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Abstract 14 

Scholars suggest that improving hazard perception (HP) skills among different road users can 15 

lead to safer driving. To this end, a small number of countries have developed a national hazard 16 

perception test for their licensing procedures. The purpose of the current research is to develop 17 

and validate a new video-based hazard prediction test for the Lithuanian driving context. 18 

Eighty-eight drivers participated in the study. Initially, 25 naturalistic clips were included and 19 

edited into a hazard prediction test following the “what happens next?” paradigm. The overall 20 

score of the test was higher for experienced drivers when compared with novices. On further 21 

inspection the overall group difference was driven by 12 clips. The Lithuanian Hazard 22 

Perception test HPT-LIT featuring static images (Tūskė et al., 2019) and Hazard Perception 23 

Questionnaire developed by White et al. (2011) were used to validate the new test. 24 
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This new version of the test (12 clips, LHP12) showed acceptable psychometric properties. 25 

Drivers with less driving experience demonstrated poorer hazard prediction skills than 26 

experienced drivers. The results revealed a negative correlation between hazard prediction 27 

scores on LHP12 and crash involvement in the novice driver group, as well as a positive 28 

correlation between prediction scores and self-reported hazard prediction skills. It was 29 

concluded that the new Lithuanian hazard test shows potential for future research.  30 

Keywords: Hazard prediction test, validity, novice drivers, experienced drivers, Lithuanian 31 

drivers. 32 

 33 

Introduction 34 

 35 

Road traffic crashes and fatalities remain a serious public health concern world-wide. 36 

Despite the efforts of different countries to implement preventive actions, the number of people 37 

killed or injured on the road remains high with 50 million injured per year (WHO, 2018). The 38 

high death and injury rates, and the associated economic, social, and psychological costs 39 

associated with them, require many governments to look for more efficient traffic safety 40 

policies and measurements (Ventsislavova et al., 2019). Scholars suggest that good hazard 41 

perception (HP) skill is a core cognitive component of safe driving, and assessment and training 42 

of this skill could improve traffic safety significantly.  43 

Hazard perception is typically defined as the driver’s “ability to detect dangerous traffic 44 

situations” in sufficient time to make a safe response (Horswill, & McKenna, 2004, p.156). 45 

Within this skill lie a range of subprocesses that draw on a range of cognitive abilities, such as 46 

visual scanning, processing, anticipation, and appraisal (Moran et al., 2020; Pradhan and 47 

Crundall, 2016). This skill is typically measured by presenting drivers with a series of video 48 

clips, filmed from the perspective of a driver in a moving vehicle, each containing a hazard 49 

that viewers must detect. A traditional hazard perception test (as exemplified by the UK test 50 
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that forms part of their licensing procedure) measures the time taken to respond to such hazards 51 

as the primary indication of skill, with shorter response times reflecting safer drivers (Horswill 52 

& McKenna, 2004). 53 

Several studies have found that better hazard perception skill relates to lower crash 54 

involvement (e.g. Horswill, et al., 2020, Horswill et al., 2015, Rosenbloom et al., 2011), though 55 

only a small number of countries have included HP assessment and training as part of their 56 

licensing procedure (Moran, et al., 2019, 2020) or introduced intervention programs in order 57 

to improve road safety (Assailly, 2017; Slavinskienė et al., 2019). For example, the UK and 58 

some states in Australia have implemented the HP test as part of their official driving tests with 59 

data suggesting that they have been successful in improving road safety (Wells et al., 2008; 60 

Horswill et al., 2015). 61 

 62 

Hazard perception in an international context  63 

 64 

Why have more countries not developed their own national hazard test? Despite the 65 

many studies that have shown the HP test to differentiate successfully between safe and less-66 

safe drivers (e.g. Cheng at al., 2011; Horswill et al., 2015; Rosenbloom et al., 2011), there are 67 

other studies that have reported failed attempts to separate driver groups on the basis of risk or 68 

experience (e.g. Lim et al., 2013; Sagberg & Bjørnskau, 2006; Yeung & Wong, 2015). It is 69 

possible that such equivocal results sow seeds of doubt among policy makers in different 70 

countries, especially in countries where no local research has been undertaken that examines 71 

hazard perception performance in relation to a specific geographical and cultural context. 72 

One reason for these conflicting results in the literature lies with crucial differences in 73 

the design of these various tests produced by different research groups. There is no accepted 74 

standard of how clips should be produced, or what measures should be recorded from 75 
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participants (Ventsislavova et al, 2019).  This inevitably leads to a wide variation in test types, 76 

and without empirical examination of every element of a hazard test, it is possible that some 77 

versions of hazard perception tests have missed a crucial element that renders them ineffective 78 

at separating driver groups based on risk or experience (Crundall et al., 2021, Ventsislavova & 79 

Crundall, 2018). 80 

A lack of test consistency across the literature is unsurprising given the lack of research 81 

into the theoretical processes underpinning hazard perception skill, or even the lack of agreed 82 

terminology and definitions (Pradhan & Crundall, 2016). Though attempts have been made to 83 

link HP to various theories, they are often merely used as ways to describe the act of hazard 84 

perception rather than to motivate fundamental research in the area. Specifically, two 85 

theoretical frameworks are most frequently cited: Signal Detection Theory (SDT, Green, 86 

Swets, 1966), focusing on the drivers’ ability to differentiate and react to hazardous and non-87 

hazardous situations; and Endsley’s model of situation awareness (Endsley, 1995; Moran et 88 

al., 2020), which likens hazard perception to the three stages of perception, comprehension, 89 

and prediction. A few researchers have suggested more specific frameworks to explain hazard 90 

avoidance, such as Pradhan and Crundall (2016). They emphasized a range of sub-processes 91 

including precursor prioritization, hazard processing, and appraisal, that interact with the 92 

distance at which one perceives hazardous cues. In addition to these limited attempts to link 93 

theoretical frameworks to hazard perception, recent research has also attempted to link domain-94 

free cognitive skills to driving though usually without reference to an underlying theory (e.g. 95 

Moran et al., 2020, Mackenzie & Harris, 2017). 96 

 97 

 The lack of a standard hazard perception format was reflected in a recent systematic 98 

review by Moran et al. (2020). They identified four major types of test used in the wider 99 

research community – static images, video-based clips, driving simulators and naturalistic 100 
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driving. Self-reported measures have also been discussed as a plausible measure of hazard 101 

perception skills (Scialfa et al., 2012; Scialfa et al., 2011). For instance, Abele et al. (2018) 102 

found that self-rated hazard perception skills were correlated with better performance in driving 103 

simulator hazard perception tasks. The validity and efficiency of static image tests has been 104 

supported by several studies, with experienced drivers identifying hazards within such images 105 

faster than novices (Scialfa et al., 2012, DiStasi et al., 2020). Performance on a static image 106 

test has also been related to crash involvement (Tūskė et al., 2019). The efficiency of static 107 

image tests is acknowledged by the fact that static HP test was included as a part of their official 108 

driving test in Netherlands (www.cbr.nl). However, the most common method of measuring 109 

HP skill is the video-based method (either using naturalistic clips recorded from real vehicles, 110 

or clips developed with computer-generated imagery). Non-staged, naturalistic hazardous 111 

video clips are cost-effective to produce in comparison to other methods (e.g. high-fidelity CGI 112 

or driving simulators), though do not afford control over how the hazard unfolds. Some studies 113 

have reported good psychometric qualities of video-based hazard perception tests in different 114 

countries (Lim et al., 2014; Ventsislavova et al., 2019), as well as more consistent results than 115 

other measurement strategies in terms of detecting more or less skilful drivers (Moran et al., 116 

2019; Moran et al., 2020, Crundall et al., 2021). These results provide a steer for countries 117 

considering implementing their own hazard perception tests. The use of dynamic clips viewed 118 

on a computer monitor provides a level of realism beyond probing drivers’ understanding of 119 

mere static images, while providing a more consistent and controlled assessment that can be 120 

obtained with simulators or on-road tests. As such, dynamic clips offer a middle ground, 121 

balancing the pragmatics of developing a large-scale test with the ability to generalize results 122 

back to on-road safety.  123 

 The type of participant response, however, must also be considered. The national UK 124 

hazard test requires participants to press a button whenever they see a hazard (e.g. Wallis & 125 
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Horswill, 2007). This response-time measure has a number of potential flaws however 126 

(Crundall, 2016). For instance, one cannot be certain that a button press is made in response to 127 

the appearance of a hazard just because the two are coincident in time. A distracted driver may 128 

have been responding to some other element in the scene which fortunately fell in a similar 129 

timeframe to the appearance of the hazard. Indeed, the requirement of a temporal scoring 130 

window creates many problems, such as excellent drivers making valid anticipatory responses 131 

just a fraction of a second before the scoring window opens. Such responses would be classed 132 

as misses even though they might reflect a very early (and therefore safe) identification of an 133 

upcoming hazard. Localised hazard perception responses have been used to avoid this problem 134 

(i.e. ‘click on the hazard when spotted’, e.g. Smith et al., 2009), though these are not without 135 

their problems (e.g. Ventsislavova et al., 2019).  136 

 137 

Hazard prediction as an international alternative 138 

 139 

 One alternative to the traditional response time measure is to employ a hazard 140 

prediction methodology. This prediction paradigm asks participants to predict a hazardous 141 

situation following occlusion of the scene just as the hazard appears (e.g., Crundall, 2016). 142 

Following occlusion, participants are usually asked one or more probe questions about ‘what 143 

happens next?’ in the clip (i.e., if the occlusion had not happened, how would events have 144 

unfolded; e.g. Jackson et al., 2009). More recently, this procedure has been simplified to asking 145 

participants to choose between several on-screen options, each of which reflect a possible 146 

outcome for the occluded clip (Ventsislavova & Crundall, 2018). The rationale of this test is 147 

that participants must be looking in the right place at the right time to identify the clues to the 148 

imminent hazard. This visual interrogation of the scene, coupled with prioritization of 149 

precursors, leads drivers to inspect those elements of the scene that are most likely to result in 150 
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a hazard. The clip is occluded a few frames after the hazard begins to unfold, providing the 151 

most accurate participants with confirmation that their prediction was correct. 152 

 153 

It has been argued that the prediction paradigm is more suitable for international export as it 154 

removes many problems associated with response time measures. Criterion bias is a particular 155 

issue for countries where on-road hazards are more prevalent, where otherwise safe drivers 156 

may become so desensitized to hazards that they require more evidence that an unfolding event 157 

is more dangerous than everyday driving. This can result in slower responses in a traditional 158 

hazard perception test (e.g. Ventsislavova et al., 2019). The hazard prediction test however 159 

provides drivers with four options regarding ‘what happens next’ following occlusion of the 160 

clip. This gives a measure of accuracy as the primary variable, which is not confounded by the 161 

driver’s threshold for what constitutes a danger to them on the road. 162 

 163 

The hazard prediction paradigm has been found to successfully differentiate between 164 

experienced and inexperienced drivers in different countries (Jackson et al., 2009; Crundall 165 

2016; Castro et al., 2014; Lim et al., 2014). Three studies have directly compared the hazard 166 

prediction test to the hazard perception test. In two of these studies, the hazard prediction test 167 

out-performed the perception test (Crundall & Kroll, 2018; Ventsislavova et al., 2019) while 168 

the third study suggested that both formats could be successful under the right conditions, 169 

thought participants still favoured the prediction format (Crundall et al., 2021).  170 

 171 

 172 

The Lithuanian context 173 

 174 
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Lithuania has only initiated non-systematic explorations of hazard perception so far 175 

(Tūskė et al., 2019; Slavinskienė et al., 2020). Despite the number of road traffic collisions (63 176 

per million inhabitants per year, 175 deaths in 2020, the sixth place in Europe; ec.europa.eu, 177 

2020; WHO, 2018), the HP test has not yet been considered as a possible candidate for training 178 

and testing due to the lack of consistent evidence-based policies and practices (Slavinskienė et 179 

al., 2020, Endriulaitienė et al., 2013). Consequently, the main objective of the current study is 180 

to develop and validate a new hazard prediction test adapted to the Lithuanian driving context. 181 

Despite the variety of available tests, scholars suggest the development of a specific version of 182 

the HP test that matches the infrastructure and traffic culture of each country (i.e. the driving 183 

clips must be specific to that geographic region and the hazards must by typical of local driving 184 

behaviours; Lim et al., 2014). The need to develop and validate clips specific to each country 185 

is evident due to the differences in nature of driving, legal and social regulations, as well as 186 

uneven frequency of typical hazards (Ventsislavova, 2019; Sun & Chang, 2018).  187 

Lithuanian researchers have already attempted to validate a static image-based hazard 188 

perception test for scientific purposes (Tūskė et al., 2019), however there are at least two 189 

reasons to seek validation of a video-based hazard perception methodology. First, the majority 190 

of research in the field has employed a video-based methodology (Moran et al., 2019), and 191 

there is good reason to believe that dynamic stimuli are more likely to evoke a skill similar to 192 

that used on real roads. Second, if one accepts that the hazard prediction format captures a less 193 

confounded measure, then dynamic stimuli are necessary to provide a suitable context for a 194 

prediction to be made.  195 

 The most prominent validation criterion of available hazard perception and prediction 196 

tests is the capacity of the test to differentiate between groups of safe and less-safe drivers 197 

(often using the surrogate of driving experience; Horswill et al., 2020; Pammer et al., 2018, 198 

Tūskė et al., 2019). In the current research we hypothesized that the newly developed test will 199 
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show good psychometric properties and will differentiate between novice and experienced 200 

driver groups. Our first hypothesis is that experienced drivers will outperform novices in 201 

prediction accuracy. Our second hypothesis is that the newly developed test will positively 202 

correlate with self-reported hazard perception skills and the scores of a previously-developed 203 

hazard test using static images (HP-LIT).  204 

 205 

Method 206 

 207 

Sample 208 

 209 

Eighty-eight drivers participated in the study. They comprised two groups – 45 novices 210 

with driving experience less than 12 months and 43 experienced drivers who had more than 36 211 

months of experience. The cut score of 12 months was selected based on previous suggestions 212 

in the hazard perception literature, and the typical step-change in crash risk that occurs over 213 

the first year of driving (Ventsislavova & Crundall, 2018). The mean age of novice drivers was 214 

19.76 years, SD=3.51 (range 18-36 years), whereas in the experienced driver group the age 215 

range was 21-48 years, M=28. 28, SD=8.19. All participants held a provisional or full driving 216 

license and drove at least once per month. Forty-six percent reported everyday driving. More 217 

specific demographic details are provided in Table 1.  218 

[Insert Table 1 here] 219 

 220 

 221 

All respondents volunteered and received no incentive for participation in the study. The 222 

majority of the participants were Lithuanian university students. In order to increase the sample 223 

size, a snowball sampling procedure was used. Initial participants were invited via social media 224 
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and were then they asked to nominate other eligible peers. This resulted in a convenience 225 

sample with the potential for bias due to the non-random selection procedure. In line with 226 

previous research (Sun & Chang, 2018) the self-reported crash rate was low. Only 6 drivers 227 

(two novices and four experienced) reported an at-fault collision in the past year, while 16 228 

drivers reported that they received traffic fines in the same period. The study was conducted 229 

following the APA ethical standards and requirements for confidentiality and data protection. 230 

The study plan underwent ethical review in the process of application for funding, therefore 231 

institutional ethics approval was not required. Oral consent for participation was obtained from 232 

all participants. No potential harm was deemed likely to occur for participants. 233 

 234 

Materials, instruments, and procedure 235 

 236 

Filming 237 

  238 

The video stimuli were filmed on Lithuanian roads in September 2019. Four GoPro 239 

HERO 4 mini cameras were attached to the car using suction mounts (one inside the front 240 

window, one inside the rear window, and two cameras were attached outside to the right and 241 

left mirrors). Go Pro Hero 4 Silver video cameras were used, recording in full high definition 242 

format (1080p, 16:9 ratio, medium-angle settings). The resolution of clips was 1920 x 1080. 243 

The filming was conducted in the daytime in different locations – cities, suburbs and rural 244 

areas. The driver of the film car was an experienced, native driver, with previous experience 245 

of conducting driving safety research. Video material from multiple cameras was synchronized 246 

with Adobe Premier CC and edited into a hazard perception video clip using a graphic overlay 247 

representing the interior of a car. The filming and editing protocol that was followed was 248 
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identical to the one followed by Ventsislavova et al. (2019). A screenshot of the driving clip is 249 

presented in Figure 1, where the pedestrian is considered to be a hazard.   250 

 251 

 252 

Figure 1. An example screenshot of a driving clip and a hazard. The circle is added to aid the 253 

reader in identifying the location of the hazard. Circles did not appear on the actual test clips. 254 

 255 

Clip selection and editing 256 

 257 

 Initially, seventy hazardous clips were created and were evaluated by four traffic 258 

psychologists in order to select the final set of clips. The basic selection criteria for further use 259 

were as follows – the clip should contain only one hazard, and that hazard should have a 260 

precursor to allow accurate prediction of the hazardous situation. The precursors are defined 261 

as “the clues to an upcoming hazard” (Pradhan & Crundall, 2016, p. 64). Taking Fig. 1 as an 262 

example, the posture of the pedestrian – stood on the pavement yet leaning towards the road – 263 

serves as the precursor of this hazard. This indicates the intention of the pedestrian to cross the 264 

street. In addition, each clip should contain enough potential distractors to provide alternative 265 

options following occlusion. The number of potential distractors was similar, but not equal in 266 
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each scenario. As the clips were created from field-based material (filmed in real driving 267 

situations), there was no possibility to constrain clips of in such a way to have an equal number 268 

of distracters. The final selection was comprised of 37 clips. These clips were edited and cut to 269 

occlude at a point immediately prior to the hazardous situation, such that none of the hazards 270 

fully materialised in the clips. Subsequently, two focus groups were organized in order to 271 

generate multiple choice options for each clip as potential answers to the question “What 272 

happens next?” One group consisted of two novices (with less than one year of driving 273 

experience) and two experienced drivers (with more than three years driving experience). The 274 

second group consisted of four traffic psychologists who developed the final list of options for 275 

each clip. Each clip contained four possible answer options (one correct and three incorrect, 276 

derived from the distracters identified by the focus groups) following examples from the 277 

literature (Kroll et al., 2020; Ventsislavova & Crundall, 2018). 278 

 279 

Pilot study 280 

 281 

All clips were subjected to a pilot study. Twenty-one novice drivers (with driving 282 

experience less than 12 months) and thirty-four experienced drivers (with driving experience 283 

more than 36 months) agreed to participate as volunteers. Those participants who agreed to 284 

participate in the study fully completed all tests and questionnaires (i.e., there were no partial 285 

attempts), resulting in all data being taken to the next stage. The mean age of novice drivers 286 

was 25.19 years, SD=7.89 (range 18-48 years), while the mean age of experienced drivers was 287 

33.44 years, SD=8.98 (range 20-52 years). Forty-seven percent reported everyday driving. The 288 

procedure of testing was identical to that of the full study (see Procedure). The main purpose 289 

of the pilot study was to assess the difficulty of clips (i.e., whether there are any floor or ceiling 290 

effects) and to select those clips that successfully differentiate between the novice and 291 
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experienced driver groups. Initial piloting reduced the set from 37 to 25 of the most promising 292 

clips. The occlusion points were re-edited for some of remaining clips. 293 

 294 

Additional stimuli 295 

 296 

The previously validated Lithuanian Hazard Perception test HPT-LIT, featuring static 297 

images (Tūskė et al., 2019), was administered immediately after the HP test. The HPT-LIT test 298 

consisted of 27 static images (24 hazardous and 3 non-hazardous images). Examples of the 299 

static scenarios in the HPT-LIT test include: “In an urban two-lane street you are approaching 300 

a pedestrian zebra crossing. A pedestrian (hazard) is about to cross the zebra crossing from 301 

your right. Ahead of you a trolleybus is driving in your lane. The lane next to you is full of 302 

vehicles moving the same direction as you.”/ “In the highway you are driving the first lane, in 303 

front of you both lanes are occupied with vehicles. In the distance of 25-45 m vehicle (hazard) 304 

intends to enter your lane from the right exit lane”. The descriptions were not given to the 305 

participants. The full list of scenarios is provided in Tūskė et al. (2019). Each image was 306 

displayed on the screen for three seconds and participants were asked to report, by simply 307 

typing yes or no, whether they had seen a hazard. A total number of correct answers was 308 

calculated for each participant, with higher scores indicating better hazard perception skills. 309 

The internal consistency of the HPT-LIT was .75 (Cronbach alpha).  310 

Self-reported hazard perception skills were also measured. Participants were asked to 311 

evaluate their skills (e.g. “spotting hazards quickly” or “reacting to more than one potential 312 

hazard at a time”) with the Hazard Perception Questionnaire developed by White et al. (2011). 313 

They were asked to compare their skills to a typical Lithuanian driver of their age and rate it 314 

on a seven-point scale. The internal consistency of this six-item scale was .95. (Cronbach 315 

alpha).  316 
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 317 

Procedure of test development and validation study 318 

 319 

 Participants first completed a demographic questionnaire, followed by the newly 320 

developed Lithuanian hazard prediction test. Then, they were asked to complete the previously 321 

validated HPT-LIT featuring static images (Tūskė et al., 2019). Finally, drivers were asked to 322 

give a self-evaluation of their HP skill. All tests and questions were accessed online via a 323 

weblink provided to participants.  324 

The clips of the Lithuanian HP test were presented on a computer screen and 325 

participants were instructed to use the mouse and keyboard to answer to the hazards. The size 326 

of monitor was not controlled as respondents completed the test using their personal devices in 327 

convenient time and space. Participants were instructed to complete the test on a device with a 328 

large monitor and to avoid using small, mobile devices to access the tests. While participants 329 

might have used either a PC or tablet, the tests were designed not to work on smartphones. It 330 

was required that the entire test would be completed in one session. 331 

They were asked to carefully watch the (twenty-five) short video clips from a driver’s 332 

perspective, in full knowledge that each clip would stop immediately prior to a hazardous 333 

situation and they will be asked to predict “what happens next?”. They were also aware that 334 

they would have to choose one out of four possible options. They were advised to select the 335 

answer that most accurately describes how the driving situation is going to develop. There was 336 

no time limit placed on making this response. The sequence of clips and order of answer options 337 

was randomised. The answers were coded as ‘0’ for ‘incorrect’ and ‘1’ for ‘correct’ option. 338 

The sum of correct answers was used as a final score of hazard prediction skills. Study 339 

participants were not provided with the feedback on the accuracy of their answer, there was no 340 

possibility to observe how the situation actually developed during the test. Table 2 provides 341 
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the description of hazards in the 12 video clips that provided the greatest differentiation 342 

between the driver groups and were subsequently selected to be taken forward for future 343 

research as the new Lithuanian hazard prediction test. 344 

The entire procedure took approximately 40 minutes. 345 

[Insert Table 2 here] 346 

 347 

Data analysis  348 

 349 

Student’s t and chi-square analyses for group differences were applied in order to finalize the 350 

number of clips to be included in the test. Only clips with bigger differences in accuracy scores 351 

between novice and experienced drivers were selected for final test. The difference was 352 

calculated by Cohen’s d according to Chinn’s (2000) suggestion to use the formula d=LN(odds 353 

ratio)/1.81. Then psychometric qualities of the test were examined looking at internal 354 

consistency (Cronbach alpha) and confirmatory factor analysis for content and construct 355 

validity. In order to test the first hypothesis that experienced drivers will outperform novices 356 

in prediction accuracy and to check criterion validity t-tests were performed. The second 357 

hypothesis that the newly developed test will positively correlate with self-reported hazard 358 

perception skills, the scores of a hazard test using static images (HP-LIT) and crash 359 

involvement was tested with Spearman’s correlation coefficients. 360 

 361 

Results 362 

 363 

Participants’ total hazard prediction score across all 25 clips differed significantly between 364 

novice and experienced drivers (Mnovice = 9.67 (39%), SDnovice = 2.61, Mexperienced = 12.07 365 

(48%), SDexperienced = 3.60, t(76.39) = -3.570, p = .001, with unequal variances between groups 366 
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based on Levene’s test). This demonstrates the ability of the full hazard prediction test to 367 

differentiate between the two driver groups. 368 

Chi-square analyses were conducted on individual clips to compare the frequency of 369 

drivers from both groups who answered correctly (or incorrectly). Thirteen clips did not 370 

differentiate between the two groups. The remaining clips (12) suggested that experienced 371 

drivers scored better than the novices (see Table 3). Unfortunately, only five of these clips 372 

reached the statistical threshold for significance, though in our refinement of these clips we 373 

accepted a significance level of p<0.20 as indication of potential use in a future iteration of the 374 

test. When restricted to these 12 clips, the difference between the two groups understandably 375 

widened (30% vs. 50%). 376 

The Cronbach  score for the final selection of clips (12) was 0.56 showing that the 377 

internal consistency of this tool might benefit from improvement. It should be noted however, 378 

that the construct of hazard prediction is of a multidimensional nature. The violations of 379 

conventionally accepted  scores are quite common and justified in previous research 380 

(Crundall et al., 2021; Kroll et al, 2020; Sorrel et al., 2016). The confirmatory factor analysis 381 

yielded adequate results, suggesting that the twelve clips compose one latent factor and the test 382 

shows adequate construct validity. One factor solution revealed good fit to data (χ²(54)=58.7, 383 

p=.31; CFI=.90, TLI=.88, RMSEA=.03, 90%CIs [.00 - .08]).  384 

[Insert Table 3 here] 385 

 All 12 clips were also subjected to a t-test to compare the mean accuracy scores of each 386 

group of drivers to mean chance expectancy (25%). Three clips Clip E; Clip K and Clip L did 387 

not significantly differ from chance which could indicate that participants provided random 388 

responses for these clips. However, detailed analysis of response frequencies revealed that 389 

some of the distracters were chosen more frequently than others (respectively for Clip E: 23%, 390 

38%, and 8 %; for Clip K: 32%, 7%, and 38%; for Clip L: 32%, 16%, and 29%). This result 391 
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may indicate that participants were not guessing per se, rather one of the distracters was 392 

perhaps too convincing. Modification of the distracter options might improve the future 393 

validity of these clips. 394 

 In order to test the first hypothesis and assess the criterion validity of the newly 395 

developed Lithuanian hazard prediction test, the mean scores of novice and experienced drivers 396 

were compared using a t-test. The general mean score of hazard prediction skill (mean number 397 

of correctly predicted hazards across all clips) was significantly higher among the experienced 398 

groups (M=6.12, SD=2.18) in comparison to the inexperienced ones (M=3.60, SD=1.64), 399 

t(77.94)=-6.09, p < .001, Cohen’s d=1.31. In addition, gender differences in hazard prediction 400 

skills were subjected to a t-test and no significant differences were observed in either novice 401 

(Mmales = 3.62, SDmales = 1.66, Mfemales = 3.59, SDfemales = 1.66, t(43)=0.04, p>.97) or in 402 

experienced drivers’ group (Mmales = 6.62, SDmales = 2.26, Mfemales = 5.47, SDfemales = 1.95, 403 

t(41)=1.76, p>.09). This suggests that the ability of the new hazard prediction test to 404 

differentiate between driver groups on the basis of experience is not obviously confounded 405 

with gender. 406 

 Differences between novice and experienced drivers were also found in self-reported 407 

HP (Student t test was used; Table 4). Experienced drivers reported higher scores of hazard 408 

perception skills than novices. No significant difference was found however in the scores of 409 

the static image-based HPT-LIT between these groups.  410 

[Insert Table 4 here] 411 

 412 

 In regard to the criterion validity a correlation between hazard prediction scores and 413 

crash involvement was sought. The Spearman’s rho score for the novice drivers’ group was -414 

.29, p = .05, suggesting marginal evidence for a correlation between hazard prediction skills 415 

and crash involvement with our novice drivers. The results in the experienced drivers’ group 416 
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were non-significant. Correlation analysis revealed that new Lithuanian hazard prediction test 417 

LHP12 was positively related to self-reported HP (Spearman’s rho = .211, p < .05), but not 418 

related to static-image HPT-LIT (Spearman’s rho = .027, p > .05). Thus, the hypothesis 2 was 419 

only partially confirmed. 420 

 421 

Discussion 422 

 423 

The main aim of this study was to develop a hazard prediction test suitable to 424 

differentiate between experienced and novice drivers in the Lithuanian driving context and 425 

explore its psychometric qualities. The video clips of the newly developed test captured a 426 

variety of road hazards such as pedestrians, cyclists, lane change, reversing cars, etc (see, Table 427 

2). The final number of included clips was twelve and the suggested title of the instrument is 428 

LHP12.  429 

 Both the LHP12, and the 25 clips it is based on, successfully differentiated between 430 

novice and experienced drivers. Higher scores indicate better hazard prediction skills among 431 

experienced drivers when compared to novices. This supports good construct validity of this 432 

newly developed instrument and its potential for further use. The results confirm previous 433 

findings that hazard perception and prediction skills develop with driving experience naturally 434 

(Horswill et al., 2020; Crundall et al., 2021) and such tests are valid instruments for measuring 435 

this capacity in different countries (Ventsislavova, & Crundall, 2018; Ventsislavova et al, 436 

2019). Also, the Lithuanian test revealed the association between correct hazard prediction and 437 

lower crash involvement in the novice driver group. This supports the previous findings that 438 

higher hazard prediction and perception abilities allow drivers to handle difficult traffic 439 

situations and prevent collisions (Horswill et al., 2020). Unexpectedly, the association was 440 

non-significant in the experienced driver group. This might suggest that crashes of experienced 441 
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drivers are less related to hazard perception skills and more to other factors (like risk taking, 442 

distraction etc.; Sundfør et al., 2019). Alternatively, it might be hypothesized that the self-443 

reported nature of crash-involvement data prompted a greater social desirability effect in this 444 

group. Still, it is hard to explain why novice drivers were not prone to this. Therefore, the 445 

relationship between our new hazard test and measures of crash risk (ideally, objective 446 

measures) should be pursued in future research. 447 

It should be mentioned that the discriminative value of separate clips varied – in five 448 

clips out of twelve experienced drivers outperformed novices significantly, whereas in seven 449 

the differences were non-significant. This was similar to the findings of other researchers 450 

(Crundall et al., 2021) showing that the inclusion of clips that initially do not yield significant 451 

difference is common practice in hazard perception research. The rationale to include non-452 

significantly differentiating clips in the final test was two-fold. First, if the significance level 453 

is close to .10, it might be expected that with a larger sample size the difference becomes 454 

significant in future studies. Furthermore, the inclusion of more clips in the test should reduce 455 

the chance of floor or ceiling effects, and the more items in a test will reduce the weight of a 456 

single item on the overall score and minimize the probability of errors (DeVellis, 2016). 457 

Despite the uneven discriminative power of the separate clips, the role of experience in the 458 

final score of test was highly significant, with an effect size of 1.31. In previous hazard 459 

prediction (“what happens next?”) research this large effect size is also reported repeatedly 460 

(Crundall et al., 2021).  461 

It might be argued that the newly developed Lithuanian hazard prediction test is quite 462 

hard as the mean scores are rather low for both groups. Nonetheless, we found nine percentage 463 

points difference between the correct answers of novices and experienced drivers (39% vs 48% 464 

respectively). Similar results were obtained by Crundall et al. (2021), in their study a 465 

comparable difference between learners and experienced drivers was 10 percent (45% and 55% 466 
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respectively). The scores were compared to chance expectancy and the results suggested that 467 

participants did not seem to randomly select the questions. Again, these results are in line with 468 

previous studies even among highly experienced groups, such as emergency or fire appliance 469 

drivers (Kroll et al., 2020). This confirms that the hazard prediction skill is complex and drivers 470 

who have not developed this skill might find it particularly difficult to predict hazards as it 471 

requires greater high order skills than just indicating that a hazard is present once it fully has 472 

materialised. Fortunately, these relatively low absolute scores do not remove the significant 473 

difference between drivers in terms of experience. However, the reasons underlying the 474 

consistently lower scores of hazard prediction paradigm compared to the hazard perception test 475 

raise an interesting question to be investigated in more detail in future research.  476 

 The internal reliability of our Lithuanian hazard prediction assessment tool is an 477 

ostensible problem, with Cronbach’s Alpha for twelve clips only reaching .56, some way from 478 

the conventional level of internal consistency suggested in psychometrical literature (Sorrel et 479 

al., 2016). Some authors in road hazard prediction research report more respectable levels of 480 

reliability, up to and exceeding .70 in large samples (Horswill et al., 2020), however, it is more 481 

common to find reported Cronbach’s Alphas of .50 (Horswill, & McKenna, 2004; Kroll et al., 482 

2020). Researchers agree that hazard perception or prediction constructs are multidimensional 483 

and even a single item might measure several sub-processes (Ventsislavova et al., 2019). 484 

Therefore, it is hardly feasible to reach high intercorrelations among items. This suggests that 485 

LHP12 might benefit from some more developments or re-testing efforts in larger samples, 486 

although the reliability for scientific analysis is adequate. 487 

 The results yield some evidence about the criterion validity of the Lithuanian road 488 

hazard prediction test. Previous research reports no gender differences in hazard perception 489 

skills (Tūskė et al., 2019) and the same was found in the current study. This might serve as an 490 

argument for the appropriateness of the assessment tool. The correlation with self-reported 491 



 21 

hazard perception skill was significant although modest. As expected from our theoretical 492 

assumptions, drivers with better hazard perception skills report being capable to recognize 493 

hazards on the road more effectively. Some researchers argue that self-ratings of abilities are 494 

often over-estimated due to self-enhancement bias (Horswill et al., 2017), and this may have 495 

impacted on the strength of the correlation, with novices suffering greater relative bias than the 496 

experienced drivers. Therefore, the associations between subjective hazard perception skill 497 

evaluation and more objective measurement of skills with clips might be not very high. It 498 

should be noted that the self-reported hazard perception questionnaire was administered after 499 

completing the two hazard tests (dynamic and static), so the answers might be affected by 500 

actual performance on the tests. Though neither of the tests provided feedback, participants’ 501 

perception of how well they performed might have served as the reference point for self-502 

evaluation. Assessing self-ratings both before and after undertaking the tests will elucidate this 503 

issue in future research.   504 

 Contrary to expectations a significant correlation between scores on the static image 505 

and the new dynamic hazard test was not found. The static test was developed using a reaction 506 

time paradigm and measures hazard perception rather than prediction. Crundall et al. (2021) 507 

suggested that perception and prediction measurements focus on different underlying 508 

processes, therefore, the absence of relationship between two types of road hazard perception 509 

measurements is not an argument for poor validity of LHP12. No differences between novice 510 

and experienced drivers in the static image test obtained in this study might advocate for a 511 

dynamic hazard prediction test. Nevertheless, further explorations on correlations between 512 

different assessment strategies are encouraged.  513 

 Some limitations of the current study should be noted. First, the internal reliability of 514 

new LHP12 was rather low, therefore the scores should be interpreted with caution. The 515 

instrument is useful for scientific purposes, though not yet applicable for individual assessment. 516 
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Low rates of crash involvement (especially, at fault crashes) likely limited the possibility of 517 

identifying any relationship between crash rates and prediction scores in the experienced group, 518 

though it is also possible that hazard prediction is less of a determinant of experienced drivers’ 519 

crash risk. Also, the significant relation in the novice driver group between crash rates and 520 

prediction scores might be inconclusive due to the low variability of reported crashes. Larger 521 

sample sizes in future studies would help to solve this concern. In some scales (e.g., crashes, 522 

self-reported hazard prediction skills) social desirability bias might be evoked due to the self-523 

reported nature of the measurement. This should be kept in mind when generalizing the results 524 

and future studies may look for objective measurements where possible.  525 

The measure of driving experience based on years since licensing might have been 526 

imprecise. The bias towards the lower value might be expected, as not everyone begins to drive 527 

actively right after licensing. Finally, the size of the computer screen and resolution was not 528 

controlled, therefore the quality of video-material might be different across participants leading 529 

to differences in hazard prediction skills. Fortunately, the test was designed not to run on 530 

smartphones, thus eliminating these smallest of screens.  531 

 Despite limitations, the results of this study, and the newly developed LHP12, extend 532 

the evidence for hazard prediction being relevant to yet more geo-specific contexts. The new 533 

test offers a low-cost method of measuring a complex cognitive skill that is extremely 534 

important for traffic safety. Furthermore, the development of a local measure of hazard skill is 535 

the first step in developing training resources to improve hazard awareness and reduce 536 

collisions within that context. 537 

 538 

Conclusions 539 

It might be concluded that newly developed Lithuanian hazard prediction test LHP12 is a valid 540 

instrument able to differentiate between hazard prediction skills of novice and experienced 541 
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drivers. This conclusion is justified based on the difference in performance of our two groups 542 

on the full 25 clips, along with other results including the correlation of the test score with 543 

crash involvement among novice drivers, the correlation with self-reported hazard perception 544 

skills and non-significant gender differences. Despite a concern regarding internal consistency, 545 

the refined version of 12 clips offers a promising method for future exploration.  546 
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Table 1. Demographic characteristics of study participants 690 

 Novice drivers Experienced drivers Total 

N total  45 43 88 

Males 13 24 37 

Females 

 

32 19 51 

Age in years (mean, SD) 

 

19.76 (3.51) 28.28 (8.19) 23.92 (7.55) 

Months since licensing 

(mean, SD) 

 

6.8 (3.76) 112.6 (81.99) 58.49 (77.98) 

Mileage/exposure 

(km/week) (N in percent) 

   

Less than 50 42.2 4.7 23.9 

51-200 44.5 55.8 50 

More than 200 

 

13.3 39.5 26.1 

Frequency (N in percent)    

Once per month 11.1 2.3 6.8 

Less than once a week 17.8 2.3 10.2 

Several days per week 48.9 23.2 36.4 

Every day 

 

22.2 72.2 46.6 

Self-reported penalties in 

the past year 

1.07 (0.25) 1.35 (0.57) 1.20 (0.46) 



 30 

 

Self-reported collisions in 

the past year 

1.04 (0.21) 1.09 (0.29) 1.07 (0.25) 

 691 

692 
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Table 2. The list of twelve clips and description of hazards that were included in a final version 693 

of new Lithuanian hazard prediction test 694 

Clip  Content  

Duration of 

the clip 

until 

occlusion 

point (sec) 

Hazard 

Precursor 

Clip A In an urban street you are approaching the 

crossing. A pedestrian is visible on the right 

corner. Two cars in front of you turn right. The 

clip occludes as the pedestrian is about to step into 

the street from your right. 

28 Pedestrian 

from the right 

crosses the 

street 

Posture of 

pedestrian – 

leaning 

toward 

crossing 

Clip B You are driving on a busy suburban road. A bus 

stops at the bus stop in the opposite traffic lane on 

your left. The clip occludes as the car behind the 

bus drives into the opposite (into your) lane in 

order to overtake the bus. 

14 The car behind 

the bus drives 

into your lane  

The 

approaching 

car from 

opposite 

lane turns 

towards 

central line 

Clip C While travelling in the middle lane of a three-lane 

carriageway you are approaching a junction where 

cars from the right can drive into your road. The 

clip occludes as the bus is about to pull into your 

lane from the right. 

13 The bus pulls 

into your lane 

from the right 

Buss on the 

right slowly 

approaches 

your lane 

Clip D After turning right, you enter the two-lane old 

town street, you see immediate junction of two 

streets. You intend to turn left. You see a car 

parked on the street you intend to go, a pedestrian 

on the pavement and two people with bike. The 

37 The cyclist 

goes with bike 

on the street 

you intend to 

turn in 

The cyclist 

moving on 

the street 

with no 

intention to 
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clip occludes as the cyclist steps with bike on the 

street you intend to turn in. 

avoid 

approaching 

vehicles 

Clip E You are driving in the middle lane of a tree-lane 

one-way urban street. Several buses are driving on 

a bus lane on your right, you pass one of them. 

Suddenly the car in front of you brakes as the bus 

far in front is changing into second lane. The clip 

occludes as the parallel bus is about to change into 

your lane too. 

30 The parallel 

bus changes 

into your lane 

The 

breaking 

lights of the 

vehicle in 

front of you 

and of the 

bus on the 

right 

Clip F You are driving in the first lane of a two-lane 

urban street behind a tram. You change into the 

second lane intending to overtake the trolley. The 

clip occludes as the trolley is about to enter your 

lane just in front of. 

24 The trolley 

enters the 

second lane in 

front of you 

The 

breaking 

lights of the 

trolley in 

front of you 

Clip G While traveling in the second lane of the two-lane 

urban street you pass many cars that are parked on 

your left. On your right a bus is driving parallel 

with you. The clip occludes as the bus is about to 

start entering your lane. 

9 The bus 

changes into 

your lane 

The bus 

from the 

right turns 

very closely 

to the line 

between two 

lanes 

Clip H You are driving in the second lane of a two-lane 

one-way urban street behind another car. On the 

road further you see a van approaching your roads 

from the side street. The car in front brakes and 

changes to the second lane, you change afterwards 

too. The clip occludes as the car in front brakes 

again in order to park on the left.  

17 Car in front of 

you parks in 

the left 

Breaking 

lights of the 

car in front 
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Clip I You are driving in the middle lane of a three-lane 

carriageway. On the road further a dark car in the 

first lane brakes and changes into your lane 

overtaking a white car that has stopped in the first 

lane. The clip occludes as another black car 

reverses from the right into your lane. 

16 The car 

reverses from 

the right 

The car in 

the first lane 

breaks, back 

of the 

reversing car 

is slightly 

visible  

Clip J While traveling on a narrow street in the old town 

you approach a truck of road workers that is 

parked on your right and see pedestrians walking 

in front of that truck from the right (the truck 

obstructs them). One worker stands at the back of 

the truck, another – on the left side of the street. A 

bit further several pedestrians are walking on the 

left side of the street. The clip occludes as 

pedestrians from the right are about to cross the 

street from behind the truck.  

22 Pedestrians 

from the right 

cross the street 

 

Pedestrians 

from the 

right 

approach the 

street, then 

their view is 

blocked with 

the parked 

truck (they 

are visible 

for a very 

short time) 

Clip K You are driving in the second lane of a two-lane 

urban street. Many cars are passing by on the 

opposite lane. The clip occludes as suddenly a car 

comes out from the left side road and intends to 

turn into your lane.  

17 The car comes 

out from the 

left side road 

White car 

from the left 

starts turning 

into your 

lane  

Clip L While traveling in the second lane of a two-lane 

busy urban street you pass a trolley. The clip 

occludes as a car is about to enter the second lane 

directly from the right (from behind the trolley).  

14 The car enters 

the second 

lane directly 

from the right 

The car from 

the right 

starts driving 

into your 

lane 

 695 

696 
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Table 3. Differences between novice and experienced drivers in their performance on each 697 

video clip 698 

 699 

 Clip  Number of correct 

predictions (percentage) 

Chi-

square 

Significance 

level p 

Odds 

ratio 

95CIs Cohen’s 

d* 

  Novice 

drivers 

Experienced 

drivers 

     

1 Clip A 17 (37.8%) 31 (64.6%) 10.40 <.001 4.25 1.73-

10.4 

.80 

2 Clip B 14 (31.1%) 21 (48.8%) 2.88 .09 2.11 .89-

5.04 

.41 

3 Clip C 20 (44.4%) 26 (60.5%) 2.26 .14 1.91 0.82-

4.46 

.36 

4 Clip D 18 (40.0%) 30 (69.9%) 7.86 <.01 3.46 1.43-

8.37 

.69 

5 Clip E 11 (24.4%) 18 (41.9%) 3.02 .08 2.23 .90-

5.53 

.44 

6 Clip F 10 (22.2%) 25 (58.1%) 11.80 <.001 4.86 1.92-

12.3 

.87 

7 Clip G 23 (51.1%) 30 (69.8%) 3.20 .07 2.21 .92-

5.29 

.44 

8 Clip H 27 (60%) 35 (81.4%) 4.84 <.05 2.92 1.10-

7.71 

.59 

9 Clip I 3 (6.7%) 11 (25.6%) 5.88 <.05 4.81 1.24-

18.7 

.87 

10 Clip J 4 (8.9%) 9 (20.9%) 2.53 .11 2.71 .77-

9.59 

.55 
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11 Clip K 7 (15.6%) 14 (32.6%) 3.50 .06 2.62 .94-

7.33 

.53 

12 Clip L 8 (17.8%) 13 (30.3%) 1.88 .17 2.00 .74-

5.47 

.38 

* Cohen’s d was calculated according to Chinn’s (2000) suggestion using the formula d=LN(odds ratio)/1.81 700 
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Table 4. Group comparison in HPT-LIT and self-reported HP scale 703 

   HPT-LIT   

 Min Max M SD t (df) p 

Novice 7 24 16.71  3.66 t(77.73)=0.971 .331 

Experienced 5 24 15.81 4.89   

   Self-reported 

HP 

  

 Min Max M SD t(df) p 

Novice 1.17 6.50 4.29  1.16 

1.07 

t(86)=-2.97 .014 

Experienced 1.50 7.00 5.00   
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