
Original Paper

Combining technology and research to prevent scald injuries: results from 
Cool Runnings randomised controlled trial

Authors:

Burgess JDa,b,c,  Watt KAd, Kimble RMc,e, and Cameron CMf,g

Jacqueline D. Burgess
RN, BA:Comm (Hons)
a Centre for Children’s Burns and Trauma Research, The University of Queensland, Children’s 
Health Research Centre, Level 7, 62 Graham Street, Brisbane, Queensland, Australia.
b Wound Management Innovation Cooperative Research Centre, Brisbane, Queensland, 
Australia.
C Pegg Leditschke Children’s Burns Centre, Lady Cilento Childen’s Hospital, Brisbane, 
Queensland, Australia

Associate Professor Kerrianne Wat
PhD, BSc (Hons)
d College of Public Health, Medical and Veterinary Sciences, James Cook University, 
Townsville, Australia.

Professor Roy M. Kimble
MD-Qld, MBChB, FRACS
e Department of Paediatric Surgery, Urology Burns & Trauma Unit, Lady Cilento Children’s
Hospital, Brisbane, Australia.

Associate Professor Cate M. Cameron
PhD, MPH, BSocWk (Hons) 
f Jamieson Trauma Institute, Royal Brisbane & Women’s Hospital, Metro North Hospital and Health 
Services District, Brisbane, Australia
g School of Public Health and Social Work, Queensland University of Technology, Brisbane, Australia.

Corresponding author:
Jacqueline Burgess
Email: jacquii@uq.edu.au            Phone: +61 407789078  

https://www.researchgate.net/institution/James_Cook_University
mailto:jacquii@uq.edu.au


Combining technology and research to prevent scald injuries: results from 
Cool Runnings randomised controlled trial

Abstract

Background

New technologies, widespread availability of the internet, the rise of social media and 

increased ownership of smartphones provide new opportunities for health researchers to 

communicate and engage with target audiences. 

This new technology was used to recruit mothers of young children to a smartphone 

application (app) to increase their knowledge about childhood burns (specifically hot 

beverage scalds) and correct burn first-aid. This six-month intervention deployed on the Cool

Runnings app, used gamification techniques to reinforce intervention messages and engage 

participants. 

Method

A two-group, parallel, single blinded, randomized controlled trial (RCT) to evaluate the 

efficacy of a smartphone app-based burn prevention intervention. Participants were women 

aged 18+, living in Queensland, Australia, with at least one child aged 5-12 months at the 

time of enrolment. The primary outcome measure was change in knowledge around burn 

risk and correct burn first-aid assessed via two methods: overall score; and categorised as 

adequate (score =4) vs inadequate (score less than 4). Efficacy of gamification techniques 

was also assessed (measured by: app opens, photo uploads, pop quiz completions and 

content views). 

Results

In total, 498 participants were recruited via social media and enrolled.  At 6-month follow-

up, 244 participants completed the post-test questionnaire. Attrition rates in both groups 

were similar. Participants who remained in the study did not differ from those who were lost



to follow up on any characteristics except for education level. Although similar at baseline, 

intervention group participants achieved significantly greater improvement in overall 

knowledge post-test than control group participants on both primary outcome measures 

(overall knowledge intervention: (Mean±SD) Mean=2.68±SD1.00 vs control 

mean:2.13±SD1.03; intervention: 20.7% adequate vs control: 7.3%). Consequently, the NNT 

was 7.46. Logistic regression showed participants exposed to the highest level of 

disadvantage had 7.3 times higher odds of improved overall knowledge scores than 

participants in other levels of disadvantage. There were also significant correlations between

each of the four gamification techniques and knowledge change (p<0.001). In addition, odds 

of knowledge improvement between baseline and 6-month follow-up was higher in 

participants with low/moderate ‘app activity’ compared with no app activity 

(OR=8.59;95%CI=2.9-25.02); and much higher in participants with high app activity (OR= 

18.26; 95%CI=7.1-46.8).

Conclusions 

Despite substantial loss to follow-up, this RCT demonstrates the Cool Runnings app was an 

effective intervention for improving knowledge about hot beverage scald risks and burn first-

aid in mothers of young children. The benefits of combining gamification elements in the 

intervention were also highlighted. Given the low cost and large reach of smartphone apps 

to deliver content to, and engage with targeted populations, results from this RCT provides 

important information on how smartphone applications can be used for widespread injury 

prevention campaigns, and public health campaigns generally.
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Introduction

Advances in technology, expansion of internet access and increased smartphone 

ownership globally have led to a new channel for disseminating health information and 

engaging with large and/or specific populations. With the popularity of smartphones has 

come the proliferation of smartphone applications (apps); 6 million in the two leading app 

stores (Google Play: 2.8m, Apple app store: 2.2 m) [1]. Of these, 259,000 are health-

related apps [2]. Increasingly, apps are being used by health agencies and researchers to 

gather and present information to study participants and the general public. There is a 

growing body of evidence showing the successful use of smartphone apps to encourage 

healthy habits such as increasing physical activity [3] and promoting weight loss [4], 

managing chronic disease [5,6], and delivering mental health programs [7]. One area that 

has not yet been studied is the use of this technology in injury prevention.

Childhood burns are a serious injury that can result in substantial pain and suffering, and 

lead to life-long scarring and surgical procedures as the child grows. The physical, 

emotional and financial burden to the child and family can be significant [8,9]. The leading 

cause of childhood burns in developed countries is hot drink scalds [10–13]. In Australia, 

hot drink scalds account for 18% of all childhood burns [14,15]. This injury peaks in 

children aged 6-18 months, usually occurs in the child’s home and witnessed by the parent

or supervising adult [13–17]. Given these facts, an app-based prevention intervention was 

developed to target mothers with children aged 5-12 months about hot drink scalds risks, 

as well as the correct burn first aid treatment to apply should a burn occur.



Based on the Health Belief Model [18], the aim of the Cool Runnings randomised 

controlled trial (RCT) was to assess the impact of a contemporary app-based public health 

campaign using gamification on knowledge about child burns. Specifically, the aim of the 

intervention was to: increase primary carer knowledge about the severity and frequency of

hot drink scalds, provide them with developmental-stage messages on how to protect 

their child and intervene, and finally the correct burn first aid treatment to apply should a 

burn occur. The two aims of this study were therefore to: 1) assess change in knowledge 

from baseline to follow-up in the intervention group compared with the control group; 2) 

investigate the impact of level of app engagement on change in knowledge from baseline 

to follow-up. 

Methods

Study design

This study was a two-group, parallel, single-blinded randomized controlled trial (RCT) of an

app-based burn prevention/first aid education intervention. This study was registered with

the Australian and New Zealand Clinical Trials Registry (ACTRN12616000019404). The full 

study protocol has been published previously [19].

Study setting

Participants from Queensland, Australia were recruited Eligibility criteria were: females 

aged 18+, who resided in Queensland, Australia, and had at least one child aged 5-12 



months at enrolment. Ownership of a smartphone was required for intervention delivery.  

Study duration was 6 months.

Recruitment

Participants were recruited via online social media advertisements, specifically through 

Facebook and Instagram, between January and February 2016. A detailed description of 

the recruitment process for this study has been published previously [20]. 

Randomisation

Computerised sequence generation was used to randomise participants. Randomisation 

was stratified by maternal age (18-28; 29+ years) based on the mean national maternal age

[21]. 

Blinding

Participants were blinded to their allocation group (the term ‘blue group’ and ‘green 

group’ were used). Study investigators assessed the outcome data collected in pre and 

post questionnaires in a blinded format. However, blinding was not possible for analysing 

the results of gamification techniques as only they only applied to the intervention group. 

Intervention

Participants in the intervention group were compared with those in the active control 

group. Both groups accessed an app throughout the study, but in the intervention group, 



gamification techniques were incorporated into the app.   The controls accessed a slightly 

different version of the app with no gamification.

Intervention group: During the six-month intervention participants allocated to the 

intervention group received nine intervention messages related to hot beverage scald 

risks, developmental-stage based burn risks, and burn first aid treatment (Figure 1). These 

messages were provided in a variety of mediums (infographics, 30-second videos and 

motion-graphics) at three-weekly intervals. In-between these messages, participants were 

given opportunities to engage with the app through activities such as answering pop 

quizzes and completing missions (such as photo uploads) that reinforced each of the 

intervention message themes. Gamification techniques were used to keep participants 

engaged and active on the app. Each time participants viewed a message, correctly 

answered a quiz question or uploaded a photo they were rewarded with points. Accrued 

points were displayed on weekly leader-boards in the app, and once a certain number of 

points were reached they could be redeemed for rewards, such as shopping and movie 

vouchers. 

Control group: This group accessed a slightly different app interface, and no gamification 

techniques were used with this group. Control participants only received three messages 

during the six-month intervention. These messages were infographics, and there were no 

opportunities for participants to engage with the material. 



Figure 1 Content calendar for Cool Runnings intervention (Source: Burgess et al. Trials 

(2016) 17:388)

Data collection

Baseline and six-month follow-up questionnaires were completed by participants in the 

intervention and control groups. The baseline questionnaire included demographic factors 

(such as education level, age of youngest child, number of children, marital status and 

smoking status). Place of residence postcodes were also collected and later recoded using 

Intervention group

Week 1
Frequency

30-second motion graphic

Week 4
Burn injuries
Infographic

Week 7
Developmental stage:  pre-mobile infant

Infographic

Week 10
Burn first aid
Infographic

Week 13
Developmental stage: crawling

Infographic

Week 16
Severity

30-second motion graphic

Week 19 
Keeping carers informed

Infographic

Week 22
Burn first aid

30-second video

Week  25
Developmental stage: walking, 

Infographic

Control group

Week 4
Burn injuries
Infographic

Week 10
Burn & scald safety tips 

Infographic

Week 19
Keeping carers informed

Infographic



Accessibility/Remoteness Index in Australia (ARIA) 2011 data, [22] and Socio-Economic 

Indexes for Areas (SEIFA) [23] as measures to broadly assess socioeconomic status. The SEIFA

data are based on aggregate area-level socio-economic status disadvantage indicators and 

were categorised into quintiles (1 = most disadvantaged, 5 = least disadvantaged). The ARIA 

is a measure of geographical remoteness, categorized as urban, peri-urban, and remote. The

questionnaires also included the extent of hot beverage scald risk awareness (two questions)

and burn first aid knowledge (two questions). Full baseline data from this study are 

described elsewhere [24].

The six-month follow up questionnaire repeated the questions relating to hot beverage scald

risks and burn first aid knowledge. Participant engagement with the app, including number 

of app opens, content views and gamification activities by participants in the intervention 

group were recorded by the app.  

Primary outcome measures

The primary outcome for this study was change in knowledge, based on a 4-point 

knowledge score measured by three components: 

 knowledge of correct burn first aid, 
 knowledge of the main cause of burns/scalds in children aged 0-15 years, and
 knowledge of the main age-group at risk of these burns/scalds.

Two questions were used to determine burn first aid knowledge; an open-ended question 

(“What is the recommended first aid treatment for a burn or scald?”) and a multiple choice 

question regarding duration for applying cool running water. Correct first aid knowledge was

defined as cool running water for 20 minutes, based on clinical evidence of benefit [25]. 



Participants who responded with “20-minutes cool running water” to the open-ended 

question were allocated two points. Participants whose answer involved cool running water 

but mentioned an incorrect or no time, and who then responded to the multiple choice 

question on duration correctly, were awarded 1.5 points; only 1 point was awarded if the 

subsequent multiple choice question on duration was incorrect. All other responses (such as 

flour, ice), including “don’t know”, were allocated 0 points. 

Knowledge of main cause of burns/scalds in children 0-15 years was assessed via a 

multiple choice question. Anything other than hot drink scalds (1 point) was coded 

incorrect (0 points). Knowledge of main age-group at risk of these burn/scalds was also 

assessed via multiple choice. Anything other than 0-2 years (1 point) was coded incorrect 

(0 points).

One final overall knowledge score was then computed, which combined the responses to 

the main cause of burns, age group most at risk, and burn first aid knowledge to yield a total 

possible score of four. The change in participants’ total score on “overall knowledge” 

between baseline and post-intervention was calculated. 

The score was also recoded to a binary variable. Participants who received a score of 4 were 

coded as “adequate knowledge”; anyone else was coded “inadequate knowledge”. 

Participants whose responses moved from “inadequate” to  “adequate” at 6 months follow 

up were categorised as “improved”. All other participants were coded as “no improvement”.

In addition, burns first aid knowledge was categorised into a binary variable: adequate (cool 

running water for 20 minutes in the open-ended question) vs inadequate (any other 



response). Participants whose responses moved from “inadequate” to “adequate” at 6 

months follow up were categorised as “improved”. All other participants were coded as “no 

improvement”. 

Gamification and App Engagement 

The app accessed by the intervention group incorporated gamification techniques. 

Participants in the intervention group were encouraged to earn points by viewing content, 

completing pop quizzes and uploading photos as part of weekly challenges. Weekly leader-

board and challenge winners were awarded additional bonus points. Level of engagement  

was measured across four dimensions: the frequency of opening the app (app views – 

intervention and control groups); frequency of content views (intervention and control), 

number of pop quiz completions (intervention) and participation in photo sharing activities

(intervention). These numerical, continuous variables were each then categorised into 

none, low/moderate, and high. High engagement occurred if the participant engaged with at

least two out of three of the available engagement opportunities for that element (e.g., 

there were six opportunities to upload photos, so participants were required to upload four 

photos to be coded as high engagement). 

One final measure of app engagement was then derived for all participants (intervention and

control) as follows: no engagement on any of the four elements other than opening the app;

high engagement (viewing content four or more times; sharing photos four or more times; 

or completing quizzes nine or more times); low/moderate engagement (any other level of 

engagement). 



Data analysis

All statistical analyses were conducted using SPSS version 24 (IBM Corporation, Armonk, NY, 

USA). Descriptive analyses were completed to determine whether there were any between 

group differences (intervention vs control) at baseline on demographic characteristics, and 

the primary outcome measure. Chi-squared tests were used for categorical variables, and 

independent samples t-tests were used for numerical variables [26]. Specifically, an 

independent samples t-test was used to assess between group differences on change in 

overall knowledge score at six-month follow up as a function of the intervention.  A chi-

squared test was performed to determine whether the proportion of participants with 

improved knowledge differed between intervention and control groups. Event rate of 

improved overall knowledge (all four responses correct) was also calculated for the 

intervention and control groups. Subsequently, Number Needed to Treat was calculated. 

Correlations were performed to determine whether the four separate app engagement 

elements were related to each other.  Alpha of 0.05 was used in the interpretation of all 

descriptive analyses. Univariate logistic regression analyses were conducted to determine 

whether there were any significant independent predictors of knowledge improvement (no 

improvement vs improvement). Potential predictor variables were: intervention status 

(intervention vs control); and demographic variables (education level, age of youngest child, 

age of respondent; number of children, marital status, smoking status, ARIA category; 

socioeconomic status as measured through SEIFA, first time mother).  

Any variables where P<0.2 was obtained in univariate logistic regression analyses were then 

entered into one adjusted model. If a variable was not significantly associated with the 

outcome in the multivariate model, it was removed, and the impact on all remaining 



variables was assessed. If the OR for any other variables in the model changed more than 

10%, then the variable was retained in the model. If not, it was removed. This process was 

repeated until there were no variables with P>.05 in the model, or removing the non-

significant variables from the model did not create changes of greater than 10% to the odds 

ratios ORs of variables remaining in the model.

To investigate the impact of level of app engagement on change in knowledge from 

baseline to follow-up, univariate analyses were first completed using the four numerical 

measures of engagement, for the intervention group only (frequency of app views; 

frequency of content views; number of pop quiz completions and number of times 

participated in photo sharing activities). Then, for all participants (intervention and 

control), univariate analyses were completed on the final composite measure (no 

engagement; low/moderate engagement; high engagement). Then, an additional 

multivariate analyses was completed using this composite measure of app engagement as 

one of the predictor variables, instead of intervention status - the same demographic 

variables described above were used, and the same process followed. Analyses completed 

on any follow-up data were conducted on a “per protocol” basis.

Results

Figure 2 illustrates the flow of participants through the trial. A total of 498 participants were 

enrolled in the Cool Runnings study: 262 intervention, 236 controls. After the six-month 



intervention, 121 intervention participants (46%) and 123 control participants (52%) 

completed the post-test questionnaire. 

Figure 2 Flowchart of participants through each stage of RCT

Trial retention

The trial experienced 51% attrition overall. Attrition rates in both groups were similar: 

(intervention: n=141;54%; control: n=113; 48%). Participants who remained in the study did 

not differ from those who were lost to follow up on any baseline characteristics except for 



education level. A higher proportion of participants who remained in the study had a 

university degree (28.7%; n=70) than those who were lost to follow-up (16.5%; n=42) 

(χ2=15.828; df=4; p=0.003). Mean overall knowledge was higher at baseline in participants 

(Mean=2.06 ±SD 0.87) than in those who were lost to follow up (Mean=1.93 ±SD 0.87), but 

this difference was not significant (t=1.72; df=490; p>0.09). Within group analyses were also 

conducted to see whether there were differences in participants who completed the study 

and those who were lost to follow up. There was no difference between participants and 

those lost to follow up in relation to proportion with adequate overall knowledge (score of 

4) vs inadequate (score<4)  in the intervention group (p=0.62), or in the control group 

(p=0.99). However, among those participants allocated to the intervention group, overall 

knowledge at baseline was significantly higher in those who remained in the study 

(Mean=2.12 ±SD 0.84) than in those who did not complete the study (Mean=1.84 ±SD 0.87; 

t=2.64; df=258; p=.009). 

The remainder of the analyses were completed by “compliance only”. 

Primary outcome measures

At baseline, there were no differences on any demographic or other sample characteristics 

between the intervention and control groups (p>0.05 – see Table 1 for actual p-values). 

Importantly, there were no differences in the mean total knowledge score(P=.5390), the 

proportion of participants who demonstrated adequate overall knowledge (P=.487), or on 

any of the dimensions comprising the score (burn risk knowledge (P=.930), burn first aid 

knowledge (P=.571)) (Table 2).  



Table 1: Demographic characteristics and knowledge of scald risks and first aid in 
intervention and control groups at baseline

Characteristics Intervention (n=121)
n (%)

Control (n=123 )
n (%)

P-value

Age of participant
18-24
25-29
30-34

35+

19 (15.7)
34 (28.1)
46 (38.0)
22 (18.2)

20 (16.3)
43 (35.0)
44 (35.8)
16 (13.0)

P=.561

Marital status
Single

Married
Defacto

Separated/divorced

15 (12.4)
76 (62.8)
28 (23.1)

2 (1.7)

9 (7.3)
70 (56.9)
40 (32.5)

4 (3.3)

P=.211

Highest education level
Less than Year 12

Year 12 completion
TAFE certificate/advanced diploma

University degree
Post graduate degree

13 (10.7)
27 (22.3)
34 (28.1)
37 (30.6)

10 (8.3)

22 (17.9)
25 (20.3)
33 (26.8)
33 (26.8)

10 (8.1)

P=.624

Current smoker 
Smoker

Non-smoker
23 (19)
98 (81)

21 (17.1)
102 (82.9)

P=.694

Country of birth
Australia

Other

104 (86)

17 (14)

101 (82.1)

22 (17.9) P=.414

SEIFA ‡ *
1 (most disadvantaged)

2
3
4

5 (least disadvantaged)

10 (8.3)
20 (16.5)
32 (26.4)

46 (38)
13 (10.7)

10 (8.2)
16 (13.1)
30 (24.6)
51 (41.8)
15 (12.3)

P=.924

ARIA §* 
Urban (major cities)

Peri-urban (inner/outer regional)
Remote/very remote

62 (51.2)
44 (36.4)
15 (12.4)

62 (50.8)
49 (40.2)

11 (9)
P=.644

First-time mothers
Yes
No

48 (39.7)
73 (60.3)

54 (43.9)
69 (56.1)

P=.503

Number of children in household
1 child

more than 1 child

53 (43.8)
68 (56.2)

63 (51.2)
60 (48.8) P=.246

‡  SEIFA (Socioeconomic Index For Areas) was used to estimate socioeconomic status in this study. 



Specifically, the Index of Relative Socioeconomic Advantage and Disadvantage. Higher deciles reflect 
higher relative advantage, lower deciles reflect lower relative advantage. Deciles were reduced to 5 
categories
§ Location of usual residence was categorised using ARIA (Accessibility/Remoteness Index of 
Australia), developed by National Centre for the Social Applications of Geographic Information Systems 
(GISCA). Each geographical area was allocated a score between 0 and 15, based on the (road) distance 
to nearby towns that provide services. Scores were then allocated to the following categories (OESR 
Queensland, 2011): Urban (major city: 0.0–0.2); Peri-Urban (inner regional: 0.2–2.4; outer regional: 2.4–
5.92); and remote (remote: 5.92–10.53; very remote: 10.53+). 

Changes in participant overall knowledge between baseline and six-month follow up are 

shown in Table 2 and Figure 3. Although similar at baseline, intervention group participants 

achieved significantly greater improvement in overall knowledge post-test than control 

group participants (t=3.37; df=240; p<0.001) (Figure 3). “Event rate” of improved overall 

knowledge (change from inadequate at baseline to adequate at 6 months follow up) was 

significantly higher in the intervention group (20.7%; n=25) than in the control group (7.3%; 

n=9) (χ2=9.06; df=1; p=0.003). Consequently, the NNT was 7.46. That is, 8 people need to be 

exposed to this intervention in order to improve inadequate overall knowledge to adequate 

knowledge (i.e., score of less than 4 to a score of 4) in one additional person.  A sensitivity 

analyses was completed with respect to the event rate, and NNT. First, the event rate was 

recalculated assuming that all participants who were lost to follow-up did not improve their 

score (i.e., demonstrated inadequate knowledge at baseline and at follow-up). The event 

rate of improved overall knowledge was 9.5% in the intervention group and 3.8% in the 

control group. The NNT was 17.5. Next, the event rate was recalculated assuming that all 

participants who were lost to follow-up did improve their score from inadequate at baseline 

to adequate at follow-up (intervention: 63.35%; control: 51.69%). The NNT was 8.57. 



Table 2: Change in overall knowledge and burn first aid at six-month follow up

Intervention 

(n=121)

Control 

(n=123)

Pre-test*

% (n)

Post-test 

% (n)

Pre-test 

% (n)

Post-test 

% (n)

Overall knowledge – mean 2.11            
(SD ±.860)

2.68        
(SD± 1.00)

2.04              
(SD± .915) 

2.13               
(SD±1.03)

Overall knowledge a

Adequate 2.5% (3) 22.3% (27) 4.1% (5) 9.8% (12)

Main cause of burns/scalds – 
correct

33.1% (40) 59.5% (72) 35.8% (44) 46.3% (57)

Age group most at risk of 
burns/scalds – correct

52.9% (64) 59.5% (72) 45.5% (56) 39% (48)

Burn first aid knowledge
Adequate (cool running water        
for 20 minutes, unprompted)

Inadequate (all other responses)

9.9% (12)

90.1% (109)

39.7% (48)

60.3% (73)

12.4% (15)

87.6% (108)

26% (32)

74% (91)

* Participants lost to follow-up are not included in the Pre-test column

Note: a Proportion of participants who had “adequate” overall knowledge at baseline and 6 
month follow-up are shown in the table. These rates are slightly different to the event rates 
that were calculated for improvement in overall knowledge between baseline and follow-up 
(25 (20.7%) participants in the intervention group improved overall knowledge between 
baseline and follow-up, compared with 9 (7.3%) people in the control group. Only those 
participants who demonstrated improvement from inadequate at baseline to adequate at 6 
months follow up were included in the “improved knowledge” group).  



Figure 3: Change in mean overall knowledge score between baseline and six-month follow 
up in intervention and control groups (Error bars: 95% CI)

Demographic predictors of overall burn knowledge

Univariate logistic regressions indicated that the following variables were related to 

improvement in overall knowledge (from inadequate to adequate) between baseline and 

follow up: being in the intervention group, age of respondent, socio-economic status as 

measured through SEIFA quintile, remoteness (as measured by ARIA category). These 

variables were entered into one multivariate model, and non-significant variables were 

removed one at a time, assessing the impact on remaining variables. In the final model, the 



only variables that were significantly associated with improvement in overall knowledge 

were: being allocated to the intervention (OR= 3.3; 95%CI:1.4-7.7), and socio-economic 

status as measured through SEIFA. Specifically, odds of improving overall knowledge scores 

was higher in participants whose postcode indicated they were exposed to the highest level 

of disadvantage were (OR=7.30; 95%CI=1.2 – 42.9) than participants in other levels of 

disadvantage.  Age and remoteness (as measured by ARIA category) were included as 

confounders in this final model (but were not significantly associated with improved 

knowledge). 

Gamification and App Engagement 

Gamification and app use activity (app views, content views, pop quiz completions and 

photo sharing) were also measured. Participants in the intervention group earned points 

each time they viewed content, correctly answered pop quiz questions, and uploaded 

photos. Winners of the weekly photo mission won additional bonus points. In total, 58 

participants in the intervention group accrued sufficient points to redeem their points for 

movie or supermarket vouchers; however, only three participants took advantage of this. 

The leader-board (only available to the intervention group) showing participants points was 

viewed 535 times. 

The mean number of app opens for the intervention group was 18.31 (±SD 42.1; min: 1; 

max: 347; median:5.0; IQR:13.5), and 5.03 (±SD 5.28; min: 1; max: 28) for the control group 

(median:3.0; IQR:4.0). One participant from the intervention group opened the app a total 



of 347 times; however, the majority of participants opened the app 10 times or less in both 

the intervention group (69%) and control group (65%). Mean content views for the 

intervention group was 1.96 (±SD 2.86; median:0.0, IQR:4.5) and 0.98 (±SD 0.77) for the 

control group (median:0; IQR:0). The mean quiz completions for the intervention group was 

2.45 (±SD 4.33); the median was 0 (IQR2.5), and the mean number of photos shared was 

2.23 (±SD 5.11) (median: 0; IQR:2.0). With respect to the composite measure of app 

engagement, 27.3%; (n=33) of the intervention group and 1.6% (n=2) of control participants 

were categorised as high engagement, and 51.2% of the intervention group had no app 

engagement (n=62) vs 98.4% of the control group (n=121). 

Univariate logistic regression analyses (intervention group only) showed that each of the 

four (numerical) measures of engagement were significantly associated with improvement in

overall knowledge from inadequate at baseline to adequate at 6 month follow up (quiz total:

OR=1.34; 95%CI=1.2-1.5; content:  OR=1.49; 95%CI=1.3-1.7; app opens: OR=1.05; 

95%CI=1.02-1.07; photo uploads: OR=1.33; 95%CI:1.1-1.6). The four elements of app 

engagement were strongly correlated with each other (see table 3).  

Univariate logistic regression analyses (intervention and control groups) indicated that the 

composite measure of app engagement was associated with change in knowledge at 6 

month follow up. Odds of improved overall knowledge from inadequate to adequate were 

significantly higher in participants who demonstrated low/moderate app engagement 

(OR=8.59; 95%CI=2.9-25.02) and high app engagement (OR=18.26; 95%CI=7.1-46.8) than 

participants with no engagement.  The composite measure of app engagement was entered 

into a multivariate logistic regression model with the variables previously identified in 

univariate analyses as significantly associated with the primary outcome measure (age of 



respondent, socio-economic status as measured through SEIFA quintile, remoteness as 

measured by ARIA category). Non-significant variables were removed from the model one at

a time, and the impact on remaining variables assessed. In the final model, the only variable 

that was significantly associated with improvement in overall knowledge was app 

engagement (low/moderate: OR 6.81; 95%CI:2.2-21.4; high: OR=33.84; 95%CI=10.6-107.6). 

Age of respondent, remoteness (as measured by ARIA category) and socioeconomic status 

(as measured through SEIFA) were included as confounders in this final model (but were not 

significantly associated with improved knowledge).

Table 3: Inter-correlations between measures of app engagement (N=244)

 

Discussion 

This RCT has demonstrated the Cool Runnings app to be an effective intervention for 

improving knowledge about hot beverage scald risks and burn first aid in mothers of young 

children.  Only 8 people need to be exposed to this intervention in order to improve 

inadequate overall knowledge to adequate knowledge in one additional person. Hot 

beverage scalds present a major paediatric public health issue that requires attention and 

 
Change in

Knowledge
Quiz

completion
Content

view App   opens

Quiz .48***

Content .44*** .86***

App .35*** .72*** .56***

Photo uploads .40*** .83*** .65*** .76***

*** p < .001



prevention efforts, and this RCT details the implementation and evaluation of innovative 

methods and techniques to address this injury. 

To our knowledge, this is the first study to evaluate an app-based delivery of injury 

prevention messages, and the first study to gauge the efficacy of gamification in an injury 

prevention intervention. Given the low cost and large reach of smartphone apps to deliver 

content to, and engage with targeted populations, results from this RCT provides important 

information on how smartphone applications can be used for widespread injury prevention 

campaigns. This study looked specifically at the use of this technology in a prevention 

campaign aimed at hot beverage scalds – the leading cause of childhood burn injuries. While

numerous studies have reported the high incidence of this injury, there is a paucity of 

interventions aimed at preventing them. 

There have been few success stories when it comes to childhood burn prevention campaigns

[27], apart from those that have included passive approaches that have the benefit of 

legislative, engineering and design support, such as hot water tempering valves, and flame-

retardant children’s sleepwear [28-30]. Certainly, burn prevention campaigns that focus 

solely on education have had little demonstrated success. Because of this, and because 

education is the most likely strategy to be effective for hot beverage scald prevention (due to

limited capacity for other approaches such as engineering / environmental approaches to 

work), a novel approach was taken to develop and implement the Cool Runnings 

intervention.



In addition to being allocated to the intervention group, socio-economic status as measured 

by SEIFA (through postcode of residence) was significantly inversely associated with  

improvement in knowledge score relative to baseline. This is encouraging given the 

recognised disparities in burn incidence and first aid knowledge and use among those who 

are socioeconomically disadvantaged [31-34]. Some burn prevention campaigns have 

targeted these specific groups with mixed results [35-36]. The growing global ownership of 

smartphones and the promise of app-based technology may change this. In 2016, the 

average global ownership of smartphones was 81% (77% of US adults, 84% Australian 

adults) [37]. Lack of other significant predictors of increased burn knowledge may be 

interpreted as an indication of the success of the intervention across the target group. There

was a broad sample of participants included in this study – older and younger first time 

mums, with various levels of education, and from regional, rural and remote locations. 

Participants were representative of the target population (women who birthed in 

Queensland in 2015) with regard to age, marital status, being a first-time mother and 

country of birth [38].

Smartphone ownership goes beyond socioeconomic, racial and ethnic boundaries, with a 

report by the Pew Institute [39] showing that more than half of most socio-demographic 

groups own a smartphone. Smartphones provide the opportunity to engage with people 

wherever they are and whenever it suits them to see a message. The use of smartphones to 

deliver information in a way that is interactive and engaging, rather than a one-way flow of 

static communication is also compelling. App-based campaigns can cater to participants 

different learning styles – whether its visual, auditory or kinaesthetic – through the delivery 



of various message types – such as animations, videos, or infographics, and make it more 

appealing to a diverse audience.

This study also showed an association between change in knowledge and the gamification 

strategies used. Gamification takes the gaming principles of rewards, competition and 

personalisation to engage participants, and motivate them towards preferred behaviours. 

Gamification is widely used in business to increase loyalty and create longer-term 

engagement, but the evidence of its efficacy in changing health behaviours is still in its 

infancy. Gamification is commonly used in workplace health initiatives [40], and the trend of 

using gamification techniques and strategies in health-related apps is burgeoning. However, 

theoretical frameworks are still being developed and there remains relatively little scientific 

literature as to its efficacy in improving health behaviour outcomes [40,41].  The aim of 

incorporating gamification elements to health-related non-games is to improve user 

experience and engagement while increasing intrinsic motivators likely to result in the 

adoption of a behaviour or knowledge change [42,43].  Extrinsic and intrinsic rewards were 

used in this intervention, with the potential to win financial rewards and prizes (extrinsic), 

and learn how to protect their child from injuries and/or keep children safe (intrinsic). In this

study, participants in the intervention group were ‘gamed’ into viewing content, uploading 

photos and completing pop quizzes with the ability to earn points for each activity. These 

points accumulated and were displayed on the weekly leader-board on the app. Although 58

participants accrued enough points to redeem them for tangible rewards ($25 and $50 

movie/shopping vouchers) only three participants did this. Reasons for this may be the 

intangible rewards (such as leader-board position and weekly photo winner badges) were of 

more perceived value, or the motivation may have been more competition-based rather 



than incentive-based. This finding shows potential for larger, widespread campaigns in which

providing ongoing tangible financial rewards would make scalability difficult. The results of 

this study suggest the inclusion of gamification strategies in injury prevention and public 

health campaigns could lead to improved results. Unfortunately, the use of gamification 

techniques did not appear to help with retention of participants. 

Limitations

This study has several limitations. In both the control and intervention group there was a 

large loss to follow-up (48.9%). One reason for this may be the length of the intervention. It 

is difficult to know at what specific point during the intervention period participants dropped

out. The lack of personal contact associated with an app-based intervention may also have 

contributed to the attrition rate. Future studies should test shorter intervention periods to 

determine optimal duration. This loss to follow up raises the potential for attrition bias. 

However, the attrition rate in both groups was similar (54% vs 48%), and participants did not 

differ significantly from those who were lost to follow up on most of the measured 

characteristics. The exception was education (participants who remained in the study 

demonstrated a higher level of education). In addition, participants originally allocated to 

the intervention group who completed the study demonstrated a significantly higher 

baseline overall knowledge score than those who were lost to follow up. This did not occur 

in the control group. Interestingly, there was no difference in the proportion of participants 

vs drop-outs who demonstrated adequate vs inadequate knowledge. It is also acknowledged

that there may have been differences between participants who remained in the study and 



those who were lost to follow-up that were not measured in the survey. The loss to follow-

up also provides some important information about the challenges associated with 

recruiting and retaining participants using this technology. Overall, the potential differences 

in the participants vs non-participants with respect to burns first aid knowledge, and the 

differential loss to follow up in the intervention group of those with lower knowledge 

indicates that further research is required regarding those with lower knowledge (who 

would most benefit from an intervention to improve knowledge), and how to engage/retain 

their interest and participation. Given the novelty of this intervention, and in particular 

within this context, the authors intentionally conducted a “per protocol” analyses in order to

demonstrate efficacy of the app. However, some analyses were conducted in order to 

further understand the potential impact of the loss to follow-up. When it was assumed that 

all participants who were lost to follow-up improved their knowledge score from inadequate

to adequate, the NNT was 8.57. When it was assumed that all participants lost to follow-up 

did not improve their knowledge score, the NNT was 17.5 (compared to NNT of 7.46 

calculated for the participants who were retained in the study). The relatively small numbers

involved in this study mean that the multivariate analyses on demographic variables 

associated with change in knowledge (especially when app engagement is considered), and 

the analyses on predictors of app engagement, should be interpreted with caution. The 

randomised nature of participants to intervention and control groups minimised 

confounding, and great care was taken to reduce/avoid measurement bias by ensuring 

information was obtained from both groups in the same way. 

Postcodes were used as a proxy for socioeconomic status (SES) in this study. Hence, this 

measure may not have been representative of the individual-level SES of participants. It is 

possible that other factors external to study participation (such as enrolment in a first aid 



course) may have contributed to the observed change in outcome. However, a strength of 

this study design (RCT) is that randomisation should ensure that the likelihood of this 

happening unequally between intervention and control groups is low. Hence, the potential 

impact on observed results is low. Finally, it is important to acknowledge that a change in 

knowledge does not necessarily reflect a change in behaviour. It was beyond the scope of 

this trial to assess the impact on behaviour of the RCT, however an important next step 

would be to determine whether this app can effect behaviour change in relation to burn first

aid in young children with HBS.

Conclusion

Despite loss to follow-up, an app-based burn prevention intervention appears to be an 

effective and appealing approach for targeting mothers of young children. These results 

shown that only 8 people need to be exposed to this intervention in order to improve 

inadequate overall knowledge to adequate knowledge (i.e., score of less than 4 to a score of 

4) in one additional person.  The broad reach, low cost and scalability of this medium could 

potentially be feasible for other injury prevention campaigns aimed at this population, 

particularly given the fact that children aged 0-4 years are most at risk of a number of 

injuries that occur in the home. Additional studies are needed to determine the optimal 

follow up time for this type of intervention to offset the high attrition rate noted in this 

intervention. 
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