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 ABSTRACT 21 

Subjective knowledge is a significant factor influencing individuals’ behaviors. It 22 

plays a critical role in preventing people from a tragic event during open water 23 

activities. However, a measurement scale for subjective knowledge in open water 24 

activities has not been developed and comprehensively investigated in the field of 25 

maritime and coaching studies. Therefore, this study aimed to develop and validate a 26 

subjective knowledge scale in open water activities (SKS-OWA) to better understand 27 

participants’ safety perceptions. We collected data from individuals who participated 28 

in open water activities within three years in Singapore. This study conducted the 29 

pilot study (n = 260) and the main study (n = 453) and employed a rigorous scale 30 

development procedure to assess the psychometric properties of the SKS-OWA. The 31 

findings of this study contribute to a better understanding of subjective knowledge in 32 

open water activities, and the SKS-OWA can be used to help coaches and 33 

practitioners to plan their training programs, increase public awareness, and reduce 34 

the rates of deaths from drowning. 35 

 36 

Keywords: Subjective knowledge; Open water; Scale development; Water safety; 37 

Drowning  38 
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INTRODUCTION 39 

Participation in open water activities is generally perceived as a positive indicator of a 40 

healthy lifestyle, as it could offer multiple benefits for physical, social, and psychological 41 

health, such as increasing social interaction and reducing depression [1-2]. However, there 42 

are several potential dangers and consequences that may occur from recreational activities in 43 

an open water area such as drowning and injuries. Indeed, drowning is a leading cause of 44 

injury-related deaths in many countries [3] including Singapore, where its border is mostly 45 

contiguous to the sea or ocean, resulting in easy access to open water sites and active 46 

participation in open water activities such as swimming, diving, fishing, sailing, paddling, 47 

and snorkeling.  48 

Unfortunately, at least 18 Singaporeans have died in open aquatic environments since 49 

2007 for causes ranging from capsized boats to diving accidents, and four of these cases were 50 

located inside the region of Singapore [4]. More recently, a man died from an accident during 51 

his fishing trip at Pulau Bukom [5], and a 21-year-old man reportedly drowned after 52 

swimming in a canal in Serangoon with a group of friends [6]. As the number of people 53 

visiting beaches and pools for both leisure and exercise purposes has increased steadily since 54 

the 20th century, more people are at risk of drowning [7]. World Health Organization [8] 55 

estimated that 236,000 people lost their lives from drowning in 2019; with a major 56 

contributing factor linked to people’s lack of open water knowledge [9]. 57 

In various academic fields, researchers have developed several knowledge scales to 58 

measure their relationship with various outcome variables, such as the acceptance rate toward 59 

green-labeled residential buildings [10], numerical understanding and competency [11], and 60 

the effects of alcohol on different individuals [12]. For example, in the context of 61 

organizational studies, Shockley et al. [13] developed the subjective career success inventory 62 

to measure subjective career success. Flynn and Goldsmith [14] conceptualized consumer 63 
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knowledge and developed a subjective knowledge scale, which can be employed to test 64 

consumer theories. However, while researchers have highlighted the importance of 65 

knowledge and developed various knowledge scales in different academic fields, there is no 66 

scale to measure how individuals perceive their knowledge of open water activities.  67 

Given that knowledge is a significant antecedent of attitude and behavioral outcomes 68 

[15-16], it is critical to understand how individuals, including coaches and practitioners, 69 

perceive their knowledge in open water activities to inform practices and avoid unfortunate 70 

incidents. Therefore, this study aims to develop a subjective knowledge scale in open water 71 

activities (SKS-OWA) to prevent accidents and to better understand participants’ safety 72 

perception which can influence their behavior change. In addition, we investigated how open 73 

water activity participants’ knowledge is related to future risky behavior. The findings of this 74 

study contributed to the literature in understanding the dimensional structure of subjective 75 

knowledge in open water activities, which would be helpful to coaches and practitioners to 76 

guide their practices and increase participants’ awareness to reduce the rates of deaths from 77 

drowning.  78 

 79 

 SUBJECTIVE KNOWLEDGE 80 

Subject knowledge refers to how individuals perceive their knowledge, and how much they 81 

think they know [17-19]. The concept of subjective knowledge has been studied in various 82 

contexts and has been shown to influence individuals’ psychological and behavioral 83 

outcomes. For instance, business research found subjective knowledge about products to be 84 

positively associated with commitment to recycling [20]. A positive relationship between 85 

subjective knowledge and attitude toward organic food was found in a food consumer study 86 

[21]. Jin and Han [22] found that individuals with more subjective knowledge were less 87 

affected by how a message is framed.  88 
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A study in the consumer behavior context found that, when given more choices for 89 

products, people with lower subjective knowledge were more willing to purchase, while 90 

people with higher subjective knowledge were less willing to do so [23]. In the context of 91 

tourism, Tassiello and Tillotson [24] found that tourists who perceived themselves to have 92 

more subjective knowledge of a destination had a weaker intention of traveling to that 93 

particular destination because of a sense of familiarity. Kirkpatrick [25] found that 94 

individuals with greater subjective knowledge towards scientific research were more likely to 95 

share fake news online, especially when they perceived the threat as serious. These studies 96 

suggest that the level of subjective knowledge influences the choice individuals make across 97 

a wide range of contexts, including sports.  98 

As more and more people take up open water activities to enhance their physical, 99 

social and mental health [1-2], and open water sports are high-risk activities, a lack of subject 100 

knowledge in this area can lead to danger and life-threatening consequences. Thus, it is 101 

important to understand the subject knowledge of people who are involved in open water 102 

activities directly (e.g., beachgoers, swimmers, coaches, practitioners, the national federation, 103 

and policy maker) or indirectly (e.g., bystanders and the public) to guide coaching education 104 

program and practices, as well as maritime policy to prevent unfortunate incidents to save 105 

lives.   106 

 107 

SUBJECTIVE KNOWLEDGE AND RISKY BEHAVIORS 108 

Several researchers have identified links between subjective knowledge and various forms of 109 

risky behaviors. Hader et al. [26] found that the willingness to invest in risky investment was 110 

related to greater subjective knowledge. A study in the context of risk information and 111 

communication showed that subjective knowledge was an important factor in the awareness 112 

of fire risk reduction behaviors [27].  Shou and Onley [16] found that tendencies to perform 113 
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risky behaviors (e.g., speeding) was positively associated with subjective knowledge, 114 

especially when the outcome of the behavior was uncertain. These findings suggest that 115 

individuals with subjective knowledge are more likely to perform risky behaviors. 116 

Similarly, individuals’ risky behavior during open water activities can be explained by 117 

the concept of subject knowledge. That is, subjective knowledge should be considered in the 118 

reduction of risky behavior while doing open water activities. In a survey conducted in 119 

Australia, more than 33% of beachgoers were overconfident about their perceived knowledge 120 

of how to identify a rip current and the importance of swimming between the beach flags that 121 

were patrolled by a lifeguard [28-29]. Young adult males were found to have higher 122 

subjective knowledge and overconfidence in their swimming ability when compared to 123 

females, and this resulted in them engaging in riskier behaviors such as the consumption of 124 

alcohol when swimming, leading to a lower risk perception of drowning [30-33].  125 

Providing safety information can help participants and coaches in open water 126 

activities gain knowledge of the danger of open water and prevent risky behaviors. An 127 

interventional study conducted by Hatfield et al. [34] aimed to investigate the effectiveness of 128 

a beach safety campaign on improving beachgoers’ recognition of calm-looking rip currents. 129 

The intervention utilized posters, postcards, and brochures with rip current awareness safety 130 

messages and was distributed across Pacific Palms in New South Wales, Australia. Another 131 

area in New South Wales, Mollymook, served as the control area. Findings showed that an 132 

improvement in knowledge and safety intentions of beachgoers were observed at the post-133 

intervention, indicating that simple safety messages could change beachgoers’ perceptions 134 

and knowledge about rip currents [34]. 135 

More recently, Hamilton et al. [35] conducted an interventional study that aimed to 136 

change alcohol consumption during aquatic activities among young Australian males. The 137 

intervention involved showing a video about drowning prevention particularly targeted for 138 
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males. The results showed that the intervention was effective in informing and changing the 139 

participants’ perceptions of alcohol consumption around water. However, the effect was not 140 

sustained after a month. Nonetheless, these interventional studies provide support that safety 141 

information could influence individuals’ subjective knowledge towards open water activities 142 

and decrease the chance of performing risky behaviors in open water settings. 143 

BYSTANDERS AND ASSOCIATED RISKY BEHAVIORS  144 

Bystanders play a significant role in drowning rescues and the survival rate of drowning 145 

victims. Venema et al. [36] reviewed 289 rescue reports from the Netherlands and found that 146 

the rescue and resuscitation effort by a bystander contributes positively toward the survival of 147 

a drowning victim. More than 80% of the bystander surfers in Attard et al.’s study reported 148 

that they have performed at least two rescues on Australian beaches [37]. It was also found 149 

that those with lifesaving training were more likely to perform rescues. Furthermore, 150 

cardiopulmonary resuscitation performed by bystander is crucial to drowning victims’ 151 

survival [38-39].  However, not all bystanders are trained in rescuing drowning victims [40]. 152 

While bystander rescuers are crucial in saving drowning victim in open water, the 153 

number of rescuers drowning when attempting to rescue a drowning victim and causing 154 

multiple drowning incidents is not uncommon and requires close attention [41, 3]. For the 155 

past 15 years in Australia, an average of five bystander rescuers drowned every year [42]. A 156 

survey by Moran and Stanley [43] found that, in respond to a drowning emergency, many of 157 

the participants responded that they would jump in and rescue the victim, suggesting the lack 158 

of water safety awareness in ways to rescue a drowning victim. In similar vein, Petrass and 159 

Blitvich [44] designed a water safety intervention that aimed to increase young adults’ rescue 160 

competency. Results showed that many of the participants lacked the knowledge and ability 161 

to perform a rescue safely, which increased the risk of them drowning as well. The 162 

intervention was able to significantly improve the knowledge and ability of the young adult 163 
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rescuers [44]. Hence, it is important to understand bystanders’ subjective knowledge in open 164 

water activities to minimize drowsing and injuries cases.   165 

Overall, existing literature has shown that subjective knowledge is a significant 166 

antecedent of attitude and behavioral outcomes, such as performing risky investments [26], 167 

sharing fake news online [45] and speeding on an empty road [16]. Specifically in open water 168 

activities, higher subjective knowledge and overconfidence in swimming ability could lead to 169 

riskier behaviors, such as the consumption of alcohol when swimming [30, 33].  170 

Understanding open water activity participants’ perceived knowledge and ability towards 171 

open water safety is, therefore, a key to preventing further losses to drowning [44]. 172 

As far as it can be determined, no scale has been developed to evaluate the subjective 173 

knowledge in open water activities. Developing such a scale is important in understanding 174 

how individuals perceive their knowledge in open water activities, which can increase 175 

people’s awareness of the danger of open water activities, guide coaching practices, inform 176 

policy, and reduce the rates of deaths from drowning. As such, this study aimed to develop 177 

the SKS-OWA and investigate how open water activity participants’ knowledge is related to 178 

future risky behavior. 179 

 180 

METHOD 181 

PARTICIPANTS 182 

This study collected data from individual participants who have participated in different types 183 

of open water activities in Singapore within the last three years and were at least 21 years old 184 

at the time of data collection. Before collecting data, this study obtained an Institute Review 185 

Board (IRB) approval from a university where the corresponding author is affiliated. Sport 186 

Singapore (Sport SG)—under the Ministry of Culture, Community and Youth, Singapore—187 

helped in distributing the online survey link to water-based National Sport Associations and 188 
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their affiliates, including public agencies and private operators, from October 2021 to 189 

February 2022. Specifically, we used data collected from October to November 2021 for the 190 

pilot study, while data collected from December 2021 to February 2022 were employed for 191 

the main study.   192 

The questionnaire was administered using an online survey (Verint.com). An 193 

information page together with an informed consent form was provided before the 194 

commencement of the questionnaire. Respondents were briefed on the procedure of the 195 

survey, the benefits of their participation, as well as the potential risks of their participation. 196 

They were also informed that participation was voluntary, and if they wished to withdraw, 197 

they could do so at any time without any penalty. This study did not collect identifying 198 

information (e.g., name, IP address), indicating the respondents’ information was kept 199 

anonymous. 200 

SCALE DEVELOPMENT 201 

To develop a valid and reliable scale, this study followed Hinkin et al.’s scale development 202 

procedure [46], consisting of seven steps: (a) generating the initial item, (b) assessing content 203 

adequacy, (c) developing a questionnaire, (d) conducting factor analysis, (e) evaluating 204 

reliability, (f) determining construct validity, and (g) repeating the previous process with a 205 

new data set. More specifically, first, we developed 27 initial items based on relevant studies 206 

in open water activity and safety [47-59], subjective knowledge [21, 20, 14, 23, 27,10, 59, 207 

60] and leisure participation [61-70]. Second, this study assessed the adequacy of the item 208 

contents. Three professors in the fields of sport psychology and leisure and six practitioners 209 

in the water sports industry evaluated the content of the items to identify their face validity. 210 

Third, we developed a questionnaire and conducted a pilot study (i.e., Phase one). The items 211 
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were measured using a 7-point Likert scale, ranging from strongly disagree (1) to strongly 212 

agree (7).  213 

DATA ANALYSIS 214 

After finishing data collection for the pilot study, we identified the reliability and validity of 215 

the measurement scale. Based on the results of the pilot test, this study redesigned the 216 

questionnaire and collected data for the main study. In the main study, we assessed the 217 

overall model fit, internal consistency, and validity of the measurement model. Data were 218 

analyzed through a three-step process using SPSS 26.0 and EQS 6.4: (a) data screening, (b) 219 

Exploratory Factor Analysis (EFA), and (c) Confirmatory Factor Analysis (CFA).  220 

First, Mahalanobis distance was employed to identify multivariate outliers. The 221 

univariate normality of the data was assessed using significance testing with z-scores [71], 222 

and the multivariate normality was assessed using Mardia’s multivariate kurtosis coefficients 223 

[72]. Next, we performed EFA, which is commonly utilized in the item purification stage as 224 

“it provides a tool for consolidating variables and for generating hypotheses about underlying 225 

processes" [73]. Specifically, we first utilized the scree plot and compared initial eigenvalues 226 

with random data eigenvalues in a parallel analysis to determine the number of factors [74]. 227 

Thereafter, we employed the principal axis factoring procedure with Promax rotation and 228 

identified the reliability of measures based on Cronbach’s alpha values. Third, we removed 229 

unreliable items based on the results of EFA.  230 

CFA using robust maximum likelihood estimation was then employed to assess the 231 

psychometric properties of the measurement scale. Specifically, to identify the goodness-of-232 

fit for the measurement model, Root mean square error of approximation (RMSEA) and 233 

standardized root mean squared residual (SRMR), non-normed fit index (NNFI), and 234 

comparative fit index (CFI) were used. Next, for the reliability of the measurement model, 235 

the Rho, which is the composite reliability, was assessed. In addition, Satorra-Bentler scaled 236 
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chi-square test (S-B χ2) and robust standard errors were employed to interpret the results of 237 

the CFA when the normality of the data is violated [75-77]. Last, AVE values were 238 

calculated for convergent validity, and the obtained AVE values were compared with the 239 

squared correlations among constructs to assess discriminant validity [78].  240 

Previous research showed a significant relationship between knowledge and 241 

behavioral intention in various contexts [79-80]. Thus, to assess the concurrent validity, we 242 

identified the correlations between the subfactors of subjective knowledge and an outcome 243 

variable (i.e., risky behavioral intention) using Pearson’s r statistic [81-82]. This study 244 

measured risky behavioral intention using three items, which were adopted and modified 245 

from Cho’s study [83], and an example item is “I intend to engage in risky open water sport 246 

activities.”  247 

 248 

RESULTS 249 

PHASE ONE: PILOT TEST 250 

PARTICIPANTS 251 

A total of 260 responses were used for the pilot study (i.e., a response rate of 11.6%). Of the 252 

260 respondents, 75.5% were males, and 24.5% were females; the average age of the research 253 

participants was 38.23 (SD = 10.57). 40.9% of the respondents had a four-year university 254 

degree, with 15.9% having a master’s degree and 3.2% of respondents having a doctorate 255 

degree. The highest number of participants were from a monthly household income of 256 

S$10,000 or more (21.4%) followed by S$3000-S$4,999 (19.1%), S$5,000-S$6,900 (16.8%), 257 

S$7,000-S$9,999 (15.0%), and under S$3,000 (10.9%). The average period of participating in 258 
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open water activities was 12 years (SD = 10.8), and respondents participated in open water 259 

activities on an average of 2.80 times (SD = 3.56) in a month. 260 

ASSESSMENT OF THE MEASUREMENT MODEL 261 

This study found that there were no outliers or missing values for any of the variables in the 262 

preliminary analysis. The data also showed a normal distribution pattern based on the results 263 

of skewness (-1.95 to -.48) and kurtosis (-.91 to 5.51) values [84] as shown in Table 1. When 264 

conducting the EFA, we first assessed the scree plot and compared the initial eigenvalues 265 

with random data eigenvalues to decide the number of factors. The results supported the four-266 

factor model for the subjective knowledge scale for open water activities. Two items (PK12 267 

and KPE6) showed low factor loadings (< ±.50) and were excluded from the main study [84]. 268 

[ Insert Table 1 Here] 269 

Second, we conducted a reliability test for the measurements using Cronbach’s alpha 270 

values, and the results showed acceptable internal consistency values (α = .85 - .95; see Table 271 

2). Finally, a total of 23 items were prepared for the main study: personal knowledge (PK; 11 272 

items), knowledge of protective equipment (KPE; five items), environmental knowledge (EK; 273 

four items), and first aid knowledge (FAK; three items, see Table 2). 274 

[ Insert Table 2 Here] 275 

 276 

PHASE TWO: MAIN STUDY 277 

DEMOGRAPHIC INFORMATION AND PRELIMINARY ANALYSIS 278 

A total of 475 responses were used for the main study, and the response rate was 17.3%. 279 

Research participants comprised of 67.5% males and 32.5% females, and the average age was 280 

36.65 (SD = 13.12). As for the education level, more than 50% of the respondents had at least 281 

a bachelor’s degree. Specifically, 42.8% of the respondents had a four-year university degree, 282 
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with 14.9% having a master’s degree and 2.2% having a doctorate degree. The highest 283 

category of monthly household income of the respondents was S$10,000 or more (22.0%), 284 

and 47.7% indicated that their monthly household income was S$5,000 or higher. The 285 

average period of participating in open water activities was 9.42 years (SD = 12.07), and the 286 

respondents participated in open water activities on an average of 3.63 times (SD = 6.28) in a 287 

month. 288 

Before assessing the measurement model, we conducted data screening to identify 289 

univariate and multivariate outliers based on z-values and Mahalanobis distance. According 290 

to the results, we deleted 22 responses with univariate outliers based on z statistics and four 291 

responses with multivariate outliers based on Mahalanobis distance; thus, 453 responses were 292 

employed for the main study. To test the univariate normality, we examined the skewness and 293 

kurtosis of each item and found that the skewness statistics ranged from -1.06 to -.13, and the 294 

kurtosis statistics ranged from -1.10 to .88, supporting univariate normality (see Table 3). In 295 

addition, we used Mardia’s multivariate kurtosis coefficients to evaluate multivariate 296 

normality and found that Mardia’s multivariate kurtosis coefficient was 53.55 [72]. It 297 

indicated the multivariate normality was violated [85]. Thus, we employed Satorra-Bentler 298 

scaled statistic S-Bχ2 [77] and robust standard errors [78] to assess the measurement model. 299 

[ Insert Table 3 Here] 300 

 301 

ASSESSMENT OF THE MEASUREMENT MODEL 302 

The initial model showed an acceptable fit: S-B χ2(df) = 857.18(224), CFI = .92, NNFI = .91, 303 

RMSEA = .08, and SRMR = .07 (90% Confidence Intervals: .07 - .09) [81]. We further 304 

assessed the internal consistency and validity of the measurement model (Figure 1).  305 

[Insert Figure 1 Here] 306 
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Specifically, the Rho coefficients of the four factors ranged from .89 for knowledge of 307 

protective equipment to .97 for personal knowledge, indicating acceptable reliability (Table 308 

4).  309 

[ Insert Table 4 Here] 310 

Next, we identified the convergent and discriminant validity of the measurement 311 

model. The convergent validity was assessed based on the average variance extracted (AVE) 312 

values of each factor. According to the results, all AVE values of four factors ranging 313 

from .61 for knowledge of protective equipment to .87 for first aid knowledge were greater 314 

than .50, indicating acceptable convergent validity [76] (Table 5). The discriminant validity 315 

was evaluated by comparing the correlations between four factors with the square root of 316 

AVE values. We found that the square roots of AVE values were higher than the correlations 317 

between the factors, indicating acceptable discriminant validity [76] (Table 5).  318 

Finally, we identified the correlations between four factors of subjective knowledge 319 

and risky behavioral intention and assessed the concurrent validity of the measurement 320 

model. According to the results, the four factors showed a significant correlation with the 321 

outcome variable, where r values ranged from .14 for knowledge of protective equipment 322 

to .41 for personal knowledge. These results indicated the evidence of concurrent validity 323 

(Table 5). 324 

[ Insert Table 5 Here] 325 

 326 

DISCUSSION 327 

Subjective knowledge scales have been well-established in academic fields across different 328 

contexts [10, 11, 13]. However, there is no scale to measure and inform subject knowledge in 329 

open water activities. Given that more and more people visit beaches and are involved in 330 

open water activities and are at risk of drowning [7], the purpose of this study was to develop 331 
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a subjective knowledge scale in the context of open water activities (SKS-OWA) to fill this 332 

gap in sports coaching literature.  333 

The results showed the multidimensional nature of subjective knowledge in the 334 

context of maritime activity which are important to people who are involved in open water 335 

activities to increase their awareness and enhance practices. In this study, a rigorous scale 336 

development process was followed to achieve adequate psychometric properties. The 337 

development of the SKS-OWA was based on a comprehensive literature review and followed 338 

the seven steps recommended by Hinkin et al.’s scale development procedure [46]. We also 339 

conducted an expert review to assess the adequacy of the item contents and to identify face 340 

validity of the scale. In addition, EFA and CFA were performed. The results provided 341 

empirical support to the four-factor SKS-OWA and acceptable construct validity (convergent 342 

and discriminant), concurrent validity, and reliability of the scale, indicating that the SKS-343 

OWA has adequate psychometric properties [88]. 344 

The results from the pilot study were useful in establishing the four factors (PK, KPE, 345 

EK, and FAK) and confirming the 23 items for the SKS-OWA. More importantly, the main 346 

study provided acceptable validity (convergent, discriminant, and concurrent) and reliability 347 

for the scale. Overall, the mean score (M = 4.94, SD = 1.51) for the SKS-OWA is above the 348 

70.6% percentile. Across the four subscales, each of their mean scores was above the 64.6% 349 

percentile - PK (M = 4.70, SD = 1.49), KPE (M = 5.85, SD = 1.14), EK (M = 4.52, SD = 350 

1.72), and FAK (M = 4.89, SD = 1.88), indicating that the current sample has a reasonable 351 

subjective knowledge in open water activities.  352 

It is interesting to note that the PK scale has the highest mean scores among the four 353 

of them, indicating that participants in the present study valued the importance of knowledge 354 

in open water activities. Indeed, Williamson et al. argued that having a good PK played a key 355 

role in ensuring the safety of participants, and it allowed participants to identify potential 356 
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dangers, such as rip currents [86]. Studies have highlighted the importance of subjective 357 

knowledge than objective knowledge for information receptivity, even though these are 358 

mediated by individual attitudes. The reason is because the more the people know, they are 359 

likely to comply as they understand the importance and impact of the coaching/policy 360 

initiative. On the contradictory, those who think that they know a lot, even if what they know 361 

is not accurate, will not be receptive to any information [89-90]. These findings have 362 

practical relevance toward intended behavioral compliance in an environment that goes 363 

through structural changes, and the implementation of future practices in a specific coaching 364 

context.  365 

It is also noteworthy to mention that knowledge about rescuing others can reduce the 366 

risk of drowning [55], while a lack of rescue knowledge can lead to negative consequences, 367 

such as multiple drowning incidents [3]. Thus, an individual’s personal knowledge in open 368 

water safety plays an important role in preventing accidents and saving lives. Coaches, 369 

national federation, and policymakers should pay attention in understanding participant’s 370 

subject knowledge first and ensure that coaching practices, policy, educational programs and 371 

initiatives are relevant and useful in preparing people who are involved in open water 372 

activities.  373 

It is heartening to note that participants in the current study indicated the relatively 374 

high mean scores in their knowledge of protective equipment such as sunscreen protection. 375 

However, the actual and safe practice of sun protection warrants further verification. These 376 

concerns were echoed in earlier research where the false belief that sunscreen use allows 377 

longer sun exposure, together with “attractiveness of a tanned look” increased individuals’ 378 

risk of skin cancer, despite a high knowledge median score of 6/7 [51, 87]. In this aspect, the 379 

coach can be a positive influence by encouraging his athletes to put on sun block during 380 

outdoor training and set a good example by applying sun block before outdoor trainings.  381 
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For the current study, the mean score for environmental knowledge was relatively low 382 

among the four subscales. Previous studies have warned about the damage to the marine 383 

biodiversity and sustainability of future water sport activities like scuba diving when 384 

individuals have a lack of such knowledge [88-89]. As a suggestion, the scuba diving 385 

instructors can play an active role in educating their trainees the importance of marine 386 

biodiversity and sustainability for future enjoyment of the sport.   387 

The FAK subscale provided some preliminary indicators on the readiness of the 388 

Singapore sample in performing first aid as a rescuer. As mentioned in the literature review, 389 

such knowledge is essential in preventing drowning incidents [3, 30, 90]. In the Singapore 390 

context, it is a pre-requisite for all coaches under the National Registry of Coaches to have a 391 

valid standard first aid certificate before taking on any assignment [91]. Such a practice can 392 

equip coaches with the necessary competency to administer standard first aid and assures 393 

participants’ safety, especially for open water activities.   394 

THEORETICAL AND PRACTICAL IMPLICATIONS 395 

Overall, the findings of this study provide us a better understanding of subjective knowledge 396 

in open water activities in several aspects. In terms of theoretical contribution, the present 397 

study found four important subjective knowledge in open water activity – PK, KPE, EK, and 398 

FAK to guide the development of the SKS-OWA scale.  Researchers could use this scale to 399 

provide important information to influence policy and individuals who are involved in open 400 

water activities and help decrease the chance of risky behaviors that could lead to unfortunate 401 

consequences such as drowsing and injuries. In addition, this scale can be used to further 402 

investigate its relationship with various behavioral and psychological constructs (e.g., 403 

attitude, skills, and decision-making) in the context of open water safety to advance our 404 

knowledge.  405 



SUBJECTIVE KNOWLEDGE IN OPEN WATER ACTIVITIES 

 

18 

From a practical standpoint, research showed that coaches have a profound impact on 406 

athletes’ development. They shape the training environment in water sports, influence the 407 

goals set by athletes and implement training programs to optimize athletes’ learning 408 

outcomes at different levels of participation [94]. Coaches or program planners can use the 409 

SKS-OWA scale to assess participants’ awareness and readiness of water safety first before 410 

allowing them to embark on the actual activities. They can also use the information to tailor 411 

water activities to meet individual learning needs. For example, the coach can be a role model 412 

in wearing a life jacket and applying sunscreen protection before any door training if the KPE 413 

score is low. The coach can also help to educate their learners the importance of marine 414 

biodiversity and sustainability and have them discuss and work out concrete steps they can 415 

take for future enjoyment in water activities if the EK score is not low.  416 

At the policy leave, information gathered from the scale can be used to guide coach 417 

education programs/workshops targeting the public with varying levels of understanding 418 

about water activities and provide specific content and materials to enhance public’s 419 

subjective knowledge and readiness for open water activities to minimize danger and risky 420 

behaviors.    421 

 422 

LIMITATIONS AND FUTURE RESEARCH 423 

This study has several limitations. The first limitation is that this study only collected data 424 

through the online survey and showed relatively low response rates [95]. Occurrences of 425 

certain conditions may have been skewed due to a lack of participation from certain 426 

individuals or groups. Therefore, future research can employ alternative methods of data 427 

collection (e.g., mixed data collection mode design) to avoid biases and to make the study 428 

more accessible as some people may not have access to online surveys [96]. Second, we only 429 

collected data from individuals who participated in open water activities in Singapore, and 430 
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the nature of the study is cross-sectional. Hence, there is a limitation in generalizing the 431 

findings of this study. Nevertheless, the innovative approach of adopting a subjective 432 

knowledge framework for an open water safety scale is possibly the first known attempt in 433 

this research field. It may spearhead future studies to adopt this alternative approach to 434 

advance our knowledge. We also encourage future research to use the SKS-OWA in samples 435 

around other regions and conduct invariance tests to identify the SKS-OWA. Finally, it is 436 

worth noting that subjective knowledge levels could differ across various water-based 437 

activities and ability groups (e.g., elite athletes versus beginners). Thus, future studies can 438 

consider including various moderating variables and investigate how subjective knowledge is 439 

related to various factors, including participants’ risk perceptions [97] and attitudes [86] 440 

toward open water safety.  441 
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Figure 1.  

The Hypothesized Measurement Model for Subjective Knowledge Scale for Open Water 
Activity
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Table 1. Descriptive Statistics for the Measures in the Pilot Study (N = 260) 819 

  

Factor and item M SD Skewnes
s 

Kurtosi
s 

Personal Knowledge     
(PK1) I know pretty much about open water safety.  5.45 1.23 -1.06 1.33 
(PK2) I know how to judge the safety of activity in open water 
areas. 

5.41 1.22 -.89 1.00 

(PK3) I think I know enough about open water safety to feel 
confident when I participate in any open water activity. 

5.38 1.29 -1.20 1.69 

(PK4) I feel very knowledgeable in open water safety. 4.94 1.39 -.77 .38 
(PK5) Among my circle of friends, I am one of the “experts” in 
open water safety. 

4.45 1.56 -.38 -.34 

(PK6) Compared to most other people, I know more about open 
water safety. 

5.00 1.46 -.89 .49 

(PK7) I have heard most of the open water safety-related issues.  4.85 1.33 -.72 .31 
(PK8) When it comes to open water safety, I really know a lot. 4.33 1.47 -.34 -.24 
(PK9) I can tell if the activity in open water areas is safe or not. 4.86 1.49 -.80 .61 
(PK10) I can cope with the challenges during the open water 
activity. 

5.20 1.32 -1.09 1.31 

(PK11) I know the safe ways of rescuing others without putting 
myself in danger. 

5.37 1.46 -1.02 .55 

(PK12) I know swimming and water safety survival skills. 5.62 1.31 -1.32 1.97 
Knowledge of Protective Equipment      
(KPE1) I am aware of the danger that Ultraviolet Radiation can 
cause to my body. 

5.77 1.19 -1.50 3.08 

(KPE2) I know the importance of using sun screen during open 
water activity. 

6.00 1.07 -1.71 4.41 

(KPE3) I know the importance of wearing UV protective 
clothing during open water activities. 

6.03 1.02 -1.39 2.66 

(KPE4) I know when to use a life jacket. 6.19 .91 -1.55 4.05 
(KPE5) I know how to use a life jacket. 6.27 .95 -1.95 5.51 
(KPE6) I know how to choose a personal floating device. 5.65 1.16 -1.23 1.90 
Environmental Knowledge     
(EK1) I know of the prohibited activities in Marine Protected 
Area. 

4.68 1.71 -.61 -.66 

(EK2) I know the boundary of Marine Protected Area. 4.43 1.74 -.40 -.84 
(EK3) I know the penalties for violating regulations.  4.13 1.71 -.18 -.91 
(EK4) I know how to maintain a safe distance from the reef. 5.05 1.58 -.88 .08 
First Aid Knowledge     
(FAK1) I know how to give certified standard first aid. 5.69 1.41 -1.50 2.06 
(FAK2) I know how to give cardiopulmonary resuscitation. 5.70 1.48 -1.66 2.38 
(FAK3) I know how to use the automated external defibrillator. 5.47 1.69 -1.29 .72 
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Table 2. Factor Patter Matrix in the Pilot Study (N = 260) 820 

Item Personal 
Knowledge 

(α = .95)  

Knowledge of 
Protective 
Equipment  
(α = .85) 

Environmental 
Knowledge 

(α = .89) 

First Aid 
Knowledge  

(α = .94) 

Communality 

PK1 .80 .01 -.02 .06 .68 

PK2 .81 -.03 -.01 .09 .69 

PK3 .83 .03 -.00 -.04 .69 

PK4 .99 -.13 -.02 -.02 .80 

PK5 .87 -.06 -.03 -.11 .60 

PK6 .85 .03 -.11 -.05 .61 

PK7 .58 .03 .07 .07 .45 

PK8 .96 -.19 .09 -.04 .81 

PK9 .74 .07 .04 .04 .68 

PK10 .79 .09 .10 -.05 .68 

PK11 .57 .06 .01 .28 .61 

PK12* .39 .22 .10 .11 .48 

KPE1 .12 .62 .04 -.09 .45 

KPE2 -.10 .83 -.21 .04 .56 

KPE3 -.05 .90 -.14 -.06 .67 

KPE4 -.18 .76 .19 .09 .61 

KPE5 -.10 .74 .16 .10 .62 

KPE6* .42 .36 -.08 .13 .52 

EK1 .06 .04 .83 .00 .78 

EK2 .06 -.06 .90 .03 .85 

EK3 -.13 -.05 .90 -.05 .65 

EK4 .25 .01 .53 -.04 .48 

FAK1 .12 .00 -.00 .86 .85 

FAK2 .02 -.03 -.06 .99 .95 

FAK3 -.09 -.01 -.01 .91 .74 

Note: PK = Personal Knowledge; KPE = Knowledge of Protective Equipment, EK = Environmental 821 

Knowledge; FAK = First Aid Knowledge; *Items removed after EFA   822 
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Table 3. Descriptive Statistics of the Measures in the Main Study (N = 453) 823 

 824 

Item M SD Skewness Kurtosis 
Personal Knowledge     
(PK1) I know pretty much about open water safety.  4.65 1.49 -.46 -.31 
(PK2) I know how to judge the safety of activity in open 
water areas. 

4.91 1.38 -.70 .30 

(PK3) I think I know enough about open water safety to feel 
confident when I participate in any open water activity. 

4.95 1.45 -.73 .21 

(PK4) I feel very knowledgeable in open water safety. 4.94 1.42 -.60 -.08 
(PK5) Among my circle of friends, I am one of the “experts” 
in open water safety. 

4.09 1.73 -.17 -.91 

(PK6) Compared to most other people, I know more about 
open water safety. 

4.56 1.60 -.44 -.46 

(PK7) I have heard most of the open water safety-related 
issues.  

4.68 1.40 -.54 -.18 

(PK8) When it comes to open water safety, I really know a 
lot. 

4.60 1.46 -.33 -.40 

(PK9) I can tell if the activity in open water areas is safe or 
not. 

4.92 1.39 -.80 .40 

(PK10) I can cope with the challenges during the open water 
activity. 

4.84 1.43 -.62 -.02 

(PK11) I know the safe ways of rescuing others without 
putting myself in danger. 

4.53 1.67 -.47 -.69 

Knowledge of Protective Equipment      
(KPE1) I am aware of the danger that Ultraviolet Radiation 
can cause to my body. 

5.85 1.11 -.94 .31 

(KPE2) I know the importance of using sunscreen during 
open water activity. 

5.78 1.16 -.97 .62 

(KPE3) I know the importance of wearing UV protective 
clothing during open water activities. 

5.50 1.34 -1.00 .88 

(KPE4) I know when to use a life jacket. 6.00 1.09 -1.06 .65 
(KPE5) I know how to use a life jacket. 6.10 .98 -.88 -.08 
Environmental Knowledge     
(EK1) I know of the prohibited activities in Marine Protected 
Area. 

4.14 1.83 -.13 -1.09 

(EK2) I know the boundary of Marine Protected Area. 4.20 1.84 -.16 -1.10 
(EK3) I know the penalties for violating regulations.  4.80 1.62 -.52 -.59 
(EK4) I know how to maintain a safe distance from the reef. 4.92 1.59 -.71 -.26 
First Aid Knowledge     
(FAK1) I know how to give standard first aid. 5.04 1.74 -.85 -.18 
(FAK2) I know how to give cardiopulmonary resuscitation. 4.92 1.91 -.76 -.64 
(FAK3) I know how to use the automated external 
defibrillator. 

4.72 1.99 -.52 -1.09 
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Table 4. Factor Loadings, Composite Reliability, and AVEs of the Measurement Model 825 

Factor Item λ Rho coefficient AVE 

Personal 

Knowledge 

PK1 .92 .97 .72 

PK2 .89   

PK3 .90   

PK4 .84   

PK5 .82   

 PK6 .85   

PK7 .76   

PK8 .87   

PK9 .85   

PK10 .84   

PK11 .78   

Knowledge of 

Protective 

Equipment 

KPE1 .76 .89 .61 

KPE2 .72   

KPE3 .73   

KPE4 .87   

KPE5 .82   

Environmental 

Knowledge 

EK1 .93 .90 .69 

EK2 .93   

EK3 .70   

EK4 .74   

First Aid 

Knowledge 

FAK1 .93 .95 .87 

FAK2 .96   

FAK3 .90   

826 
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Table 5. Correlations Among the Factors of the Measurement Scale 827 

 

(1) (2) (3) (4) 

Risky 

behavioral 

intention 

(1) Personal knowledge .851    .41* 

(2) Knowledge of protective equipment .58* .781   .14* 

(3) Environmental knowledge .66* .40* .831  .27* 

(4) First aid knowledge .50* .37* .42* .931 .21* 

Note. 1Square root on AVE; *p < .05      
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