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novices used more time 290.82s vs 197.41s and path length 9392.07mm vs 4052.73mm 

while having less POIs scanned 48.13% vs 95.00% when compared to the intermediate 

group. All values were significantly different, with novices underperforming compared with 

the intermediates. (Table 1) 

Novice group compared to the novices returned 

In the RUQ the novice group used a median of 80.65s vs 121.59s and 1586.10mm vs 

1739.42mm compared to the novice returned group to complete the segment. None of these 

values was statistically different. However novices had a median of 50.00% of POIs scanned 

whereas the novice returned group had 100.00% of POIs scanned which was statistically 

significant. In the LUQ novices used 60.59s vs 41.19s, travelled a median of 2719.55mm vs 

820.19mm and had a median of 40.00% vs 100.00% of POIs scanned when compared to the 

novice returned group. All differences in the LUQ were statistically significant. Novices used 

a median of 52.66s vs 47.56s and travelled 1362.56mm vs 552.70mm to complete the 

pericardium compared to the novice group returned. Neither time nor path length was 

significantly different. However the novice group had a median of 37.50% of POIs scanned 

vs 100.00% of the POIs scanned for the novice group returned in the pericardium, and this 

was statistically different. In the pelvis all differences were statistically significant. Novices 

used a median of 60.42s vs 32.54s, and travelled a median of 1498.42mm vs 500.61mm when 

compared to the novice group returned. Both the novices and the novice group returned 

scanned a median of 100% of the POIs, however the novice group underperformed the 

novice group returned. For the overall exam, the novices used more median time 290.82s vs 

271.79s, a longer median path length 9392.07mm vs 4985.05mm while having a lower 

median proportion of POIs scanned 48.13% vs 100.00% when compared to the novice group 

returned. All comparisons between the novice and novice returned groups for the overall 

exam were statistically significant. (Table 2)  

Intermediate group compared to novice returned 

Finally, the intermediate and novice returned groups were not significantly different at the 

p<0.05 level in the majority of metrics in all regions. Both exceptions occurred in the RUQ 

where intermediate users utilized a median of 55.39s vs 121.59s of time and a lower median 





For the all but one group in one segment no significant correlation was found between time 

and POIs scanned.  The single exception occurred in the pelvis for the intermediate group 

where the correlation between time vs POIs scanned was statistically significant with a value 

of -0.59. In the pelvis the novice group had a correlation of 0.53, while no correlation could 

be derived for the novice returned group as all participants had 100% POIs scanned.  

Otherwise the RUQ correlation values of time vs POIs scanned were 0.09, -0.03 and 0.38 for 

the novice, intermediate and novice returned groups. In the LUQ the novice and intermediate 

groups had correlations of -0.07 and 0.21 while no correlation could be generated within the 

novice returned group because all participants had 100% of POIs scanned.  For the 

pericardium novice, intermediate and novice returned groups had correlations of -0.01, 0.32 

and 0.41. For the entire exam no statistically significant correlation was found between time 

and POIs scanned. The novice, intermediate and novice returned groups had rho values of -

0.02, 0.22 and 0.38.  

 

No significant correlation was found between path length and POIs scanned within any 

group in any region. In the RUQ the novice, intermediate and novice returned rho values 

were -0.26, -0.10 and 0.65. The LUQ novice, intermediate and novice returned values were -

0.01, -0.22 and undefined as all novice returned participants had 100% of POIs scanned. In 

the pericardium the correlations between path length and POIs scanned for the novice, 

intermediate and novice returned groups were 0.20, 0.24 and 0.00. And in the pelvis values 

for the novice and intermediate groups were 0.30 and -0.29. No correlation could be 

generated between path length and POIs scanned for the novice returned group as all 

participants had 100% of POIs scanned. For the comprehensive exam no statistically 

significant correlation was found between path length and POIs scanned. The values for the 

novice, intermediate and novice returned groups were -0.27, 0.36 and 0.35.  (Table 4) 

Discussion 

Key Results 







for. We attempted to limit this variability by using the same live human model for each 

session. 

This study is also limited by the small number of resident participants. In particular, six 

members of the novice group were unable to participate in the follow-up assessment. Due to 

data loss, we were unable to compare individuals within the novice group to themselves in 

the novice returned group, and were forced to use an unpaired statistical analysis. We 

observe that unpaired analysis is generally less powerful than paired analysis; however, any 

significant difference found would likely also be found using paired analysis (15). 

Variable levels of experience were present within the intermediate cohort from operators 

who had just attained certification, to PoCUS users who had performed hundreds of exams. 

Sensitivity analyses to examine whether those intermediate participants with the most 

experience had superior performance on the outcome variables of interest was not 

undertaken due to statistical power concerns.  This heterogeneous group does, however, 

reflect real world practice. Due to limited study resources, we were also unable to 

simultaneously assess participants with more traditional observation-based assessments.  

Conclusion 

This pilot study demonstrated that the difference in probe motion metrics between novice 

and proficient PoCUS users were significant and important. After training, the novice group 

returned and was indistinguishable from the intermediate group in the majority of variables 

studied. Furthermore, POIs scanned is a novel objective metric assessing the quality of a 

PoCUS study that does not correlate with path length, or time. Some surgical literature 

suggests that time can be used as a surrogate marker for expertise however this may not be 

the case in PoCUS. Larger studies across multiple applications will be needed to compare the 

POIs scanned measurement to more traditional human calculated assessments to ultimately 

determine its place in PoCUS training and assessment. We believe the POIs scanned metric 

shows promise for development into an automated objective measure of PoCUS competency 

and may be readily incorporated into a CBME platform. 
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Figure 1- Experimental Setup 

 



Table 1- Novice vs Intermediate comparison of time elapsed, path length and points of interest intersected 

 

Novice Intermediate 

 Median 
Interquartile 

Range  
Median 

 

Interquartile 
Range 

p Value 

Right Upper Quadrant 

Elapsed Time 
(S) 

80.65 63.27-150.61 
Elapsed Time 

(S) 
55.39 41.90- 60.42 <0.01* 

Path Length 
(mm) 

1586.10 
1333.99-
2464.20 

Path Length 
(mm) 

707.64 
553.40-
1090.91 

<0.01* 

POI s Scanned 
(%) 

50.00 37.50-77.08 
POI Scanned 

(%) 
100.00 91.67-100.00 <0.01* 

Left Upper Quadrant 



Elapsed Time 
(S) 

60.59 50.00-84.96 
Elapsed Time 

(S) 
74.83 46.46-87.10 0.65 

Path Length 
(mm) 

 
2719.55 

1305.48-
3357.75 

Path Length 
(mm) 

1385.97 
955.25-
2360.07 

0.20 

POIs Scanned 
(%) 

40.00 10.00-70.00 POIs Scanned 
(%) 

100.00 
 100.00-100.00 <0.01* 

Pericardium 

Elapsed Time 
(S) 

52.66 42.72-68.70 
Elapsed Time 

(S) 
35.37 27.28-44.51 0.02* 

Path Length 
(mm) 

1362.56 
662.91- 
2192.03 

Path Length 
(mm) 

563.75 451.63-826.40 0.03* 

POIs Scanned 
(%) 

37.50 16.67-100.00 
POIs Scanned 

(%) 
100.00 80.00-100.00 0.40 

Pelvis 



Elapsed Time 
(S) 

60.42 35.42-79.78 
Elapsed Time 

(S) 
26.26 16.99-28.41 <0.01* 

Path Length 
(mm) 

1498.42 
609.84-
2892.25 

Path Length 
(mm) 

678.45 439.43-835.39 0.04* 

POIs Scanned 
(%) 

100.00 25.00-100.00 
POIs Scanned 

(%) 
100.00 100.00-100.00 0.01* 

Overall 

Elapsed Time 
(S) 

 
290.82 210.28-391.90 

Elapsed Time 
(S) 

197.41 150.43-231.07 0.01* 

Path Length 
(mm) 

 
9392.07 

5664.28-
10911.63 

Path Length 
(mm) 

4052.73 
3155.15-
4712.87 

0.01* 

POIs Scanned 
(%) 

 
48.13 29.79-79.48 

POIs Scanned 
(%) 

95.00 80.36-95.83 <0.01* 

Significant results at the p<0.05 level are noted with a * 

 



Table 2 Novice vs Novice Returned comparison of time elapsed, path length and points of interest scanned.  

Novice Novice Returned 

 
Median 

 
Interquartile 

Range  
Median 

Interquartile 
Range 

p Value 

Right Upper Quadrant 

Elapsed Time 
(S) 80.65 63.27-150.61 

Elapsed Time 
(S) 

121.59 75.57-144.19 0.55 

Path Length 
(mm) 

1586.10 
1333.99-
2464.20 

Path Length 
(mm) 

1739.42 
1345.46-
2611.10 

0.97 

POIs Scanned 
(%) 50.00 37.50-77.08 

POIs Scanned 
(%) 

100.00 
100.00-
100.00 

<0.01* 

Left Upper Quadrant 

Elapsed Time 
(S) 60.59 50.00-84.96 

Elapsed Time 
(S) 

41.19 37.62-55.34 <0.05* 

Path 
Length(mm) 

2719.55 
1305.48-
3357.75 

Path Length 
(mm) 

820.19 
758.60-
1029.70 

<0.01* 

POIs 
Scanned(%) 40.00 10.00-70.00 

POIs Scanned 
(%) 

100.00 
100.00-
100.00 

<0.01* 

Pericardium 

Elapsed Time 
(S) 52.66 42.72-68.70 

Elapsed Time 
(S) 

47.56 31.98-67.25 0.30 



Path Length 
(mm) 

1362.56 
662.91- 
2192.03 

Path Length 
(mm) 

552.70 
472.36-
921.58 

0.14 

POIs Scanned 
(%) 37.50 16.67-100.00 

POIs Scanned 
(%) 

100.00 
100.00-
100.00 

<0.01* 

Pelvis 

Elapsed Time 
(S) 60.42 35.42-79.78 

Elapsed Time 
(S) 

32.54 28.73-41.73 0.03* 

Path 
Length(mm) 1498.42 

609.84-
2892.25 

Path Length 
(mm) 

500.61 
462.64-
788.41 

<0.01* 

POIs Scanned 
(%) 

100.00 25.00-100.00 
POIs Scanned 

(%) 
100.00 

100.00-
100.00 

<0.01* 

Overall 

Elapsed Time 
(S) 

290.82 
210.28-
391.90 

Elapsed Time 
(S) 

271.79 
174.96-
319.33 

0.03* 

Path Length 
(mm) 

9392.07 
5664.28-
10911.63 

Path Length 
(mm) 

4985.05 
3402.54-
6071.72 

<0.01* 

POIs Scanned 
(%) 

48.13 29.79-79.48 
POIs Scanned 

(%) 
100.00 96.88-100.00 <0.01* 

Results significant at the p<0.05 level are noted with a* 



Table 3 Intermediate vs Novice Returned comparison of time elapsed, path length and points of interest scanned.  

Intermediate Novice Returned 

 
Median 

 
Interquartile 

Range  
Median 

 
Interquartile 

Range p Value 

Right Upper Quadrant 

Elapsed Time 
(S) 55.39 41.90- 60.42 Elapsed Time 

(S) 121.59 75.57-144.19 <0.01* 

Path Length 
(mm) 707.64 553.40-

1090.91 
Path Length 

(mm)  
1739.42 1345.46-

2611.10 0.02* 

POIs Scanned 
(%) 100.00 91.67-100.00 POIs Scanned 

(%)  
100.00 100.00-100.00 0.41 

Left Upper Quadrant 

Elapsed Time 
(S) 74.83 46.46-87.10 Elapsed Time 

(S) 41.19 37.62-55.34 0.06 



Path 
Length(mm) 1385.97 955.25-

2360.07 
Path Length 

(mm)  
820.19 758.60-

1029.70 0.11 

POI Scanned 
(%) 100.00 100.00-100.00 POI Scanned 

(%)  
100.00 100.00-100.00 0.18 

Pericardium 

Elapsed Time 
(S) 35.37 27.28-44.51 Elapsed Time 

(S) 47.56 31.98-67.25 0.44 

Path Length 
(mm) 563.75 451.63-826.40 Path Length 

(mm)  
552.70 472.36-921.58 1.00 

POIs Scanned 
(%) 100.00 80.00-100.00 POIs Scanned 

(%)  
100.00 100.00-100.00 0.05 

Pelvis 

Elapsed Time 
(S) 26.26 16.99-28.41 Elapsed Time 

(S) 32.54 28.73-41.73 0.12 

Path Length 
(mm) 678.45 439.43-835.39 Path Length 

(mm)  
500.61 462.64-788.41 0.47 



POIs Scanned 
(%) 100.00 100.00-100.00 POIs Scanned 

(%)  
100.00 100.00-100.00 0.29 

Overall 

Elapsed Time 
(S) 197.41 150.43-231.07 Elapsed Time 

(S) 271.79 174.96-319.33 0.24 

Path Length 
(mm) 4052.73 3155.15-

4712.87 
Path Length 

(mm) 4985.05 3402.54-
6071.72 0.88 

POIs Scanned 
(%) 95.00 80.36-95.83 POIs Scanned 

(%) 100.00 96.88-100.00 0.09 

Results significant a the p<0.05 level are noted with a * 





Time vs 
path 

length 
0.53 0.03* 

Time vs 
path 

length 
0.87 <0.01* 

Time vs 
path 

length 
0.58 0.05 

Time vs 
POIs 

Scanned 
-0.07 0.40 

Time vs 
POIs 

Scanned 
0.21 0.77 

Time vs 
POIs 

Scanned 
Undefined Undefined 

Path length 
vs POIs 
Scanned 

-0.01 0.49 
Path length 

vs POIs 
Scanned 

-0.22 0.22 
Path length 

vs POIs 
Scanned 

Undefined Undefined 

Pericardium 

Time vs 
path 

length 
0.50 0.03* 

Time vs 
path 

length 
0.51 0.03* 

Time vs 
path 

length 
0.78 <0.01* 

Time vs 
POIs 

Scanned 
-0.01 0.48 

Time vs 
POIs 

Scanned 
0.32 0.88 

Time vs 
POIs 

Scanned 
0.41 0.89 

Path length 
vs POIs 
Scanned 

0.20 0.75 
Path length 

vs POIs 
Scanned 

0.24 0.81 
Path length 

vs POIs 
Scanned 

0.00 0.56 



Pelvis 

Time vs 
path 

length 
0.85 <0.01* 

Time vs 
path 

length 
0.70 <0.01* 

Time vs 
path 

length 
0.83 <0.01* 

Time vs 
POIs 

Scanned 
0.53 0.97 

Time vs 
POIs 

Scanned 
-0.59 0.01* 

Time vs 
POIs 

Scanned 
Undefined Undefined 

Path length 
vs POIs 
Scanned 

0.30 0.85 
Path length 

vs POIs 
Scanned 

-0.29 0.15 
Path length 

vs POIs 
Scanned 

Undefined Undefined 

Overall 

Time vs 
path 

length 
0.67 <0.01* 

Time vs 
path 

length 
0.65 <0.01* 

Time vs 
path 

length 
0.90 <0.01* 

Time vs 
POIs 

Scanned 
-0.02 0.47 

Time vs 
POIs 

Scanned 
0.22 0.79 

Time vs 
POIs 

Scanned 
0.38 0.85 



Path length 
vs POIs 
Scanned 

-0.27 0.17 
Path length 

vs POIs 
Scanned 

0.36 0.91 
Path length 

vs POIs 
Scanned 

0.35 0.83 

Results significant at the p<0.05 level are noted with a * 

 

 


