visually appealing than the text without 

images (p= 0.038 and p= 0.011 respectively). However, the CT scan did not add any visual 

appeal to the text. Moreover, the leaflet with the CT scan was found less helpful for the 

understanding of gout than the one with the anatomical picture (p= 0.049).  

The style of a medical illustration also had a significant impact on the ratings of how 

helpful the image was for the understanding of gout (see Table 4). The anatomical drawing was 

reported to be significantly more helpful than the cartoon (p= 0.009). There were no significant 

effects of the image style on other domains of intervention leaflet perception.  
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Table 4. Effect of the Image Style on Intervention Leaflet Feedback (One-Way ANOVA With Post Hoc) 

 No image 
(n=51) 

Cartoon 
(n=51) 

Anatomical 
Image (n=51) 

CT scan 
(n=51) Statistic Multiple comparisons, p 

 Mean (SD) Mean (SD) Mean (SD) Mean (SD) F Sig. Group Cartoon Anatomical CT 

How visually appealing was the 
leaflet? (10 - extremely appealing) 

6.25 (2.91) 7.65 (2.20) 7.88 (2.24) 7.35 (2.13) F(3, 200)=4.62 0.004     

          No image 0.038 0.011 0.14 
          Cartoon   0.95 0.90 
          Anatomical    0.62 

How helpful was the information 
leaflet you saw for your 
understanding of gout? (10 - 
extremely helpful) 

8.61 (1.48) 8.39 (1.58) 8.76 (1.29) 7.96 (1.71) F(3, 200)=2.68 0.048     
          No image 0.98 1.00 0.18 
          Cartoon    0.77 0.63 
          Anatomical    0.049 

How helpful was the image for your 
understanding of gout?  
(10 - extremely helpful) 

n/a n/a 8.00 (2.23) 9.08 (1.23) 8.51 (1.68) F(2,150)=4.79 0.010     
          Cartoon   0.009 0.40 
          Anatomical   0.13 

If this information leaflet was in a 
clinic, how likely were you to read 
it? (10 - extremely likely) 

6.59 (2.57) 6.75 (2.69) 7.20 (2.12) 6.43 (2.89) F(3, 200)=0.83 0.48     

How interesting was the leaflet?  
(10 - extremely interesting) 

8.00 (1.88) 7.86 (1.77) 8.06 (1.57) 7.57 (1.49) F(3, 200)=0.86 0.46     

How believable is the information in 
the leaflet? (10 - extremely 
believable) 

8.82 (1.51) 8.92 (1.29) 9.08 (1.47) 8.65 (1.41) F(3, 200)=0.82 0.48     

How easy was it to understand the 
information in the leaflet? (10 - 
extremely easy to understand) 

8.98 (1.76) 9.08 (1.23) 9.14 (1.27) 8.90 (1.30) F(3, 200)=0.28 0.84     

The leaflet made me worry about 
gout (10 - absolutely true) 

4.69 (3.33) 4.57 (2.95) 4.10 (3.36) 4.92 (3.57) F(3, 200)=0.56 0.64     
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Information Comprehension 

There were no significant differences between the medical illustration and the no image group in 

the total number of correct answers to comprehension questions Mean difference= 0.24 95% CI [-

0.02; 0.49], t(202)= -1.81, p= 0.07. However, participants who saw an illustrated leaflet were 

significantly more likely to identify urate crystals as the cause of gout attacks and more likely to 

choose the correct treatment for gout (see Table 5). 

Table 5. The Proportion of Correct Answers to the Comprehension Questions in Medical 

Illustration and No Image Arms (Chi-Square Test of Independence) 

Question Medical 
illustration No image X2 (1, N=204) Sig. 

What is the cause of gout? 89% 92% 0.44 0.51 

What inside the joint does 

cause gout attacks? 
98% 92% 3.99 0.046 

What is the best treatment for 

gout? 
52% 33% 5.51 0.019 

Is gout a form of arthritis 92% 90% 0.19 0.66 

 

There were no differences between the cartoon, anatomical drawing, CT scan and no 

image conditions in the total number of correct answers F(3,200)= 2.07, p= 0.11. However, the 

image style had a significant effect on the proportion of correct answers to the question about 

gout treatment (see Table 6). Multiple comparisons using Chi-square test with Sidak’s adjustment 

indicated that compared to the no image leaflet seeing the cartoon helped participants identify the 

correct treatment X2(1, n=102)= 8.84, p=0.018. On the other hand, the anatomical drawing or the 

CT scan did not convey information about gout treatment any better than the text-only material. 

The differences between the three medical illustration groups were not significant. 

Illness Perceptions 

There were no significant differences between the medical illustration arm and the no image 

condition in illness perceptions, perceived gout severity or perceived gout stigma (See Appendix 
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1.2). The image style also did not have any significant effects on these variables (See Appendix 

1.3). 

Table 6. The Effect of the Style of the Medical Illustration on the Proportion of Correct Answers to 

the Comprehension Questions (Chi-Square Test of Independence) 

  Cartoon Anatomical 
image 

CT 
scan 

No 
image X2 (3, N=204) Sig. 

What is the cause of gout? 92% 90% 84% 92% 2.28 0.52 

What inside the joint does 

cause gout attacks? 
96% 100% 98% 92% 5.18 0.159 

What is the best treatment for 

gout? 
63% 45% 49% 33% 9.02 0.029 

Is gout a form of arthritis 96% 88% 92% 90% 2.25 0.52 

Discussion 

Although research evidence suggests that the addition of images to patient educational materials 

can aid understanding of health information, a large proportion of such materials do not contain 

illustrations. Moreover, what type of illustrations offer the most benefits is still unclear, as it is 

unclear whether medical scans should be used in patient education. This study contributes to the 

literature on the role of visual aids and is one of the first modern studies directly comparing 

various visualisation mediums commonly used in patient education, including medical scans, 

anatomical images and cartoons. 

In line with existing literature (Houts et al., 2006; Mansoor & Dowse, 2003), the results of 

this study suggest the addition of a medical illustration to the text can improve understanding of 

health information. On the other hand, pictures had no effects on illness perceptions, illness 

stigma or perceived illness severity. Out of the three image styles, only the cartoon was better 

than text without images in conveying information about gout treatment. Those who saw the 

cartoon were almost two times more likely to correctly respond to the question about treatment for 

gout, whereas viewing the anatomical drawing or the CT scan did not improve understanding of 

gout treatment. This finding corresponds with general recommendations for using simpler visuals 

in patient education (Houts et al., 2006). However, it contradicts with the literature that 

demonstrated the benefits of using medical scans (Hollands et al., 2010; Phelps et al., 2017). 
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This discrepancy could be due to differences in research contexts. Commonly medical scans are 

incorporated into longer face-to-face educational sessions, where scans are explained in detail. In 

this study, the scan was embedded in an educational leaflet. There was no additional explanation 

of the scan, and participants read the leaflet without assistance. Therefore, they might have 

difficulties interpreting such a complex image without the extra information on what CT scans 

show.  

The addition of a medical illustration to the text increased the visual appeal of the 

material. Moreover, different styles of illustrations had different effects on people’s perception of 

educational leaflets. Both the anatomical image and the cartoon made the leaflet more visually 

appealing than the text without images. However, the CT scan did not add visual appeal to the 

text. The leaflet containing the anatomical image was found more helpful for the understanding of 

gout than the information with the CT scan. Furthermore, the anatomical drawing itself was rated 

as more helpful than the cartoon. This preference, however, did not translate into better 

understanding of information about gout treatment. Further research should explore whether the 

perception of the educational material can affect people’s understanding of the health message, 

engagement, satisfaction with the material or other important aspects of patient education. 

This study has several limitations. Firstly, it did not investigate if positive changes in 

illness understanding induced by medical illustrations are sustainable over time and if they 

translate into health behaviour. Secondly, the sample was recruited from the general population, 

and hence the findings may be not generalizable for patient populations. Finally, it is possible that 

the choice of the images per se determined the outcomes, and different pictures might have 

evoked different results. We selected a cartoon, an anatomical drawing and a medical scan to be 

representative of the illustration styles typically used in patient education materials. However, this 

list is not exhaustive. More research should look into illustration styles as well as the content of 

pictures to understand how the benefits of using images can be maximised for patient education 

purposes. 

Conclusion 

Addition of a medical illustration to printed educational material can aid understanding of health 

information and make it more visually appealing. The style of a medical illustration has an impact 
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on people’s perception of the material and can affect information comprehension. Further 

research is required to identify what images offer consistent benefits for patient education.  

Practice Implications 

Gout is a chronic form of inflammatory arthritis found in 1-4% of the population in Western Europe 

and North America (Kuo et al., 2015). Gout is caused by the deposition of monosodium urate 

crystals in the joints and soft tissues. Clinically, gout manifests as recurrent attacks of severe joint 

pain usually self-resolving within 1-2 weeks. An attack of arthritis is followed by a relatively 

asymptomatic period during which urate crystals can continue to form. Untreated gout can lead to 

joint damage and disability. 

Guidelines of all major professional rheumatology associations recommend the long-term 

use of urate-lowering therapy to achieve the dissolution of urate crystals and long-term illness 

control (FitzGerald et al., 2020; Hui et al., 2017; Zhang et al., 2006). However, adherence to 

urate-lowering medication has been reported to be suboptimal (10-46% according to a 2014 

systematic review) (De Vera et al., 2014). 

Despite the substantial evidence of the efficacy of urate-lowering medication for gout 

management, dietary and lifestyle modifications are often seen as the best treatment both by 

patients and the general public (Petrie et al., 2018). While dietary and lifestyle modifications can 

be beneficial for people with gout, there is no conclusive evidence that these changes can help 

prevent future gout attacks (Dalbeth et al., 2016). 

In this study, gout was used as an example of a condition where people’s knowledge and 

beliefs about illness management may contradict with medical advice that patients with this form 

of arthritis may receive. The importance of appropriate patient education explaining gout and 

treatment for gout has been highlighted in numerous publications in gout education domain 

(Johnston et al., 2015; Ministry of Health NZ, 2012; Robinson & Schumacher, 2013). 

The results of the present study suggest that the addition of a simple medical illustration 

to printed educational material can aid understanding of information about treatment for gout.  
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Chapter Six. How Do Medical Images Influence Attention, 

Understanding and Perception of Health Information? A Randomized 

Controlled Trial 

The study reported in the previous chapter found that the addition of a medical image to a patient 

education leaflet had no educational benefits. However, it is possible, that this research relied on 

a suboptimal method of presentation as the image was embedded into a brief single-page leaflet 

which provided the minimum explanation of the image. Medical images are complex visual 

representations generally designed to be used by health professionals, not laypeople. Therefore, 

laypeople may find such images difficult to understand without an additional explanation.  

The next study investigated if medical images incorporated into longer material with a 

brief explanation of images could be beneficial for the understanding and perception of health 

information. The information was presented on a computer screen to simulate an online 

educational resource about gout. Medical images were compared to images used in existing 

patient education materials about gout. Gaze behaviour was analysed to understand how people 

engaged with the images. 

Citation 

Krasnoryadtseva, A., Derksen, C., Dalbeth, N., & Petrie, K. J. (2020). How do medical images 

influence attention, understanding and perception of health information? A randomized controlled 

trial [Manuscript submitted for publication]. Department of Psychological Medicine, University of 

Auckland. 
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Abstract 

Medical images inform routine clinical care but are rarely used for patient education. While 

empirical evidence suggests medical images can help communicate health information, little 

research investigated their educational value. Objective. This study aimed to evaluate: (1) how 

medical images affect viewers’ attention and understanding of health information; (2) how medical 

images affect the perception of the material and emotional response to images; (3) if a preference 

for visual information mediates the understanding of the information presented in an illustrated or 

unillustrated format. Methods. One hundred and fifty-eight participants were randomised to see 

either information about gout without pictures, or with medical images, or with images taken from 

existing patient education material (PEM). Results. The results indicate that while medical 

images required more visual processing than the images from PEM, they did not hinder 

understanding. Both types of images helped recall the symptoms of a gout flare but did not 

improve overall illness understanding. Images made the material more visually appealing, but not 

more helpful or easy to understand. Of the two image types, medical images evoked more 

interest and feelings of control. Conclusion. Preference for visual information had no effects on 

attention or understanding. There is potential to use medical images to improve patient education. 
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Introduction 

Medical images are a broad class of visual material that include pictures or illustrations of the 

body affected by an illness. Medical images can be taken from medical imaging or scanning 

technologies, photographs, microscopy images or other types of visual material. The field of 

medical imaging is growing rapidly. In the United States, about 377 million diagnostic and 

interventional radiologic examinations alone are performed every year producing large amounts 

of visual data (Mettler et al., 2009). Medical images are widely used for clinical investigations, 

medical interventions, medical education and other purposes.  

While these images help inform routine clinical care, they are often seen as too complex 

and difficult for laypeople to understand, and, therefore, are rarely used in patient education. 

Research on health education also advocates the use of simple illustrations instead of complex 

images (Houts et al., 2006; Moll, 1986; Rohret & Ferguson, 1990). However, empirical evidence 

suggests incorporating medical images in educational interventions can improve understanding of 

health information (Carlin et al., 2014; Phelps et al., 2017), induce health behavior change 

(Hollands et al., 2010; G. Rees et al., 2013; Schwartz et al., 2011) and alter treatment 

perceptions (Devcich et al., 2014; Hollands & Marteau, 2013). Research that directly compares 

the impact of medical images to other types of images on patient understanding and behavior is 

limited. Therefore, it is still unclear how the addition of medical images, in comparison to other 

types of images, affects the communication of health information.  

The Effect of Visual Images on Attention and Understanding 

The cognitive theory of multimedia learning describes how people learn from different media such 

as text and pictures (Mayer, 2014). According to the theory, pictorial/visual information and 

verbal/auditory information is processed in separate channels. As the capacity of both channels is 

limited, information provided in a form of an illustration can reduce cognitive load in the verbal 

channel. Mental representations from pictures – pictorial models are then integrated with 

representations of text - verbal models to create a more coherent representation of the 

information. Pictures can also negatively affect learning, for example, if they are too complex or 

irrelevant, they can increase cognitive load and hinder the processing of verbal information.  
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Although there is no direct way of measuring cognitive load, eye tracking can provide 

some insight into how images are visually processed and how different types of images influence 

the allocation of visual attention. Standard eye tracking metrics such as the number of fixations, 

fixation duration and the number of transitions between text and pictures are widely used in 

research on multimedia learning to study text-picture integration and evaluate the design of 

materials (Hyönä, 2010; Schüler, 2017; van Gog & Scheiter, 2010). For example, it has been 

shown that a longer fixation duration on text and images and a high number of transitions 

between text and pictures can be associated with better learning outcomes. (Johnson & Mayer, 

2012; Mason et al., 2013). On the other hand, longer fixation durations can also be observed 

when there are inconsistencies in the information or images (Schüler, 2017). Therefore, to 

understand how perceptual data acquired with an eye tracker corresponds with cognitive 

processes while people are engaging with health education materials, gaze data should be 

interpreted alongside comprehension scores. 

The first aim of this study was to explore how the addition of medical images to a text 

about an illness affects viewers’ attention and understanding of health information in comparison 

with images taken from existing patient education materials about the disease and text without 

images (see Figure 10). The following hypotheses were proposed. 

H1: Compared to images taken from existing patient education materials (PEM), medical 

images would require more visual processing but would not reduce the understanding of health 

information.  

Perception of Educational Material and Emotional Response to Images 

The addition of illustrations can increase the attractiveness of printed material (Bol et al., 2014; 

Krasnoryadtseva, Dalbeth, et al., 2020), make the information more believable and trustworthy 

(Hollands & Marteau, 2013; Phelps et al., 2017) as well as add perceived value to the material 

(Devcich et al., 2014). Several studies have demonstrated that emotional response to illustrations 

can affect recall and satisfaction with information (Bol et al., 2014; Bradley et al., 1992; Charles et 

al., 2003; Park et al., 2014). Furthermore, the emotional content of images can influence the 

viewer’s attention, for example, both pleasant and unpleasant can elicit higher fixation duration 

and a higher number of fixations (Nummenmaa et al., 2006). To date, there are very few studies 

that have examined participants’ emotional response to medical images. Therefore, the second 
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aim of the study was to investigate how medical images affect the perception of the educational 

material and whether they would influence emotional response. We hypothesized the following. 

H2: Material with medical images would be perceived as more helpful and visually 

appealing than the text-only information. 

H3: Medical images would induce a lower emotional response but higher interest than 

images from PEM. 

The Influence of Preference for Visual Material on Understanding 

Preference for receiving information in a particular format such as visual (pictorial) or verbal (text-

only) is an individual difference that can be an important factor affecting the way health 

information is processed (Bol et al., 2016; Jones, Kleinstäuber, Martin, et al., 2019; Plass et al., 

1998). As shown by Jones, Kleinstäuber, Martin, et al. (2019), preference for visual health 

information is associated with visual processing style and individual preference for illustrated 

materials. However, it does not seem to be related to health literacy or self-rated health. 

Therefore, regardless of the level of health literacy, those with a high preference for pictorial 

representation might have more difficulties processing text-only information than those with low 

preference. The final aim of this study was to evaluate the role of preference for visual health 

information as a potential mediator between the illustrated/unillustrated format of health education 

material and understanding of the information. We proposed the following hypothesis. 

H4: Viewing the educational material in the preferred illustrated or non-illustrated format 

would attract more attention to the material and aid understanding of the information. 

Materials and Methods 

Study Design 

The study was a single-blind parallel-group design with three arms, 1:1 allocation ratio and one 

post-intervention measurement. Participants were randomised to read one of three educational 

articles about gout while the movements of their eyes were recorded. After the reading, the 

participants filled out a questionnaire. The text-only group read an article without any images. 

Two other groups saw the same text illustrated with either medical images or images from gout 

PEM. 
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The participants were informed that there were three versions of the article but were unaware of 

their group allocation or how the materials differed. The randomization was performed using the 

sealed envelope method (sealedenvelope.com) based on three groups, 1:1 allocation ratio with 

randomly varying blocks of six and nine. A research assistant blinded to the goals of the study 

generated the randomization sequence, prepared and sealed the envelopes.  

Participants 

One hundred and fifty-eight participants were recruited through university mailing lists, social 

media, university webpages and advertisements on university grounds. To be eligible, 

participants had to be between 18 and 60 years old and not have a diagnosis of gout. They also 

needed to be fluent in English and be able to read a standard font (14pt) from a computer screen 

located approximately 50 cm away without the need for glasses (contact lenses were allowed). 

Due to the technical limitations of the eye-tracking equipment, those needing glasses for reading 

were not eligible for taking part in the study. A power calculation using G*Power software showed 

that 159 participants would be required using ANOVA to detect a medium effect size (f=0.25) 

between 3 groups, choosing α=0.05 and power of 80%. 

Eye-tracking data from 16 people had to be excluded from the analyses due to poor 

calibration (n=14) and issues with the eye tracking software (one time not recording and one time 

not saving the data). Out of those 16, six were in the medical image group, six in images from 

PEM group and four in the text-only conditions. The questionnaire data from the excluded cases 

was used in analyses not involving gaze data. There were no significant differences between 

excluded and included cases in any of the questionnaire data.  

Procedure 

The study was approved by the University of Auckland Human Participants Ethics Committee 

(Reference number: 023517). The participants were invited to attend a single 40-minute lab 

session. At the lab, the they were seated in front of the a 24-inch computer screen located 58 cm 

away from their eyes. A chinrest was used to stabilize the head. The monitor had a resolution of 

1920 x 1080 pixels with a refresh rate of 75 Hz. The eye movements were recorded with The 

EyeTribe eye tracker (www.theeyetribe.com) with a gaze sample rate of 60 Hz and the accuracy 
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of 0.5°-1° visual angle. A 16-point calibration was used for the experiment. The eye-tracker was 

mounted on a tripod below the monitor.  

Following the explanation of the purpose of the eye-tracker and the calibration procedure, 

the participants were assigned to one of the study conditions. They were asked to read a three-

page article about gout presented on the screen while the movements of their eyes were 

recorded. The reading was self-paced: the participants were instructed to use a click on the 

mouse to go to the next page, and that they could not return to the previous page. After reading 

the article, the eye-tracking was stopped, and the participants filled out a questionnaire. At the 

end of the experiment, they received a NZ$20 gift voucher to thank them for their time. 

Educational Material Used for the Intervention 

The material was designed as a three-page slide-show in Open Gaze and Mouse Analyzer 

(OGAMA) software (Voßkühler et al., 2008). Captions used in the image conditions were 

embedded as text boxes in the text-only arm (see Figure 10). The size and the position of the 

corresponding images in the two image groups were the same. 

The article included information about gout adapted from the Ministry of Health booklet on 

gout (Ministry of Health NZ, 2015). It covered gout symptoms, causes and treatment. Gout was 

selected as an example of a chronic condition which requires extensive patient education to 

minimize the risk of non-adherence to the prolonged treatment regime. The text was the same in 

all study groups and had the Flesch-Kincaid grade level of 8.2. 

The medical image group saw the text with three medical images: a photograph of the 

feet affected by gout with a microscopy image showing monosodium urate (MSU) crystals 

(courtesy of Dr Ashika Chhana); an anonymized dual-energy computed tomography (DECT) scan 

of the feet of the person with gout; the same DECT scan showing gout next to a simulated DECT 

scan of healthy feet. The purpose of all images was to support and elaborate on key points about 

gout, its causes and treatment discussed in the article.  

The PEM image group had the same text with three images: a person in pain holding 

their aching foot, a patient smiling at the doctor, a photograph of the feet affected by gout next to 

a photograph of healthy feet of a person sunbathing on a beach. The images were selected by 

the researchers to represent two most common types of illustrations in gout education materials 

identified in previous research (Krasnoryadtseva, Derksen, et al., 2020).  
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Figure 10. Articles About Gout Used in the Study 
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B1 

 

B2 
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C1 

 

C2 

 

C3 

 
Note. A1-3 – medical images arm; B1-3 – images from PEM arm; C1-3 – Text-only group. 

 



	 64 

Measures 

Attention to Educational Material  

This was measured using standard metrics of gaze behavior: the total fixation duration, the 

number of fixations, the average fixation duration and the number of gaze transitions between 

areas of interest. Fixations were identified using a dispersion-based algorithm with minimum of 

three sampled eye position occurring with a fixation diameter of 40 pixels (or visual angle of 1.1°) 

and the minimum fixation duration of 50 ms. Two areas of interest were created on the text and 

the image with the associated caption on each page of the material. The gaze behavior metrics 

were calculated as an average for each area of interest per page. For example, the sum of 

number of fixations on the first, second and third images was divided by three to get the average 

number of fixations on the image per page.  

Illness Understanding  

This was calculated as a sum of scores on a gout knowledge test and open-ended 

questions. The gout knowledge test comprised nine multiple choice questions adapted from the 

gout knowledge questionnaire (L. Y. Zhang et al., 2011). Five open-ended questions asked 

participants to finish the sentences based on the information they had read (i.e., The symptoms of 

a gout attack are…; Gout is caused by…). The answers were scored by two independent raters 

blinded to the group allocation of the participants. Cohen’s kappa (SE) for inter-rater agreement 

was 0.93 (0.02).  

Illness Coherence  

An item from the Brief Illness Perception Questionnaire (Broadbent, Petrie, et al., 2006) 

was used to assess whether images helped form a more coherent mental representation of the 

illness. This item “How well do you understand gout” was rated on an 11-point Likert scale from 0 

– “do not understand at all” to 10 – “understand very clearly”.  

Emotional Response to Visual Material 

In the two image groups, we obtained semantic differential scores for each image. The 

participants were presented with 18 pairs of polar adjectives and asked to rate each image based 

on the way it made them feel on a 7-point scale. The adjectives were taken from the Pleasure 

Arousal Dominance model (Mehrabian & Russell, 1974). Each dimension of the model was 

described with six adjective pairs, for example, happy-unhappy, pleased-annoyed, satisfied-
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unsatisfied, contented-melancholic, hopeful-despairing, relaxed-bored in the pleasure dimension. 

The arousal dimension comprised the following pairs: stimulated-relaxed, excited-calm, frenzied-

sluggish, jittery-dull, wide awake-sleepy, aroused-unaroused. Controlling-controlled, influential-

influenced, in control-cared for, important-awed, dominant-submissive, autonomous-guided 

described the dominance dimension. A similar approach was previously used for the 

development of The International Affective Picture System (IAPS). The IAPS is a data-base of 

standardized images validated as eliciting certain emotional responses and is widely used in 

research of emotion and attention (Bradley & Lang, 2007; Lang et al., 2008). The average scores 

were calculated for each the three dimension of the pleasure, arousal and dominance. Three 

items were added and analyzed separately: interested-bored, attracted-disgusted and reassured-

distressed. 

Perception of Educational Material  

The participants rated the ease of understanding of the information; how interesting, 

visually appealing and helpful was the educational material they saw for their understanding of 

gout and how helpful the images were for the understanding of gout (image conditions only) on 

an 11-point Likert scale (0-10),  

Preference for Visual Information  

This was assessed with the Health Visual Information Preference Scale (H-VIPS) (Jones, 

Kleinstäuber, Martin, et al., 2019). This is a scale designed to assess the preference for additional 

visual information when receiving health information. The survey included nine statements rated 

on a 5-point Likert scale ranging from ‘strongly agree’ to ‘strongly disagree’, for example, “Being 

shown a scan or an image of the inside of my body would help my understanding of a medical 

condition”, “I often find that medical information that uses words, but no pictures, is harder to 

follow”. The sum of all items was analyzed; the scores could range from 9 to 45 with higher 

scores indicating the higher preference for additional visual information. 

Statistical Analysis  

The statistical analysis was performed in IBM SPSS (v.26.001). Eye tracking data was processed 

in Open Gaze and Mouse Analyzer (OGAMA) and exported into SPSS. Statistical significance 

was determined at p ≤ 0.05. Independent samples t-test and one-way analysis of variance 

(ANOVA) were used to investigate the differences between the experimental groups in attention, 
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illness understanding, illness coherence, emotional response and perception of the material. Post 

hoc tests were performed with Sidak’s adjustments. The Chi-square test was employed to 

analyze answers to individual multiple choice questions. Pearson’s correlations were used to 

explore associations between preference for visual information and attention to text and images. 

Two-way ANOVA was used to explore the effects of preference for visual information and 

experimental groups on illness understanding.  

Results 

The mean age (SD) of the study sample was 29.3 (8.9). The majority of the participants identified 

as female 73%. Sixty-eight percent were university students and 46% had a post-graduate 

degree (see Table 7).  

Table 7. Demographic Characteristics of the Sample 

 Medical 
images  
(N=52) 

Images from 
PEM  
(N=53) 

Text-only 
group 
(N=53) 

Total 
sample 
(N=158) 

Age in years M(SD) 30.8 (1.0) 26.9 (6.8) 30.4 (9.3) 29.3 (8.9) 

Gender      

Female 36 (69%) 40 (76%) 40 (76%) 116 (73%) 

Ethnicity     

Māori 3 (6%) 2 (4%) 1 (2%) 6 (4%) 

NZ European 12 (23%) 14 (26%) 12 (23%) 38 (24%) 

Other European 9 (17%) 7 (13%) 8 (15%) 24 (15%) 

Pacific peoples 1 (2%) 0 (0%) 1 (2%) 2 (1%) 

Chinese 2 (4%) 8 (15%) 8 (15%) 18 (11.5) 

Indian 7 (14%) 7 (13%) 6 (11%) 20 (13%) 

Other 18 (35%) 15 (28%) 17 (32%) 50 (32%) 

Education     

Secondary 15 (29%) 19 (36%) 11 (21%) 45 (29%) 

Tertiary 13 (25%) 14 (26%) 13 (25%) 40 (25%) 

Post-graduate 24 (46%) 20 (38%) 29 (55%) 73 (46%) 

Currently studying 33 (64%) 39 (74%) 35 (66%) 107 (68%) 
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The Effect of Visual Images on Attention and Understanding 

Attention to Educational Material 

We firstly examined attention to medical images and images from PEM. The number of fixations 

on each image was significantly higher in the medical image group t(91)=2.4, p=0.020, while the 

total fixation time and the average fixation duration did not significantly differ between the two 

image groups (see Table 8). This may indicate that compared to images from PEM, medical 

images required more visual processing but not more cognitive effort (see Krejtz et al., 2017). 

The number of transitions between the text and images and visa-versa did not differ across image 

groups. This shows that the type of images did not affect the way participants switched their 

attention between the text and images. 

We also explored how the addition of any images affected attention to the text. 

There were no significant differences between the groups in the average amount of time 

participants spent on each page of the educational material (See Table 8). A comparison of the 

text-only and the illustrated materials condition (two image groups combined) showed no 

significant differences in the total fixation time on the text per page t(140)=0.7, p=0.5, the number 

of fixations t(140)=0.4, p=0.7 and the average fixation duration on the text per page t(140)=0.3, 

p=0.8. This shows that the inclusion of illustrations did not influence attention to the text.  
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Table 8. Gaze Behavior Metrics 

 Medical 
images  
(N=46) 

Images from 
PEM  
(N=47) 

Text-only 
group 
(N=49) 

Statistic 

Attention to the text     

Average time on the 
page in seconds (SD) 

53.2 (19.2) 52.3 (18.4) 48.4 (13.6) F(2,139)=1.1, p=0.4 

Total fixation time on 
the text per page in 
seconds (SD) 

38.3 (16.1) 39.3 (15.3) 37.0 (12.4) F(2,139)=0.3, p=0.7 

Number of fixations on 
the text per page (SD) 

135.7 (33.3) 137.8 (35.1) 134.6 (30.1) F(2,139)=0.1, p=0.9 

Average fixation 
duration on the text per 
page in milliseconds 
(SD) 

275.4 (70.0) 280.0 (62.3) 274.0 (66.9) F(2,139)=0.1, p=0.9 

Attention to the images     

Total fixation time on 
the image per page in 
seconds (SD) 

4.9 (2.9) 4.0 (2.3) n/a t(91)=1.8, p=0.08 

Number of fixations on 
the image per page 
(SD) 

20.5 (9.0) 16.5 (7.1) n/a t(91)=2.4, p=0.020 

Average fixation 
duration on the image 
per page in milliseconds 
(SD) 

230.4 (48.6) 230.4 (42.4) n/a t(91)=-0.02, p=1.0 

Text-image integration     

The number of 
transitions from the text 
to the image per page 
(SD) 

1.6 (1.4) 1.5 (0.6) n/a t(91)=0.6, p=0.6. 

The number of 
transitions from the 
image to the text per 
page (SD) 

1.5 (1.4) 1.4 (0.7) n/a t(91)=0.6, p=0.6. 
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Understanding of Health Information 

When examining how the addition of medical images affected the understanding information, we 

found no significant differences between the study groups in the illness understanding scores or 

illness coherence (see Table 9).  

Table 9. Illness Understanding Scores in Three Study Groups 

 Medical 
images  
(N=52) 

Images 
from PEM 
(N=53) 

Text-only 
group 
(N=53) 

Statistic 

Illness understanding score (SD) 11.0 (2.7) 11.5 (2.5) 10.5 (3.1) F(2,155)=1.9, p=0.16 

Multiple-choice questions: total 
number of correct answers (SD) 7.1 (1.3) 7.3 (1.4) 6.9 (1.7) F(2,155)=1.1, p=0.34 

Open-ended questions: total score 
(SD) 

3.9 (1.7) 4.2 (1.7) 3.5 (1.8) F(2,155)=1.8, p=0.17 

Illness coherence, 10 – understand 
gout very clearly (SD) 

7.5 (1.9) 7.2 (1.9) 7.3 (1.8) F(2,155)=0.2, p=0.82 

An analysis of individual questions revealed significant differences between the groups in 

the scores on both the multiple choice and the open-ended items asking about the symptoms of a 

gout attack: X2(2, n = 158)=9.1, p=0.011 and F(2,155)=3.68, p=0.028 respectively. A post hoc 

test showed that the text-only condition scored significantly lower than the medical image group 

on the multiple-choice item p= 0.007 and lower than the images from PEM image group on the 

open-ended item p=0.028. There were no differences between the groups in the rest of individual 

multiple-choice and open-ended question scores (see Appendix 2.1). 

Perception of Educational Material and Emotional Response to Images 

Medical images did not make the information more interesting, helpful and easy to understand 

than the text-only or the material illustrated with images from PEM (see Table 10). However, 

there was a main effect of the group on the visual appeal of the material F(2,155)=10.2, p<0.001: 

both medical images and images from PEM were more visually appealing than the text p<0.001 

and p=0.005 respectively. Both types of images were rated as rather helpful for the participants’ 

understanding of gout with no significant differences between the two. 
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Viewing medical images made the participants feel more interested than seeing images 

from PEM t(103)=3.4, p=0.001, Mean difference (SE)=0.6 (0.2) (see Appendix 2.2). Medical 

images elicited a significantly higher emotional response on the scales of the dominance domain: 

t(103)=2.4, p=0.017, Mean difference (SE)=0.3 (0.1) but not pleasure t(103)=-0.5, p=0.6 or 

arousal domains t(103)=0.2, p=0.8. There were no differences between the two image types on 

the scales of “reassured-distressed” t(103)=0.4, p=0.7 and “attracted-disgusted” t (103)=1.4, 

p=0.2. 

Table 10. Perception of the Three Types of Educational Materials 

 Medical 
images  
(N=52) 

Images 
from PEM 
(N=53) 

Text-only 
group 
(N=53) 

Statistic 

How helpful was the material for 
your understanding of gout? 10 
- extremely helpful 

8.2 (1.9) 8.5 (1.6) 8.5 (1.4) F(2,155)=0.4, p=0.7 

How interesting was the 
material? 10 - extremely 
interesting 

7.5 (1.6) 7.2 (1.9) 7.2 (1.8) F(2,155)=0.5, p=0.6 

How easy was to understand 
the information? 10 - extremely 
easy 

8.3 (1.5) 8.5 (1.4) 8.4 (1.7) F(2,155)=0.4, p=0.7 

How visually appealing was the 
material? 10 - extremely 
appealing 

6.9 (1.8) 6.4 (2.1) 5.1 (2.4) F(2,155)=10.2, p<0.001 

How helpful were the images for 
your understanding of gout? 10 
- extremely helpful 

8.0 (2.2) 7.3 (2.0) n/a t (103)=1.7, p=0.09. 

 

The Influence of Preference for Visual Material on Understanding 

The Cronbach’s alpha was 0.74 (n=9) – within the range reported by the authors of the scale 

(Jones, Kleinstäuber, Martin, et al., 2019). Three study groups did not significantly differ in their 

preference for visual information F(2,155)= 1.3, p=0.3. The preference for visual information did 

not correlate with attention to the images or the text in any of the study groups (see Appendix 

2.3).  

To explore the effects of viewing the material in the preferred or non-preferred format on 

understanding, we performed a median split of the total sample into two groups: those with higher 

and lower preference for visual information (cases with median values were excluded). A two-way 
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ANOVA revealed no interaction effects of high/low visual preference and illustrated/text-only 

material on illness understanding F(1,138)=0.8, p=0.4 (see Appendix 2.4). In other words, 

matching illustrated and text-only materials with preferences for visual information had no effects 

on illness understanding.  

Discussion 

This study investigated how the addition of medical images influenced viewers’ attention, 

understanding and perception of health information, as well as the emotional response to visual 

material and the role of preference for visual information. We found that medical images required 

more visual processing than pictures taken from existing patient education materials. However, 

this did not negatively affect the understanding of information. Medical images increased the 

visual appeal of the text but did not make the material more helpful, interesting or easy to 

understand. Compared to images from PEM, medical images induced more feelings of control 

and more interest.  

Contrary to our expectations, the preference for visual information did not affect attention 

to images or text. Moreover, viewing the material in the preferred or non-preferred format had no 

effects on the understanding of the information. The inclusion of pictures did not affect attention to 

the text. Illustrations helped participants remember information about the symptoms of a gout 

flare, but did not improve the overall understanding of the illness. Images also made the text-only 

information more visually appealing. 

The present study is one of the few studies that compared the effects of medical images 

to other illustrations. Our results provide new insights into the suitability of such visual material for 

health education. Medical images are often seen as too complex and difficult for laypeople to 

interpret and this is often given as a reason why they are not routinely used in patient education. 

However, some people show a preference for more detailed pictures over simpler illustrations 

(Krasnoryadtseva, Dalbeth, et al., 2020; Strong & Erolin, 2013). Our results show that including 

detailed medical images does not negatively affect the understanding of information and can 

make the material more interesting to view.  

In research on multimedia learning, illustrations are often classified into cognitive and 

affective categories. Cognitive illustrations explain parts of the text, while affective pictures are 

irrelevant to the content but can trigger emotions in the viewer (see Bol et al., 2014, 2016; 
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Kintsch, 1980). While the evidence in favor of using affective images remains scarce, they are still 

widely used in health communication. For example, in gout education materials they account for 

under a third of all images (Krasnoryadtseva, Derksen, et al., 2020). In line with Levie and Lent'z 

(1982) functional approach, our results show that medical images can have both cognitive and 

affective functions: they can convey relevant information and trigger an emotional response. 

Further research is needed to investigate whether the distinction between cognitive and affective 

images is valid, and whether images irrelevant to the content of the health message have any 

impact on understanding. 

In this study, we found marginal benefits of illustrated materials over text-only information 

which contradicts with the previously reported data showing greater educational advantages of 

using pictures (Houts et al., 2006). However, research has also demonstrated that illustrated 

materials offer most benefits for populations with lower levels of health literacy (Choi, 2011; Houts 

et al., 2006). Our sample was highly educated, and, therefore, may have benefited less from the 

addition of images than a more heterogeneous group. Our eye tracking data revealed patterns of 

attention similar to reported in previous studies: the participants attended more to the text and 

paid relatively little attention to the images (Bol et al., 2016; Schmidt-Weigand et al., 2010). 

Future research needs to explore how the presentation of the information can be improved to 

ensure pictures complement the text and are engaged with more by the viewer. For example, 

Schidt-Weigand et al. (2010) showed that using spoken rather than written instructions can 

increase attention to visual material. The position of the pictures before or after text and 

interventions directing viewers’ attention to the pictures can influence the processing of images, 

the text-picture integration and the understanding of the information (Eitel & Scheiter, 2014; 

Mason et al., 2017). 

This study has several limitations. Firstly, the sample had high education levels and 

predominantly consisted of university students. The results, therefore, may not be generalized to 

clinical populations. However, a similar study using patients with gout would also require 

controlling for a variety of confounding variables such as the time since the diagnosis, the severity 

and frequency of gout flares and other relevant variables. Moreover, age-related changes in 

attention and memory should also be considered (Bol et al., 2016). As research on the use of 

medical images in patient education is limited, we chose to use a more uniform sample to study 
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basic effects of the images before exploring their educational value in patient populations. 

Another limitation is the lack of control for participants’ prior knowledge. Gout is relatively 

common, and the participants could have different levels of baseline understanding of the illness. 

We chose to rely on randomization and not to run any pre-tests to avoid priming.  

Conclusion 

In conclusion, our data indicates that medical images do not hinder the understanding of health 

information, can induce more interest and feelings of control, and therefore, might be used in 

health education. The addition of any images can have marginal educational benefits even for a 

highly educated population and can increase the visual appeal of the material. Future research 

needs to investigate the role of preference for visual information. 
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Chapter Seven. Does Seeing Personal Medical Images Change 

Beliefs About Illness and Treatment in People with Gout? A 

Randomised Controlled Trial 

The study reported in the previous chapter found that medical images had no detrimental effects 

on the understanding of information but could be more interesting to view. However, the study 

used generic medical images showing gout and assessed their educational value in the general 

population. This chapter will explore how medical images and personal medical images in 

particular influence people who have gout.  

A study by F. Rees et al. (2013) found that individualised education about gout improved 

the uptake of urate-lowering therapy and adherence. A review of the non-pharmacological 

management of gout highlighted the importance of individualised patient education that 

specifically addresses illness perceptions and treatment beliefs (Abhishek & Doherty, 2018). 

Medical scans offer a straightforward way of making information more individualised, as the 

scans are specific to each patient. However, it is unclear if the addition of such images to an 

educational intervention will positively influence illness perceptions and treatment beliefs of 

people with gout. The study reported below aimed to address this question.   

Citation 

Krasnoryadtseva, A., Dalbeth, N., & Petrie, K. (2020). Does seeing personal medical images 

change beliefs about illness and treatment in people with gout? A randomised controlled 

trial. Psychology & Health, 35(1), 107-123. https://doi.org/10.1080/08870446.2019.1626396 
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Abstract  

Objective. To explore effects of an educational intervention with embedded personal medical 

images on illness perceptions, medication beliefs and treatment understanding in patients with 

gout. Design. Sixty people with gout were recruited into the study with three arms. The 

participants viewed a 12-minute presentation about gout with either personalised medical scans, 

generic scans or medical illustrations from a standard educational booklet on gout. Main 

Outcome Measures. Illness perceptions about gout and beliefs about treatment for gout were 

assessed at baseline and immediately after the intervention. Results. There were no significant 

time by group interaction effects. All groups showed an increase in treatment control beliefs 

(P=0.002), medication necessity (P<0.001), improved understanding of medicines for gout 

(P<0.001) and reduced their perceived gout stigma (P=0.004). The personalised intervention was 

rated as more interesting compared to one with medical illustrations (P=0.026). Personal scans 

were found more helpful than generic scans (P=0.023) and medical illustrations (P=0.048). 

Conclusion. The brief educational intervention yielded positive changes in illness perceptions, 

medication beliefs and treatment understanding in all groups. Personal scans did not induce 

specific changes but made the information more interesting.    
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Introduction  

Gout is a chronic form of inflammatory arthritis that affects 1–2% of European and 3.9% of US 

adults (F. Rees et al., 2013). In New Zealand, it is found in 3.8-4.9% of the population aged over 

20 and affects more than 10% of Māori and Pacific men (Dalbeth et al., 2015). In gout, high levels 

of blood urate contribute to formation of monosodium urate crystals in the joints most commonly 

in the extremities. Untreated gout can lead to recurrent attacks of excruciating joint pain, bone 

erosion, joint deformity and damage.  

A substantial body of research has demonstrated the effectiveness of prolonged urate-

lowering therapy for gout (Dalbeth et al., 2016; FitzGerald et al., 2020). Yet adherence to urate-

lowering medication is reported to be either low or variable across the population (De Vera et al., 

2014). Lack of accurate information about the disease and its treatment, as well as patients’ 

beliefs about the illness and medication can be important barriers for urate-lowering therapy 

initiation or long-term adherence to medication (Dalbeth et al., 2011; Spencer et al., 2012). Gout 

is often seen as a self-inflicted condition caused by overindulgence of food and high alcohol 

intake (Duyck et al., 2016; Petrie et al., 2018). These common perceptions may induce feelings of 

embarrassment and shame in people with gout resulting in reluctance to seek treatment for it (F. 

Rees et al., 2013). Therefore, reducing stigma around gout might be an important target of patient 

education. 

Recent studies suggest that visualisation of illness and treatment may improve patients’ 

understanding and alter their illness perceptions (Jones et al., 2016; Karamanidou, Clatworthy, et 

al., 2008), induce treatment initiation (Stephens et al., 2016) and improve adherence (Perera et 

al., 2014). However, it is unclear which visualisation mediums work best. Hollands, Hankins and 

Marteau (Hollands et al., 2010) in a Cochrane review demonstrated that visual feedback of 

medical images is a promising approach to inducing changes in health behaviour. Their meta-

analysis of three studies utilising medical images for smoking cessation promotion revealed that 

intervention arm participants were 2.8 times more likely to engage in smoking cessation than 

those in the control group. In a pilot study, G. Rees et al. (2013) showed that an educational 

intervention with personal retinal images improved HbA1c at a 3-month follow-up in patients with 

non-proliferative diabetic retinopathy. The intervention also altered patients’ understanding and 

enhanced motivation for better blood glucose control. Several studies have shown that viewing 
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computed tomography scans can improve patient understanding of their condition and treatment 

for it (Carlin et al., 2014; Devcich et al., 2014; Phelps et al., 2017). 

Medical imaging is a promising vehicle for health information communication as the 

technology allows creating personalised models of internal body structures. There is growing 

evidence that personalisation can be beneficial for patient education and health behaviour 

promotion (DiClemente et al., 2001; Martens et al., 2015). However, there is a gap in 

understanding whether personalisation of medical images is essential. If generic medical images 

have the same effects, they can be used in educational interventions in larger populations without 

the need to subject patients to scanning to obtain personal images.  

This study aimed to explore the effects of an educational intervention with embedded 

personal medical images on treatment control beliefs. Treatment control beliefs are the patients’ 

beliefs about how much treatment can help control the disease. The association between 

treatment control beliefs and health behaviours has been demonstrated in various patient 

populations (Broadbent et al., 2015; Jones et al., 2016; Ross et al., 2004). In people with gout, an 

increase in treatment control beliefs was reported to be an important predictor of lower 

musculoskeletal disability (Dalbeth et al., 2011). Urate-lowering therapy prescribed as a treatment 

for gout should be taken every day usually for a number of years. In non-tophaceous gout, the 

medicine may not have noticeable effects to patients. Moreover, it does not guarantee that gout 

attacks will stop completely. Therefore, strengthening patients’ belief that treatment helps to 

control gout is essential for educational interventions aiming to reduce the risk of patients’ non-

adherence to treatment, which remains a major concern in gout treatment. 

In this study, it was hypothesised that 1. An educational intervention with personal 

medical scans would produce a bigger increase in treatment control beliefs than the same 

intervention with generic medical scans. 2. Viewing medical scans as a part of an educational 

intervention would increase treatment control beliefs more than an intervention with medical 

illustrations from a standard patient education booklet on gout. 

Secondary outcomes were changes in understanding of the disease and perceived 

necessity of medication. It was hypothesised that a personalised intervention with medical images 

would be the most effective in improving medication understanding and perceived medication 

necessity, followed by the generic images intervention and medical illustration groups.  
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Materials and Methods  

Study design 

The study was a randomised controlled parallel trial with three arms and 1:1:1 allocation ratio. 

The three arms included: a personalised medical image group (personal dual energy computed 

tomography scan - DECT), a generic medical image group (generic DECT) and a ‘medical 

illustration’ condition. Participants were assessed at two time points: at baseline and immediately 

after the intervention.  

Randomisation was performed by the investigators. Individuals with recent DECT scans 

for gout were randomised to either personal DECT or the generic DECT group. Patients without 

DECT scans were allocated to the ‘Medical illustration’ group. All participants were blind to 

condition. 

After the study commencement two changes to the original trial protocol were made: 1) 

Eligibility criteria were broadened to achieve recruitment targets – people with both tophaceous 

and non-tophaceous forms of gout were eligible to take part instead of only patients with 

tophaceous gout in the original protocol. 2) As dual-energy computed tomography is still a 

relatively new method for gout diagnostics and monitoring, adjustments to the sample size had to 

be made due to the limited number of people with existing DECT scans. The target sample size 

was reduced from 90 to 60 participants but this still enables the study to achieve 80% of power 

instead of 95% stated in the original protocol. 

Participants  

People with gout who had participated in previous research at the University of Auckland and 

agreed to be contacted for future studies were invited to participate in the study (see Figure 11). 

Individuals over 18 years old who were prescribed urate-lowering therapy were eligible to take 

part in the study. Those who underwent dual energy computed tomography scanning for gout 

within the previous six years were eligible for inclusion in one of the two DECT groups. Patients 

were not included if they were not on urate-lowering medication, were unable to speak English 

and provide a written informed consent.  
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The power analysis using G*Power software (Faul et al., 2007) revealed that repeated 

measures within-between analysis of variance (ANOVA) would require a sample of 60 

participants to detect a medium size effect (f=0.25) with 80% power (α=0.05; ε=1; r=0.3). 

 

Figure 11. CONSORT Participant Flow Diagram 

 

 

 
 
  

Declined participation (n=14): 
- Health problems (n=4) 
- No time/uninterested (n=6) 
- Unable to attend the session (n=1)  
- Withdrawn (n=1)  
- Lost to contact (n=2). 

Died before the study visit (n=1) 
 

Randomised to 
personal DECT group 

(n=20) 

Allocated to  
medical illustration group 

(n=20) 

Analysed (n=20) Analysed (n=20) Analysed (n=20) 

75 patients with gout 
approached 

Randomised to 
generic DECT group 

(n=20) 
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Procedure 

The study was approved by the Health and Disability Ethics Committee (17/NTA/2), the Auckland 

District Health Board Research Review Committee and was registered in the Australia New 

Zealand Clinical Trials Registry (Trial ID: ACTRN12617000108314p).  

The intervention comprised a single individual session at the University of Auckland 

clinical research centre. The participants viewed a 12-minute educational presentation about gout 

and filled out two sets of questionnaires: one before the presentation and another immediately 

after it.  

The intervention was delivered on a laptop as a PowerPoint presentation. An investigator 

(AK) explained each slide using a memorised script. Individuals in the personal DECT condition 

saw their own computed tomography scans for gout as a part of the presentation. Participants in 

the generic DECT group saw DECT scans pre-selected by a rheumatologist (ND) to be 

representative of scanning results found in people with gout. Individuals in the ‘Medical 

illustration’ group instead of DECT scans saw a medical illustration from a patient information 

booklet on gout (Ministry of Health NZ, 2015). The length of the presentation was the same 

across all groups. 

Intervention  

The intervention targeted long-term non-adherence to urate-lowering therapy and explained the 

causes of gout, treatment for gout as well as the importance of compliance with medication over a 

long period. The information and infographic were derived from the patient information booklet on 

gout publically available at the New Zealand Ministry of Health website (Ministry of Health NZ, 

2015).  

Computed tomography scans were obtained from the radiology department at Auckland 

City Hospital. The scans were dual-energy computed tomography ankle and foot bilateral scans 

rendered in 3D using Siemens Syngo Multimodality Workplace. Dual-energy computed 

tomography is a relatively new method of detection of urate crystals in people with gout. Standard 

DECT processing software can be used for rendering highly detailed 3D visualisations of patients’ 

foot bones and joints. Such visualisations allow colour coding of urate crystals to simplify their 

detection. 
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In both DECT conditions, participants viewed one animation and a sequence of four still 

DECT scans showing different projections of a foot to provide a better view of urate crystal 

deposits. The animation used either personal or a generic DECT to show how consistent intake of 

urate-lowering medication can help to dissolve urate crystals over time. 

 In the personal DECT condition, each scan was labelled ‘Your CT scan’ and included patients’ 

personal information. In the generic DECT arm, the scans were labelled as ‘Sample CT scan’ and 

included information about a hypothetical person John Smith (see Figure 12).  

Figure 12. Example of DECT Scans Used in the Generic DECT Intervention Group 

 

Note. A - 3D DECT scan showing frontal view of both feet of a person with gout. Urate crystals 

are high-lighted in green; B - DECT scan zoomed on the area of the big toes showing urate 

crystals; C - DECT scan showing an ‘ideal future’ scan of a patient without urate crystals. 
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Instead of DECT scans the ‘Medical illustration’ group saw a slide with a medical 

illustration from the New Zealand Ministry of Health patient information booklet on gout. The 

participants received verbal information about what DECT scans look and what they reveal in 

people with gout but did not see the scans. The same medical illustration was animated to 

visualise how adherence to urate-lowering can help to get rid of urate crystals over time (see 

Figure 13). 

Figure 13. Example of Images Used in the Medical Illustration Condition  

 

Note. A - the slide participants saw instead of DECT scans; B - an image depicting a person 

suffering from gout and a zoomed image showing urate crystals in the big toe; C - an image 

showing an ‘ideal future’ of a patient without urate crystal deposits. 

Measures 

The baseline questionnaire collected information about participants’ age, gender, ethnicity, 

education levels, employment status and clinical characteristics of gout including age when first 

diagnosed with gout and the number of gout flares in the preceding three months.  

Illness perceptions were measured at baseline and immediately after the intervention using the 

Brief Illness Perceptions Questionnaire (Brief-IPQ) (Broadbent, Petrie, et al., 2006). The Brief-IPQ 
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was adapted for people with gout and assessed individuals’ cognitive and emotional 

representations of the disease. It included questions about perceived consequences of gout 

(‘How much does gout affect your life?’), personal control (‘How much control do you feel you 

have over your gout?’), timeline of the disease (‘How long do you think your gout will continue?’), 

treatment control beliefs (‘How much do you think your treatment can help your gout?’), illness 

identity (‘How much do you experience symptoms from gout?’), illness concerns (How concerned 

are you about your gout?) and patients’ emotional response (‘How much does gout affect you 

emotionally (e.g. does it make you angry, scared, upset or depressed?’). Illness understanding 

was measured using the Brief-IPQ coherence item (‘How well do you feel you understand gout?’)  

Two questions were added to capture patients’ experience of gout stigma: ‘Gout strongly 

affects the way others see me’ adapted from the Revised Illness Perceptions Questionnaire (IPQ-

R) (Moss-Morris et al., 2002) and ‘I feel bad about telling other people that I have gout’ (new 

item). The variable ‘perceived gout stigma’ was created based on these two items with 

Cronbach’s alpha α= 0.72. All items were rated on an 11-point Likert scale.  

Medication beliefs were assessed at baseline and post-intervention using the necessity-

concerns framework (Foot et al., 2016; Horne et al., 1999). A two-item scale aiming to measure 

the perceived necessity of medication showed unsatisfactory reliability (Cronbach’s alpha α= 

0.40). Therefore, items ‘I need to take urate-lowering medication to treat gout’ and ‘Medication is 

necessary for the long-term management of gout’ were analysed separately. Concerns about 

medications were assessed with a single item ‘I am concerned to take medications prescribed for 

gout’. To measure general beliefs about medicines participants were asked to rate how much 

they believed that natural remedies were as effective as their gout medication and whether diet 

was as important as their gout medication. One item asked about participants’ motivation to take 

gout medicines (I am highly motivated to take my medications for gout). Understanding of 

medication was measured with a single item ‘I understand what medicines for gout do’. A 5-point 

Likert scale from ‘Strongly disagree’ to ‘Strongly agree’ was used in this section. 

At the end of the session, intervention feedback was collected. On an 11-point Likert 

scale, participants rated the presentation based on how interesting and familiar the content was, 

and how helpful the images were for their understanding of gout. 
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 Statistical Analysis  

The data was analysed in IBM SPSS Statistics version 25.0. Statistical significance was 

determined using p≤0.05. A mixed ANOVA with post hoc tests was conducted to explore 

differences between the intervention groups in illness perceptions, and medication beliefs. 

Multiple comparisons were performed with Sidak and Games-Howell tests. The latter was used 

when equality of variances was not assumed. The Kruskal-Wallis test was used to examine 

differences between the groups in intervention feedback. As there was no missing data, no cases 

were excluded from the analysis. 

Results 

Baseline Characteristics 

The majority of the sample were European (63%), males (93%), predominantly employed (48%) 

or retired (45%) (see Table 11). On average participants had lived with the diagnosis of gout for 

21 years (SD= 12.84) and had from zero to ten gout flares in the preceding three months (M= 

0.97, SD= 1.7). 
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Table 11. Demographic and Clinical Characteristics of the Sample 

 Personal DECT 
(n=20) 

Generic DECT 
(n=20) 

Medical 
illustration  
(n=20) 

Total 
sample 
(n=60) 

Age in years M(SD) 64.4 (10.8) 64.7 (10.5) 67.2 (12.1) 65.4 (11.0) 

Gender     
Male 20 (100%) 19 (95%) 17 (85%) 56 (93%) 
Female 0  1 (5%) 3 (15%) 4 (7%) 

Ethnicity     
European 11 (55%) 10 (50%) 17 (85%) 38 (63%) 
Māori 3 (15%) 6 (30%) 1 (5%) 10 (17%) 
Pacific 4 (20%) 4 (20%) 1 (5%) 9 (15%) 
Asian 1 (5%) 0 1 (5%) 2 (3%) 
Other 1 (5%) 0 0 1 (2%) 

Education     

Primary 2 (10%) 6 (30%) 2 (10%) 10 (17%) 
Secondary 10 (50%) 11 (55%) 6 (30%) 27 (45%) 
Tertiary 5 (25%) 2 (10%) 9 (45%) 16 (27%) 
Postgraduate 3 (15%) 1 (5%) 3 (15%) 7 (11%) 

Employment status     
Employed (full-
time or part-time) 11 (55%) 11 (55%) 7 (35%) 29 (48%) 

Retired 9 (45%) 5 (25%) 13 (65%) 27 (45%) 
Unemployed 0 3 (15%) 0 3 (5%) 
Other (e.g. 
sickness benefit) 0 1 (5%) 0 1 (2%) 

Duration of gout since 
first diagnosed, years 
(SD) 

23.9 (13.6) 21.0 (11.3) 18.3 (13.6) 21 (12.8) 

Number of flares in 
the preceding 3 
months (SD) 

1.5 (2.3) 1.0 (1.6) 0.6 (1.0) 1.0 (1.7) 
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Primary Outcome 

There was no significant effect of time by group interaction F(2,57)= 0.21, p= 0.81 (See Table 

12). All groups showed a statistically significant increase in treatment control beliefs F(1,57)= 

10.38, p= 0.002, partial ƞ2= 0.15. Compared to baseline, after viewing the presentation 

participants strengthened their belief in the ability of treatment to help gout.  

Secondary Outcomes 

Illness Perceptions 

There were no significant time by group interaction effects in other domains of illness perceptions 

(see Table 12). Participants in all groups showed a reduction in perceived gout stigma F(1,57)= 

8.96, p= 0.004, partial ƞ2= 0.14. There was a trend showing an increase in personal control 

beliefs in all groups. 

Medication Beliefs 

There were no statistically significant interaction effects of group by time on medication beliefs 

(See Table 13). Participants in all groups significantly increased their perceived medication 

necessity: they were more likely to strongly agree that they needed the urate-lowering medication 

F(1,57)= 20.00, p<0.001, partial ƞ2= 0.26, were more motivated to take their medications for gout 

F(1,57)= 10.40, p=0.002, partial ƞ2= 0.15 and saw gout medicines as more necessary for the 

long-term management of the disease F(1,57)= 10.28, p=0.002, partial ƞ2= 0.15. The belief that 

diet was as important as medication for gout was significantly weaker post-intervention F(1,57)= 

11.69, p=0.001, partial ƞ2= 0.17.  

Illness and Treatment Understanding 

There were no significant time by group interaction effects of the intervention on illness and 

treatment understanding (see Table 12 and 13 retrospectively). The intervention did not 

significantly improve understanding of gout but significantly increased self-reported understanding 

of medication for gout in all groups F(1,57)= 16.20, p<0.001 partial ƞ2= 0.22.  
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Table 12. Effect of the Intervention on Illness Perceptions (Mixed ANOVA) 

Measure Mean score: baseline (SD)  Mean score: post-intervention (SD) 
Time by group 
interaction 
effects 

Time effects Group effects 

 Personal 
DECT 

Generic 
DECT 

Medical 
illustration 

Total 
sample  Personal 

DECT 
Generic 
DECT 

Medical 
illustration 

Total 
sample F(2,57) Sig. F(1,57) Sig. F(2,57) Sig. 

Timeline beliefs  
(10 - will continue 
forever) 

7.75 
(2.79) 

7.30 
(3.85) 

8.45 (2.91) 
7.83 
(3.20) 

 
7.35 
(2.76) 

7.95 
(2.95) 

8.50 (2.88) 
7.93 
(2.85) 

0.64 0.53 0.07 0.79 0.74 0.48 

Personal control  
(10 - extreme 
amount) 

7.05 
(3.10) 

6.95 
(3.20) 7.20 (2.97) 

7.07 
(3.04)  

7.75 
(2.97) 

8.00 
(2.70) 7.80 (2.19) 

7.85 
(2.60) 0.12 0.89 3.89 0.054 0.01 0.99 

Treatment control  
(10 - extremely 
helpful) 

8.45 
(1.73) 

8.70 
(1.81) 

8.35 (2.70) 8.50 
(2.10) 

 9.35 
(1.18) 

9.30 
(1.22) 

8.95 (1.54) 9.20 
(1.31) 

0.21 0.81 10.38 0.002 0.27 0.77 

Illness identity  
(10 - many severe 
symptoms) 

4.85 
(3.41) 

4.45 
(3.56) 3.80 (3.32) 

4.37 
(3.40)  

4.50 
(3.15) 

4.00 
(3.77) 3.40 (2.95) 

3.97 
(3.28) 0.01 0.99 1.69 0.20 0.59 0.56 

Illness concerns  
(10 - extremely 
concerned) 

5.20 
(4.03) 

5.70 
(3.90) 

3.70 (3.31) 
4.87 
(3.79) 

 
4.60 
(3.94) 

5.20 
(3.99) 

4.00 (3.21) 
4.60 
(3.70) 

1.02 0.37 0.89 0.35 1.03 0.36 

Illness understanding  
(10 - very clearly) 

8.25 
(2.04) 

8.15 
(1.53) 7.40 (1.93) 

7.93 
(1.99)  

8.00 
(2.60) 

8.55 
(1.61) 8.60 (1.90) 

8.38 
(2.06) 2.18 0.12 2.51 0.12 0.22 0.81 

Illness consequences  
(10 - severely affects 
life) 

4.35 
(3.54) 

4.25 
(3.84) 2.20 (2.78) 

3.60 
(3.50)  

4.30 
(3.84) 

4.45 
(4.29) 3.05 (3.22) 

3.93 
(3.80) 1.21 0.31 1.88 0.18 1.60 0.21 

Illness emotional 
representations  
(10 - extremely 
affected) 

4.60 
(3.60) 

4.00 
(4.00) 

1.40 (1.96) 3.33 
(3.54) 

 3.85 
(3.35) 

4.05 
(4.03) 

1.45 (2.19) 3.12 
(3.44) 

1.30 0.28 0.86 0.36 4.87 0.011 

Perceived gout 
stigma  
(10 – affected the 
most)  

2.55 
(2.84) 

3.58 
(3.37) 1.65 (2.01) 

2.59 
(2.86)  

1.75 
(2.50) 

3.05 
(2.84) 1.30 (1.83) 

2.03 
(2.50) 0.49 0.61 8.96 0.004 2.72 0.07 
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Table 13. Effect of the Intervention on Medication Beliefs (Mixed ANOVA) 

Measure 

1 = strongly disagree,  
2 = disagree,  
3 = neither agree nor 
disagree,  
4 = agree,  
5 = strongly agree 

Mean score: baseline (SD) Mean score: post-intervention 
(SD)  

Time by 
group 
interaction 
effects 

Time effects Group effects 

 Personal 
DECT 

Generic 
DECT 

Medical 
illustration 

Total 
sample 

Personal 
DECT 

Generic 
DECT 

Medical 
illustration 

Total 
sample F(2,57) Sig. F(1,57) Sig. F(2,57) Sig. 

I need to take urate-
lowering medication to 
treat gout  

4.70 
(0.57) 

4.50 
(0.61) 4.40 (0.75) 

4.53 
(0.65) 

5.00 
(0.00) 

4.75 
(0.44) 4.90 (0.31) 

4.88 
(0.32) 0.95 0.39 20.00 0.000 1.82 0.17 

I am highly motivated to 
take my medications for 
gout  

4.55 
(0.83) 

4.50 
(0.51) 

4.55 (0.51) 
4.53 
(0.62) 

4.90 
(0.31) 

4.80 
(0.41) 

4.65 (0.59) 
4.78 
(0.45) 

0.97 0.39 10.40 0.002 0.37 0.69 

Medication is necessary 
for the long-term 
management of gout 

4.30 
(1.03) 

4.50 
(0.61) 

4.50 (0.51) 4.43 
(0.75) 

4.85 
(0.37) 

4.70 
(0.47) 

4.70 (0.47) 4.75 
(0.44) 

1.40 0.26 10.28 0.002 0.02 0.98 

I am concerned about 
taking medicines for gout  

2.30 
(1.42) 

2.75 
(1.55) 

2.05 (1.28) 2.37 
(1.43) 

2.35 
(1.46) 

3.30 
(1.49) 

2.40 (1.47) 2.68 
(1.51) 

0.55 0.58 2.63 0.11 2.50 0.09 

Natural remedies are as 
effective as my gout 
medication 

2.65 
(0.81) 

2.60 
(1.10) 

2.40 (1.10) 
2.55 
(1.00) 

2.50 
(1.00) 

2.55 
(1.05) 

2.50 (1.00) 
2.52 
(1.00) 

0.38 0.68 0.08 0.78 0.13 0.88 

Diet is as important as 
gout medications 

3.85 
(1.14) 

3.90 
(1.12) 4.05 (0.89) 

3.93 
(1.04) 

3.10 
(1.25) 

3.80 
(1.20) 3.45 (1.23) 

3.45 
(1.24) 1.93 0.15 11.69 0.001 0.75 0.48 

I understand what 
medicines for gout do 

4.30 
(0.80) 

4.15 
(0.67) 4.45 (0.51) 

4.30 
(0.67) 

4.60 
(0.60) 

4.65 
(0.49) 4.55 (0.51) 

4.60 
(0.53) 2.40 0.10 16.20 0.000 0.18 0.84 

Note. Bolded denotes significance at p < 0.01.
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Intervention Feedback 

Overall, participants in all groups found the presentation very interesting M= 9.25 (SD= 1.22) (10 

– extremely interesting) and the images helpful for understanding of gout M= 8.93 (SD= 1.74) (10 

– extremely helpful). 51.7% of the sample indicated that they had seen the Ministry of Health 

booklet on gout from which the content of the presentation was derived. Yet the participants 

reported that the information they received in the presentation was relatively new to them M= 6.2 

(SD= 2.69) (10 – all information was new to me).  

There were significant differences between the groups in participants’ interest in the 

presentation H(2)= 6.93, p= 0.031 and in their feedback on how helpful the images were H(2)= 

8.66, p= 0.013. There were no differences between the groups in the familiarity with the 

information H(2)= 2.4, p= 0.30.  

Individuals in the ‘Personal DECT’ group (Mean rank= 36.48) found the intervention 

significantly more interesting than those in the ‘Medical illustration’ arm (Mean rank= 24) p= 

0.026. Moreover, personal scans were rated as more helpful (Mean rank= 38.98) than generic 

scans (Mean rank= 25.6), p= 0.023 and medical illustrations (Mean rank= 26.93), p= 0.048 (See 

Figure 14). 

Figure 14. Group Differences in Intervention Feedback 
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Discussion 

This study aimed to explore the effects of personal medical images on illness perceptions, 

medication beliefs and understanding of illness and treatment. Personal computed tomography 

scans embedded in the 12-minute educational presentation about gout did not induce any 

specific changes compared to the presentation with generic scans or images from a standard 

gout information booklet. However, participants who saw their own medical images rated the 

presentation as more interesting and images as more helpful.  

Contrary to the study hypotheses, the intervention improved several illness perceptions, 

medication beliefs and understanding of gout medicines in all groups. After viewing the 

presentation, participants were more likely to believe that treatment was extremely helpful for 

gout. The participants reported lower perceived gout stigma: they felt better about telling others 

they had gout and were less likely to agree that gout affects the way others see them. Post-

intervention, all groups viewed medicines for gout as more necessary for the long-term 

management of the disease. They reported a better understanding of gout medicines and feeling 

more motivated to take them. Diet was less likely to be seen as of the same importance as gout 

medicines.  

Overall, the intervention yielded a change in important domains of illness perceptions and 

medication beliefs. For example, higher treatment control beliefs were previously shown to be an 

important predictor of lower levels of musculoskeletal disability in patients with gout (Dalbeth et 

al., 2011). Previous research has demonstrated the association between higher perceived 

medication necessity with better adherence to medication in patients with various health 

conditions (Foot et al., 2016). Furthermore, a reduction in perceived gout stigma might be 

important as feelings of embarrassment and shame about gout may discourage patients from 

seeking treatment (Doherty et al., 2012). Weakening the belief about diet being as effective as 

medication is also essential for patients with gout. Dietary modification is often seen as the key 

strategy for the illness management and developing gout is commonly attributed to poor diet and 

alcohol consumption (Petrie et al., 2018). However, there is no substantial evidence that dietary 

and lifestyle changes provide long-term improvements in serum urate levels (Dalbeth et al., 

2016). On the other hand, the growing body of research demonstrates the effectiveness of urate-

lowering medication as long-term therapy for gout. Therefore, enhancing patients’ understanding 
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of the association between diet, gout flares, serum urate and consistent medication intake can 

potentially improve illness management in patients with gout.  

Research on the impact of medical scans on patients’ perceptions and behaviour is still 

very limited. Typically, these studies compare the effects of patient education with embedded 

medical images to standard care or to no image conditions. However, the benefits of using visual 

aids in educational interventions over ones with no visual materials have been demonstrated in 

the number of studies (Houts et al., 2006; Williams et al., 2012). Moreover, it is argued that 

pictures for patient education should be as simple as possible (Houts et al., 2006). Medical scans 

are complex images that can be difficult to interpret if they are provided to patients without any 

explanation. With the increasing use of medical imaging in gout, it is important to understand 

whether showing patients their own scans or scans in general can help to communicate health 

information, or whether the effects of these images are detrimental. The current study is one of 

the first attempts to compare the effects of an educational intervention with embedded computed 

tomography scans to the same intervention based on standard medical illustrations. 

The study has several limitations. The participants in the ‘Medical illustration’ condition 

were not randomised. The sample size was not big enough to detect small effects if present. On 

average, participants had lived with gout diagnosis for 21 years and were on urate-lowering 

medication. Therefore, the results may not be valid for populations with shorter disease duration 

or lower adherence. There was a ceiling effect in perceived medication necessity at baseline as 

30% of the sample reported the highest score.  

To date, there have been few studies looking at the effects of medical images on patients’ 

illness and medication beliefs. This study adds to the literature by demonstrating short-term 

effects of an educational intervention based on computed tomography scans. However, it should 

be noted that the study did not investigate the long-term impact of the intervention. Future 

research is required to evaluate the sustainability of achieved short-term effects and compare 

trajectories of long-term changes induced by medical scans in comparison to standard medical 

illustrations. Moreover, further studies are required to explore if these changes in beliefs will 

translate into treatment adherence or better compliance with medical advice. 
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Conclusion 

A brief educational intervention about gout induced changes in important domains of illness 

perceptions, increased perceived medication necessity and improved medication understanding. 

Medical scans had the same effects as medical illustrations from a standard patient education 

booklet on gout. Viewing personal medical images did not induce any changes in patients’ illness 

and treatment representations but attracted more interest. Moreover, personalised images were 

rated as more helpful. Further research is needed to explore long-term effects of personalised 

medical images on illness and treatment representations and adherence to urate-lowering 

therapy.   
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Chapter Eight. Discussion 

Overview 

This thesis investigated how medical images could be better used in patient education to help 

convey information about illness and treatment. Theories of visual communication suggest that 

the addition of visual aids to verbal information can improve the comprehension and recall of the 

information. However, these theories do not definitively specify what type of visual aids should be 

used to maximise the educational gains.  

Patient education literature generally recommends using simple visual aids, as complex 

visuals can divert attention from the material or can be too difficult for the patients to understand 

(Choi, 2011; Houts et al., 2006; Rohret & Ferguson, 1990). At the same time, there is growing 

empirical evidence that medical images can be successfully incorporated into patient education. 

A number of studies have shown that medical images can help improve the understanding of 

health information and modify health behaviours. Medical images are complex visual 

representations of the body aimed at health professionals and not at laypeople. Therefore, the 

evidence in favour of using medical images contrasts with the recommendations from patient 

education literature to choose simpler visual media. On the other hand, little research compared 

the effects of medical images to other types of visuals or explored how medical images can be 

presented to patients to yield more educational benefits. 

This thesis aimed to address this gap by comparing the effects of medical images to 

other types of illustrations commonly used in patient education such as cartoons, anatomical 

drawings and photographs. Furthermore, the studies reported in this thesis tested several 

methods of presentation of the images: as a part of a printed educational leaflet, computer-based 

information and face-to-face consultation. The main focus of this work was to assess the impact 

of medical images on people’s understanding of the information, illness and treatment beliefs, as 

well as the perception of educational material. Three studies included in this thesis are the first 

few studies that not only compared materials with embedded medical images to unillustrated 

resources, but also with illustrations already used in existing education materials for patients. 

 This chapter will first provide a summary of the research findings reported in this thesis 

and discuss how they fit into the broader literature. This is followed by a discussion of the 



	 94 

strengths and limitations of the research, as well as clinical applications and directions for future 

study.  

Summary of Research Findings 

The content-analysis described in Chapter 4 reviewed visual images used in publicly available 

online educational resources about gout. These patient resources employed a variety of image 

styles. Most were photographs, followed by simple line drawings, cartoons and anatomical 

drawings. Medical scans were relatively uncommon. Regarding the content of images, a large 

proportion - about a third - did not convey any information about gout. Overall, the content 

analysis revealed a lack of visual representation of key messages about gout, particularly about 

gout treatment. For example, only one image in the entire dataset depicted urate-lowering 

medication - the treatment recommended by the majority of rheumatology guidelines. The study 

also found that despite the known benefits of using in-text illustrations, about a third of resources 

did not include any images. The study concluded that essential information about gout was not 

supported by visual images used in existing educational resources for people with gout.  

 The study presented in Chapter 5 explored how the addition of a medical illustration and 

the image style affected information comprehension, perception of educational material and 

illness beliefs. The study compared the effects of a text-only educational leaflet about gout to 

three other leaflets that included an illustration in the form of a cartoon, an anatomical drawing or 

a medical scan. The study found that the addition of an illustration improved the comprehension 

of the information and made the leaflet more visually appealing; at the same time, the images did 

not influence illness beliefs. Out of the three image styles, the cartoon contributed to a better 

comprehension of gout treatment. However, the participants rated the anatomical image as more 

helpful for their understanding than the cartoon. The medical scan offered no educational 

benefits. Moreover, it was the only image that did not add any visual appeal to the text. The study 

concluded that pictures could aid the understanding of medical information and increase the 

visual appeal of material. Furthermore, the style of medical illustrations should be carefully 

considered when designing educational materials for patients. 

 The next study investigated how the addition of medical images influenced viewers’ 

attention, understanding and perception of health information. It also evaluated the emotional 

response to visual images and the role of preference for visual information. The study tested 
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three types of computer-based material: the text-only version, text with medical images and text 

with images taken from existing patient education resources about gout. The three types of 

material did not differ in their effects on the overall understanding of information. However, the 

illustrated resources were slightly better for the understanding of symptoms of gout. Both types of 

illustrations improved the visual appeal of the material. Out of the two image types, medical 

images required more visual processing than pictures taken from existing patient materials. 

However, this did not negatively affect comprehension. Compared to images from existing patient 

resources, medical images induced more feelings of control and more interest. Regarding the role 

of the preference for visual information, viewing the material in the preferred format (text-only or 

illustrated) or non-preferred format had no effects on comprehension. The study concluded that 

the addition of illustrations to computer-based medical information could yield some educational 

benefits; medical images had no negative effects but could induce more interest. 

 The final study explored the influence of personal medical images on illness and 

treatment beliefs, comprehension and perception of the educational intervention in a population of 

people with gout. Personal medical scans, generic medical scans or illustrations taken from a 

commonly used patient booklet on gout were embedded into an educational presentation about 

gout. The presentation was delivered face-to-face to simulate a doctor-patient consultation. All 

three types of visuals yielded positive changes in important domains of illness perceptions: the 

participants felt less stigmatised and were more likely to believe in the ability of the treatment to 

help gout. All groups improved their understanding of medication for gout and were more 

motivated to take it. They also believed the medication was more necessary for the long-term 

management of gout and were more like to say they needed it. Personalisation of scans did not 

induce any specific changes in people’s beliefs about illness and treatment. However, the 

addition of personal scans made the intervention more interesting. Moreover, personal scans 

were rated as more helpful for the understanding of gout than generic scans or illustrations from 

the booklet. The study concluded that a brief image-based face-to-face intervention improved the 

understanding of medication as well as illness and treatment beliefs; personalisation of medical 

images made the information more engaging. 

 Overall, the three experimental studies have revealed several similar trends. Firstly, the 

addition of any illustration to text-based information increased the visual appeal of the material 
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and aided the comprehension of health information. Secondly, medical images made the 

information more interesting but only when they were embedded into longer interventions which 

explained the images in more detail. Thirdly there were no benefits for including medical images 

without an explanation. Importantly, regardless of the method of presentation, medical images 

had no detrimental effects on people’s understanding or beliefs about illness and treatment when 

compared to text-only information or other types of illustrations.  

Integration Into Broader Literature 

This thesis contributes to the literature on the use of visual aids in several ways. Firstly, it 

provides further evidence that the addition of illustrations can enhance patient education 

materials. This is important because a large proportion of existing educational materials do not 

include visual aids. Secondly, this thesis contributes to the knowledge about the effects of 

medical images on patients. Furthermore, it adds to the understanding of how medical images 

can be used in patient resources and clinical practice. There is a growing number of medical 

imaging procedures being performed each year. With a shift towards shared-decision making, it is 

important to understand how the feedback of medical images influences people, and whether 

clinicians can safely incorporate medical images into their consultations.  

A substantial body of research in the field of learning and instruction has demonstrated 

the educational superiority of illustrated materials over unillustrated. However, patient education 

literature on the role of visual aids is still limited. This thesis aimed to contribute to this type of 

research. In line with previous research (for review see Houts et al., 2006), two studies included 

in this thesis have shown that the addition of pictures can aid the understanding of health 

information. Moreover, an image-based face-to-face intervention positively influenced people’s 

beliefs about illness and treatment. This finding is concordant with previously reported data that 

face-to-face visualisation interventions altered illness beliefs (Jones et al., 2016; Lee et al., 2011). 

On the other hand, this thesis found that images embedded in an educational leaflet did not affect 

illness beliefs. Several studies have shown that visual aids can also improve patient satisfaction 

with educational resources (Bol et al., 2013, 2014; Snyder-Ramos et al., 2005). Even though this 

thesis did not directly assess the satisfaction, it found that images increased the visual appeal of 

the material. 
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To date, it is unclear what visual medium best supports the communication of health 

information. Patient education research has yielded favourable results using a variety of visual 

aids. For example, studies have reported that cartoons (Moll, 1986; Tae et al., 2012) and 

pictograms (Houts et al., 2001; Mansoor & Dowse, 2003) aided the understanding of medical 

instructions. Educational videos (Jlala et al., 2010; Snyder-Ramos et al., 2005) and animations 

(Hermann, 2002; Jones, Kleinstäuber, Akroyd, et al., 2019) were successfully used to improve 

several psychological and behavioural outcomes. A life demonstration explaining HIV and 

antiretroviral therapy (Jones, Coetzee, et al., 2019; Jones & Petrie, 2017) and an app that 

visualised patients’ viral load (Perera et al., 2014) yielded positive changes in treatment 

adherence. Several studies used medical images to improve the understanding of medical 

information (Devcich et al., 2014; Phelps et al., 2017), promote health behaviour change 

(Hollands et al., 2010; Schwartz et al., 2011) and compliance with medical advice (Kalia et al., 

2006; Orakzai et al., 2008). 

Medical images are a promising medium for health communication. They can be used as 

a teaching tool to explain the anatomy through accurate and realistic representations of the 

interior of the patient’s body. These images can be specific to the patient and tailored to the 

educational needs. Moreover, some medical images, for example, medical scans are already a 

part of clinical care. Therefore, there are no extra costs associated with the development of visual 

material. On the other hand, little research investigated the effects of medical images on patients 

or how they should be presented.  

Patient education literature recommends using simple visual aids as complex visuals can 

hinder learning. This thesis found no adverse effects of complex medical images on the 

understanding of health information. Two studies have shown that the educational value of 

medical images was akin to pictures used in existing patient education resources. One study 

found that an educational leaflet with a simple cartoon was better for the understanding than a 

text-based leaflet; whereas the leaflet with a medical scan or an anatomical drawing had no 

benefits over text. However, the differences between the three illustrated leaflets were not 

significant. In other words, the images did not differ in their effects on people’s understanding.   

Some qualitative data indicates that patients find certain medical images squeamish 

(Carlin et al., 2014). The images used in this thesis did not induce more disgust or negative 
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feelings than images used in current patient education materials. One study found that those who 

saw medical images were more interested and felt more in control. Moreover, the addition of 

medical images to a computer-based text increased the visual appeal of the material.  

Personalisation of images made the intervention more interesting and helpful. This finding 

corresponds with previously reported work showing that generally, patients are interested in their 

own medical scans and value seeing them (Carlin et al., 2014; Devcich et al., 2014). Patients also 

show a preference for viewing their scans. In a study by Nasser et al. (2010), all surveyed 

patients said they would prefer seeing their radiologic scans if given a choice. Moreover, the 

majority (98%) reported that the scans enhanced their understanding of medical information and 

improved the overall visit to the clinic. 

This thesis also explored several ways of presentation of medical images to patients. 

Medical images had no benefits when they were embedded in a brief educational leaflet with a 

minimum explanation of the images. On the other hand, they attracted interest when they were 

added to a computer-based material which included a brief explanation. Medical scans added 

interest, reduced illness stigma and helped optimise beliefs about treatment when they were 

presented as a part of a face-to-face intervention. Out of the three studies, the face-to-face 

intervention included the most detailed description of the images. On the other hand, the face-to-

face intervention relied on spoken rather than written information. A substantial body of research 

on learning and instruction suggest that learning from graphics and spoken text is more effective 

than from graphics and printed text (Mayer & Pilegard, 2014). Therefore, it is possible that the 

method of delivery, not the explanation of the images mediated the outcomes of the face-to-face 

intervention. However, this hypothesis needs to be investigated in future research. 

Theoretical Implications 

This thesis has several theoretical implications. Both the dual coding theory and cognitive theory 

of multimedia learning (CTML) postulate the superiority of illustrated materials over unillustrated 

(Mayer, 2014; Paivio, 1971). CTML further emphasises that learning is optimised when pictures 

complement verbal information. The data reported in this thesis indicates that the style of medical 

illustration (i.e., cartoon, medical scan) and the format of the educational material should also be 

carefully considered when selecting health-related visual media.  
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Following Levie & Lentz' (1982) functional approach, research on multimedia learning 

often categorises illustrations into cognitive and affective. Cognitive illustrations explain or 

elaborate on the concepts described in-text, while affective pictures are irrelevant to the content 

but can trigger emotions in the viewer (see Bol et al., 2014, 2016; Kintsch, 1980). According to 

the concept of affective mediation, educational content, including pictures, that elicit emotions can 

increase cognitive engagement and improve learning (Moreno, 2006). Medical images generally 

can be classified as cognitive images as they provide additional information and have been used 

in prior research to aid the understanding of medical information. On the other hand, the results of 

this thesis indicate that medical images can also elicit emotions. This means that the same type 

of images can have several functions within the text. Therefore, future research might need to 

explore how images with multiple functions influence learning rather than looking at the use of 

pictures with separate functions.  

Limitations and Strengths 

The work presented in this thesis has several limitations. First, there was no measurement of 

behavioural outcomes, for example, treatment adherence. This thesis explored how medical 

images could be used to enhance the understanding of medical information and optimise illness 

and treatment beliefs. However, it is unclear if the achieved changes could translate into better 

compliance with medical advice. Research on the use of medical images for patient education is 

still in its early stages. A lot more studies are needed first to understand how such images can be 

presented to patients to maximise educational gains and then to investigate the effects of such 

images on behavioural outcomes. 

 Second, this thesis did not evaluate the long-term outcomes of the interventions. Two 

studies had only an immediate post-intervention test; one included a pre-, post-intervention 

assessment with no follow-up. This limits the findings as the long-term effects, or the 

sustainability of the achieved changes has not been tested. Future research needs to investigate 

if seeing medical images can yield any long-term educational benefits compared to other types of 

illustrations. 

Third, this thesis only tested medical images showing gout. The images were 

predominantly computed tomography scans. Therefore, the findings from this work may not be 

generalisable to other types of medical images or other illnesses. Health conditions can be 
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visualised using a variety of methods which can all have different educational value. For example, 

endoscopic images and computed tomography scans can influence people differently. Moreover, 

CT scans can be helpful for educating people with gout but not with colorectal cancer. On the 

other hand, the more focused approach adopted by this thesis allowed to gain insights into how 

the method of presentation of medical images (i.e., in printed materials or face-to-face 

consultations) affected the perception of medical images. 

Finally, this thesis relied on parallel-group design, where the participants only saw one 

type of images. The participants had no choice of pictures, and we did not investigate the role of 

people’s preference. Furthermore, individual differences were not taken into account, whereas 

some people might have learned more from simpler pictures and others from medical images. 

Moreover, we did not analyse how many participants would choose medical images over other 

types of pictures and why. Future work needs to address these questions.   

Despite the limitations discussed above, this thesis has several strengths. It is one of the 

first studies that directly compared medical images to other types of pictures, including 

illustrations from existing patient education materials. Previous research has predominantly 

focused on the comparison of medical images to verbal information or standard care. This 

approach helped establish that medical images have the potential to enhance patient education 

materials. However, previous work has not addressed the question of whether medical images 

were superior or inferior to other types of visual aids. 

Another strength of the research included in this thesis is the use of objective methods of 

assessing understanding of health information: the studies not only relied on people’s self-report, 

but also tested knowledge with multiple-choice and open-ended questions. A large proportion of 

published studies used only self-report and assessed comprehension by asking patients to rate 

how well they understood the information. While the people’s perception is important, to evaluate 

the efficacy of a patient education intervention, more objective measures of comprehension and 

recall are also required. 

The present research was also one of the first to explore the attentional effects of medical 

images through the analysis of gaze behaviour. Eye tracking is widely used in the field of learning 

and instruction to test instructional designs. However, in patient education, this methodology is 

less common. Eye tracking can provide insights into how different educational materials or their 
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elements influence visual attention. For example, eye tracking can be used to evaluate how well 

pictures are integrated with the text (Schüler, 2017). Gaze behaviour can also be an indirect 

marker of cognitive load as more effortful cognitive processing is thought to be associated with 

more visual processing (Krejtz et al., 2017). Overall, this technology allows to objectively test 

different designs of patient education materials to ensure the information is presented in a 

cohesive way.  

Finally, this thesis is one of the few studies that explored the suitability of medical images 

for different formats of patient education materials. Medical images were incorporated into three 

most common types of patient education materials: printed patient leaflets, computer-based 

information (simulated an online resource) and a face-to-face intervention which simulated a 

doctor-patient consultation. Patient education is usually not limited to one channel: people may 

receive printed information after seeing their doctor or can seek information online. Therefore, it is 

important to know whether medical images can be seamlessly integrated into a variety of material 

for patients. 

Clinical Applications 

Dual-energy computed tomography (DECT) is a relatively new non-invasive method which can 

help clinicians with the diagnosis and monitoring of gout. This type of scanning is gaining 

popularity, but the effects of DECT scans on patients have not been investigated in detail. The 

findings of this thesis indicate that patients’ DECT scans showing gout can be safely incorporated 

into face-to-face consultations with patients. With some explanation of the images, scans do not 

hinder patient understanding but can make the information more engaging and helpful. Clinicians 

can use DECT scans to help newly diagnosed patients gain a fuller picture of the illness. 

Moreover, the scans may be a new interesting bit of information that a clinician can bring to a 

conversation with patients who have had the diagnosis of gout but are struggling with treatment 

adherence or wanting more information.  

 A review of the educational materials about gout conducted by the New Zealand Ministry 

of Health (2012) found that the quality of illustrations was suboptimal. The results of this thesis 

indicate that medical images can be used in online educational materials about gout as they 

generally improve the visual appeal of the text and are interesting to view when explained 

appropriately. However, the addition of medical images to shorter printed leaflets is not advised 
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as these images might require a more extended description to offer any educational benefits. In 

brief printed materials, simpler visual media such as cartoons can be more helpful for the 

understanding of medical information. 

Future Directions 

This thesis aimed to gather more data about how visual media can be used more effectively in 

patient education. “A picture is worth a thousand words” often reflects a superficial understanding 

about the value of visual information. The findings of this thesis suggest that different types of 

pictures can improve or reduce the educational value of medical information for patients.  

Different health-related visual media need to be pre-tested to ensure people get quality 

materials informed by research. However, several methodological challenges need to be 

addressed first. For example, there is no universal definition of a visual aid and no established 

methodology for testing them. Therefore, one direction for future research is the development of a 

theoretical framework that will inform the creation and evaluation of visual aids for health 

education purposes. 

This thesis provided some preliminary evidence of the suitability of medical images for 

patient education. Further research is needed to understand if medical images should and could 

be incorporated into educational materials or doctor-patient consultations. This includes testing 

different types of medical images in a variety of patient populations. Some conditions can be 

visualised using several types of medical images. For example, arterial ultrasonography and 

electron beam tomography can be used to obtain images showing arterial plaques, but it is 

unclear if one type of images is more helpful than the other. Sometimes the same scanning 

information can be rendered in various ways, for example, as a 2D image in the transverse plane, 

a 2D image in sagittal plane or a 3D interactive model. The latter might be easier for a layperson 

to understand. However, this also needs to be explored in future research. 

This thesis was largely based on the idea of illness visualisation and the benefits yielded 

by illness visualisation interventions (Jones et al., 2016; Karamanidou, Weinman, et al., 2008; 

Stephens et al., 2016). Illness visualisation is an approach to patient education that involves 

using visual aids to explain processes inside the patient’s body during illness and treatment. 

Several studies have shown that patients form visual mental images of their condition, which 

reflect their beliefs about it (Broadbent et al., 2004; Broadbent, Ellis, et al., 2006; Harrow et al., 
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2008). Therefore, by altering the visual representations, it might be possible also to access 

people’s beliefs. This is another new and potentially fruitful area for future research.  

Apart from the problem of selection of suitable visual media and its content, there are 

questions around the ability of visual interventions to influence important psychological, 

behavioural and health outcomes. For example, some studies have reported that interventions 

centred around visual information favourably influenced health behaviours (Hollands et al., 2010), 

illness beliefs (Jones et al., 2016, 2017), decreased anxiety (Jlala et al., 2010) or increased 

health worry (Lee et al., 2011). However, it is unclear what characteristics of visual interventions 

contributed to these changes or if they are sustained in the long-term. These questions were 

outside the scope of this thesis but need to be investigated in future. 

Conclusion 

Health professionals routinely use medical images in clinical care, but patients rarely see these 

images. Some empirical evidence indicates that visual feedback of medical images to patients 

can improve their understanding of health information, alter illness and treatment beliefs and 

promote behaviour change. However, research on the role of medical images in patient education 

is still in its early stages. Therefore, it is not clear in what way such images influence people, how 

the images can be incorporated into patient education, and how they compare to other types of 

visual aids. 

 In a series of experimental studies and clinical trials, this thesis aimed to assess the 

educational value of medical images presented using different methods. Overall, the findings from 

this work suggest that compared to images used in existing patient education materials, medical 

images have no adverse effects on people. Moreover, when medical images are explained 

appropriately, they can induce more interest and increase the visual appeal of the educational 

material. Finally, medical images yield more benefits when they are personalised and shown to 

patients during a face-to-face consultation. In contrast, when embedded in brief printed material, 

such images do not add any value to the text. 

This thesis contributes to the existing literature by providing new insights into how 

medical images and different methods of their presentation affect people’s understanding, 

attention, illness and treatment beliefs as well as the perception of health information. Moreover, 

research reported in this thesis comprises the first few modern studies that compared medical 
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images to several other types of medical illustration. Future research needs to explore what types 

of medical images are the most suitable for patient education, and if interventions based on 

medical images can induce positive long-term changes in patients’ health outcomes and well-

being.  
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Appendices 

Appendix 1.1. Intervention Leaflet With the Dual-Energy Computed Tomography Scan (Study 2, 

Chapter 5) 

Gout is a common and treatable form of arthritis. For many people, the first symptom of 

gout is excruciating joint pain and swelling. Although gout can affect any joint, the first attack 

usually affects the big toe or another part of the foot. A person with a gout attack may be 

unable to sleep, walk, or perform everyday tasks. Attacks of arthritis start suddenly and can 

last for 7 to 10 days if they are not treated. 

What causes gout? 

Gout is caused by high 

levels of urate in the 

blood. 

When there is too much 

urate, it forms urate 

crystals in the joints.

These crystals can cause 

attacks of severe pain and 

deformity of joints.

The image on the right is 

showing both feet of a 

person with gout. 

The urate crystals are 

highlighted in green. The 

urate crystals can affect 

multiple foot bones and 

joints.

Treatment for gout 

Because the cause of gout is the urate crystals,  the way to treat gout is to get rid of the 

crystals. This can be done by lowering urate in the blood. If the urate in the blood stays low 

over a long time, the crystals will dissolve, and gout attacks will stop. A person with gout can 

get rid of 20% of urate by changing their diet, being active and losing weight if they need to. 

A person with gout can get rid of 80% of urate by taking urate lowering medicines every day 

for years.

WHAT IS GOUT? 

The feet of a person with gout. Urate crystals are shown in 
green
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Appendix 1.2. Differences Between the No Image and Medical Illustration Arms in Illness Perceptions (Independent Samples t-Test) (Study 2, Chapter 5) 

 No image 
(n=51) 

Medical 
illustration 

(n=153) 
Statistic 

95% 
Confidence 

Interval of the 
Difference 

 Mean (SD) Mean (SD) t df Sig. 
Mean 

Difference 

Std. Error 

Difference 
Lower Upper 

Perceived gout severity (10 - extremely serious) 7.63 (1.94) 7.67 (1.94) -0.13 202 0.90 -0.04 0.31 -0.66 0.58 

Illness understanding (10 - understand very clearly) 7.76 (2.20) 7.82 (1.64) -0.18 70 0.86 -0.06 0.33 -0.73 0.61 

Illness consequences (10 – would severely affect 

my life) 

7.33 (2.33) 7.70 (2.13) -1.04 202 0.30 -0.37 0.35 -1.06 0.33 

Illness timeline (10 – would continue forever) 6.57 (3.09) 6.78 (2.58) -0.49 201 0.63 -0.21 0.44 -1.08 0.65 

Personal control (10 - extreme amount of control) 7.29 (2.18) 6.80 (2.20) 1.40 202 0.16 0.50 0.35 -0.20 1.20 

Treatment control beliefs (10 – treatment would be 

extremely helpful) 

8.33 (1.96) 8.26 (1.84) 0.25 201 0.80 0.08 0.30 -0.52 0.67 

Illness identity (10 – would experience many severe 

symptoms) 

6.04 (2.99) 6.29 (2.56) -0.58 201 0.56 -0.25 0.44 -1.11 0.60 

Illness concerns (10 - extremely concerned) 6.73 (3.10) 7.09 (2.55) -0.76 74 0.45 -0.37 0.48 -1.32 0.59 

Emotional representations (10 – would be extremely 

affected emotionally) 

6.29 (2.98) 6.81 (2.47) -1.12 74 0.27 -0.52 0.46 -1.44 0.40 

Perceived gout stigma (10 – would be extremely 

embarrassed if diagnosed with gout) 

5.20 (3.21) 4.55 (3.49) 1.17 202 0.24 0.65 0.55 -0.44 1.74 
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Appendix 1.3. The Effect of the Image Style on Illness Perceptions (One-Way ANOVA) (Study 2, Chapter 5) 

 Text only Cartoon image Anatomical 
Image 

Computed 
tomography 

scan 
Statistic 

 Mean (SD) Mean  (SD) Mean (SD) Mean (SD) F Sig. 

Perceived gout severity (10 - 

extremely serious) 

7.63 (1.94) 7.88 (1.78) 7.41 (2.22) 7.71 (1.79) F(3, 200)=0.52 0.67 

Illness understanding (10 - 

understand very clearly) 

7.76 (2.20) 7.84 (1.71) 7.78 (1.71) 7.84 (1.51) F(3, 200)=0.03 0.99 

Illness consequences (10 – would 

severely affect my life) 

7.33 (2.33) 7.71 (2.27) 7.82 (2.07) 7.57 (2.09) F(3, 200)=0.47 0.70 

Illness timeline (10 – would continue 

forever) 

6.57 (3.09) 6.56 (2.00) 6.82 (2.64) 6.96 (2.67) F(3, 199)=0.27 0.85 

Personal control (10 - extreme 

amount of control) 

7.29 (2.18) 6.53 (2.54) 6.94 (2.08) 6.92 (1.94) F(3, 200)=1.03 0.38 

Treatment control beliefs (10 – 

treatment would be extremely 

helpful) 

8.33 (1.96) 8.47 (1.35) 8.18 (2.06) 8.12 (2.06) F(3, 199)=0.36 0.78 

Illness identity (10 – would 

experience many severe symptoms) 

6.04 (2.99) 6.37 (2.71) 6.24 (2.18) 6.27 (2.79) F(3, 199)=0.15 0.94 

Illness concerns (10 - extremely 

concerned) 

6.73 (3.10) 7.04 (2.48) 7.08 (2.64) 7.16 (2.58) F(3, 200)=0.25 0.86 

Emotional representations (10 – 

would be extremely affected 

emotionally) 

6.29 (2.98) 6.90 (2.38) 6.69 (2.45) 6.84 (2.62) F(3, 200)=0.56 0.64 

Perceived gout stigma (10 – would 

be extremely embarrassed if 

diagnosed with gout) 

5.20 (3.21) 3.96 (3.52) 4.65 (3.30) 5.04 (3.63) F(3, 200)=1.32 0.27 
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Appendix 2.1. Illness Understanding: Individual Item Scores in Three Study Groups (Study 3, Chapter 6) 

 Medical 
images  
(N=52) 

Images 
from PEM  
(N=53) 

Text-only 
group 
(N=53) 

Statistic 

Open-ended question scores (SD)     

Gout is… 0.6 (0.5) 0.8 (0.5) 0.6 (0.5) F(2,155)=2.7, p=0.07 

Gout is caused by… 1.1 (0.6) 0.9 (0.6) 0.9 (0.6) F(2,155)=1.4, p=0.25 

Treatment for gout… 1.1 (0.7) 1.1 (0.7) 1.0 (0.7) F(2,155)=0.4, p=0.67 

The symptoms of a gout attack are … 1.0 (0.6) 1.2 (0.5) 0.9 (0.6) F(2,155)=3.68, p=0.028 
Gout will last… 0.2 (0.4) 0.2 (0.4) 0.2 (0.3) F(2,155)=0.28, p=0.76 

Multiple-choice questions (% of correct answers)     

What causes gout? a. Too much seafood; b. Too much urate*; c. Too much alcohol; d. 

Diabetes  

52 (100%) 53 (100%) 51 (96%) X2(2, n = 158)= 4.0, p=0.13 

How does one know if they have an acute attack of gout? a. They have a painful swollen 

joint*; b. They have a change in their blood test; c. Their skin gets red and itchy; d. They 

have a lump on the ear   

52 (100%) 51 (96%) 46 (87%) X2(2, n = 158)=9.1, p=0.011 

What inside the joint causes attacks of gout? a. Bacteria; b. Virus; c. Crystals*; d. 

Calcium 

50 (96%) 53 (100%) 52 (98%) X2(2, n = 158)= 2.1, p=0.35 

Which is a good treatment during a sudden painful attack of gout in someone with no 

other medical condition? a. Exercise; b. Allopurinol; c. Prednisone*; d. Massage   

 

18 (35%) 18 (34%) 21 (40%) X2(2, n = 158)=0.4, p=0.80 

Which of these is the best treatment to prevent further gout attacks? a. A balanced diet 

and moderate physical activity; b. A short-term course of Allopurinol; c. Long-term urate-

lowering medication*; d. Painkillers  

 

37 (71%) 37 (70%) 36 (68%) X2(2, n = 158)=0.13, p=0.94 

Choose one correct statement about gout: a. Gout is caused by genetic factors*; b. Gout 

is caused by an unhealthy diet; c. Gout is caused by a virus; d. Gout is caused by the 

lack of physical activity 

 

28 (54%) 37 (70%) 32 (60%) X2(2, n = 158)= 2.9, p=0.24 

If a person with gout is taking a urate-lowering medication, how long will they need to 

take this drug? a. 1 month; b. 1 year; c. 2 years; d. Lifelong* 

43 (83%) 45 (85%) 42 (80%) X2(2, n = 158)=0.6, p=0.74 

Choose one correct statement about gout: a. Gout is a form of arthritis*; b. Gout is a 

short-term condition; c. Gout can be cured; d. Only elderly people get gout 

41 (100%) 46 (87%) 38 (72%) X2(2, n = 158)=3.7 , p=0.16 

Choose one correct statement about gout: a. If blood urate stays high over a long time, 

urate crystals can dissolve; b. If blood urate level remains the same over a long time, 

urate crystals can dissolve; c. If blood urate stays low over a long time, urate crystals 

can dissolve*; d. Once urate crystals formed, they will stay in the body forever 

50 (96%) 49 (93%) 49 (93%) X2(2, n = 158)=0.8, p=0.67 

Note. Correct answers are marked with *
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Appendix 2.2. Emotional Response to Two Types of Illustrations: Average Semantic Differential 

Scores Per Image (Study 3, Chapter 6) 

 Medical 
images  
(N=52) 

Images 
from PEM  
(N=53) 

Statistic 

Pleasure dimension (SD) 0.3 (0.7) 0.3 (0.6) t (103)=-0.5, p=0.6 

Arousal dimension (SD) 0.2 (0.6) 0.1 (0.6) t (103)=0.2, p=0.8 

Dominance dimension (SD) 0.1 (0.6) -0.2 (0.6) t (103)=2.4, p=0.017 

Interested – bored [+3;-3] (SD) 1.4 (0.9) 0.8 (1.0) t (103)=3.4, p=0.001 

Reassured – distressed [+3;-3] (SD) 0.6 (1.0) 0.5 (0.9) t (103)=0.4, p=0.7 

Attracted – disgusted [+3;-3] (SD) 0.1 (0.9) -0.1 (0.8) t (103)=1.4, p=0.2 

Note. Positive scores indicate that participants gravitated towards “positive” 

adjectives (i.e., happy), negative scores mean higher preference for “negative” 

adjectives (i.e., unhappy), zero - neutral scores showing there was no preference for 

either positive and negative adjectives. 
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Appendix 2.3. Associations Between Preference for Visual Information and Attention to Images 

and Text (p-Values for Pearson’s Correlation Coefficient) (Study 3, Chapter 6) 

 

 Medical 
images 
(n=46) 

Images 
from PEM 
(n=47) 

Text-only 
(n=49) 

Total fixation time on the image per page 0.2 1.0 n/a 

Number of fixations on the image per page 0.2 1.0 n/a 

Average fixation duration on the image per page 0.8 1.0 n/a 

Total fixation time on the text per page 0.1 0.6 0.7 

Number of fixations on the text per page 0.1 0.6 0.7 

Average fixation duration on the text per page 0.4 0.6 0.7 
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Appendix 2.4. The Effects of High/Low Preference for Visual Information and Illustrated/Text-

Only Material on Illness Understanding and Illness Coherence (Two-Way ANOVA) (Study 3, 

Chapter 6) 

 
 Effects of the high/low 

preference for visual 
information 

Effects of the 
illustrated 
material/text-only  

Interaction effects of 
high/low visual 
preference and 
illustrated 
material/text-only 

 
Illness understanding 
score 

 
F(1,138)=0.8, p=0.4 

 
F(1,138)=2.4, p=0.1 

 
F(1,138)=0.8, p=0.4 

Multiple-choice 
questions: total number 
of correct answers 

F(1,138)=0.2, p=0.6 F(1,138)=1.7, p=0.2 F(1,138)=2.6, p=0.1 

Open-ended questions: 
total score 

F(1,138)=1.2, p=0.3 F(1,138)=1.9, p=0.2 F(1,138)=0.00, p=1.0 

Illness coherence F(1,138)=0.4, p=0.5 F(1,138)=0.00, p=1.0 F(1,138)=0.3, p=0.6 

 
 




