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Abstract 34 
 35 

Echocardiographers can detect abnormalities accurately and rapidly from dynamic images. 36 

This is likely due to the application of cue-based associations resident in memory, a process 37 

known as cue utilization. This study investigated whether cue utilization is associated with 38 

the ability to apply within-domain capabilities (dynamic) to more degraded images (static). 39 

Fifty-eight echocardiographers completed the echocardiography edition of the Expert 40 

Intensive Skills Evaluation 2.0 (EXPERTise 2.0) to establish behavioral indicators of within-41 

domain cue utilization. They also completed an abnormality detection and categorization task 42 

that comprised briefly presented static and moving images (50% abnormal). Behaviors 43 

consistent with higher cue utilization were associated with greater accuracy in detecting both 44 

static and dynamic images but not for categorization. This study provides important 45 

information about how experts who have the capacity to utilize cue-based strategies can 46 

rapidly and accurately detect abnormalities from domain-specific stimuli and generalize their 47 

skills to more challenging stimuli.  48 

 49 
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Echocardiographers have the important role of performing ultrasound scans of the 59 

heart, known as echocardiograms - the most common, non-invasive, imaging technique in 60 

cardiology (Lang et al., 2015). The procedure is performed in real-time, with the 61 

echocardiographer searching images for signs of abnormality. Consequently, 62 

echocardiographers have developed specialised cognitive and perceptual skills that facilitate 63 

image acquisition, visual search of the display, measurement of features, and diagnostic 64 

decisions. However, despite their important role in cardiac diagnostics, the underlying 65 

cognitive processes involved in echocardiographer’s visual expertise is not well understood.  66 

Scanning a medical image involves a specialized visual search which unfortunately, 67 

can be subject to error. For example, in radiology, there is a reported miss error rate of 30% 68 

(Berlin, 2005) and around 60% of the errors can be attributed to cognitive and perceptual 69 

error (Brem et al., 2003). Eye-tracking methodology has shown that a significant proportion 70 

of errors are categorized as decision errors, where an abnormality is fixated but actively 71 

dismissed as an abnormality (Kundel et al., 1978; Carrigan et al., 2015). In echocardiography, 72 

cognitive errors such as the misidentification/overinterpretation of a finding account for 37% 73 

of total diagnostic error (Benavidez et al., 2008). Given that echocardiography involves 74 

examining images in real-time, rather than viewing a static image, it is crucial that we 75 

examine the processes involved in this important task. 76 

Decades of research in other medical imaging domains such as radiology and 77 

pathology that utilize two dimensional (2D) displays (static images) provide valuable insights 78 

into visual expertise. Pioneering research by Kundel and Nodine (1972) documented the 79 

different scanning strategies of experienced radiologists, and compared with trainees viewing 80 

2D mammograms: Experts demonstrated faster fixations on abnormalities, made fewer 81 

saccades and spent less time on non-diagnostic areas. Others have examined visual expertise 82 

by presenting stimuli for brief durations (e.g., 250ms) and shown that experts can accurately 83 
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detect a mass or nodule (Brennan et al. 2018; Carrigan et al., 2018; Evans et al., 2013). It has 84 

been proposed that this represents global processing where the signal containing diagnostic 85 

information is extracted efficiently and accurately to guide attention.  86 

Wolfe and Horowitz (2017) defined four attributes of stimulus features that guide the 87 

allocation of attention: motion, color, orientation, and size. All of these attributes are utilized 88 

in medical image perception. However, motion is likely the guiding attribute for 89 

echocardiographers who make diagnostic decisions from real-time, dynamic images. During 90 

an echocardiogram, the echocardiographer slowly scans through a dynamic structure, the 91 

heart. Changes in the normal anatomical structure (e.g., thickened muscle wall) and function 92 

(impaired motion) may capture attention, acting as a motion onset cue (Jonides & Yantis, 93 

1988; Theeuwes et al., 1999). Motion acts as a filtering mechanism in visual search and 94 

predicts the allocation of attention (Kramer et al., 1996). Importantly, search can be guided 95 

by learning associates between targets and their movement (Scarince & Hout, 2018).  96 

In radiology, volumetric imaging such as digital breast tomosynthesis (DBT) utilizes 97 

a process that induces motion perception and improves detection accuracy (Adamo et al., 98 

2018; Wu et al., 2020). In this modality, a series of stacked, 2D images are combined to form 99 

a 3D display. Radiologists then scroll through these displays in depth and motion cues aid 100 

detection of abnormalities (Williams & Drew, 2019). Although scrolling through stacked 101 

static images rather than observing moving images is slightly different, it is likely that the 102 

underlying cognitive mechanisms involved are similar.  103 

Wu et al. (2020) examined early visual processing using digital breast tomosynthesis 104 

(DBT), presenting radiologists with 1.5s movies comprising a cine-loop of a set of 2D static 105 

mammograms, displayed at a rate of 20ms per slice. The radiologists were then asked to mark 106 

the position that most likely contained a lesion on a blank outline and rate, on a six point 107 

scale, their perceived certainty in recalling the information. The results indicated that 108 
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radiologists could discriminate normal from abnormal conditions, providing support for the 109 

proposition that motion cues contribute to detection in early visual processing.  110 

Carrigan, Stoodley, Fernandez et al. (2020) investigated the early visual processing of 111 

a group of echocardiographers who undertook an abnormality detection task, comprising 112 

movies that were presented at a range of durations (1-10 seconds). The results across all 113 

durations showed that performance was high in detecting whether the movie was normal or 114 

abnormal but was not high in categorizing the type of abnormality presented. They concluded 115 

that echocardiographers may have a finely tuned capability for detection at a brief glance. 116 

However, no relationship was evident between measures of experience and performance. 117 

This suggests that there may be factors other than experience that impact the development of 118 

expertise, including individual differences in visual perception or pattern recognition.  119 

Charness et al. (1996) and Nodine and Mello-Thoms (2010) propose that with 120 

deliberate practice and exposure, a perceptual fine-tuning occurs for diagnostically-relevant 121 

patterns. Pattern recognition becomes automatic and a non-conscious process as they are 122 

compared with normal, anatomical templates in memory to arrive at a diagnosis (Nodine & 123 

Mello-Thoms, 2010). For example, an echocardiographer may associate a specific feature or 124 

movement of the heart muscle (feature) with an abnormality (event) which serves as a ‘cue’ 125 

(Croskerry, 2009; Klein, 1989; Wiggins, 2014, 2015; Wiggins, Brouwers, Davies, & 126 

Loveday, 2014). Cue utilization describes the activation of cue-based associations retrieved 127 

from memory (Lansdale et al., 2010; Wiggins et al., 2015) and is consistent with the notion 128 

that a search can be guided by the learning and application of associates between targets and 129 

their movements (Scarince & Hout, 2018).  130 

Loveday and colleagues (2013) studied cue utilization with paediatricians and 131 

novices, interpreting both static and dynamic stimuli (patient bedside monitors), and showed 132 

that participants with higher cue utilization performed similarly, regardless of the type of 133 
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stimuli. They found that expert performance was associated with the ability to draw on task-134 

relevant cues, resulting in accurate and rapid diagnoses for both the static and dynamic 135 

stimuli. Conversely, they suggested that novices may have utilized the most common or 136 

salient cues (e.g., motion capture) which may have led to incorrect diagnoses (Loveday et al., 137 

2013).  138 

Individual differences in cue utilization have been demonstrated across many domains 139 

including medicine (e.g., Crane et al., 2018; Carrigan et al., 2020; Carrigan et al., 2021; 140 

Loveday et al., 2013). Carrigan, Stoodley, Fernandez, Sunday et al. (2020) examined whether 141 

a domain-general visual object recognition predicted cue utilization for echocardiographers 142 

compared with naïve participants. The participants were presented the Novel Object Memory 143 

Test (NOMT: Richler et al., 2017) and the echocardiography edition of the Expert Intensive 144 

Skills Evaluation 2.0 (Wiggins et al., 2015) to establish behavioral indicators of context-145 

related cue utilization. The results indicated that both a general visual perceptual ability and 146 

the capability to learn implicit patterns and cue-based associations contributed to 147 

performance in echocardiography, independent of exposure.  148 

In non-medical domains such as meteorology, when asked to predict weather patterns 149 

from a static map, nonexperts responded with oversimplified and inaccurate forecasts 150 

compared with experts (Lowe, 2001). This suggests that when presented with experiments 151 

and stimuli that are removed from their naturalistic reality, experts are able to adapt and make 152 

adjustments to compensate for variations in the environment (Shanteau, 1988). Indeed, a 153 

growing body of medical perception studies conducted in ‘lab-like’ settings have 154 

demonstrated that experts can generalize their skills from practice to testing environments 155 

(e.g., Chin et al., 2018; Carrigan et al., 2020; Evans et al., 2013). 156 

A limitation of Carrigan, Stoodley, Fernandez et al (2020) is that they considered the 157 

relationship between performance and the presence and absence of abnormalities presenting 158 
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dynamic information. For example, they did not consider whether dynamism might also act 159 

as a strong cue or possibly a distracter, facilitating performance by drawing attention to 160 

relevant diagnostic cues through visual changes and motion capture (Jonides & Yantis, 1988; 161 

Theeuwes et al., 1999). Furthermore, it is important to establish whether the relationship 162 

between cue utilization and diagnostic performance in echocardiography is sufficiently robust 163 

to account for differences in the degradation of stimuli.  164 

The present study is intended to extend the outcomes of Carrigan, Stoodley, 165 

Fernandez et al (2020) and Carrigan, Stoodley, Fernandez, Sunday et al (2020) and examine 166 

whether cue utilization differentiates performance on a detection and categorization task that 167 

presents static and dynamic stimuli. As viewing movies has greater ecological validity, 168 

drawing attention to relevant diagnostic cues through visual changes and motion capture 169 

(Jonides & Yantis, 1988; Theeuwes et al., 1999), we hypothesised that: (1) accuracy would 170 

be greater for movie stimuli than static stimuli; (2) higher cue utilization would be associated 171 

with greater accuracy for both static and dynamic stimuli and; (3) higher cue utilization 172 

would be associated with greater accuracy on the categorization task for both static and 173 

dynamic stimuli.  174 

Method 175 

Participants 176 

Echocardiographers across Australia and New Zealand were contacted via the 177 

Australian Sonographer Accreditation Registry (ASAR) and authors’ personal contacts (A.C, 178 

P.S, K.N.), inviting them to participate in the study. Fifty-eight participants ‘opted in’ and 179 

completed the study online. The majority of the sample was female (76%) which corresponds 180 

to the distribution of females within the echocardiography population within Australia (71%) 181 

(ASAR, 2019). The mean age was 37.4 years (SD = 11.8, range 21-65), with a mean 8.6 self-182 

reported years of experience (SD = 9.5, range 1-36). The mean estimated number of cases per 183 
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week was 30 (SD = 14, range 1-75), while the mean estimated number of cases per year was 184 

1219 (SD = 649, range 10-3000).  185 

Eighty-five percent of the participants were accredited with the governing 186 

professional board (ASAR) and 12 of the participants (21%) were trainee 187 

echocardiographers. The participants’ place of work included public hospitals (21/57), 188 

private hospitals/practices (17/57), with the remainder working in a combination of 189 

workplaces (20/57). Seventeen participants were left-handed, all reported normal or 190 

corrected-to-normal vision and were naïve to the purposes of the experiment. In return for 191 

participation, they claimed professional accreditation points (0.5) through the ASAR and 192 

were offered the chance to win an iPad.   193 

Measures 194 

All of the participants completed: (1) a demographic survey and (2) a behavior-based 195 

measure to infer cue utilization using the echocardiography edition of the Expert Intensive 196 

Skills Evaluation Platform (EXPERTise 2.0; Wiggins et al., 2015), and (3) an independent 197 

detection and categorization task to assess diagnostic performance.  198 

 199 

(1) Demographic Survey 200 

The echocardiography participants were asked to indicate their age, sex, handedness, 201 

their primary place of work (public hospital, private hospital or a combination), and whether 202 

they were an accredited echocardiographer with the Australian Sonographer Accreditation 203 

Register (ASAR). They were also asked to estimate the number of years during which they 204 

had practised as an echocardiographer, the number of cases per week that they performed on 205 

average, and the number of cases that they performed per year.  206 

 207 

 208 



Expertise in echocardiography 
 

 

9 

(2) Cue Utilization 209 

Cue utilization was assessed using the echocardiography edition of the Expert 210 

Intensive Skills Evaluation platform (EXPERTise 2.0; Wiggins et al., 2015). The criterion 211 

validity of this edition was previously established by Carrigan, Stoodley, Fernandez, Sunday, 212 

et al. (2020). EXPERTise 2.0. is an online assessment tool used to measure different facets of 213 

cue utilization using a battery of five, within-domain tasks; a Feature Recognition task, a 214 

Feature Identification Task, a Feature Association Task, a Feature Discrimination Task, and a 215 

Feature Prioritisation task. In the Echocardiography edition of EXPERTise 2.0, tasks 216 

incorporated a series of domain-specific, image and text-based scenarios which were 217 

designed in conjunction with two subject matter experts and co-authors (P.S and K.N) who 218 

have been practicing as echocardiographers for 15 years. These experts provided the 219 

sonographic images and did not participate in the experiment. No feedback was provided. A 220 

summary of the EXPERTise 2.0 tasks is provided in Table 1.  221 

The Feature Identification Task (FIT) requires participants to identify, as quickly as 222 

possible, an area of interest in a complex visual or audio-visual scene, with response latency 223 

and accuracy recorded. Responses are made under free-viewing conditions and no feedback 224 

is provided. The present study comprised one practice and 15 randomized visual, static 225 

echocardiograms of which 10 incorporated a single area of abnormality (the remaining five 226 

were normal). The echocardiogram image also included an area that could be selected if 227 

participants considered the echocardiogram normal. In the FIT, higher cue utilization is 228 

associated with lower mean response latency, reflecting the rapid detection of an area of 229 

concern rather than searching the entire image (Loveday et al., 2013) (see Figure 1a). 230 

In the Feature Recognition Task (FRT), participants are asked to classify a visual or 231 

audio-visual stimulus following a short presentation. No feedback is provided and both 232 

response latency and accuracy are recorded. The present study comprised one practice and 15 233 
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randomized scenarios, incorporating three-second video loops of a cardiac abnormality 234 

within an echocardiogram. The participants were asked to classify the pathology by selecting 235 

one of five multiple choice options regarding the category of the abnormality (cardiac mass, 236 

bicuspid aortic valve, congenital heart defect, mitral valve prolapse, infiltrative disease). 237 

Greater accuracy on the FRT is generally associated with higher cue utilization (Wiggins & 238 

O’Hare, 2003) (see Figure 1b).  239 

 240 

1(a)      1(b) 241 

 242 

In the Feature Association Task (FAT), participants are presented with pairs of 243 

features and are asked to determine their relatedness as quickly as possible on a six-point 244 

Likert scale ranging from 1 = ‘Extremely unrelated’ to 6 = ‘Extremely related’. In the present 245 

study, task-related terms were used having been selected by the subject matter experts as 246 

representing different levels of relatedness. Over a total of one practice trial and 15 247 

Figure 1: Exemplars from two of the five EXPERTise 2.0 tasks. 1(a) depicts the Feature Identification 

Task (FIT). The red circle indicates the region of abnormality and was not presented in the experiment. 

1(b) depicts a static image of a video presented in the Feature Recognition Task (FRT).  
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randomized trials, the two terms were presented sequentially for 1500ms (see Figure 2). Six 248 

pairs of terms were regarded as relatively less related (e.g., ‘Pacemaker (feature) followed by 249 

‘Mass’ (object)) while nine were regarded as relatively more related (e.g., ‘Pericardial 250 

Effusion’ (feature) followed by ‘Tamponade’ (event)). Higher cue utilization is typically 251 

associated with a greater variance in the perceived relatedness of the terms as a function of 252 

response latency (Morrison et al. 2013).   253 

 254 

 255 

In the Feature Discrimination Task (FDT), participants are presented with a short, 256 

written, or audiovisual description of a task-related situation and are asked to determine an 257 

initial response. Having selected their initial response from a list of options, participants are 258 

asked to rate, using a Likert scale range from 1 to 10, perceived importance of various 259 

features that were incorporated in the scenario. In the echocardiology edition, participants 260 

were presented with a scenario that incorporated case information beyond the outcomes of an 261 

echocardiogram (e.g., ‘It is 4pm on Thursday 23rd December. A 75-year-old man, with a 262 

Figure 2: Exemplar of the Feature Association Task, the third EXPERTise 2.0  task. 
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history or chest pain on exertion, was requested for a stress-echo. He has a history of two 263 

LAD stent placements 2 years ago. His pathology results show negative troponin levels, and 264 

his blood pressure is 120/80. The baseline echo shows normal left ventricular systolic 265 

function. After he has been walking for 6 minutes, the patient develops chest pain and a mild 266 

ST depression on the ECG…’). Participants were offered four possible options as their first 267 

response to the situation prior to rating the importance of scenario-related features (e.g., 268 

‘Time of Day’, ‘Patient’s Symptoms’. In the case of the FDT, higher cue utilization is 269 

associated with greater variance in the ratings of the perceived importance of features (Weiss 270 

& Shanteau, 2003; Pauley et al., 2009) (see Figure 3).  271 

 272 

 273 

For the Feature Prioritisation task (FPT), participants are presented with intentionally 274 

incomplete problem-oriented scenarios such that additional information will need to be 275 

accessed from a list of information screens (features) that could be expanded through a 276 

mouse-click. Participants need to acquire as much information as they consider necessary to 277 

Figure 3: Exemplar from the Feature Discrimination Task, the fourth EXPERTise 2.0  task. 
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formulate a decision in response to the situation described. In the present study, participants 278 

were given 90 seconds to review information from a list of 14 features prior to making their 279 

response (see Figure 4). Higher cue utilization is associated with a lower ratio of pairs of 280 

information screens accessed in the sequence in which they were presented, against the total 281 

pairs of information screens accessed (Wiggins & O’Hare, 1995; Wiggins et al., 2002). 282 

 283 

 284 

 285 

 286 

 287 

 288 

 289 

 290 

Figure 4: Exemplar from the Feature Prioritisation Task, the fifth EXPERTise 2.0 task. 
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 291 

Table 1: Summary of the five EXPERTise 2.0 tasks.  292 

Task Cognitive Process 
Examined 

Task Description Measure Validity/Reliability 
 

 293 
FIT Identification of predictive 

features 
Identify, as quickly as 
possible the area of 
concern. 

Response 
latency 

Loveday, Wiggins, 
Harris, O’Hare, 
and Smith (2013) 
Wiggins, Brouwers, 
Davies, and 
Loveday (2014) 

FRT Identification of predictive 
features 

Select the category of 
abnormality, displayed 
for four seconds.  
 

Accuracy Loveday et al. (2013) 

FAT Feature-event relationships 
in memory 

Rate the strength of 
perceived associations 
between the feature-
event 
 

Variance as a 
proportion of 
response 
latency 

Morrison, Wiggins, 
Bond, and Tyler (2013) 

FDT Discrimination between 
predictive features   

Rate the relative 
importance of features 
during a task-related 
problem. 
  

Variance  Pauley, O’Hare, and 
Wiggins (2009) 

FPT Prioritization of feature-
event relationships 

Acquire task-related 
information to solve a 
problem 

Ratio of 
sequential to 
non-
sequential 
menus 
accessed 

Wiggins and O’Hare 
(1995) 
Wiggins, Stevens, 
Howard, Henley, and 
O’Hare (2002)  

     
Note: EXPERTise = EXPERT Intensive Skills Evaluation; FIT = feature identification task; 294 
FRT = feature recognition task; FAT = feature association task; FDT = feature discrimination 295 
task; FPT = feature prioritization task.    296 

 297 

The test-retest reliability of each of the tasks that comprise EXPERTise 2.0 has been 298 

demonstrated in the context of audiology (Watkinson et al., 2018), while test-test reliability 299 

of classifications based on performance aggregated across the five tasks has been 300 

demonstrated in the context of transmission power control (Loveday et al., 2013). The 301 
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construct validity of the EXPERTise 2.0 classifications has been demonstrated in 302 

transmission and distribution power control (Loveday et al., 2013; Sturman et al., 2019), 303 

software engineering (Loveday et al., 2014), and aviation (Wiggins et al., 2014), while 304 

predictive validity has been demonstrated in audiology (Watkinson et al., 2018). 305 

 306 

(3) Diagnostic performance 307 

Diagnostic performance was assessed using a detection and categorization task. The 308 

stimuli consisted of two conditions that were counterbalanced between participants: 90 static 309 

images and 90 dynamic movies, randomized within condition and each presented for 310 

1500ms, of which 50% were abnormal. There were three abnormal categories across the 90 311 

abnormal stimuli: 30 x Amyloid (infiltrative disease (15 static/15 movies)), 30 x 312 

Hypertension (hypertensive disease (15 static/15 movies)), and 30 x Hypertrophic 313 

Cardiomyopathy (genetic disease (15 static/15 movies)). All of the 180, unique, de-identified 314 

stimuli had been acquired from a single imaging plane (the left parasternal long-axis view) 315 

and were from a teaching set belonging to two of the authors (P.S and K.N). The static 316 

images were jpg files, and the movies were converted from avi to MP4 format for display 317 

(See Figure 5). The movies were selected from cases where the heart rate was 60-80 beats per 318 

minute allowing for 1-2 cardiac contractions and relaxations within the cycle.  319 

The experiment was programmed in JavaScript, using the jsPsych JavaScript library 320 

(de Leeuw, 2015). For the detection task, the participants were asked to decide whether the 321 

echocardiogram was normal or not by selecting a response on a rating scale that ranged from 322 

1-10, where 1 represented ‘Confident normal’ and 10 represented ‘Confident abnormal’. If 323 

the participants selected abnormal (6-10), they were presented with a subsequent screen and 324 

asked to categorize the abnormality and select one from one of three categories: ‘Amyloid’; 325 

‘Hypertension’; ‘Hypertrophic Cardiomyopathy’.  326 
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The frame of each unique movie was covered with a black mask to remove all the 327 

distracting information such as machine labels and characteristics. The central fixation point 328 

was a cross measuring 0.5° of visual angle which appeared against a black background (RGB 329 

triplet: 0,0,0). Stimuli were downsized to 762 pixels (width) x 531 pixels (height). The 330 

movies were looped and displayed for 1.5 seconds (see Figure 5).  331 

 332 

 333 

 334 

 335 

 336 

 337 

 338 

 339 

 340 

 341 

 342 

Figure 5: Exemplar of a left parasternal long-axis cardiac static image from the 

stimuli set. 
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Procedure  343 

The study was approved by the institutional review board at Macquarie University 344 

and informed consent was obtained for each participant. The data were collected using the 345 

Pavlovia online experiment platform. All participants worked alone. The majority completed 346 

the study online, and six completed the study using a computer provided by the research 347 

team. The participants were instructed to complete the 30-minute experiment using either 348 

Google Chrome or Firefox web browsers, on a screen that was at least 13 inches, in an 349 

environment similar to their work, and at a time when they were least likely to be disturbed. 350 

The echocardiographers completed a series of demographic questions and then each of the 351 

EXPERTise 2.0 tasks, each beginning with a practice trial. On completion of EXPERTise 352 

2.0, participants were asked to select a link which directed them to complete the diagnostic 353 

task. No feedback was provided (see Figure 6).  354 

Figure 6: Example of an experimental trial for diagnostic performance shown to the participants. 

Trials began with a fixation cross followed by either a static image or movie a response screen for 

detection. The subsequent categorization screen was displayed if the participant responded ‘Yes’ 

for abnormal (rating 6-10).  The intertrial interval was 1000ms.  
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Results 355 

Statistical analysis was performed using IBM Statistical Software for the Social 356 

Sciences (SPSS Version 25) and JASP (Version .9.2: 2019). Bayes Factors (BF) with a 357 

stretched beta prior width of 1 were reported to support null effects. A BF of < 1 indicates 358 

that the data support the null hypothesis, rather than the alternative hypothesis (Dienes, 2011; 359 

Jeffreys, 1998). 360 

Statistical Analyses 361 

For cue utilization a two group, k-means cluster analysis was performed initially. This 362 

delineation is intended to consider step changes that occur in the rate at which cue-based 363 

associations are identified and retained in memory. For diagnostic performance, the 364 

dependent variables for detection were D prime (d′): calculated as a function of abnormality 365 

present or absent. Higher d′ indicates greater sensitivity and Area Under the Curve (AUC). 366 

For categorization, the dependent variable was percentage accuracy.  367 

Preliminary data analysis 368 

(1) Covariates 369 

A series of correlations were conducted between the demographic variables and D 370 

Prime on the detection task and accuracy on the categorization task. There was a significant 371 

positive point-biserial correlation between qualification level and movie categorization 372 

accuracy, r(58)= -.27, p = .043, BF10 = 1.21. There were no other significant correlations 373 

evident that related to diagnostic performance (p > .05, BF10 < 0.4).  374 

 375 

(2) Cue utilization  376 

Cue utilization was established from the echocardiography edition of EXPERTise 2.0 377 

measures, based on the participants’ performance across five tasks that was previously 378 
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validated in Carrigan, Stoodley, Fernandez, Sunday, et al. (2020). Consistent with previous 379 

research (e.g., Brouwers et al., 2017; Sturman et al., 2019), a k-means cluster analysis 380 

delineated two groups and revealed a pattern of centroids which confirmed the behaviors 381 

associated with differences in cue utilization (Higher/Lower). Twenty-three participants 382 

record a pattern of behavior consistent with lower cue utilization while 35 participants 383 

recorded behavior that reflected higher cue utilization (see Table 2). A Pearson Chi-square 384 

test revealed that the 12 student echocardiographers were not statistically more likely to 385 

cluster into either cue utilization group, χ2(1) = 2.21, p = .14.   386 

 387 

Table 2: Centroids for the standardized scores for each of the EXPERtise 2.0 five tasks 388 

distributed across the two echocardiography groups that were delineated by a k-means cluster 389 

analysis.   390 

 Cluster 1:  

Lower Cue 

Utilization Group 

(n = 23) 

Cluster 2: 

Higher Cue 

Utilization Group 

(n = 35) 

 

 

Task 

Feature Identification 

Feature Recognition  

Feature Association 

Feature Discrimination  

Feature Prioritisation  

 

Centroid 

 .63865 

-.43661 

-.65931 

-.31416 

 .56536 

 

Centroid 

-.41969 

 .28692 

 .43326 

 .20645 

-.37152 

 

 391 

 392 

 393 
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(3) Diagnostic performance 394 

Detection 395 

We analyzed the echocardiographer ratings in two ways as described in Wu et al 396 

(2020). First, we calculated D prime (d′) as is it theoretically independent of a participant’s 397 

bias to respond ‘yes’ or ‘no’ and is normally distributed. The participants were asked to rate 398 

their confidence as to whether an image was normal or abnormal on a scale ranging from 0-5 399 

(normal) to 6-10 (abnormal) to convert scores into binary responses; ‘Confident abnormal’/ 400 

‘Confident normal’. We calculated d′ by selecting a cut-off rating, e.g., 6, and treating all 401 

ratings of that and greater as positive responses and all lower ratings as negative. Thus, if a 402 

case was abnormal and participants’ rating was 6 or greater, they were scored a hit. Whereas 403 

if the case was normal, they were scored a false alarm. If the case was normal and 404 

participants’ rating was 5 or below, they scored a true negative. Similarly, an abnormal case 405 

scored 5 or below was scored a miss.   406 

A single sample t-test on mean d′ relative to chance, where chance was 0 revealed that 407 

the echocardiographers performed significantly above chance for both the static (M = 1.96, 408 

SD = .67), t(57) = 22.41, p < .0001, and the movie stimuli, (M = 2.56, SD = .71), t(57) = 409 

27.46, p < .0001 (See Figure 7).  410 

Figure 7: Violin plots for D prime for both the Static and Movie Stimuli for fifty-

eight echocardiographers. The colored dots represent individual data (Note: Means 

and Medians are overlapping).  
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Next, by repeating this analysis at each rating, we generated the Receiver Operating 411 

Characteristic (ROC) and calculated the Area Under the Curve (AUC) using a method similar 412 

to a Multireader, Multicases (MRMC) analysis (Dorfman, Berbaum & Metz, 1992). Five 413 

participants recorded a Mean AUC of zero, so were excluded from the ROC and AUC 414 

calculations. Mean AUC for Static = .57 (SD = .26) and Mean AUC for Movie = .57 (SD = 415 

.29) (See Figure 8). 416 

 417 

Categorization  418 

 We calculated percentage accuracy for categorization on detection correct responses.  419 

A single sample t-test on mean percentage accuracy relative to chance, where chance was 420 

33.33 revealed that the echocardiographers performed significantly above chance for both the 421 

Figure 8: Receiver Operating Characteristic (ROC) for both the (1) Static and (2) Movie Stimuli for 

fifty-three echocardiographers. The solid colored line represents the average ROC curve; the light 

dotted lines represent individual participants; the black solid line represents chance.  
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static (M = 53.23, SD = 10.33), t(57) = 14.67, p < .0001, and movie stimuli, (M = 50.67, SD = 422 

11.44), t(57) = 11.54, p < .0001. For the static stimuli, participants’ accuracy was highest for 423 

the Hypertension category (M = 69.65, SD = 20.69), then the Hypertrophic Cardiomyopathy 424 

category (M = 59.38, SD = 18.50) and last, the Amyloid category (M = 33.08, SD = 16.41). 425 

For the movie stimuli, accuracy was highest for the Hypertrophic Cardiomyopathy category 426 

(M = 67.32, SD = 19.93), then the Hypertension category (M = 46.29, SD = 20.07) and last, 427 

the Amyloid category (M = 35.32, SD = 18.79) (see Figure 9).  428 

 429 

To assess the relationship between experience and performance, we calculated 430 

Pearson’s correlations between self-reported years of experience and d’ and categorization 431 

accuracy, for both static and movie stimuli. There were no statistically significant 432 

correlations evident between self-reported years of experience and d’ for the static, r(58) = -433 

.11, p = .41, BF10 = .23, or movie stimuli, r(58) = -.15, p = .28, BF10 = .29, or between self-434 

reported years of experience and categorization accuracy for the static, r(58) = .11, p = .42, 435 

BF10 = .21, or movie stimuli, r(58) = .21, p = .12, BF10 = .54 (see Figure 10).  436 

Figure 10: Scatterplots of the relationship between (1) d′ and self-reported years or experience 

reading (a) static or (b) movie stimuli, and (2) percentage accuracy and self-reported years or 

experience reading (c) static or (d) movie stimuli for fifty-eight echocardiographers.  



Expertise in echocardiography 
 

 

23 

 437 

Main Analysis 438 

We first hypothesised that the echocardiographers would be more accurate for 439 

detection (d′) on the movie stimuli (M = 2.56, SD = .71) compared with the static stimuli (M 440 

= 1.96, SD = .67). This hypothesis was confirmed using a paired samples t-test, t(57) = 5.27, 441 

p < .0001.  442 

We next hypothesized that higher cue utilization would be associated with greater 443 

accuracy for both static and movies. To test the contribution of cue utilization to performance 444 

accuracy (d′) for the static and movie stimuli for echocardiographers, a 2 x (2) mixed-445 

Figure 9: Violin plots for percentage accuracy on the categorization task per category for both the 

(1) Static and (2) Movie Stimuli for fifty-eight echocardiographers. Colored dots represent 

individual participants.  
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repeated Analysis of Variance (ANOVA) was performed with cue utilization as a between 446 

subjects variable (Higher/Lower), and the stimuli for the diagnostic task as a within-groups 447 

variable (Stimuli: Static/Movie) on d′. A Greenhouse-Geisser adjustment was applied to 448 

correct for a violation of the assumption of sphericity.  449 

The results revealed a statistically significant main effect for Stimuli, F(1,56) = 26.7, 450 

p < .0001, ηp
2 = .32. Both groups were more accurate on the movie stimuli; Movie: M = 2.56, 451 

SD = .71; Static: M = 1.96, SD = .67. There was also a statistically significant between- 452 

subjects main effect for Stimuli, F(1,56) = 4.11, p = .047, ηp
2 = .07. Echocardiographers with 453 

higher cue utilization were more accurate for the static (M = 2.09, +/- .22) and movie (M = 454 

2.7, +/- .024) stimuli compared with echocardiographers with lower cue utilization (Static: M 455 

= 1.77, +/- .27; Movies: M = 2.4, +/- .29) (See Figure 11).  456 

 457 

 458 

We hypothesized that higher cue utilization would be associated with greater accuracy 459 

on categorization for both static and movie stimuli. To test the contribution of cue utilization 460 

Figure 11: D prime on the Detection Task for fifty-eight echocardiographers for the 2 cue 

utilization groups on both the static and movie stimuli.   
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to categorization accuracy for the static and movie stimuli for echocardiographers, a 2 x (2) 461 

mixed-repeated Analysis of Covariance (ANCOVA) was performed with cue utilization as a 462 

between-subjects variable (Higher/Lower), and the stimuli for the diagnostic task as a within-463 

groups variable (Stimuli: Static/Movie), with qualification included as a covariate.  There 464 

were no main effects or interaction evident, p > .05, BF10 < .6, indicating that cue utilization 465 

does not differentiate performance on the categorization task, when controlling for 466 

qualification (see Figure 12).  467 

 468 

 469 

 470 

 471 

 472 

 473 

 474 

Figure 12: Percentage accuracy on the Categorization Task for fifty-eight echocardiographers 

for the 2 cue utilization groups on both the static and movie stimuli. Note: Chance = 33.3%.  
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Discussion 475 

The aim of this study was to extend the findings of Carrigan, Stoodley, Fernandez et 476 

al (2020) and Carrigan, Stoodley, Fernandez, Sunday et al (2020) and test the contribution of 477 

cue utilization in the domain of echocardiography to performance on a detection and 478 

categorization task presenting brief static stimuli and more dynamic stimuli (movies). 479 

Consistent with our first hypothesis, detection accuracy was greater for the dynamic stimuli 480 

compared with the static stimuli. Further, higher cue utilization was associated with greater 481 

accuracy for both the static and dynamic stimuli when presented briefly, consistent with our 482 

second hypothesis. However, cue utilization failed to differentiate performance on the 483 

categorization task. These findings suggest that the more realistic dynamic stimuli (movies) 484 

facilitated performance and that a sensitivity to cue-based associations may contribute to the 485 

ability to generalise skills across stimuli but only for detection.  486 

 As expected, the echocardiographers were more accurate on detection for the more 487 

realistic dynamic stimuli. This is consistent with previous laboratory-based research on 488 

motion perception (e.g., Jonides & Yantis, 1988; Scarince & Hout, 2018; Theeuwes et al., 489 

1999) and medical perception research (e,g., Adamo et al., 2018; Williams & Drew, 2019; 490 

Wu et al., 2020). The echocardiographers performed above chance for detection with mean 491 

sensitivity (d′) of 1.96 for the static stimuli and 2.56 for the movie stimuli. The latter is 492 

comparable with Carrigan, Stoodley, Fernandez et al. (2020) who reported a mean sensitivity 493 

of 2.54 at 10 seconds movie presentation which is similar to the length of time interrogating a 494 

dynamic image in practice. It is likely that motion acted as a guiding attribute for attention to 495 

relevant diagnostic features through visual changes and motion, thereby facilitating detection.  496 

Higher cue utilization was associated with greater accuracy for both the static and 497 

dynamic stimuli. This suggests that participants with higher cue utilization may be able to 498 

generalize and adapt their skills from what is learned about dynamic assessment to a more 499 
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degraded stimuli, thereby maintaining accuracy. Assessing an echocardiogram using static 500 

images was not realistic for our participants who, in practice as echocardiographers, would 501 

view cardiac structures and motion in real-time with no time restriction. These outcomes are 502 

consistent with Loveday et. al. (2013) who demonstrated that expert performance was 503 

associated with the ability to draw on task-relevant cues, resulting in accurate and rapid 504 

diagnoses for both static and dynamic stimuli.  505 

It has been suggested that if the experiments are too much removed from the 506 

operator’s naturalistic reality, behaviors can change. Experts, however, are less rigid, and can 507 

adapt and make adjustments to compensate for variations in the environment (Shanteau, 508 

1988). This is consistent with the proposition that experts embody a capacity to generalize 509 

their skills from practice to testing environments (e.g., Chin et al., 2018; Carrigan et al., 510 

2019; Evans et al., 2016). As our participants viewed a time-restricted task with unrealistic 511 

images, they were required to generalize their skills beyond the typical. These challenges 512 

may have exceeded the capabilities of those participants with lower cue utilization. 513 

 Our results showed that cue utilization did not contribute to categorization 514 

performance. Across both groups and for both stimuli, while performance was above chance 515 

(33.3%), accuracy was relatively low: Mean static = 53.15 (SD = 10.34); Mean movie = 516 

50.67 (SD = 11.44). This suggests that the echocardiographers found the task challenging. 517 

This is also consistent with Carrigan, Stoodley, Fernandez et al. (2020) who presented a 518 

detection and categorization task presenting static stimuli for 2 seconds with mean accuracy 519 

for categorization at only 63%. Combined, these results may reflect task demands, where 520 

retaining categorization information across both tasks was difficult. Further, the presentation 521 

time of 1500ms meant that there were only 1-2 cardiac cycles observed, whereas, in clinical 522 

practice, more time can be taken to observe images (see Carrigan, Stoodley, Fernandez and 523 

Wiggins, 2020). However, in the current study our goal was not to measure accuracy per se 524 
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but to build upon our previous findings and investigate whether cue utilization could 525 

differentiate diagnostic performance as measured by accuracy. Therefore, a shorter 526 

presentation time was selected but this failed to show the necessary variation in 527 

categorization performance.  528 

 There were no correlations evident between self-reported experience and any of the 529 

performance measures. This is consistent with previous work in the medical imaging domain 530 

(e.g., Carrigan, Magnussen, Georgiou et al. 2020; Crane et al., 2018; Sunday et al. 2018; 531 

Williams et al., 2021; Williams & Drew, 2019), where self-reported experience was unrelated 532 

to expert performance.  One of the limitations associated with our study was that the 533 

performance measure included a narrow range of cardiac pathology which may mean that 534 

some echocardiographers may have more expertise with different pathologies. However, 535 

others (e.g., Sunday et al., 2018) have included multiple indicators of experience such as 536 

degree of expertise with a particular stimulus, to increase the sensitivity of this measure and 537 

which may be beneficial for future studies in this domain.  538 

 We readily accept that the study has limitations. First, most of the data were collected 539 

in an online environment meaning that there was no control over screen size, visual angle nor 540 

distractions. However, Carrigan et al. (2021) showed that data collected online and in person 541 

were comparable, and it could be argued that an online methodology embodies greater 542 

ecological validity. Online experiments introduce a variety of noise that is not present in a 543 

laboratory setting. Therefore, it is likely that these results would be replicated and indeed, 544 

may be stronger in a controlled environment. Second, as mentioned previously, some of the 545 

echocardiographers may have been unfamiliar with the categories of abnormality selected 546 

and this may indicate an area of deficiency where targeted education could be beneficial. 547 

From Figure 9, this is especially relevant for amyloid disease. Building on the established 548 

knowledge about medical image perception and expert visual search in radiology (e.g., 549 
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Kundel et al., 1978), characterizing the visual search characteristics of echocardiographers 550 

using eye-tracking methodologies, viewing normal and abnormal movies, would provide a 551 

great deal of information about the regions to which experts pay most attention during 552 

diagnoses. This information would be especially beneficial for training purposes.  553 

  This work contributes to the knowledge about individual differences in domain-554 

specific visual expertise and the sensitivity of echocardiographers viewing briefly presented 555 

stimuli. It has provided important information about how professionals who learn and apply 556 

cue-based strategies can generalise their skills to more challenging tasks. Echocardiography 557 

training needs to be structed to offer learners the opportunity to develop feature-event 558 

associations in the form of cues in memory.  559 
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