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Abstract
Background Pancreatic cancer, ranking seventh in global cancer-related deaths, poses a significant public health 
challenge with increasing incidence and mortality. Most cases are diagnosed at an advanced stage, resulting in 
low survival rates. Early diagnosis significantly impacts prognosis, making symptom awareness crucial. Symptoms 
are often subtle, leading to delayed help-seeking behaviour. Patients and their carers prioritise increased public 
awareness, indicating a need for innovative approaches to promote awareness of the disease.

Methods This study employed a quasi-experimental pre-test/post-test design to assess the relationship between 
a serious game and pancreatic cancer awareness. Members of the public (N = 727) were recruited internationally, 
via social media and with signposting by relevant organisations. Participants completed measures of symptom 
awareness and help-seeking intentions before and after playing the game. The serious game, co-designed with 
experts by lived experience, patient advocates and healthcare professionals, presented participants with a human 
anatomy diagram, with each section linked to a question about pancreatic cancer.

Results The serious game demonstrated a statistically significant improvement on pancreatic cancer awareness 
based on matched paired t-tests. Due to missing data, paired comparisons were only possible for 489 cases. Symptom 
awareness scores exhibited a statistically significant increase from pre-test to post-test, with a large effect size 
(p < 0.001, d = 1.43). Help-seeking intentions also markedly improved, showing a significant increase from pre-test to 
post-test, with a large effect size (p < 0.001, d = 1.10). Independent-samples t-tests were also conducted to determine 
if there were any group differences on pre- to post-test changes based on age, gender, and previous knowledge and/
or experience of pancreatic cancer. Participants overwhelmingly endorsed the game’s usability and educational value, 
suggesting its potential as an effective tool for enhancing public awareness and proactive health-seeking behaviour.

Discussion This study is the first to explore a serious game’s utility in pancreatic cancer awareness. Results suggest 
that such interventions can effectively increase public awareness and influence help-seeking intentions. The 
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Background
Pancreatic cancer is the seventh leading cause of cancer 
death globally [1]. Worldwide incidence and mortality 
have increased from 1990, and due to a lack of effective 
prevention and treatment strategies, pancreatic cancer 
represents a serious public health concern [2]. In the UK, 
pancreatic cancer is the 10th most common cancer with 
approximately 10,500 people diagnosed each year [3]. 
Approximately 80% of patients present with inoperable 
tumours at the time of their diagnosis and are therefore 
not eligible for potentially curative treatment [4]. As the 
majority of patients present symptomatic at an advanced 
stage [5], this has significant impact on symptom burden 
and life expectancy. In the UK, only 7% of people with 
pancreatic cancer survive for five years and survival rates 
have not improved much in the last forty years [3]. Earlier 
diagnosis has significant impact on prognosis; for exam-
ple, 51% of those diagnosed at stage I reported 1-year 
survival compared to only 6% of those diagnosed at stage 
IV according to a recent Northern Ireland (NI) audit [5].

Symptoms of pancreatic cancer include jaundice, indi-
gestion, change in bowel habits, fatigue, and unexplained 
weight loss [6]. Patients with pancreatic cancer may 
experience severe symptoms and poor quality of life to 
the end of life [7]. Patients have reported physical and 
psychological distress with pancreatic cancer patients 
reporting worse quality of life compared to other can-
cers [8–10]. Despite this high symptom burden and mor-
tality rate, public awareness of pancreatic cancer is low. 
64% of Europeans reported knowing very little about the 
disease [11]. Furthermore, individuals identified as high-
risk (such as those with familial pancreatic cancer) have 
low levels of knowledge of pancreatic screening despite a 
desire to know more [12].

The subtle and intermittent nature of the symptoms of 
pancreatic cancer may cause delays in help-seeking with 
many individuals initially monitoring the symptoms and 
altering their diet [13]. Patients reported only visiting 
their General Practitioner (GP) after changes in symp-
tom frequency, duration, or severity, with encourage-
ment from friends and family facilitating help-seeking 
[13]. People living with pancreatic cancer have described 
the intermittent nature of their symptoms as creating a 
false sense of reassurance [14]. Due to the importance of 
earlier diagnosis on pancreatic cancer prognosis [4], this 
delayed help-seeking behaviour highlights the impor-
tance of addressing symptom awareness.

People living with pancreatic cancer and their carers 
have identified increasing public awareness of the disease 

symptoms as a research priority [15]. Raising symp-
tom awareness coupled with improving self-efficacy for 
acknowledging and seeking help based on these symp-
toms may help to increase rates of earlier detection. Seri-
ous games represents a novel and innovative method of 
addressing such factors, this is because serious games 
are suggested to be more effective in terms of learning 
and knowledge retention than conventional instructions 
[16]. ‘Serious games’ (entertaining games created with a 
specific educational purpose) have become increasingly 
used within healthcare education [17] and show potential 
within public awareness. For example engagement with 
a serious game has shown improvements in the public’s 
perceptions of dementia [18] and increased awareness 
of the symptoms of Alzheimer’s Disease [19]. Serious 
games have also been found to address behaviour change 
in cancer patients, for example increases were found in 
self-advocacy [20], drug compliance [21] and engagement 
in preventative behaviours [22]. In the specific context of 
healthcare student education, serious games have elicited 
increases in nursing students’ knowledge and intentions 
to become vaccinated against influenza [23] and knowl-
edge of infection and safe behaviours regarding COVID-
19 [24].

The present study aims to extend this previous research 
to evaluate the effectiveness of a ‘serious game’ in increas-
ing awareness of the symptoms of pancreatic cancer and 
help-seeking intentions within the general public. The 
objectives of this study were as follows:

1. To determine if playing a pancreatic cancer 
awareness game improved participants levels of 
awareness of the symptoms of pancreatic cancer.

2. To determine if playing a pancreatic cancer 
awareness game improved participants levels of help-
seeking intentions.

3. To evaluate the acceptability of a pancreatic 
cancer awareness game to the general public as an 
educational tool to promote cancer awareness.

Methods
Design/ setting/ population
A quasi-experimental pre-test/post-test design was used 
to compare public awareness of the symptoms of pancre-
atic cancer before and after playing the digital, pancre-
atic cancer awareness, serious game. The questionnaires 
measured awareness of pancreatic cancer symptoms 
and help-seeking intentions. These were delivered 

co-design process ensured content relevance, and participant satisfaction was high. Findings highlight the game’s 
potential as an accessible and convenient tool for diverse populations.
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immediately prior to and following participation in 
the game. The study was conducted using convenience 
sampling of members of the public with recruitment 
supported by the Northern Ireland Pancreatic Cancer 
Charity (NIPANC) and Queen’s University Belfast (QUB) 
social media channels during World Pancreatic Cancer 
Awareness month in November 2022.

Co-design of intervention
The development of the digital serious game for pancre-
atic cancer involved a comprehensive co-design process 
in collaboration with 22 experts from Northern Ireland, 
representing a diverse array of perspectives including 
individuals affected by pancreatic cancer, advocates from 
cancer charities, relevant medical and healthcare profes-
sionals, and members of the public who served as end-
users for the game.

The co-design process began with the formation of 
a collaborative team of experts, fostering a multidis-
ciplinary approach. Subsequent co-design workshops 
engaged team members actively in the conceptualisation 
and design process, integrating their valuable insights 
into the serious game. The iterative design process 
allowed for multiple revisions, incorporating continu-
ous feedback and refinements in collaboration with the 
co-design team to address specific insights and ensure 
alignment with educational goals and user experience. 
The interactive gameplay design presented players with a 
diagram of the human anatomy split into 15 tiles. Players 
selected tiles, answered questions, and progressed based 
on correct responses, fostering engagement and facilitat-
ing learning. Continuous feedback loops were established 
to provide insights on game mechanics, question content, 
and overall user experience, shaping the final product. 
Technical considerations were paramount in ensuring 
accessibility, and the game was developed as an HTML5 
web application to guarantee usability on any device with 
a web browser.

Post-game, users were presented with a list of the most 
common symptoms of pancreatic cancer, reinforcing the 
educational aspect of the serious game. The co-design 
team collaborated with Focus Games Ltd to finalise the 
game, ensuring it effectively conveyed the desired edu-
cational content. The completed serious game is hosted 
online, allowing free access for users. The game can be 
freely accessed here: https://www.whatispancreaticcan-
cer.co.uk/.

Survey instrument
The pre- and post-measures were embedded within the 
game site, these can be viewed in Supplementary File 1. 
The pre-questionnaire recorded demographic details 
(gender, age, country, ethnic group, and knowledge and/
or experience of cancer). This was followed by a measure 

of awareness of pancreatic cancer symptoms and help-
seeking intentions adapted from a validated scale for 
self-efficacy around cancer symptoms [25]. This scale was 
adapted by the research team to be specific to pancre-
atic cancer and then piloted on 12 members of the pub-
lic prior to administration. The first 20 items (α = 0.73) 
measured awareness of pancreatic cancer symptoms (e.g., 
yellowing of skin). Each of these items consisted of a five-
point Likert scale ranging from very unlikely (0) to very 
likely [4]. The following seven items (α = 0.81) measured 
help-seeking intentions (e.g., I am able to pay attention to 
the symptoms of pancreatic cancer). The items obtained 
responses based on four-point Likert scale ranging from 
not true at all (0) to exactly true [3].

The post-questionnaire repeated the measures of 
awareness of pancreatic cancer symptoms and help-seek-
ing intentions and included an evaluation of the game. 
This included a 14-item validated questionnaire adapted 
from Brooke (1996) [26] known as the ‘System Usability 
Scale’ (SUS) (α = 0.53). The items of this scale (e.g., I felt 
very confident using the game) consisted of a five-point 
Likert scale ranging from strongly disagree [1] to strongly 
agree [5].

Data collection
Data collection for this study took place throughout 
November 2022 to mark World Pancreatic Cancer 
Awareness month. The general public could participate 
in this project between midnight on 01.11.2022 until 
midnight on 01.12.2022. Participants followed a link 
to the website where they could complete the study. A 
participant information sheet was embedded within 
the game outlining the details of the study. Participants 
were required to click a box to confirm they had read the 
information and consented to participate in the study. 
If participants did not consent to participate, they could 
still play the game without participating in the research 
study. All participants were permitted to withdraw from 
the study at any stage without giving any reason and 
information about these processes was provided within 
the participant information sheet.

The pre- and post-test measures were embedded 
within the game and completed before and after playing 
the game. Participants provided their email address for 
the purposes of linking the pre- and post-questionnaires.

Ethics
Queen’s University Belfast, Faculty of Medicine, Health 
and Life Sciences Research Ethics Committee granted 
ethical approval for this study (Ref: MHLS22_145) after 
considering benefits and risks and ensuring participants 
autonomy would be respected. All methods were per-
formed in accordance with the Declaration of Helsinki 
[27].

https://www.whatispancreaticcancer.co.uk/
https://www.whatispancreaticcancer.co.uk/
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Analysis
The pre- and post-test datasets were matched prior to 
analysis using email addresses which served as an iden-
tifier for each participant between the two datasets. All 
analyses were conducted in SPSS version 28.

Total scores for each questionnaire sub-scale were cal-
culated based on Likert scale responses for both the pre- 
and post-test questionnaires. Several items were reverse 
coded to ensure higher scores reflected more accurate 
identification of symptoms or greater help-seeking inten-
tions. Descriptive statistics were performed to observe 
demographic details of the participant sample. A series 
of paired t-tests were conducted to examine the change 
from pre-test to post-test for both the symptom aware-
ness and help-seeking intentions subscales. Cohen’s 
d was calculated as a measure of effect size by dividing 
the difference between the pre- and post-test means by 
the pooled standard deviation. An independent-samples 
paired t-test was also conducted to examine any differ-
ences between those with no previous knowledge and/
or experience of pancreatic cancer compared to those 
who had indicated some knowledge and/or experience. 
Further independent-samples t-tests were conducted to 
examine any group differences based on gender and age. 
Responses to the SUS at the post-test time point were 
analysed descriptively as percentages of response cat-
egories for each of the five Likert responses (strongly dis-
agree to strongly agree).

In total, eight comparison analyses were conducted in 
this study. Therefore, a Bonferroni correction was applied 
to the alpha value when determining the statistical sig-
nificance of results of these analyses to reduce the risk of 
false positives associated with multiple comparisons [28]. 
Alpha (0.05) was divided by the total number of com-
parisons [8] to give an alpha value of α = 0.00625. Results 
were therefore only considered to be statistically signifi-
cant if their associated p-value was 0.00625 or below.

Results
In total, 727 participants were recruited to evaluate the 
relationship of a serious game on awareness of the symp-
toms of pancreatic cancer and help-seeking intentions as 
assessed by pre- and post-questionnaires.

Missing data
Primary analysis was possible for N = 489 cases out of 
a total of N = 727 due to missing data. If a participant 
was missing either pre-test or post-test data, they were 

excluded from paired t-test analyses, but their non-
missing data was included in descriptive statistics. Miss-
ing data occurred due to a participant not completing 
either the pre- or post-test measures, or due to partici-
pants not supplying a correct identifier (email address) to 
allow their pre- and post-test data to be matched. Table 1 
shows the level of missing data at pre-test, post-test, and 
analysis.

Demographic details
Due to substantial missing pre-test data and to ensure the 
demographic details presented reflect those included in 
the pre- and post-test analysis, participants with miss-
ing data have been excluded from the demographic 
details. Tables  2 and 3, therefore, provides participant 
demographics of those included in paired t-test analysis 
(N = 489). Most participants were from Northern Ireland 
(96.1%), white (96.3%), and female (92.0%). Age ranged 
from 16 to over 65 with the 18–25 age group represent-
ing the majority (71.8%).

Participants were also asked to indicate any previ-
ous knowledge and/or experience of cancer personally 
and/or professionally. Participants could select as many 
options as applied to them. Most participants were stu-
dent health professionals (78.1%) while a substantial pro-
portion of the sample had a family member who lives or 
lived with cancer (47.9%). Contrastingly, only a minor-
ity of the sample had a family member who lives or lived 

Table 1 Missing data
Missing n (%)

Pre-test data 37 (5.1%)
Post-test data 201 (27.6%)
Paired comparisons 238 (32.7%)

Table 2 Participant descriptive statistics
N %

Gender Female 450 92.0%
Male 34 7.0%
Non-Binary 2 0.4%
Prefer Not to Say 3 0.6%

Age (years) 16–18 3 0.6%
18–25 351 71.8%
26–35 60 12.3%
36–45 34 7.0%
46–55 15 3.1%
55–64 18 3.7%
Over 65 8 1.6%

Ethnic Group White 471 96.3%
Mixed or Multiple Ethnic Groups 7 1.4%
Black, Black British, Caribbean or African 5 1.0%
Asian or Asian British 3 0.6%
Arab 2 0.4%
Kazakh 1 0.2%

Country Northern Ireland 470 96.1%
England 7 1.4%
Republic of Ireland 9 1.8%
Scotland 2 0.4%
Netherlands 1 0.2%
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with pancreatic cancer (7.6%). Further descriptive sta-
tistics regarding participants’ experience is presented in 
Table 3.

Pre-test to post-test changes in symptom awareness and 
help-seeking intentions
Symptom awareness
Participants showed increased scores on the post-test 
measure of symptom awareness (M = 59.10, SD = 8.31) 
compared to their pre-test score (M = 47.08, SD = 6.87), 
as shown in Table 4. A paired samples t-test was used to 
determine whether there was a statistically significant 
mean difference between pre- and post-test symptom 
awareness scores for the sample of N = 489 who com-
pleted both the pre-test and post-test. This found a sta-
tistically significant mean increase of M = 13.41, 95% CI 
[14.24, 12.58], t(488) = 31.64, p < 0.001, with large effect 
size (d = 1.43).

Descriptive statistics are also presented for individual 
symptoms present in the symptom awareness question-
naire. Items were coded so that higher scores reflect 
more accurate responses. For example, a higher score 
for a correct symptom reflects increased identification of 
this symptom by participants. Whereas a higher score for 
an incorrect symptom reflects decreased identification of 
this symptom by participants. Table 5 presents the items 
presented to participants. The colour green represents 
actual symptoms of pancreatic cancer, and the colour yel-
low represents symptoms that are not commonly associ-
ated with pancreatic cancer.

Help-seeking intentions
Participants showed increased scores on the post-test 
measure of help-seeking intentions (M = 17.03, SD = 3.13) 
compared to their pre-test score (M = 12.83, SD = 4.12), 
as shown in Table  6. A paired samples t-test was used 
to determine whether there was a statistically signifi-
cant mean difference between pre- and post-test help-
seeking intentions scores for the sample of N = 489 who 
completed both pre- and post-test measures. This found 
a statistically significant mean increase of M = 4.51, 95% 
CI [4.88, 4.15], t(488) = 24.25, p < 0.001, with large effect 
size (d = 1.10).

Group differences based on previous experience
Although most participants (N = 453) indicated that they 
had previous knowledge and/or experience of pancreatic 
cancer, 36 participants indicated that none of the given 

categories applied to them. Further descriptive statistics 
for previous knowledge and/or experience are presented 
above in Table 3. Two independent-samples t-tests were 
conducted to determine if there were differences between 
these groups on pre- to post-test increases in both symp-
tom awareness and help-seeking. No statistically signifi-
cant group differences were found.

In addition, independent-samples t-tests were con-
ducted to determine if there were any group differences 
based on the majority age group (18–25; N = 351) and 
gender (female; N = 450) compared to the rest of the sam-
ple. These were conducted for pre- to post-test increases 
for both symptom awareness and help-seeking inten-
tions. Table  7 presents the means, standard deviations, 
95% confidence intervals (CIs), and p values for these 
tests.

Game evaluation
526 participants completed the game evaluation pres-
ent on the post-questionnaire. Responses to the System 
Usability Scale (SUS) are shown below in Table 8. Overall, 
there was a clear majority positive response (either agree 
or strongly agree) to all positively scored items, e.g. “I 
think that I would like to use this game frequently”. While 
there was a clear majority negative response (either dis-
agree or strongly disagree) to all negatively scored items, 
e.g. “I found the game unnecessarily complex”.

Table 3 Participant knowledge and/or experience of cancer 
descriptive statistics

N %
I am a health professional 36 7.4%
I am a health professional that provides care to people 
with cancer

26 5.3%

I am a health professional that provides care to people 
with pancreatic cancer

6 1.2%

I am a student health professional (e.g., medicine, nurs-
ing, allied health)

384 78.1%

I am part of a charity, network or organisation that pro-
vides support to people affected by pancreatic cancer

5 1.0%

I have a family member who lives or lived with cancer 234 47.9%
I have a family member who lives or lived with pancre-
atic cancer

37 7.6%

I live or have lived with cancer 7 1.4%
I live or have lived with pancreatic cancer 3 0.6%
I have received training or education about pancreatic 
cancer in the past

7 1.4%

None of these apply to me 36 7.3%
Valid N (listwise) 489

Table 4 Descriptive statistics for pre-test and post-test total symptom awareness scores
N Range Minimum Maximum Mean Std. Deviation

Symptom awareness pre-test 690 53 21 74 47.08 6.87
Symptom awareness post-test 526 53 27 80 59.10 8.31
Valid N (listwise) 489
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A scale-score was also computed for the System 
Usability Scale and negatively scored items were reverse 
coded to ensure higher scores reflected more positive 
responses. A mean score of 59.16 out of a possible 70 was 
found. Further descriptive data is presented in Table 9.

Additionally, participants were asked to rate the game 
on a scale with five stars indicating an excellent review 
and one star indicating a poor review. Most participants 
provided either a 4-star (21.7%) or 5-star (45.9%) rating. 
Further descriptive statistics are presented in Table 10.

Summary of results
To summarise, 727 members of the public were recruited 
to evaluate the relationship between a pancreatic can-
cer awareness game and symptom awareness and help-
seeking intentions. Due to missing data, pre and post-test 
analysis was possible for N = 489 cases. Findings demon-
strate statistically significant (p < 0.001) mean increases 
in both symptom awareness scores and help-seeking 

intentions from pre-test to post-test levels. Both of these 
increases also showed large effect size. No group differ-
ences were found on pre- to post-test increases in either 
symptom awareness or help-seeking intentions for previ-
ous knowledge and/or experience, gender, or age. Addi-
tionally, game evaluation data revealed a predominantly 
favourable response.

Discussion
Pancreatic cancer is a growing global public health con-
cern largely due to the subtlety of symptoms [1, 2]. 
Improving public awareness of the symptoms of pancre-
atic cancer as well as self-efficacy for seeking help based 
on these may help to facilitate earlier detection which has 
significant impact on prognosis [5]. To the best of our 
knowledge, this is the first study to investigate the utility 
of a ‘serious game’ within this context. Following engage-
ment with the game, participants developed a statistically 
significantly greater level of symptom awareness and 
increased help-seeking intentions scores. These improve-
ments were demonstrated with large effect size, high-
lighting the potential of this pancreatic cancer awareness 
game as an educational tool. Further, the study found 
that, despite variations in participants’ prior knowledge 
and experience with pancreatic cancer, there were no sig-
nificant differences in increased symptom awareness or 
help-seeking intentions between different groups, includ-
ing those categorised by age and gender. The lack of sig-
nificant differences in increased symptom awareness and 

Table 5 Descriptive statistics for pre-test and post-test individual 
symptoms
Symptom Pre-test Post-test

Mean Std. 
Deviation

Mean Std. De-
viation

Yellowing of Skin* 2.96 0.84 3.58 0.75
Yellowing of Eyes* 2.90 0.86 3.37 0.93
Fatigue* 3.21 0.80 3.65 0.65
Blurred Vision 1.79 0.80 2.17 1.10
Lower Back Pain 1.38 0.87 2.05 1.30
Middle Back Pain* 2.67 0.80 3.41 0.85
Pale Poo* 2.52 0.87 3.33 1.02
Dark Poo 2.04 0.86 2.72 1.20
Smelly Poo* 2.46 0.81 3.07 1.11
Blood in Poo 1.58 0.92 2.12 1.13
Pins & Needles or 
Numbness

1.75 0.79 2.32 1.03

Diabetes* 2.48 0.94 3.29 0.88
Indigestion* 2.63 0.87 3.61 0.67
Unexplained Weight 
Loss*

3.14 0.80 3.60 0.69

Low Mood* 2.75 0.88 3.60 0.69
Pain on Eating* 2.62 0.84 3.44 0.84
Lower Abdominal Pain 1.37 0.88 1.83 1.28
Upper Abdominal Pain* 2.57 0.83 3.40 0.86
Itchy Skin* 2.41 0.88 2.23 1.20
Leg Swelling 1.84 0.81 2.31 1.05
Valid (N) listwise N = 690 N = 526
*Correct symptom

Table 6 Descriptive statistics for pre-test and post-test total help-seeking intentions scores
N Range Minimum Maximum Mean Std. Deviation

Help-seeking intentions pre-test 690 21 0 21 12.83 4.12
Help-seeking intentions post-test 526 21 7 21 17.03 3.13
Valid N (listwise) 489

Table 7 Results of the independent-samples t-tests
Symptom awareness Help-seeking 

intentions
Mean (Std. 
deviation)

95% CIs (p 
value)

Mean (Std. 
deviation)

95% 
CIs (p 
value)

Previous knowl-
edge and/or 
experience

13.31 (9.39) -4.58 
to 1.80 
(p = 0.39)

4.45 (4.04) -2.54 
to 0.89 
(p = 0.34)

No previous 
knowledge and/
or experience

14.69 (9.12) 5.28 (4.97)

Female 13.51 (9.26) -1.77 
to 4.38 
(p = 0.40)

4.57 (4.03) -0.57 
to 2.13 
(p = 0.26)

Other gender 12.21 (10.60) 3.79 (4.95)
Aged 18–25 13.86 (9.23) -3.46 

to 0.24 
(p = 0.09)

4.17 (4.15) -1.29 
to 0.33 
(p = 0.25)

Other age groups 12.25 (9.66) 4.65 (4.10)
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help-seeking intentions across various participant groups 
suggests that the awareness intervention had a consis-
tent impact, which can be viewed as a positive outcome, 
indicating that the educational efforts appear to show the 
same relationship across diverse demographics.

Participants showed increased levels of symptom 
awareness supporting previous research that a seri-
ous game can elicit an increase in knowledge [16, 18, 
20, 27, 28]. The present study extends these findings to 
the context of pancreatic cancer symptoms, suggesting 
this serious game may be beneficial in increasing public 
awareness of the symptoms of pancreatic cancer which 

is currently lacking [11, 12]. However, it is important to 
note that participants may have had prior knowledge of 
these symptoms as a substantial proportion were student 
healthcare professionals and/or had personal experience 
of a family member with cancer. Therefore, findings may 
reflect increases from a baseline level greater than that of 
the general public.

The additional finding of increases in self-reported 
help-seeking intentions following engagement with the 
game is also in line with previous research [20, 22, 25]. 
Improved symptom awareness coupled with increased 
help-seeking intentions (when experiencing identified 
symptoms) may help lead to earlier detection which has 
significant impacts on prognosis and survival rates [5]. 
This is especially encouraging as the nature of pancre-
atic cancer symptoms is often subtle and intermittent 
which has been reported to cause delays in help-seeking 
[13, 14]. Although these findings are promising given 
their emergence in a short time frame following engage-
ment with the game, it is not possible to make conclu-
sions on retention of this knowledge as post-test data was 
obtained directly after game play.

The content of the serious game was determined by a 
co-design group including individuals with expertise in 
pancreatic cancer, people living with pancreatic cancer, 
and members of the public. Increasing public aware-
ness of the symptoms has previously been identified as 
a research priority by those living with the disease and 
their carers [15]. The co-design process utilised in the 
present study allowed the priorities of those with profes-
sional expertise, lived experience, and the end users (pub-
lic) to be incorporated into the short game. Such games 
have shown promise in previous research [18]. Further, 
similar to previous research the present study found high 
levels of satisfaction with the serious game [20, 21, 24]. 
Most participants reported confidence and enjoyment in 
using the game and rated the game very highly. The large 
sample size recruited in the present study suggests that 
this serious game provides an accessible and convenient 
mode of learning for a wide population.

Serious games have become a powerful tool for pub-
lic health promotion, especially among younger people 

Table 8 Descriptive statistics for system usability scale
Strong-
ly dis-
agree 
(%)

Dis-
agree 
(%)

Neu-
tral 
(%)

Agree 
(%)

Strong-
ly 
agree 
(%)

I think that I would like to 
use this game frequently

1.0% 2.9% 12.4% 37.4% 18.7%

I found the game unnec-
essarily complex*

27.4% 34.5% 6.2% 2.6% 1.7%

I thought the game was 
easy to use

0.6% 1.7% 2.9% 29.8% 37.4%

I think that I would need 
the support of a technical 
person to be able to use 
this game*

47.5% 19.8% 2.8% 1.8% 0.6%

I found the various func-
tions in this game were 
well integrated

0.7% 1.2% 6.1% 38.8% 25.6%

I thought there was too 
much inconsistency in 
this game*

32.9% 33.0% 4.1% 1.8% 0.6%

I would imagine that 
most people would learn 
to use this game very 
quickly

0.3% 1.1% 2.6% 29.6% 38.8%

I found the game very 
cumbersome to use*

22.7% 22.4% 16.9% 6.1% 4.3%

I felt very confident using 
the game

0.7% 1.0% 5.1% 32.9% 32.7%

I needed to learn a lot of 
things before I could get 
going with this game*

22.0% 29.0% 9.5% 9.1% 2.8%

I found this game 
educational

0.4% 0.1% 1.9% 26.0% 43.9%

I would recommend this 
game to other people

0.3% 1.5% 4.1% 28.7% 32.7%

I enjoyed playing this 
game

0.4% 0.4% 4.8% 32.0% 34.7%

I will play this game more 
than once

1.8% 5.9% 14.7% 27.1% 22.8%

*Negatively scored items

Table 9 Descriptive statistics for total SUS scores
N Range Minimum Maximum Mean Std. Deviation

Total SUS Score 526 56 14 70 59.16 7.19

Table 10 Descriptive statistics for game rating
1 2 3 4 5

Please provide a 
rating for the game 
based on your enjoy-
ment and learning 
(higher star denotes 
higher satisfaction).

0.1% 0.3% 4.3% 21.7% 45.9%
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globally [29]. Using serious games is gaining popularity in 
chronic disease self-management, offering a motivational 
approach with elements like points and badges [30]. Chal-
lenges persist in designing games that align with edu-
cational curricula, maintain engagement, and undergo 
rigorous evaluation [29–31]. While serious games show 
promise in addressing public health concerns, the field 
needs a multidisciplinary approach to ensure effective-
ness and cultural relevance. Overcoming challenges in 
evaluation methods and ensuring standardised measures 
for engagement will be crucial for maximising the impact 
of serious games on health promotion across diverse age 
groups [32].

In comparison to traditional methods of spreading 
public health awareness, such as pamphlets, posters, 
and lectures, serious games offer a dynamic and inter-
active approach that resonates particularly well with the 
younger population as evidenced by this study (32–33). 
While traditional methods rely on passive consump-
tion of information, serious games actively engage users, 
enhancing comprehension and knowledge retention 
(34–35). The potentially immersive and entertaining 
nature of serious games fosters a positive learning envi-
ronment, making health information more accessible and 
appealing [36]. Additionally, serious games allow for the 
incorporation of behaviour change theories, providing a 
theoretical framework to drive positive health outcomes 
[29–32].

The findings of this study indicate that this serious 
game shows promise as an educational tool to promote 
public awareness of pancreatic cancer symptoms and 
improve intentions to seek help based on these symp-
toms. This is especially important within the context of 
pancreatic cancer where early detection and diagno-
sis can have such a substantial impact on prognosis [4]. 
Although the generalisability of this finding may be lim-
ited due to the level of knowledge and/or experience with 
cancer of the participant population. It is encouraging 
that the serious game evaluated in this study provides a 
novel approach to addressing this.

Strengths and limitations
Social media recruitment proved successful in obtaining 
a large sample size for this study with participants aged 
between 16 and over 65 and respondents from five coun-
tries. However, most of the sample were from Northern 
Ireland, white, female, and aged 18–25. This may limit 
the generalisability of the findings to a more diverse 
population. Although the age range may suggest the 
younger population are more likely to engage with seri-
ous gaming, previous research has found serious games 
to be appealing to a diverse population regardless of age 
[37]. This age range may instead represent the student 
health professionals who made up most of the sample. 

The use of convenience sampling via social media there-
fore would make generalisability challenging to the whole 
population.

This substantial proportion of respondents who were 
student health professionals in addition to those who had 
a family member who lives or lived with cancer may pres-
ent another limitation. Such participants may have had a 
greater level of symptom awareness prior to their engage-
ment with the resource when compared to the general 
public. However, a minority of participants had a family 
member who lives or lived with pancreatic cancer specifi-
cally. This suggests this intervention may reach beyond 
those who are naturally more invested in the topic due 
to personal experience. Further comparative analysis 
between specific participant groups may be helpful to 
determine any group differences between those with 
prior knowledge and/or experience and with those with-
out. However, analysis was limited with the current sam-
ple because the response options allowed participants to 
select multiple categories that were not mutually exclu-
sive. For instance, participants could indicate both being 
a health professional and having specific experience with 
pancreatic cancer, leading to a complex and overlapping 
categorisation. This inherent ambiguity in participant 
responses made straightforward division of participants 
into distinct groups for meaningful comparative analysis 
complex.

The authors opted for the System Usability Scale (SUS) 
due to its simplicity and efficient administration, employ-
ing 10 Likert-type questions to enhance response rates. 
Notwithstanding its prior validation, previous research 
has identified low internal consistency, posing potential 
limitations on the interpretability of SUS results. This 
observed reduction in reliability warrants a cautious 
approach when drawing conclusions from the question-
naire within the scope of our research.

In terms of future research, it would be useful to extend 
the current findings by examining the long-term out-
comes of engaging with the serious game. This could 
help to shed light on learning retention and any sustained 
impact of the increase in help-seeking intentions. Such 
sustained increases could benefit individuals who may 
encounter symptoms later in life. The present study also 
measured help-seeking intentions, future research inves-
tigating actual change in help-seeking behaviour would 
be beneficial. In addition, it may be helpful to compare 
the outcomes of this serious game with other interven-
tions. Although the pre- and post-test design of the 
present study represents a pragmatic and cost-effective 
method of evaluating the intervention, this design does 
not have a comparison or control group. Therefore, 
future research would benefit from testing the effective-
ness of the pancreatic cancer awareness game in a ran-
domised control trial (RCT).
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Conclusion
The use of a serious digital game has resulted in a posi-
tive relationship on both pancreatic symptom aware-
ness and help-seeking intentions. The game was also 
positively evaluated by participants. In summary, digital 
gaming is an accessible mode to reach a wide audience 
and may help to improve earlier detection of pancreatic 
cancer. However, future research is needed to reach a 
more diverse population and test the intervention within 
an RCT to provide more reliable evidence regarding its 
effectiveness.
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