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ABSTRACT 
Objective This study was designed to investigate the effects of visual cues and 

language complexity on satisfaction and information recall using a personalised 
website for lung cancer patients. In addition, age effects were investigated. 

Methods An experiment using a 2 (complex vs. non-complex language) × 3 
(text only vs. photograph vs. drawing) factorial design was conducted. In total, 
200 respondents without cancer were exposed to one of the six conditions. 

Results Respondents were more satisfied with the comprehensibility of both 
websites when they were presented with a visual cue. A significant interaction 
effect was found between language complexity and photograph use such that 
satisfaction with comprehensibility improved when a photograph was added to 
the complex language condition. Next, an interaction effect was found between 
age and satisfaction, which indicates that adding a visual cue is more important 
for older adults than younger adults. Finally, respondents who were exposed to a 
website with less complex language showed higher recall scores. 

Conclusion The use of visual cues enhances satisfaction with the information 
presented on the website, and the use of non-complex language improves recall. 

Practice implications The results of the current study can be used to improve 
computer-based information systems for patients. 

1. INTRODUCTION 
In recent decades, the Internet has become a widely used medium to access health-related 

information. Worldwide, more than 12 million sites that contain health information are used 
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each day [1]. Cancer is among the top three diseases that patients research on the Internet 
[2]. One of the main reasons cancer patients use the Internet is to search for informational 
support, which can be explained as the need for information on cancer or its treatment [3]. 
Because it appears that cancer patients consistently have unmet information needs [4], 
providing high-quality information on the Internet in addition to improving patient-provider 
communication may help to meet these needs [5]. Indeed, research has demonstrated that 
cancer patients who use the Internet to search for information about their illness are better 
able to cope with the illness [6] and feel better informed and better prepared [7]. This result 
suggests that website use may improve patient understanding and recall of cancer-related 
information i.e., their ability to understand and reproduce the message. In turn, patients’ 
accurate recall of information, is likely to improve outcomes in terms of better compliance 
[8] and [9], more adequate disease management and decreased anxiety [10] and [11]. In 
addition, there is a robust relationship between positive affect and memory such that when 
messages evoke positive feelings (including satisfaction), they cue memories that have 
previously been associated with positive affect [12]. This concept supports the idea that 
website satisfaction is important to attract attention, increase information processing and 
improve information recall.  

Although the Internet is acknowledged as a powerful source of information for patients, 
individuals are not always satisfied with the health information that they find online. First, 
many people struggle to find the specific information that they need [13]. This challenge 
may be due to an information overload on the Internet [14], which makes it difficult for 
patients to find what they are looking for and to filter out the information that is relevant to 
their specific situation [6]. To overcome this problem, a new information strategy has been 
proposed, which is the tailored information strategy [15] and [16]. Tailored information uses 
individual characteristics to create a personalised message. Empirical health communication 
research confirms that tailored interventions are more effective than standard information 
with respect to, for instance, perceived relevance, information recall and behaviour change 
[17], [18], [19], [20], [21] and [22]. 

Incomprehensibility is a second cause of dissatisfaction with online health information. 
Health websites often use complex medical terminology, and much of the medical 
information that is targeted towards patients on the Internet is written at a reading level that 
is too high to be easily understood by many patients [23], [24] and [25]. This suggests that 
while tailored websites may greatly improve the relevance of information, the information 
might still be incomprehensible to many health information seekers. This seems to be the 
case for personalised websites as well, which have recently emerged as a form of tailored 
information. Personalised websites are set up to meet the specific information needs of 
individual patients and contain specific disease and treatment information for the exclusive 
use of each patient [26]. It is important not to confuse personalised websites with automated 
systems that deliver personalised health information based on algorithms, which is a 
different form of tailored interventions [16]. A recent example of a personalised website is 
the website designed for cancer patients at the Netherlands Cancer Institute–Antoni van 
Leeuwenhoek Hospital (NCI–AVL). Patients obtain a login name and a password that 
provide them with in-home access to their personalised website. The website provides 
specific information on the diagnostic tests and treatments that they will receive. A pilot 
study among 22 students confirmed that the comprehensibility of this website was not 
optimal, and the following recommendations for improvement were made: (1) the language 
should be simplified and (2) images should be used to complement textual information. 
Therefore, the aim of this study was to test whether reducing language complexity (textual 
health information) and using images or visuals cues (graphical health information) can 
increase patients’ satisfaction with a personalised website. We distinguished two 
subdimensions of website satisfaction, i.e., ‘satisfaction with comprehensibility’ and 
‘satisfaction with attractiveness’, which refer to the textual and graphic information on the 
website, respectively. Because the primary purpose of tailored online health information is to 
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inform patients [7] and because the literature suggests that the addition of visual information 
will result in cognitive gain and improved recall [27], the effects on patient recall of online 
health information were also be examined. 

2. THEORY AND HYPOTHESES 
Message comprehensibility increases the recipient's opportunity to process information, 

which might result in improved cognitive responses, such as information recall [28], [29], 
[30] and [31]. The expected positive relationship between comprehensible information and 
recall scores is supported by numerous health communication studies, which report that non-
complex or easy-to-read texts are effective in improving patients’ understanding and recall 
of information [32], [33], [34], [35], [36], [37], [38] and [39]. Consequently, providing 
comprehensible text has often been recommended to enhance adequate processing, 
understanding and recall of information among patients (e.g., [8], [40] and [41]). Therefore, 
the following hypothesis was formulated. 
 
H1 The use of non-complex language (vs. complex language) on a website has a positive 
effect on information recall. 

Next, this study examined whether textual information on a health website benefits from 
added visual information. Research in several domains, such as psychology, education, and 
marketing, suggests that pictures and text may serve different functions that affect both 
affective and cognitive processes (see Levie and Lentz [42] for a review). Various theories 
(e.g., dual coding theory [43] and the cognitive theory of multimedia learning [44]) state that 
two modes of presentation, graphic and verbal, are better than one, and empirical research 
demonstrates that websites that display images that complement the textual information are 
more comprehensible [45]. One explanation for this effect is that visual information is 
perceived as more vivid than text-only information. Vividness is defined as ‘the 
representation richness of a mediated environment as defined by its formal features’ (p. 81) 
[46]. Vivid information appeals to the senses and is more likely to stimulate cognitive 
elaboration because it is more interesting and prompts a more elaborate encoding process 
[47]. Marketing communication studies support the notion that adding vivid visual 
information enhances users’ understanding of an online communicated message [48]. Health 
communication research also has found positive effects of labelled pictures in print materials 
on information recall [40], [49], [50] and [51]. These results have recently been confirmed 
by Choi and Bakken [52], who found that the inclusion of visuals on websites improved 
users’ understanding of the educational text. Thus, the following hypothesis was formulated. 
 
H2 The presence of a labelled visual cue (vs. text only) on a website has a positive effect on 
information recall. 

Prior research suggests that the inclusion of visual information on websites not only results 
in improved cognitive processes but also affects website evaluations. For example, in the 
context of commercial websites, it has been demonstrated that vivid information such as 
virtual tours [53] and animations [54] and [55] positively influenced users’ attitudes towards 
the website. Correspondingly, the current study hypothesised that health websites that 
provide information in combination with complementary visual cues will enhance people's 
satisfaction with the website content. In the domain of health communication, research on 
the effects of using visual cues on information satisfaction is scarce and does not focus on 
online communication. One study found that a brochure that used visuals to illustrate the 
written text was evaluated more positively than those without visuals [38]. The same effect 
might hold true for websites. A recent study showed that different types of visuals on a 
health website were well accepted by users [52]. Although this study did not investigate the 
effect of visual cues on website satisfaction, this might result in improved satisfaction. Thus, 
the following hypothesis was formulated. 
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H3 The presence of a labelled visual cue (vs. text only) on a website has a positive effect on 
website satisfaction. 

In research on visual cues, it has been further suggested that different types of visual cues 
are not equally effective [56]. Some health information studies reported that (line) drawings 
are most effective in facilitating comprehension [57] and [58] while a recent study 
emphasised that the use of concrete and realistic visual cues, such as photographs, would 
maximise comprehension [52]. Photographs might be perceived as more realistic. Empirical 
research has demonstrated that low- (vs. high-) fidelity, i.e., realistic and vivid, images on 
commercial websites enhanced user memory [59]. However, high-fidelity images, such as 
photographs, might include irrelevant details that are likely to distract the user from essential 
information [24] and [52]. Nevertheless, taking into account Houts et al.’s [40] conclusion 
that simple visual cues are most effective, it can be assumed that photographs are more 
effective than drawings, but only if they are not too detailed. Moreover, because the 
literature suggests that vivid information affects both affective and cognitive processes, the 
current study argues that patients who visit a tailored website with a photograph (vs. 
drawing) are more satisfied with the website and retain more of the health information. This 
resulted in the following hypotheses. 
 
H4 The presence of a labelled photograph on a website has a more positive effect on website 
satisfaction than the presence of a labelled drawing. 

H5 The presence of a labelled photograph on a website has a more positive effect on 
information recall than the presence of a labelled drawing. 

We mentioned that comprehensive information is processed more deeply, which might 
result in not only improved information recall but also greater satisfaction with the 
information (i.e., attitudes [16], [28] and [29]). For example, product information that is 
perceived as more clear is evaluated more positively [60]. Illustrations usually enhance 
learner enjoyment and can be used to evoke affective reactions, but words can also 
contribute to affective objectives [42]. This is important because positive affect is supposed 
to enhance memory storage and information recall [12] and because visual cues and text may 
reinforce each other. In particular, visual cues will improve patients’ comprehension of 
medical information when the visual cue complements the text [42] and [61]. To help people 
understand the facts and ideas that are represented in pictures, language simplification may 
also play an important role [40]. This indicates that the combination of non-complex 
language with visual cues will provide the best results in terms of information recall. This 
idea is supported by Choi and Bakken [52], who reported that appropriate visual cues 
combined with simplified text were the most effective way to deliver health care 
information. This concept might hold for website satisfaction and for information recall. 
Therefore, we formulated the following hypotheses. 
 
H6 The presence of non-complex language combined with a visual cue on a website has a 
more positive effect on website satisfaction than the presence of complex language 
combined with a visual cue or the presence of text only (complex or non-complex). 

H7 The presence of non-complex language combined with a visual cue on a website has a 
more positive effect on information recall than the presence of complex language combined 
with a visual cue or the presence of text only (complex or non-complex). 

Cancer is a disease that often affects older individuals [62]. Tailored research-based 
messages are supposed to have a greater likelihood of being received by older cancer 
patients than the general messages that are currently delivered [63], possibly because older 
people prefer to invest their cognitive resources in goal-relevant activities [64]. Older people 
also give more initial attention to positive features than to negative ones [65], which 
indicates that visual cues may attract more attention and result in greater website satisfaction 
than text only for older people, provided that the visual cue does not evoke negative 
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emotions. Moreover, earlier studies have shown that visual information is more robust in 
situations in which audiences lack literacy skills [66] and [67]. Many studies have concluded 
that due to age-related declines in cognitive abilities such as working memory, older people 
may not have the literacy skills necessary to fully understand health information [68] and 
[69], and there is evidence for increased memory of visual cues among older adults [70]. 
Consequently, the use of visual cues (compared to text only) is expected to reduce demands 
on working memory [61], [71] and [72] and therefore may have more positive effects on 
older people's information recall than on that of younger people. Given the information 
mentioned above, the use of visual cues is expected to improve older people's satisfaction. 
Thus, the following hypotheses were formulated. 
 
H8 The presence of a labelled visual cue (vs. text only) on a website has a more positive 
effect on older people's website satisfaction than on younger people's website satisfaction. 

H9 The presence of a labelled visual cue (vs. text only) on a website has a more positive 
effect on older people's information recall than on younger people's information recall. 

3. METHOD 

3.1. Design 
The experimental study involved a 2 (complex vs. non-complex language) × 3 (text only vs. 

labelled photograph vs. labelled drawing) between-subjects factorial design (see Fig. 1). The 
participants were randomly assigned by a computer to one of the six conditions. A page of an 
existing website, i.e., the personalised website of NCI–AVL, was used with short and global 
information on surgeries for the treatment of lung cancer, such as segment resection, and 
more specific information regarding the surgery that the ‘owner of the website’ was 
designated to receive, in this case a wedge excision. In total, six different versions of this 
page were created that differed in the level of language complexity and image use while the 
amount and content of the information was kept constant (see pre-tests for development of 
stimulus materials). 

[FIGURE 1] 

3.2. Procedure 
The participants (N = 200) were selected by ten students who were enrolled in a research 

seminar. Each student recruited 20 participants from his own social network. The aim was to 
recruit a sample of participants that represented a range of educational backgrounds and 
ages. The inclusion criteria were as follows: (1) aged 18 years or older, (2) able to read and 
write in Dutch, (3) not being a medical professional, and (4) not diagnosed with lung cancer. 
Participants were not medical professionals or (lung) cancer patients because we expected 
that the knowledge and experience of these groups could influence outcomes, especially 
information recall. After giving informed consent, the participants were approached by email 
and asked to complete an online questionnaire. A computer first randomly assigned the 
participants to one of the six conditions, and the participants were then exposed to an online 
questionnaire. After reading a general introductory text, the participants received questions 
on background characteristics, coping style and knowledge. Next, the participants were 
required to view one of the six websites and were asked to read the information carefully. 
The participants were instructed that after viewing the website, they would be asked 
questions on the content of the website and that they would not be able to return to a 
previous screen. Because the duration of viewing a website is expected to affect information 
retention [73], the time spent on the website was measured. After reading the website and 
clicking the ‘next’ button, the recall questionnaire appeared on the screen (see 
measurements). Next, the website was displayed again, but this time, the participants were 
instructed to focus on the feelings and thoughts that were elicited when they looked at the 
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website to provide their opinion. This was followed by a satisfaction questionnaire and a 
manipulation check (see measurements). 

3.3. Pre-tests 
In this study, several pre-tests were conducted among students to develop the stimulus 

materials with regard to visual cues and language complexity. 

3.3.1. Selection of visual cues 
First, the researchers selected two different drawings of the lungs, and ten students were 

asked to evaluate the extent to which the drawings matched the text on a 7-point scale (e.g., 
1 = does not clarify the text at all, 7 = completely clarifies the text) (3 items; Cronbach's 
α = 0.92). Using t-statistics, one of the drawings appeared to score significantly higher than 
the other (M = 5.70, SD = 0.94 vs. M = 3.40, SD = 0.77, p < 0.001), thus we selected the 
higher scoring drawing. Regarding the photograph, we found only one picture that we 
considered appropriate for the website, and we chose this picture for the additional pretests. 

3.3.2. Pre-test comprehensibility 
Next, to test whether the visual cue (vs. text only) improved the perceived understanding of 

the text, another group of 33 students was exposed to either the original text with no visual 
cue, the original text with the selected photograph, or the original text with the selected 
drawing. The students were asked to assess the extent to which the text was easy to 
understand on a 7-point semantic differential scale (e.g., 1 = difficult, 7 = easy; 1 = unclear, 
7 = clear) composed of five items (Cronbach's α = 0.81). Unexpectedly, the results showed 
no significant differences between the original text (M = 4.48, SD = 0.86), text with the 
photograph (M = 4.33, SD = 0.79) and text with the drawing (M = 4.27, SD = 0.54). This 
may be due to the fact that the visuals were presented as a medical representation of the 
lungs (where left and right are reversed). The participants reported that this reversal confused 
them because the text contained information that specifically referred to anatomy of the right 
and the left lung. We then repeated the pre-test by exposing 14 other students to the text with 
a non-medical representation photograph. This process resulted in a mean score for 
comprehensibility of 5.73 (SD = 0.88), which was significantly higher than the original score 
on text only (M = 4.48, SD = 0.86, p < 0.001). Therefore, both the photograph and the 
drawing were presented in the non-medical manner. 

3.3.3. Pre-test vividness 
A final pre-test examined whether the three visual conditions differed in the level of 

vividness, i.e., the extent to which the websites were appealing to the senses [46]. Therefore, 
a new cohort of 26 students was exposed to three screenshots of the website (text only vs. 
text with photograph vs. text with drawing) and asked to rate which of the websites they 
perceived as most vivid and which visual cue they perceived as most realistic. As expected, 
the website with the photograph was considered to be most vivid by 17 (65.4%) participants, 
which was significantly more than the 9 (34.6%) and 0 (0%) participants who considered the 
website with the drawing (p < 0.05) and the website with text only (p < 0.001), respectively, 
as more vivid. Additionally, in line with expectations, 21 (80.8%) participants found the 
photograph more realistic than the drawing (p < 0.001). 

Fig. 2 shows the screenshot with text only (original website), Fig. 3 shows the screenshot 
with the labelled photograph (hereafter, ‘photograph’), and Fig. 4 shows the screenshot with 
the labelled drawing (hereafter, ‘drawing’) that were used as stimulus material. 

[FIGURE 2] [FIGURE 3] [FIGURE 4] 

3.3.4. Pre-test language complexity 
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As explained in Section 1, the original website text was perceived as complex and was used 
in the complex language conditions. For the non-complex language conditions, two different 
versions of the original website text were created that used less complex language. In both 
non-complex versions, medical jargon was replaced by explanations in informal language, 
but the two versions differed in terms of sentence construction. Thirty-five students each 
randomly received one of the three versions and were asked to complete the aforementioned 
five-item scale to assess the extent to which the text facilitated understanding. The complex-
language version appeared to be significantly more difficult to understand (M = 4.48, 
SD = 0.86) than the first non-complex language version (M = 5.55, SD = 0.89, p < 0.01) but 
was not significantly less understandable than the second version (M = 5.27, SD = 0.58, 
p > 0.05). We therefore chose the first non-complex language version as the stimulus 
material. 

3.4. Measures 

3.4.1. Background characteristics 
The background questionnaire was administered first and contained socio-demographic 

items that inquired about age, gender, education and living situation. Next, other factors that 
might influence recall and/or satisfaction scores were measured, including online surfing 
behaviour, cancer history (self and important others) and knowledge about the lungs and 
lung cancer (treatment). 

3.4.2. Information recall 
In addition, information recall was measured using an adapted version of the ‘Netherlands 

Patient Information Recall Questionnaire’ (NPIRQ [74]) that consisted of a set of five open-
ended questions. Respondents typed in their answers into the online questionnaire. The 
questionnaire was based on the information displayed on the website and contained 
questions about the lungs (questions 1 and 4) and lung cancer treatment (questions 2, 3 and 
5). The answers to these questions were judged by independent coders who were blind to the 
participants’ assigned condition. The coders used a marking system that was developed 
before the questionnaire was administered. Questions 1, 2 and 5 could score a maximum of 
two points, and questions 3 and 4 could score a maximum of one point. For each participant, 
a total recall score was calculated with a range of 0–8. 

Interrater reliability was calculated for recall scores on half (n = 101) of the questionnaires 
and appeared to be good, with a mean Cohen's Kappa of 0.93 (range 0.67–1.00) [75]. 

3.4.3. Time spent on the website 
The time participants spent on the website during the first period was measured as the time 

between the website's appearance on the screen and the participant's click of the ‘next’ 
button to move to the recall measurement. 

3.4.4. Satisfaction 
Next, satisfaction with the website was measured using seven statements that could be rated 

by the participants on a seven-point Likert scale (ranging from 1 = strongly disagree to 
7 = strongly agree). Factor analysis using varimax rotation confirmed two satisfaction 
subscales with an explained variance of 70.6%, i.e., ‘satisfaction with comprehensibility’ 
(three items, α = 0.78) and ‘satisfaction with attractiveness’ (four items, α = 0.84). The 
‘comprehensibility’ subscale included items about the clarity of the textual information on 
the website, e.g., ‘the website is easy to read’ and ‘the language used on the website is easy 
to understand’. The ‘attractiveness’ subscale included items about the extent to which the 
participants liked the website and referred to imagery information, e.g., ‘the website looks 
nice’ and ‘the website is well developed’. For both subscales, a total mean score was 
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calculated with a range of 1–7. The items of the ‘attractiveness’ subscale were based on the 
subscales ‘entertainment’ and ‘informativeness’ of the ‘attitude towards the site scale’ [76] 
and [77] and the ‘aesthetic effects’ category of the ‘leisure satisfaction scale’ [78]. The items 
of the ‘comprehensibility’ subscale were based on the ‘physiological effects’ category of the 
‘leisure satisfaction scale’ [78]. 

3.4.5. Manipulation check 
Finally, to check whether the ease of understanding of the web content was successfully 

manipulated, participants were asked to rate the extent to which the website information 
facilitated understanding according to four questionnaire items with a seven-point semantic 
differential scale. The items pertained to perceived ease, clarity, complexity and ease of 
understanding of the information on the website (α = 0.82). 

3.5. Analysis 
Descriptive statistics were obtained on the background characteristics of the participants, 

and differences in these variables between groups were examined using chi-statistics or t-
tests wherever such tests were appropriate. For the main analysis, three separate 2 (complex 
vs. non-complex language) × 3 (text only vs. labelled photograph vs. labelled drawing) 
ANOVAs were conducted with satisfaction with comprehensibility, attractiveness and 
information recall as the dependent variables. To test whether visual cues affect older 
participants more than younger patients, three separate 2 (<50 years vs. ≥50 years) × 2 (no 
visual vs. visual) ANOVAs were conducted with satisfaction with comprehensibility, 
attractiveness and information recall as the dependent variables. Because the latter analyses 
aimed to examine the added value of a visual in general, we did not make a distinction 
between a photograph and drawing, i.e., the condition for a ‘visual’ website was the presence 
of a photograph or drawing. All analyses were conducted using SPSS 16. 

4. RESULTS 

4.1. Participants 
Table 1 shows the background characteristics of the participants. The majority of the 

participants was female, with a mean age of 39 years, and almost half had completed a high-
level education. 

[TABLE 1] 
There were no significant differences in the conditions of age, gender, education, living 

situation, online surfing behaviour, cancer experience and medical knowledge about the 
lungs and lung cancer (treatment) among the participants. There were also no differences in 
the condition of mean time spent on the website (F(1, 193) = 1.03), which indicates that the 
amount of time spent on the website was equally distributed across conditions. Therefore, it 
was not necessary to control for covariates in further analyses. 

4.2. Manipulation check 
The analysis of variance showed that, as intended, the information on the websites with 

non-complex language was perceived as easier to understand than the information on the 
websites with complex language (Mcomplex = 19.05, SD = 0.43 vs. Mnon-complex = 21.05, 
SD = 0.43; F(1, 198) = 10.43, p < 0.001, η2 = 0.05). Furthermore, the information on the 
websites with visual cues (photograph or drawing) was also assessed as easier to understand 
than the information on the websites without visual cues (Mtext only = 18.88, SD = 0.59 vs. 
Mvisuals = 20.43, SD = 0.37; F(1, 198) = 5.00, p < 0.05, η2 = 0.03). Hence, the website content 
was successfully manipulated. 
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4.3. Effects of language complexity and visual cues on information recall and 
satisfaction 

4.3.1. Information recall 
As shown in Table 2, recall scores were higher in the non-complex language conditions 

than in the complex language conditions (F(1, 198) = 13.93, η2 = 0.07). Furthermore, recall 
scores were marginally significantly higher among participants exposed to a website with a 
photograph than among participants exposed to a website with text only (F(1, 131) = 3.59, 
η2 = 0.03). However, there was no significant difference between participants exposed to a 
website with a drawing and those exposed to a website with text only (F(1, 123) = 1.43, 
η2 = 0.01). Although recall scores were higher among participants who viewed the website 
with a photograph than with a drawing, the difference was not significant. Fig. 5 shows the 
main effect of language complexity on information recall, and Fig. 6 shows the main effect 
of the use of visual cues. No interaction effects were found. 

[TABLE 2] [FIGURE 6] 
Fig. 7 shows the average recall score for all six experimental conditions. The use of non-

complex language combined with a photograph resulted in the highest recall score 
(M = 3.99, SD = 2.17), and the combination of complex language with no visual cues 
resulted in the lowest recall score (M = 2.02, SD = 1.52). The figure shows that all non-
complex language conditions resulted in higher recall scores than the complex language 
conditions, although this difference was not always significant. Recall scores in the non-
complex language/photograph condition were significantly higher than those in the complex 
language/no visuals condition (Mean diff. = −1.94, SE = 0.78, p < 0.05) and the complex 
language/drawing condition (Mean diff. = −2.00, SE = 0.68, p < 0.05) and were marginally 
significantly higher than those in the complex language/photograph condition (Mean 
diff. = −1.84, SE = 0.68, p < 0.10). Other differences between conditions were not 
significant. 

[FIGURE 7] 

4.3.2. Satisfaction with comprehensibility 
A main effect of a photograph and a drawing, as compared to text only, on satisfaction with 

comprehensibility was found (Table 2). Participants were more satisfied with the 
comprehensibility of websites that included a photograph than websites with text only (F(1, 
131) = 4.47, η2 = 0.06). This effect was qualified by the interaction effect between language 
complexity and the use of a photograph (F(1, 128) = 4.47, p < 0.05, η2 = 0.03). Simple effect 
analysis revealed that the effect of a photograph was significant for participants who were 
exposed to complex language (F(1, 128) = 12.79, p < 0.001, η2 = 0.09) but not for 
participants who were exposed to non-complex language (F(1, 128) < 1). This means that a 
photograph adds value especially when complex language is used. Furthermore, satisfaction 
with the comprehensibility of websites that used a drawing was higher than with a website 
that had no visual cues (F(1, 123) = 7.18, η2 = 0.06). Although there was no significant 
interaction effect between language complexity and the use of a drawing (as compared to 
text only), simple effect analysis showed a significant effect of a drawing for participants 
who were exposed to complex language (F(1, 121) = 7.57, p < 0.01, η2 = 0.06) but not for 
those who were exposed to non-complex language (F(1, 121) = 1.15). There were no 
differences in satisfaction with comprehensibility between exposure to a photograph and 
exposure to a drawing. 

No main effect of language complexity on satisfaction with comprehensibility was found 
(F(1, 198) = 2.05, η2 = 0.01). 
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4.3.3. Satisfaction with attractiveness 
There was no main effect of the photograph (F(1, 131) = 2.40, η2 = 0.02) on satisfaction 

with attractiveness (Table 2). A marginally significant main effect was found between 
participants who were exposed to a website with a drawing and those who were exposed to a 
website with text only (F(1, 123) = 2.87, η2 = 0.02), which indicates that a website with a 
drawing increases perceived attractiveness as compared to text only. No differences were 
found in satisfaction with attractiveness between exposure to a photograph and exposure to a 
drawing. As expected, there was also no main effect of language complexity on satisfaction 
with attractiveness (F(1, 198) < 1), and no interaction effects were found. 

4.3.4. Age effects 
Results showed no main effect of age on satisfaction with comprehensibility (F(1, 196) < 1, 

n.s.). However, an interaction effect on satisfaction with comprehensibility was found 
between age and the use of a visual cue (F(1, 196) = 4.18, p < 0.05, η2 = 0.02). Simple effect 
analysis revealed that the effect of adding a visual cue to a website was significant for 
participants aged 50 years or older (F(1, 196) = 11.98, η2 = 0.06) but not for those younger 
than 50 years old (F(1, 196) = 1.13, η2 = 0.01). Fig. 8 and Table 3 depict this effect. 

[FIGURE 8] [TABLE 3] 
 
Furthermore, a main effect of age on satisfaction with attractiveness was found. Older 

participants (≥50 years) generally judged the website to be more attractive than younger 
participants did (Molder = 5.16, SD = 1.11 vs. Myounger = 4.72, SD = 0.97; p < 0.05). Although 
there was no interaction effect between age and the use of visuals (F(1, 196) = 1.83, 
η2 = 0.01), simple effect analysis showed that the effect of adding a visual cue to a website 
was significant for older participants (F(1, 196) = 4.93, η2 = 0.03) but not for younger ones 
(F(1, 196) < 1, η2 < 0.01). Hence, the attractiveness of a website with text only or a website 
with a visual cue was considered to be similar by younger people. However, older adults 
perceived a website with a visual cue to be significantly more attractive than a website with 
text only (see Fig. 9 and Table 3). 

[FIGURE 9] 

5. DISCUSSION AND CONCLUSION 

5.1. Discussion 
The results of this study indicate that the use of visual cues is especially important to 

increase satisfaction with comprehensibility, while the use of non-complex language seems 
to be more decisive for information recall. Although our literature review did not clearly 
indicate that visual cues should add value in the complex language conditions (vs. non-
complex language conditions), this idea intuitively makes sense. If people do not understand 
the text because the language is too complex, they may have an increased need for additional 
visual information to understand the information. Previous work has suggested that a visual 
cue may aid comprehension when people have difficulty understanding the text and aid 
information recall when people understand the text but find the information difficult to recall 
[42]. The results of this study indicate that satisfaction with comprehensibility may be a 
prerequisite for understanding the information, but this might not be sufficient to remember 
and reproduce the information. Apparently, clear and non-complex language is still needed 
for appropriate recall of the information. Because the scope of potential interactions among 
text, visual cues and learning processes seems to be broad [42], more research in health 
education is needed to understand this complex relationship. 
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Our results show that satisfaction scores increase more among older (≥50 years) than 
younger (<50 years) adults when a visual cue is added. This supports the aforementioned 
idea that visual cues attract more attention from older adults than from younger adults and 
evoke positive feelings [65]. The idea that older people might benefit more than younger 
ones from the use of visual cues can be further explained by older adults’ lower health 
literacy skills [68] and [69]. Older people exhibit a lower reading ability than younger people 
and are often considered poor readers. Several researchers have predicted that visual cues 
would help poor readers more than good readers [42]. However, recent research also 
indicates that older adults might not benefit from visual cues because visual cues can be 
difficult to integrate with text [68]. Although our results support the idea that the use of 
visual cues is more significant for older than for younger people, more research is needed in 
this area. 

Contrary to our expectations, there were no differences in information recall between 
younger and older participants. Post hoc analysis demonstrated that older participants spent 
almost 1 min longer visiting the website (M ≥ 50 = 2.7; SD = 3.7) than younger participants 
(M < 50 = 1.8; SD = 4.0). Although the data do not provide an explanation for this 
difference, previous experimental research has reported that older people spent more time 
reading instructions [80], reading illustration-related phrases, fixating on illustrations [68] 
and executing tasks [80]. In addition, Morrow et al. [61] found that giving older participants 
extra study time improved their recall of information (Experiment 1), but that older adults’ 
memories were not improved when study time was restricted (Experiment 2). The time that 
participants could spend on the website before completing the recall questionnaire was 
unrestricted in the current study, which might explain why the recall scores did not differ 
between age groups. 

The effects of the use of visual cues on satisfaction might be explained by vividness. A 
pretest of the stimulus materials clearly demonstrated that the websites that included either a 
photograph or a drawing were perceived to be more vivid than the text-only website. This 
result is in line with prior studies conducted in the field of online marketing communication, 
which have shown that websites that provided virtual tours [53] or animations [79] were 
evaluated more positively and that moving pictures on a website enhanced memory retention 
scores [59]. The current study only applied still visual cues that complemented the textual 
health information. Therefore, future research should investigate whether moving images, 
such as an instructional video about a surgery, further enhance the quality of health websites. 

We predicted that a photograph would give better results than a drawing due to the higher 
vividness of a photograph, and the pre-test indeed showed that the website with the 
photograph was perceived as more vivid than the website with the drawing. However, the 
recall scores of the participants who were exposed to a website with a photograph (M = 3.31) 
were not significantly higher than the recall scores of participants who viewed a website with 
a drawing (M = 3.07), and the scores on satisfaction with comprehensibility (M = 5.71 vs. 
5.63) and satisfaction with attractiveness (M = 4.97 vs. 4.94) were largely comparable. This 
indicates that vividness might explain the effectiveness of the use of visual cues in general 
but only partly explains the effectiveness of a photograph as compared to a drawing (H4 and 
H5). 

5.1.1. Limitations 
The first limitation of this experiment is the external validity of the results. Because the 

results were found in an experimental setting, the results cannot automatically be generalised 
to real-world settings, particularly because no cancer patients were included in this study. 
Cancer patients might evaluate the information presented by a tailored website differently 
than others. Cancer patients might be more involved and motivated to process the 
information than the participants of the current study, which could lead to more elaborate 
processing if information processing theory holds. However, being diagnosed with cancer is 
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a stressful event for most patients, and stress and emotions might decrease their cognitive 
processing ability. Moreover, the mean age of lung cancer patients treated in the NCI–AVL 
is higher than the mean age of the participants in the current study. Consequently, education 
and health literacy are probably lower in real lung cancer patients than in our study 
population. Although this makes it more important to strive for easy-to-read information, it is 
recommended that the study should be replicated among cancer patients. 

In addition, the satisfaction with comprehensibility measurement was not an absolute 
measurement of the readability of the text but rather a reflection of the participants’ opinions 
of the comprehensibility. It is recommended that a textual analysis should be conducted in 
future research, for instance, by using functional analysis or a readability instrument [81] to 
compare perceived satisfaction with objective readability. It is possible that earlier studies 
did not find an interaction effect between language complexity and the use of visual cues 
because those studies examined an absolute level of complexity (for instance, low vs. 
medium complexity) that differed from the level used in the current study (for instance, 
medium vs. high complexity). 

5.2. Conclusion 
An experimental study examined whether lower levels of language complexity and the use 

of visual cues, i.e., a labelled photograph or a labelled drawing, enhance the patients’ 
satisfaction with the information on a tailored website and increase information recall. As 
expected, language complexity did not affect satisfaction but had a significant effect on 
information recall (H1). Participants who were exposed to one of the non-complex language 
conditions showed significantly higher recall scores than those who read complex language. 
The use of a photograph resulted in marginally significant higher recall scores than the use of 
text only (H2), and participants who were exposed to the non-complex language/photograph 
condition showed the highest recall score (H7). The results also show that participants were 
more satisfied with the comprehensibility of the websites that used a visual cue (H3). In 
addition, we found that language complexity and the use of a photograph had a significant 
interaction effect on satisfaction with comprehensibility, which indicates that especially 
complex language can benefit from the inclusion of a photograph. 

Finally, we examined age effects. The results showed an interaction effect between age and 
satisfaction with comprehensibility. Older adults (≥50 years) who were exposed to a website 
with a visual cue were significantly more satisfied with comprehensibility than older adults 
who were exposed to a website with text only (<50 years) (H8). The results indicate that 
adding a visual cue is more important for older adults than for younger ones, although the 
predicted differences between younger and older adults in information recall (H9) were not 
found. 

5.3. Practice implications 
Tailored messages are a promising medium to communicate information to patients, and 

personalised websites may help patients find relevant health information. The findings of this 
study support further improvement of this type of tailored intervention. First, the findings 
clearly demonstrate that adjusting the level of language complexity greatly improves the 
website visitor's level of processing because information recall was higher in the non-
complex language conditions. Therefore, online health information websites should be 
tailored not only to the informational needs of the patients but also to their reading level. 

Second, the findings demonstrate that the use of visual cues increases satisfaction with 
comprehensibility and improves older adults’ satisfaction with attractiveness. Therefore, 
designers of health information websites should use visual cues that support key 
informational content. There is general agreement in the literature that visuals without 
irrelevant details should be chosen [24] and [52], but it is difficult to determine which 
information is ‘irrelevant’. This indicates that visual cues to be used in health education 
should always be field-tested with the intended audience before being deployed [40]. 
Moreover, the relationship between the text and the visual cue appears critical, especially 
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when the aim is to improve information recall. When text is accompanied by complementary 
illustrations, there is an information overlap. Visual cues are supposed to facilitate the text 
that is shown in the visual cue, but not the text that is not illustrated [42]. This means that 
health website designers should field-test which information is most important and/or most 
difficult to understand before deciding which parts of the text will be illustrated. 
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