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2

29 A configural model of expert judgement as a preliminary epidemiological study of 

30 injury problems: An application to drowning.

31

32 Abstract

33 Robust epidemiological studies identifying determinants of negative health outcomes require 

34 significant research effort. Expert judgement is proposed as an efficient alternative or 

35 preliminary research design for risk factor identification associated with unintentional injury. 

36 This proposition was tested in a multi-factorial balanced experimental design using specialist 

37 judges (N=18), lifeguards and surfers, to assess the risk contribution to drowning for 

38 swimming ability, surf bathing experience, and wave height. All factors provided unique 

39 contributions to drowning risk (p<.001). An interaction (p=.02) indicated that occasional surf 

40 bathers face a proportionally increased risk of drowning at increased wave heights relative to 

41 experienced surf bathers. Although findings were limited by strict criteria, and no gold 

42 standard comparison data were available, the study provides new evidence on causal risk 

43 factors for a drowning scenario. Countermeasures based on these factors are proposed. 

44 Further application of the method may assist in developing new interventions to reduce 

45 unintentional injury.
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47 Introduction

48 Analytic epidemiological studies test for the association of determinants with a negative 

49 health outcome to support a theory of causality. Identified causal risk factors may then be 

50 modified to improve health outcomes. Epidemiological research designs provide robust 

51 evidence through observing candidate risk factors in the natural course of events. Means of 

52 potential risk factor identification and specification include anecdotal evidence, case reports 

53 or cross-sectional surveys.

54

55 A significant challenge for observational epidemiological studies concerns the control of 

56 confounding factors [1]. Elimination of competing explanations for study findings often 

57 requires substantial study sizes. Accurate measurement of exposure to risk factors is complex 

58 as is distinguishing factor causation from statistical association. Without attention to these 

59 details, epidemiologic studies provide little substantial knowledge gain.

60

61 Uncertainly about the derived health benefits leads to difficulty in justifying study costs and 

62 may partially explain the lack of epidemiological studies for many significant injury 

63 problems. To provide evidence on potential health gains, cost-effective preliminary studies 

64 with acceptable internal validity and generalisability may guide later epidemiological 

65 research. Such studies should replicate more rigorous epidemiological designs with respect to 

66 risk factor identification and assessment. The study reported here tests and evaluates a 

67 proposed method based on expert opinion for potential causal injury risk factor identification 

68 and risk quantification as applied to unintentional drowning in an Australian surf bather 

69 population, where surf bather drowning is a relative rare event relative to bather numbers [2].
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70 Drowning as a global health problem

71 Globally, drowning accounts for more than 370,000 deaths each year [3]. The causes of 

72 drowning are complex and risk factors vary by geographic location, physical environmental 

73 features, activity, water entry mechanism, weather and water conditions, supervision, and 

74 personal characteristics. Therefore, studies of causal risk factors should be restricted to 

75 clearly defined circumstances.

76

77 In most drowning scenarios, including surf bather drowning, scant evidence exists on causal 

78 risk factors. Surf bathing at wave-dominated beaches attracts local residents and is commonly 

79 depicted in tourist brochures luring visitors to warm and exotic beach locations [4]. Despite 

80 dedicated beach patrols and lifeguards supervising bathers, Australia’s annual coastal 

81 drowning rate remains 0.14 swimmers and waders per 100,000 resident population [5]. 

82 Several causal drowning risk factors have been proposed for surf bathers, including rip 

83 currents, alcohol, tourists, and onset of medical conditions [6]. Yet no rigorous research 

84 studies confirm that these or other candidate causal risk factors place bathers at relatively 

85 higher drowning risk.

86

87 This study aimed to test the capacity of experts to identify and assess the roles played by 

88 putative causal risk factors in surf bather drowning. 

89 Judgement and risk assessment

90 Expert judgement provides a recognised method for gathering evidence where traditional 

91 scientific methods are impractical [7-8], such as assigning risk probabilities to assess certain 

92 environmental hazards [9-10]. Such risk assessments may be biased by judge overconfidence, 

93 inaccuracy, or insufficient or irrelevant judge expertise [11-12]. Given these and other 
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94 potential limitations, experiments based on subjective judgements require control of 

95 recognised potential bias and careful selection of judges, thus limiting generalisability of the 

96 findings.

97

98 Early judgement studies sought to model the decision-making process and assess the 

99 applicability of outcomes to the true state [13-15]. Linear modelling has matched the process 

100 used by judges where variables are assigned weights, with the sum used to determine the 

101 outcome likelihood. In reality, judges may follow a configural rather than a linear process by 

102 assigning values to predictor variables based on weights of other predictor variables [14]. 

103 Related statistical techniques such as analysis-of-variance (ANOVA) can account for 

104 configurality within judgements (predictor variable interactions).

105 Method

106 Fig 1 presents the study design overview. Based on a repeated-measures multi-factorial 

107 experimental design, two separate groups of surf bathing specialists―lifeguards and 

108 surfers―were recruited to judge the contribution of putative causal factors to surf bather 

109 drowning risk.

110 Fig 1. Study design overview.

111 Independent variables and factor levels

112 A preliminary study eliciting water safety expert knowledge, using a nominal group 

113 technique, reported swimming ability in surf conditions, awareness of surf hazards, and 

114 prevailing surf conditions as the top ranked factors affecting the probability of surf bather 

115 drowning [16]. From this, three independent (predictor) variables (IVs) were specified as 

116 putative drowning risk factors: swimming ability, surf bathing experience, and wave height. 
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117

118 IVs were set at three fixed levels representing ordinal scales, restricting inferences to the 

119 specified IV levels [17]. Factor levels were distinguished by a mix of qualitative descriptions 

120 and quantitative measures (S1 Table). Levels were ordered from (presumed) lowest to highest 

121 drowning risk contribution, assuming other factors are absent (e.g., alcohol), remain equal or 

122 constant (e.g., tide level or health status). For each factor, the median risk level was anchored 

123 at averages found for Australian beaches or surf bather populations [18-19].

124 Dependent (criterion) variable

125 A scale measurement was required for surf bather drowning risk. Piloting revealed judge 

126 preference for the term ‘getting into difficulty’ as a proxy scale measure of drowning risk. 

127 This scale appraised the likelihood of bathers reaching their limit to cope with surf conditions 

128 based on their swimming ability and surf bathing experience and logically, this situation is a 

129 precursor to drowning. This scale was used as the proxy drowning risk measure for the study.

130

131 The dependent (criterion) variable (DV) used an 11-point scale to record the perceived 

132 chance of getting into difficultly while bathing―0% to 100% [20]. Descriptive terms below 

133 the scale qualified associated percentage ranges for getting into difficulty: No; low; moderate; 

134 high chance; and certain (S1 Table).

135 Hypotheses

136 Three hypotheses (Hs) were specified:

137

138 H1: The IVs―swimming ability, surf bathing experience, and wave height―will each 

139 produce an effect on the DV―chance of getting into difficulty in the water.

140
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141 Each of the three scale items was expected to be associated with varying levels of surf bather 

142 drowning risk in a systematic risk order providing the rational for H2.

143

144 H2: The order of levels within each IV is associated systematically with surf bather drowning 

145 risk. 

146

147 Null-hypotheses tested for differences between IVs levels and expected direction.

148

149 Intuitively, and consistent with a configural judgement approach, the drowning risk for levels 

150 of one IV would be expected to be influenced by the other two IV levels. Therefore, H3 

151 anticipated that an effect produced on the DV by one level of an IV is dependent on levels of 

152 other IVs [21].

153

154 H3: Three first order interactions and one second order interaction among the IVs will 

155 produce an effect on the DV.

156

157 H3 generated four null-hypotheses. The direction of interaction effects between IV levels 

158 were investigated a priori but not as specified hypotheses.

159 Instrument and design

160 Ethical approval was granted by the Monash University Standing Committee on Ethics in 

161 Research Involving Humans. The experiment was administered using a self-completed 

162 questionnaire. Personal data comprised surf bathing experience and currency, surf-activity 

163 proficiency, lifesaver/lifeguard and rescue experience and demographic details. To reduce 

164 potential influence of other possible risk factors on judgements, an instruction page outlined 
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165 the general scenario for drowning risk exposure including bathing at the outer wave breaking 

166 zone (S2 Table). Following this, 27 vignettes, on separate pages, provided a combination of 

167 IV levels and the DV drowning risk scale. Two sets of questionnaires were produced; P1 for 

168 time-period 1 and P2 for time-period 2. Respondents were instructed not to refer back to their 

169 previous ratings when rating new scenarios.

170 Vignettes and ordering procedure

171 The three IVs at three levels resulted in 27 unique combinations (cells) for rating the DV. 

172 Each cell was presented as a three paragraph vignette personalised with a gendered name (S2 

173 Table).

174

175 The order of IVs can affect the DV score due to participant practice, fatigue or becoming 

176 wise to the experiment [21]. To counterbalance carry-over (order) effects, a Latin square type 

177 arrangement was used to distribute carry-over effects systematically across cells [17, 22]. It 

178 was anticipated that statistical analysis would account for carry-over effects within error 

179 terms. The sequence of IVs and subject gender within each vignette was also systematically 

180 varied.

181

182 A repeat square for P2 provided supplemental data to assess the reliability of responses 

183 between P1 and P2. Effectively, the use of the repeat square provided two cell ratings per 

184 judge under different order conditions [23].

185 Population and sampling procedure 

186 Expertise encompasses skills and knowledge and experts may be identified for specific areas 

187 from characteristics including capabilities, achievements, qualifications, peer recognition, 

188 specialisation or years of performance [24-25]. Two populations were considered expert in 
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189 surf bathing activities, professional lifeguards and proficient surfers, allowing comparison of 

190 judgements across specialist populations. Through bather supervision, lifeguards have direct 

191 experience of bathers getting into difficulty and hold recognised proficiency in surf bathing 

192 activities. Surfer expertise encompasses the necessary skills and experience to negotiate 

193 typical and atypical surf conditions.

194 Sample size and statistical power

195 Stevens [26] provides required sample sizes for single group repeated-measures ANOVA. To 

196 obtain 80 percent power, assuming an average correlation of DV measures being 0.5, three 

197 treatments (IVs), alpha level of 0.05, and large effect size, 8-14 repeated-measures are 

198 required. The target sample size was nine lifeguard and nine surfer judges. Statistical power 

199 may be increased through pooling of results where no statistical differences are found 

200 between the specialist groups or time periods.

201 Selection and study participation

202 Participants were selected using a convenience sampling procedure following a snowball-like 

203 process. Some participants were known to each other. All questionnaires were completed in 

204 DM’s presence. Following instruction, 18 participants completed the first set of 27 vignettes 

205 (each in a unique order) followed by a 30 minute break. Demographic information and the 

206 second set (repeat square) were then completed. 

207 Data analysis

208 Introduced bias was firstly assessed for vignette gender, time-period effect, and specialist 

209 type. Following this, factorial repeated-measures three-way ANOVA established simple main 

210 effects and error terms for the IVs (H1). Statistical differences for IV levels and direction 
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211 were then assessed (H2). Planned polynomial contrasts between IVs specified interactions 

212 (H3).

213

214 The ANOVA results follow the order of hypotheses. Where an interaction between IVs was 

215 found, simple pairwise comparisons of means were examined post-hoc using the middle IV 

216 level (median risk level) as the reference group [27].

217

218 Preliminary data analyses revealed a wording error for Vignette 7―one IV factor level being 

219 incorrect. This resulted in estimated V7 DV scores for each judge being made by 

220 interpolation [28]. This took into account mean score patterns for corresponding vignette 

221 levels and applied differences to individual V7 scores [29]. The procedure maintained 

222 existing order effects and parallel risk assessments particular to each judge. Specifically, the 

223 score for V7 (with same procedure followed for the repeat square) was calculated as equal to: 

224 original score (V7) less mean difference between V9 and V8 less mean difference between 

225 V17 and V16. This resulted in 3 of 18 judges’ scores for P1 being negative (-1.2, -0.2, -0.2) 

226 and 1 judge for P2 (-0.5). These four negative scores were converted to zero. The face 

227 validity for the derived V7 mean score was confirmed by comparison with the closest cell 

228 levels. Remaining reporting treats the derived estimates for V7 as the true scores.

229

230 Data were entered on the spreadsheet and analysed using statistical software [30] with alpha 

231 level p<0.05. The DV results were entered as scores (0-10) corresponding to percentage 

232 indicated. Normality of distributions was assessed for each vignette visually and by reference 

233 to significance tests for skewness and kurtosis z-scores (p<0.05). Due to small sample sizes 

234 and potential non-normal distributions, non-parametric tests (exact significance) were used 

235 for preliminary subgroup comparisons.
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236

237 Differences between specialist groups on demographic and beach behaviour were determined 

238 by Mann-Whitney [U] tests or chi-square [χ 2]) with corresponding effect size calculated 

239 manually for significant results. To test for vignette name gender effects, P1 and P2 data were 

240 combined for each of the 27 vignettes (each being rated 36 times, twice by a single judge) 

241 with differences assessed by Mann-Whitney (U) tests. 

242

243 Reliability of judges’ scores over P1 and P2 was assessed by the Wilcoxon signed-rank test. 

244 Here, significant results at p<0.05 would be expected as the cumulative (family-wise) Type 1 

245 error rate across 27 tests increased the likelihood of false positives. Bonferroni correction set 

246 a significant alpha level at p<0.002 [31]. DV ratings for each vignette were grouped for P1 

247 and P2 to test for differences between specialist groups using Mann-Whitney (U) tests.

248

249 Following preliminary assessment, a repeated-measures three-way ANOVA was run on SPSS 

250 using the general linear program. The assumption of sphericity was assessed by Mauchly’s 

251 test. Greenhouse-Geisser estimate, correcting for degrees of freedom, was used where the 

252 assumption of sphericity was not met. A priori polynomial contrasts were specified for each 

253 factor to test for presumed IV factor order (in linear or quadratic form) with results reported 

254 where significant. Tests of differences between estimated marginal means for IV factor levels 

255 (i.e., the unweighted mean that controls for potential confounding from other IVs), three first-

256 order interactions, and one second-order interaction, applied the Bonferroni correction. 

257 Partial eta squared (partial η2), which explains the proportion of variation unique to a variable 

258 not explained by other variables, was used to estimate effect sizes [27] with 95% CI 

259 calculated from SPSS syntax files from Smithson cited in [21].

260
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261 Eta squared (η2) was calculated manually. This measure can be interpreted in a similar way to 

262 R2, being an additive portion of the total variance in the DV explained by the IVs and 

263 interactions, provided the design is balanced by an equal group size for each cell [21-22]. 

264 These tests for effect size were based on the sample results without correction for population 

265 estimates [27]. Figures were prepared manually using the Excel program [32].

266 Results

267 Specialist profiles

268 The specialist groups (lifeguards and surfers) had similar demographics and beach experience 

269 confirmed by non-significant differences on statistical tests (not reported). Surfers had higher 

270 frequency of beach visits in the previous 12 months (U=18.5, p=0.05). All judges had 

271 extensive experience in surf bathing (10 to 30 years). Most had high participation rates in the 

272 last 12 months and experience in 3 m waves. All judges except one rated themselves as 

273 proficient or expert in surf bathing.

274

275 All lifeguards held surf-related and first aid qualifications and had completed rescues, six 

276 having performed cardiopulmonary resuscitation. Almost half the surfer specialists held 

277 swimming-related qualifications, first aid certification or experience in performing rescues. A 

278 statistically significant difference was found for the average number of rescues performed by 

279 surfers and lifeguards (respective means 2.3 and 270.6, U<0.01, p<0.01, r= -1.2).

280 Vignette gender

281 The DV mean rating (chance of getting into difficulty in the water) was higher for female 

282 vignette subjects compared to males for 17 vignette scenarios (63%); lower for 10 (37%). 
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283 Mann-Whitney (U) tests were not significant for any vignette gender differences (p<0.05) so 

284 this variable was not treated as a factor in further analysis.

285 Reliability of vignette DV ratings between P1 and P2

286 Vignette DV mean ratings between P1 and P2 (N=36) were 13 (48%) higher cell means for 

287 P1, 12 (44%) higher cell means for P2, and 2 (7%) identical means. As Wilcoxon sign-rank 

288 test identified no significant differences (p<0.002) P1 and P2 ratings were considered 

289 statistically to be from the same populations, providing justification for pooling cell ratings.

290 Comparison of specialist groups DV ratings

291 Table 1 presents judges’ mean vignette ratings for P1, P2 and overall. Although vignette 

292 ratings varied (mean 4.0-6.9), when grouped the pattern for surfers and lifeguards were 

293 similar. Overall mean differences between specialist group ratings were not significant for 

294 P1, P2, or combined periods (P1: U=35.0, p=0.65, r= -0.11. P2: U=27.0, p=0.25, r= -0.28, 

295 combined: U=30.5, p=0.40, r= -0.21).

296

297

298

299

300

301

302

303

304

305

306
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307 Table 1. Specialist judges mean ratings of the DV for 27 vignette scenarios.

Specialist P1 P2 Combined 

periods

Range

Judge Mean SD Mean SD Mean SD

1 Surfer 6.8 2.4 7.0 2.8 6.9 2.6 2-10

2 Surfer 5.4 3.2 5.7 3.2 5.6 3.2 0-10

3 Surfer 6.7 2.9 6.1 3.1 6.4 3.0 1-10

4 Surfer 6.5 3.4 6.4 3.7 6.4 3.5 0-10

5 Surfer 6.1 3.1 6.0 3.4 6.1 3.2 1-10

6 Surfer 5.2 2.5 5.4 3.0 5.3 2.7 1-10

7 Surfer 4.3 3.0 4.1 2.5 4.2 2.8 0-10

8 Surfer 5.2 2.5 5.6 2.8 5.4 2.6 1-10

9 Surfer 3.9 3.3 5.5 3.3 4.7 3.4 0-10

Total surfers 5.6 3.0 5.7 3.2 5.7 3.1 0-10

10 Lifeguard 6.9 2.7 7.0 2.8 6.9 2.7 1-10

11 Lifeguard 4.7 2.6 4.4 2.3 4.5 2.4 0-10

12 Lifeguard 6.7 3.0 6.5 3.3 6.6 3.1 1-10

13 Lifeguard 3.9 1.8 4.1 1.7 4.0 1.7 1-7

14 Lifeguard 4.0 2.8 4.7 2.6 4.3 2.7 0-10

15 Lifeguard 4.8 2.2 4.5 2.1 4.7 2.1 1-8

16 Lifeguard 4.4 2.7 4.4 2.8 4.4 2.7 1-9

17 Lifeguard 5.8 2.6 5.2 2.2 5.5 2.4 0-10

18 Lifeguard 6.5 2.4 5.8 2.5 6.1 2.4 1-10

Total lifeguards 5.3 2.7 5.2 2.7 5.2 2.7 0-10

Overall total 5.4 2.9 5.5 2.9 5.4 2.9 0-10

308 Note: DV: The chance of getting into difficulty while bathing (scale 0—no chance to 10—certain)
309

310

311 DV rating patterns for individual vignette cells by specialist group provide further insight 

312 (Table 2). Table 2 shows broad similarity between surfer and lifeguard DV patterns across 

313 vignette cells. Upper and lower DV ratings for individual cells ranged substantially, partly 

314 explained by order effects given a small drop in the overall standard deviation from P1 to P2.

315

316
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317 Table 2. Specialist judges mean ratings of DV for vignette cells by group.

Specialist P1 P2 Combined 
periods Range

Vignette 1-13 IV levels Mean SD Mean SD Mean SD

Swim.cap 1 Surfer 1.0 0.9 0.7 0.7 0.8 0.8 0-3
Surf .exp 1 Lifeguard 1.3 0.7 1.4 1.0 1.4 0.9 0-41

Waves 1 Overall 1.1 0.8 1.1 1.0 1.1 0.9 0-4

Swim.cap 1 Surfer 3.7 1.9 3.7 1.9 3.7 1.9 1-7
Surf .exp 1 Lifeguard 4.2 2.3 4.1 2.1 4.1 2.1 1-82

Waves 2 Overall 3.9 2.1 3.9 2.0 3.9 2.0 1-8

Swim.cap 1 Surfer 5.8 2.9 6.3 2.7 6.1 2.8 1-10
Surf .exp 1 Lifeguard 5.4 2.1 5.3 2.0 5.2 2.0 3-93

Waves 3 Overall 5.6 2.5 5.8 2.4 5.7 2.4 1-10

Swim.cap 1 Surfer 1.6 1.1 0.9 0.7 1.3 0.9 0-4
Surf .exp 2 Lifeguard 1.8 1.2 1.9 1.1 1.9 1.1 1-44

Waves 1 Overall 1.7 1.1 1.4 1.0 1.6 1.1 0-4

Swim.cap 1 Surfer 4.9 1.8 5.8 2.1 5.4 2.0 1-8
Surf .exp 2 Lifeguard 5.0 2.4 5.5 1.9 5.3 2.1 2-95

Waves 2 Overall 4.9 2.1 5.7 1.9 5.3 2.0 1-9

Swim.cap 1 Surfer 6.4 1.8 7.8 2.4 7.1 2.2 2-10
Surf .exp 2 Lifeguard 5.6 2.3 6.3 1.3 5.9 1.9 2-96

Waves 3 Overall 6.0 2.1 7.1 2.0 6.5 2.1 2-10

Swim.cap 1 Surfer 2.9 1.5 3.2 0.7 3.1 1.1 0-5
Surf .exp 3 Lifeguard 2.2 1.8 1.4 1.7 1.8 1.8 0-57

Waves 1 Overall 2.6 1.6 2.3 1.6 2.4 1.6 0-5

Swim.cap 1 Surfer 5.7 1.5 6.9 1.5 6.3 1.6 3-9
Surf .exp 3 Lifeguard 5.8 1.9 5.9 1.5 5.9 1.7 3-98

Waves 2 Overall 5.6 1.7 6.4 1.5 6.1 1.6 3-9

Swim.cap 1 Surfer 7.4 1.5 8.9 1.1 8.2 1.5 5-10
Surf .exp 3 Lifeguard 7.6 1.8 7.6 1.2 7.6 1.5 4-109

Waves 3 Overall 7.5 1.6 8.2 1.3 7.9 1.5 4-10

Swim.cap 2 Surfer 1.1 0.8 1.2 0.4 1.1 0.6 0-2
Surf .exp 1 Lifeguard 1.9 0.7 2.0 1.3 2.0 1.0 1-510

Waves 1 Overall 1.5 0.8 1.6 1.0 1.6 0.9 0-5

Swim.cap 2 Surfer 4.7 2.3 4.9 1.9 4.8 2.1 0-8
Surf .exp 1 Lifeguard 4.6 2.2 4.7 2.0 4.7 2.1 1-811

Waves 2 Overall 4.6 2.2 4.8 1.9 4.7 2.0 0-8

Swim.cap 2 Surfer 6.8 2.0 7.1 1.8 6.9 1.9 4-10
Surf .exp 1 Lifeguard 5.9 2.8 6.2 2.1 6.1 2.4 1-912

Waves 3 Overall 6.4 2.4 6.6 2.0 6.5 2.2 1-10

Swim.cap 2 Surfer 1.9 1.2 1.9 0.9 1.9 1.0 0-4
Surf .exp 2 Lifeguard 2.4 1.2 2.2 0.9 2.3 1.0 1-513

Waves 1 Overall 2.2 1.2 2.1 0.9 2.1 1.0 0-5
318 Note: DV: The chance of getting into difficulty while bathing (scale 0—no chance to 10—certain)
319 IV Swim.cap—swimming ability (1=lowest risk, 2=middle risk, 3=highest risk)
320 IV Surf.exp—surf bathing experience (1=lowest risk, 2=middle risk, 3=highest risk)
321 IV Waves—wave height (1=lowest risk, 2=middle risk, 3=highest risk)
322 Vignette 7 scores derived via interpolation following researcher error.
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323 Table 2. (continued) Specialist judges mean ratings of DV for vignette cells by group.

Specialist P1 P2 Combined 
periods Range

Vignette 14-27 IV levels Mean SD Mean SD Mean SD

Swim.cap 2 Surfer 5.9 1.5 6.1 1.5 6.0 1.5 3-9
Surf .exp 2 Lifeguard 5.4 1.4 5.2 1.8 5.3 1.6 3-814

Waves 2 Overall 5.7 1.4 5.7 1.7 5.7 1.5 3-9

Swim.cap 2 Surfer 8.0 1.4 8.2 1.5 8.1 1.4 5-10
Surf .exp 2 Lifeguard 6.6 1.9 7.0 1.6 6.8 1.8 5-1015

Waves 3 Overall 7.3 1.8 7.6 1.6 7.4 1.7 5-10

Swim.cap 2 Surfer 3.2 2.1 2.3 0.8 2.8 1.6 1-8
Surf .exp 3 Lifeguard 3.0 1.1 2.7 1.1 2.8 1.1 1-516

Waves 1 Overall 3.1 1.6 2.5 0.9 2.8 1.3 1-8

Swim.cap 2 Surfer 6.7 1.9 7.3 1.5 7.0 1.7 4-9
Surf .exp 3 Lifeguard 6.5 1.4 6.0 1.9 6.3 1.6 3-817

Waves 2 Overall 6.6 1.6 6.7 1.8 6.6 1.7 3-9

Swim.cap 2 Surfer 8.3 1.5 8.7 1.3 8.5 1.4 6-10
Surf .exp 3 Lifeguard 8.1 1.2 7.7 1.7 7.9 1.4 5-1018

Waves 3 Overall 8.2 1.3 8.2 1.5 8.2 1.4 5-10

Swim.cap 3 Surfer 3.2 2.0 3.4 1.7 3.3 1.8 1-7
Surf .exp 1 Lifeguard 3.4 1.8 2.9 0.8 3.2 1.4 1-619

Waves 1 Overall 3.3 1.9 3.2 1.3 3.2 1.6 1-7

Swim.cap 3 Surfer 7.2 1.5 7.1 1.5 7.2 1.5 4-9
Surf .exp 1 Lifeguard 6.2 1.5 5.9 1.5 6.1 1.5 4-920

Waves 2 Overall 6.7 1.6 6.5 1.6 6.6 1.5 4-9

Swim.cap 3 Surfer 8.3 2.2 9.0 1.4 8.7 1.8 4-10
Surf .exp 1 Lifeguard 7.9 1.7 7.7 1.6 7.8 1.6 6-1021

Waves 3 Overall 8.1 1.9 8.3 1.6 8.2 1.7 4-10

Swim.cap 3 Surfer 3.8 1.3 3.3 1.3 3.6 1.3 2-7
Surf .exp 2 Lifeguard 4.1 1.8 3.5 1.2 3.8 1.5 2-822

Waves 1 Overall 3.9 1.5 3.4 1.2 3.7 1.4 2-8

Swim.cap 3 Surfer 8.6 0.9 7.9 1.6 8.2 1.3 5-10
Surf .exp 2 Lifeguard 7.3 1.2 6.9 1.6 7.1 1.4 5-1023

Waves 2 Overall 7.9 1.2 7.4 1.6 7.7 1.4 5-10

Swim.cap 3 Surfer 9.4 0.9 9.4 0.9 9.4 0.8 7.5-10
Surf .exp 2 Lifeguard 8.8 1.2 8.4 1.5 8.6 1.3 5.5-1024

Waves 3 Overall 9.1 1.1 8.9 1.3 9.0 1.2 5.5-10

Swim.cap 3 Surfer 5.1 2.4 4.1 1.6 4.6 2.1 2-9
Surf .exp 3 Lifeguard 4.7 1.6 4.3 1.1 4.5 1.4 2-825

Waves 1 Overall 4.9 2.0 4.2 1.4 4.6 1.7 2-9

Swim.cap 3 Surfer 9.0 1.3 9.1 0.3 9.1 0.9 7-10
Surf .exp 3 Lifeguard 8.2 1.6 7.9 1.4 8.1 1.5 5-1026

Waves 2 Overall 8.6 1.5 8.5 1.2 8.6 1.3 5-10

Swim.cap 3 Surfer 10.0 0.0 10.0 0.0 10.0 0.0 10-10
Surf .exp 3 Lifeguard 8.9 1.1 9.0 1.1 8.9 1.1 7-1027

Waves 3 Overall 9.4 0.9 9.5 0.9 9.5 0.9 7-10
324 Note: DV: The chance of getting into difficulty while bathing (scale 0—no chance to 10—certain)
325 IV Swim.cap—swimming ability (1=lowest risk, 2=middle risk, 3=highest risk)
326 IV Surf.exp—surf bathing experience (1=lowest risk, 2=middle risk, 3=highest risk)
327 IV Waves—wave height (1=lowest risk, 2=middle risk, 3=highest risk)
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328 Applying the Bonferroni correction (p<0.002) left vignette 27 as the only statistically 

329 significant difference between specialists groups. Thus surfers’ and lifeguards’ ratings of the 

330 DV by vignette IV order levels were considered to be from the same population of specialists. 

331 Fig 2 shows the overall pattern of combined means for each of the 27 vignettes.

332

333 Fig 2. Estimated marginal mean drowning risk scores on DV for swimming ability by 

334 surf bathing experience and wave height.

335

336 The repeated-measures ANOVA procedure is robust to violations in the normality 

337 assumption of DV distributions [26]. Nevertheless, each vignette distribution for combined 

338 periods and judges was assessed for normality. Visual appearance approximated normal 

339 distributions. No distribution was significantly skewed (p<0.05). Four (14.8%) vignette cell 

340 distributions were significant for kurtosis (p<0.05) due to a high peak score (many judges 

341 chose the same rating score). Based on these results, the DV data were considered suitable for 

342 further analysis without transformation.

343 Repeated-measures factorial ANOVA

344 A repeated-measures three-way ANOVA determined significant effects and polynomial 

345 contrasts (p<0.05) between the chance of getting into difficulty in the water (DV) and IVs 

346 swimming ability, surf bathing experience, and wave height, and IV interactions. Table 3 lists 

347 marginal means and standard error scores on the DV for each level of the three IVs. The 

348 overall hypothesised pattern of drowning risk posed by IV factor levels was reflected in the 

349 expert ratings.
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350 Hypotheses tests

351 The model resulted in simple main effects for the three IVs on the DV; swimming ability, 

352 F(1.21, 20.62) = 77.87, p<0.001, partial η2 = 0.82 (95% CI: 0.62 to 0.88), surf bathing 

353 experience, F(2, 34) = 99.27, p<0.001, partial η2 = 0.85 (95% CI: 0.74 to 0.90), and wave 

354 height, F(1.30, 22.05) = 227.95, p<0.001, partial η2 = 0.93 (95% CI: 0.85 to 0.95). All levels 

355 within each IV differed following pairwise comparisons with Bonferroni correction (p<.001; 

356 Table 3). Polynomial contrasts revealed a significant linear trend for the three IVs; swimming 

357 ability, F(1,17) = 88.51, p<0.001, partial η2=0.84, surf bathing experience, F(1,17) = 135.01, 

358 p<0.001, partial η2=0.89, and wave height, F(1,17) = 5277.04, p<0.001, partial η2=0.94 with 

359 significant quadratic trends for swimming ability, F(1,17) = 32.07, p<0.001, partial η2=0.65 

360 and wave height, F(1,17) = 52.43, p<0.001, partial η2=0.76. A significant effect was found 

361 for the interaction of surf bathing experience and wave high, F(4, 68) = 3.03, p=0.02, partial 

362 η2 = 0.15 (95% CI: 0.00 to 0.27). Fig 3 shows the marginal mean scores. Polynomial 

363 contrasts found a significant linear interaction within the quadratic pattern for waves, F(1, 17) 

364 = 8.15, p=0.01, partial η2 = 0.32. A Post-hoc contrast comparing experienced beach 

365 swimmers to occasional beach swimmers in waves 0.5 and 2.0 m showed a significant 

366 interaction, F(1, 35) = 17.85, p<0.001, partial η2 = 0.34 (95% CI: 0.10 to 0.52).

367

368 Fig 3. Estimated marginal mean drowning risk scores for surf bathing experience by 

369 wave height.

370

371

372

373

374
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375 Table 3. Estimated marginal means and standard errors for three drowning risk levels 

376 for IVs.

DV rating
Mean SE

Swimming ability

Level 1 Strong swimmer 4.5 0.3

Level 2 Moderately good swimmer 5.1 0.3

Level 3 Weak swimmer 6.8 0.2

Surf bathing experience

Level 1 Experienced surf bather 4.6 0.3

Level 2 Occasional surf bather 5.4 0.2

Level 3 First time surf bather 6.3 0.2

Wave height

Level 1 Waves 0.5 m 2.6 0.2

Level 2 Waves 2.0 m 6.1 0.3

Level 3 Waves 3.0 m 7.7 0.3
377 Note: DV: The chance of getting into difficulty while bathing (scale 0—no chance to 10—certain).
378 Putative lowest drowning risk lowest for level 1 and highest for level 3.
379

380 Model estimation

381 η2 as a measure of contributed ANOVA model variance are reported in Table 4. In total, the 

382 three IVs and interactions explained 75 percent of the variability in the DV. The effects sizes 

383 are smaller and in different proportions to partial η2 due to the different base used for 

384 calculations [21].

385

386

387

388
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389 Table 4. Variation in the DV explained by the IVs and interactions.

IV or interaction term η2

Swimming ability 0.12

Surf bathing experience 0.06

Wave height 0.57

Swimming ability * Surf bathing experience <0.01

Swimming ability * Wave height <0.01

Surf bathing experience * Wave height <0.01

Swimming ability * Surf bathing experience 
*Wave height <0.01

Total variation 0.75

390

391 Discussion

392 Eighteen lifeguards or surfers, meeting study specifications, were considered suitable judges 

393 of surf bather drowning putative risk factors based on their experience in surf activities. Each 

394 judge rated the likelihood of a person requiring rescue in 27 scenarios in a Latin square 

395 arrangement for unique combinations of three levels for swimming ability, surf bathing 

396 experience and wave height, with replication. Due to similarities of ratings, judges were 

397 considered to be from the same population and data for time-periods were pooled. This 

398 increased the study’s statistical power by reducing the proportion of error terms from 

399 presumed carryover effects.

400

401 The study found that swimming ability, surf bathing experience and wave height influenced 

402 the risk of surf bather drowning. This risk reduced when: swimming capability increased, surf 
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403 bathing experience increased, or wave height decreased. The interaction between surf bathing 

404 experience and wave height suggests that drowning risk to novice surf bathers increases 

405 disproportionately at greater wave heights compared to surf bathers with more experience. 

406 No other interactions were found in the model.

407

408 The mean ratings for the 27 uniquely ordered vignettes provided a consistent pattern of rated 

409 drowning risk. This pattern fell as expected, imparting face validity to the study’s method and 

410 sample. DV mean cell ratings ranged from 11 percent chance of drowning for the IV 

411 combination at the lowest level of presumed risk to 95 percent chance at the highest IV risk 

412 combination. This suggests that judges considered all surf bathers to carry drowning risk 

413 (under scenario conditions), regardless of their skills, experience, and surf conditions.

414

415 Simple main effects of the three IVs were significant, meaning that alone each contributed 

416 variance to the DV. H1, the three IVs will each produce an effect on the DV, is therefore 

417 supported. Each IV accounted for a high proportion of variance within the DV, ignoring that 

418 shared with other IVs. By converting partial η2 results to percentages, these were 82, 85, and 

419 93 percent for swimming ability surf bathing experience, and wave height respectively. 

420 Tabachnick and Fidell (p. 188) suggest that repeated-measures “produces a better guess of the 

421 effect size” compared to using a one-way ANOVA design for each factor [27]. For H2, 

422 significant linear trends for IV levels, in the expected drowning risk order, were found for 

423 each IV. The finding validated the specification of each scale as a presumed predictor of surf 

424 bather drowning risk.

425

426 Although a linear pattern of factor level distribution was strongest for each IV (based on 

427 partial η2), swimming ability and wave height also formed quadratic patterns within factors. 
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428 For swimming ability, the increased drowning risk between ratings for a strong swimmer and 

429 moderately good swimmer was less pronounced relative to that between the moderately good 

430 swimmer and the weak swimmer. In contrast, the factor pattern for surf bathing experience 

431 was constant and this IV also showed less total rating variation in the DV compared to the 

432 other two IVs. Wave height showed the greatest difference in estimated marginal means from 

433 lowest to highest risk. The proportionally greater increased rating in drowning risk between 

434 0.5 and 2 m wave height than between 2 and 3 m wave heights supports Short’s beach hazard 

435 rating system, where wave height of 0.5 m carries a beach hazard (drowning) rating of 4 

436 (safest), 2.0 m is rated 7, and 3.0 m is rated 9 (least safe) [19]. 

437

438 For H3, of the three first order interactions between IVs, only that between surf bathing 

439 experience and wave height was significant, with medium effect size. Increasing wave height 

440 from 0.5 to 2.0 m presents greater proportional increase in drowning risk for occasional surf 

441 bathers compared to experienced surf bathers. The second order interaction between the three 

442 IVs was not significant. It was anticipated that drowning protection provided by strong 

443 swimming ability would increase more than proportionally at larger wave heights compared 

444 to less able swimmers. The lack of identified interactions (bar one) suggests that judges 

445 largely rated vignettes in a summative fashion based on an estimated risk contribution at the 

446 specified level for each IV.

447

448 This finding is consistent with previous studies using similar methods [14, 33]. Only one 

449 interaction being identified (assuming interactions exist) may result from judges’ failure to 

450 understand the situation correctly or the sensitivity of the research design to identify 

451 configural effects [34]. Alternatively, this result may accurately represent the judgment 

452 process, whether or not this represents the true situation [35].
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453

454 Overall, this study provides some evidence that surf bathing specialists judge drowning risk 

455 using a configural process. Perhaps the frequent failure of previous studies to identify 

456 significant interactions between variables is explicable by the nature of the judgement task. 

457 Surf bathing experience (human-related factor) and wave height (environmental factor) are 

458 conceptually very different and dynamic variables, yet interactions would be expected. The 

459 identified interaction documents a configural judgement process used by judges to assess 

460 drowning risk from the interplay of environmental and human factors.

461 Limitations

462 Methodological

463 Although not reviewed here, statisticians debate the suitability of the long established 

464 repeated-measures factorial ANOVA where other procedures (e.g., MANOVA) may have 

465 less restrictive assumptions or may better model simple interactions [22, 36]. The repeated-

466 measures ANOVA in this study met required assumptions and provided an appropriate test of 

467 the hypotheses. The decision to group or pool data may be challenged on strict statistical 

468 grounds. For example, a small proportion of comparisons (3.7%) identified differences in 

469 ratings between lifeguards and surfers following Bonferroni corrections. Essentially though, 

470 this limitation was counterbalanced by increased statistical power and dilution of order 

471 effects derived from combining specialist samples.

472 Sample size and selection

473 Only 18 judges, drawn from a convenience sample, participated. Drowning risk ratings may 

474 be biased by these judges’ particular experiences and knowledge. Relevant to the study aim, 

475 the repeated-measures approach has advantage over completely randomised study designs 

476 through requiring fewer participants while having increased power and precision [26]. The 
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477 consistency between drowning risk ratings from two distinct specialist groups suggests the 

478 study findings may be generalisable all surf bathing experts.

479 Judges’ linear interpretation

480 The reality of vignette scenarios may be questioned. Judges may, for example, have 

481 perceived as contradictory or unrealistic the scenario denoting a subject as a weak swimmer 

482 with extensive surf bathing experience, a form of common method bias [37]. Such a 

483 perception could have encouraged a linear process for rating IVs and so explain the lack of 

484 interaction. At any rate, this study was limited to clearly defined circumstances. Findings 

485 restrict to the influence on drowning risk from three variables specified as fixed factors, 

486 within a general scenario specified (S2 Table), using an untested proxy measure for surf 

487 bather drowning.

488 Unplanned researcher error

489 One IV level in a single Latin square cell was incorrect. Such data errors or losses are not 

490 unusual in studies with similar research designs where estimating scores is a satisfactory 

491 approach [22] and corrections will not have a disproportional effect on the overall results 

492 [38]. Although the method for estimating missing cell scores for individual judges was crude, 

493 results obtained by correction remained consistent with the mean DV score patterns found for 

494 each of the other 26 vignette ratings.

495 Implications

496 Based on the study findings, surf bathers are at higher drowning risk, compared to other surf 

497 bathers, where they have inferior swimming ability, less surf bathing experience, or face 

498 larger waves. Although these findings are intuitive, in the absence of robust epidemiological 

499 data, this study provides the best available evidence supporting these conclusions. Regardless 

500 of the study limitations, comparisons between IV mean levels suggest that surf bather 
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501 drowning results from a complex mix of person and situation variables and provide evidence 

502 on candidate risk factors to guide further investigation of risk and support drowning 

503 prevention strategies.

504

505 International tourists in Australia have a higher rate of surf bather drowning relative to 

506 Australian residents [6] and police reports in coronial records suggest some decedents lacked 

507 experience in surf conditions. Tourist awareness programmes on surf risk and deployment of 

508 lifeguards or surveillance drones to popular tourist areas may mitigate this risk [39-41]. 

509 Specifically, bathers with little or no surf experience should be aware that strong pool 

510 swimming ability may provide insufficient protection from drowning. Particularly for men, 

511 surf inexperience may translate to overconfidence in one’s ability to meet prevailing wave 

512 conditions [18]. Similarly, expansion of surf awareness and safety programmes (e.g. Nippers 

513 program for children) on surf beaches during high seasons may contribute to building surf 

514 competency and reducing over-confidence [42-43].

515

516 Additionally, meteorological reports of surf conditions could incorporate indications of risk 

517 level (e.g., not suitable for inexperienced surf swimmers), somewhat similar to current 

518 ultraviolet radiation warnings [44]. In Australia, drowning risk indicators may be integrated 

519 within the Beachsafe website that provides detailed bather-related information for surf 

520 beaches [45]. Technical advances in inflatable lifejackets, originally designed for big wave 

521 surfers, may also offer drowning protection, especially for weak swimmers or inexperienced 

522 surf bathers [46]. Waterproof GPS tracking devices may also potentially aid in bather 

523 surveillance and timely rescue [47]. These and other possible countermeasures require careful 

524 evaluation before their efficacy in drowning prevention is assumed.

525
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526 With regard to future epidemiological observations studies, analysis of expert judgments 

527 provides a step towards distinguishing the roles of key variables within this complexity. The 

528 extent to which the findings represent the true surf drowning situation requires comparison to 

529 a gold standard gained only through rigorous epidemiological designs. The availability of 

530 such evidence would be ideal, but meanwhile, the method reported here provides a useful 

531 alternative or preliminary investigation of injury risk factors to reduce drowning.

532 Conclusion

533 The proof of method reported here offers an important avenue for investigating significant 

534 health problems, including unintentional injury, by providing a window into the true situation. 

535 Expert judgement carefully collected and analysed, can be used to document and assess the 

536 roles of risk contributions from putative causal factors that determine health outcomes. This 

537 method provides injury researchers with a rapid low cost tool for data collection comparable 

538 to that obtained through resource intensive epidemiological designs. A method based on 

539 expert judgement of course cannot replace these more robust designs, but may prove a useful 

540 substitute or preliminary method for generating new knowledge to address health problems 

541 and improve outcomes.

542

543
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