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Supplementary Table 1: Learning objectives of abdominal sonography modules 

Module Learning objectives  

0  

Basics 

Device operation, transducer position, patient management/positioning, 

documentation on two planes, basic ultrasound physics, artifacts, screen orientation, 

transducer types, ultrasound terminology, essential keyboard functions, and 

ultrasound limitations 

 Normal findings (image acquisition and 

identification in the sagittal and 

transverse plane) 

Pathologies 

1 + 2a 

Vessels 

Abdominal aorta, celiac trunk, superior 

mesenteric artery, renal arteries, left and 

right common iliac arteries, inferior vena 

cava, hepatic veins, splenic vein, portal 

vein, and renal veins 

Aortic plaque, aortic aneurysm, aortic 

dissection, vena cava inferior 

congestion, benign and malignant 

lymph nodes 

2b 

Pancreas 

Pancreatic head and body, pancreatic 

duct, uncinate process, pancreatic tail 

Acute and chronic pancreatitis, 

concretion in the pancreatic duct, 

pancreatic lipomatosis, pancreatic 

carcinoma, congested pancreatic duct 

3 

Portal area 

of liver, 

biliary tract, 

gallbladder 

Hepatocholedochal duct, proper hepatic 

artery, portal vein, intrahepatic bile ducts, 

gallbladder pre- and postprandial 

Portal vein dilatation, portal vein 

thrombosis, cholestasis, tumor in the 

biliary duct, biliary calculus, gallstone, 

cholecystitis, sludge and hydrops, 

cholesterol polyp 

4 

Liver 

Hepatic vein star, portal vein plane, 

intrahepatic bile ducts, liver segments 

Diffuse liver lesions (hepatic cirrhosis, 

hepatic steatosis), benign and 

malignant focal lesions, and 

intrahepatic cholestasis 

5a 

Kidneys 

Longitudinal and transverse organ axis, 

kidney width and length, 

pyelon/parenchyma ratio, psoas muscle 

as lead structure “glide sign”, hepatorenal 

Morrison’s pouch, splenorenal recess 

Form variants, angiomyolipoma, 

chronic renal failure, renal carcinoma, 

nephrolithiasis, urinary stasis, 

pyelonephritis, and polycystic kidney 

5b 

Spleen 

Longitudinal and transverse organ axis 

with measurements, splenic vein, 

pancreatic tail, volume determination 

Splenomegaly with collateral, 

accessory spleen, splenic infarction, 

splenic calcification, splenic cysts, 

splenic rupture, and malignant focal 

lesions 

6 

Pelvic 

organs 

Urinary bladder including volume 

determination, urinary bladder jet with 

color Doppler, prostate including 

measurement, seminal vesicles, uterus 

including measurement, ovaries, rectum, 

rectovesical pouch, Douglas pouch, 

common iliac arteries and veins 

Urinary bladder sludge and coagulum, 

urinary retention, residual urine, chronic 

cystitis, urinary bladder carcinoma, 

ascites/free fluid in Douglas pouch, 

prostate hyperplasia, ovarian cyst, 

uterine myoma, and intrauterine device 
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Supplementary Table 2: Comparison of various content, didactic, and design aspects of 

teaching media lecture notes versus the e-learning module 

Lecture Notes E-Learning 

Volume 

320 pages 1084 slides 

Text format 

Continuous text Continuous text and bullet points 

Availability and requirements 

Hardcopy Internet connection 

Layout and contents 

Preface Welcoming page 

Table of contents 

- Divided into modules 

- Page numbering for subjects 

Overview page 

- Divided into tracts and systems 

- Navigational menu to subjects 

Navigated by turning pages Navigated by clicking through study 

cards or the navigational menu 

Order of subjects 

1. Basic knowledge and clinical 

relevance/questions 

2. Anatomical basics 

3. Sonography instructions 

4. Standard cross-sections and 

measurements 

5. Checklist: Theory 

6. Pathologies (facts, 

sonomorphology) 

7. Checklist: Practical tasks 

1. Learning objectives 

2. Anatomical basics 

3. Workflow/questions 

4. Sonography instructions 

5. Standard cross-sections and 

measurements 

6. Checklist theory + practical tasks 

pathologies (facts, 

sonomorphology) 

Design 

Recurring categorized colors, e.g., summaries, checklists 

Colorful Subtle coloring 

The number, format, and size of 

figures/ images varies per page 

Usually 2-4 figures, or images, or 

videos per study card 

Images 

Varying formats Resizing and zoom via click functions 

Images are often labelled, and 

structures are highlighted  

Images labelled and structures 

highlighted via the click function  

Videos 

None Examination procedures, normal 

findings, and pathologic findings 
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Supplementary Table 3: Results of Evaluationpre (T1) and Evaluationinter (T2) regarding the 
use of learning materials in general, satisfaction with digital teaching, and use of ultrasound 
learning media 

Use of learning materials (T1) 

Item 
Control group Study group 

p-value 
n n % 

Use of digital media for medical degree    0.51 

No 0 2 1  

Yes 100  134 99 

Duration <10h/Week 18 25 18 

Duration =10-20h/Week 64 59 43 

Duration ≥ 20h/Week 18 52 38 

Use of digital media in private    0.14 

No 0 4 3  

Yes 100 132 97  

Duration <10h/Week 19 26 19 

Duration 10-20h/Week 44 66 49 

Duration ≥20h/Week 37 40 29 

Use of digital media for sonography    0.08 

No 98 126 93  

Yes 2 10 7  

Duration ≤10h 2 9 7 

Duration 10-20h 0 0 0 

Duration >20h 0 1 1 

Use of books for sonography    0.74 

No 95 130 96  

Yes 5 6  4 

Duration <10h 4 6 4 

Duration 10-20h 1 0 0 

Duration >20h 0 0 0 

Use of sonography learning materials (T2) 

Use of learning media for preparation    <0,01 

No 0 0 0  

Yes 100 136 100 

Duration <10h 63 57 42 

Duration 10-20h 34 59 43 

Duration >20h 3 20 15 

Use of module: Basic knowledge    0.99 

No 100 131   

yes 0 5  

 Mean ±SD Mean ±SD  

Use of chapter: Normal findings (max. 9)  9 ±0 8.79 ±1.37 0.31 

Use of chapter: Pathologic findings (max. 9) 9 ±0 8.62 ±1.84 0.44 

Satisfaction with digital courses (T2) 

Likert answering format. Range from 1= completely/very good to 7= not at all/very bad 

Before Covid-19 pandemic  4.86 ±1.67 4.51 ±1.85 0.15 

During Covid-19 pandemic 3.54 ±1.31 2.89 ±1.10 <0.01 

Desire for future expansion of courses 1.77 ±1.28 2.08 ±1.32 0.02 
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Supplementary Table 4: Evaluation results for motivation at different time points (T1-T3). 
Likert answering format with a range from 1= completely/very good to 7= not at all/very bad. 

Item Control group Study group p-value 

Evaluationpre (T1) 

 Mean ±SD Mean ±SD  

Influence of the format, appearance, and 

design of a teaching medium on motivation 

for participation in a university course 

1.98 ± 0.97 1.93 ± 1.04 0.53 

Motivation for participation in sonography 

course before course 

1.60 ± 0.68 1.55 ± 0.72 0.42 

 n n %  

Motivation for attending a university course    0.43 

Good book 7 8 6  

Good E-learning 13 19 14 

Both 80 105 77 

None 0 4 3 

Evaluationinter (T2) 

 Mean ±SD Mean ±SD  

Motivation for course participation due to 

learning medium 

2.57 ± 1.32 2.68 ± 1.43 0.89 

Higher motivation for course participation 

due to the use of a different learning medium 

3.91 ± 2.37 5.07 ± 2.14 <0.01 

Higher motivation to participate in the course 

due to a combination of several learning 

media 

3.08 ± 2.11 4.07 ± 2.19 <0.01 

Evaluationpost (T3) 

Motivation for further study of sonography 

after course participation 

1.71 ±0.83 1.43 ± 0.79 <0.01 

Use of learning medium for follow-up of the 

course 

2.61 ±1.69 1.96 ± 1.25 <0.01 

Higher motivation to follow up on the course 

due to the use of a different teaching medium 

3.58 ±2.49 4.73 ± 2.38 < 0.01 

Higher motivation for course follow-up in 

combination with other teaching media 

3.01 ±2.19 3.53 ± 2.22 0.06 
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Supplementary Table 5: Evaluation results for training concept and course preparation at 
time point T3 (evaluationpost). Likert answering format with a range from 1= completely/very 
good to 7= not at all/very bad. 

Evaluationpost 

Item Control group Study group p-value 

Mean ±SD Mean ±SD 

Course concept    

Expectations met by the course 2.53 ±1.19 1.89 ±0.77 <0.01 

Clarity and structure of course concept 2.82 ±1.55 1.98 ±0.93 <0.01 

Clarity/representation of learning objectives 2.17 ±1.19 1.73 ±0.82 <0.01 

Achievement of learning objectives 2.56 ±1.23 2.06 ±0.97 <0.01 

Illustration of learning content with 

examples 

2.25 ±1.29 1.68 ±087 <0.01 

Satisfaction with the teaching materials 2.66 ±1.41 2.03 ±1.01 <0.01 

Satisfaction with course organization 3.28 ±1.67 2.15 ±1.20 <0.01 

Satisfaction with the length of the course 3.95 ±1.89 3.16 ±1.50 <0.01 

Tutors' technical skills  1.06 ±0.24 1.12 ±0.32 0.15 

Tutors' teaching skills 1.17 ±0.46 1.12 ±0.33 0.68 

Course preparation/theory lectures    

Appropriateness of the additional 

preparation time during the course 

3.88 ±1.9 2.61 ±1.36 <0.01 

Extensive use of preparation time 3.54 ±1.74 3.16 ±1.45 0.09 

Optimal use of the practical phase due to 

the preparation phase 

3.27 ±1.66 2.44 ±1.22 <0.01 

Appropriateness of the content of the work 

assignments 

2.91 ±1.59 2.40 ±1.20 0.03 

Comprehensibility of work assignments 1.71 ±0.90 1.67 ±0.90 0.70 

 n n %  

Desire for accompanying lectures on     

Sonography technique    <0.01 

Yes 36 15 11  

No 64 121 89 

Execution of an ultrasound examination    <0.01 

Yes 60 50 37  

No 40 86 63 

Normal findings    <0.01 

Yes 60 39 29  

No 40 97 71 

Pathologies    <0.01 

Yes 66 27 20  

No 34 109 80 
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Supplementary Table 6: Comparison of the evaluations of the learning materials at times T2 
(Evaluationinter) and T3 (Evaluationpost). Likert answering format with a range from 1= 
completely/very good to 7= not at all/very bad. 
  

Control group lecture notes 

 Evaluationinter Evaluationpost  

 Mean±SD Mean±SD p-value 

Design and structure 2.34 ±1.19 2.13 ±1.21 0.066 

Duration 2.13 ±1.22 2.11 ±1.25 0.269 

Comprehensibility of content 2.23 ±1.17 1.83 ±0.85 0.012 

Font size 1.54 ±0.93 1.53 ±0.96 0.714 

Size of images 1.87 ±1.13 1.85 ±1.09 0.944 

Number of images 1.93 ±1.21 1.94 ±1.28 0.784 

Proportion of text to images 2.04 ±1.19 2.02 ±1.20 0.810 

Design/coloring 1.98 ±1.26 1.87 ±1.36 0.170 

Total score 2.00 ±0.79 1.91 ±0.91 0.099 

Total mark 1.89 ±0.65 1.91 ±0.71 0.812 

Study group E-learning 

Technology 1.54 ±0.69 1.45 ±0.56 0.298 

Navigational menu 1.92 ±1.10 1.81 ±1.03 0.309 

Learning videos 1.67 ±0.70 1.57 ±0.60 0.262 

Study cards 1.80 ±0.75 1.62 ±0.61 0.060 

Design 1.93 ±1.09 1.67 ±1.04 0.016 

Cognitive ergonomics 1.67 ±0.93 1.55 ±0.92 0.134 

Interactivity 2.04 ±1.21 1.85 ±1.04 0.236 

Total score 1.80 ±0.67 1.65 ±0.58 0.022 

Total mark 1.87 ±0.82 1.70 ±0.70 0.060 
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Supplementary Table 7: Subjective assessment of competencies by the participants at T1 
(evaluationpre), T2 (evaluationinter), and T3 (evaluationpost). Likert answering format with a range 
from 1= completely/very good to 7= not at all/very bad. 
 

Item Evaluationpre Evaluationinter Evaluationpost 

Contro

l group 

Study 

group 

P -

value 

Contro

l group 

Study 

group 

P -

value 

Contro

l group 

Study 

group 

P -

value 

Mean 

±SD 

Mean 

±SD 

Mean 

±SD 

Mean 

±SD 

Mean 

±SD 

Mean 

±SD 

Total Score 

Subjective 

competency 

5.44 

±0.98 

5.51 

±1.15 

0.37 4.49 

±1.2 

4.39±1.

33 

0.77 2.37 ± 

0.71 

2.42± 

0.78 

0.60 

Item Initial value 

Delta 

Evaluationpre -> 

Evaluationinter 

Evaluationinter -> 

Evaluationpost 

Total score 5.44 

±0.98 

5.51 

±1.15 

0.37 0.95 

±1.27 

1.09 ± 

1.46 

0.41 2.12±1.

27 

1.97±

1.38 

0.30 

Theoretical 

knowledge 

4.69 

±1.45 

4.74 

±1.65 

0.69 0.74 

±1.51 

0.96 

±1.95 

0.45 1.37 

±1.39 

1.07 

±1.36 

0.22 

Equipment 

use 

6.19 

±1.13 

6.14 

±1.16 

0.56 1.07 

±1.78 

1.07 

±1.74 

0.80 2.85 

±1.69 

2.59 

±1.63 

0.29 

Transducer 

handling 

5.67 

±1.48 

5.93 

±1.43 

0.10 1.10 

±1.97 

1.11 

±1.96 

0.77 2.51 

±1.83 

2.61 

±1.66 

0.57 

Spatial 

orientation 

4.65 

±1.35 

4.86 

±1.52 

0.20 0.72 

±1.42 

0.84 

±1.73 

0.49 1.46 

±1.53 

1.54 

±1.67 

0.73  

Sonoanatomic

al assignment 

5.31 

±1.23 

5.35 

±1.37 

0.63 0.95 

±1.57 

1.28 

±1.87 

0.09 1.95 

±1.57 

1.65 

±1.77 

0.13 

Organ 

visualization 

5.46 

±1.31 

5.64 

±1.43 

0.17 1.03 

±1.65 

1.21 

±1.74 

0.30 2.03 

±1.69 

2.13 

±1.75 

0.89 

Organ 

assessment 

5.98 

±1.19 

5.93 

±1.43 

0.89 1.08 

±1.64 

1.22 

±1.72 

0.38 2.26 

±1.61 

2.21 

±1.77 

0.82 

Patient 

guidance 

5.57 

±1.47 

5.42 

±1.68 

0,71 0.91 

±1.71 

1.16 

±1.99 

0.27 2.57 

±1.69 

1.97 

±1.83 

0.01 
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Supplementary Table 8: Results of the theoretical tests at time points T1-T3 in terms of the 
overall score and per specific competency (basic knowledge, standard cross-sections, 
orientation structures and pathologies) of the study group and control group. 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Competency 

Theorypre Theoryinter Theorypost 

Contro
l group 

Study 
group 

 
Contro
l group 

Study 
group 

 
Contro
l group 

Study 
group 

 

Score (max. 
points) 

Mean 
±SD 

Mean 
±SD 

p-
value 

Mean 
±SD 

Mean 
±SD 

p-
value 

Mean 
±SD 

Mean 
±SD 

p-
value 

Total (199) 17.3 
±14.80 

17.5 
±14.8 

0.88 79.0 
±37.0 

91.0 
±30.3 

0.013 128.0 
±24.6 

133.0 
±24.4 

0.10 

Basic 
knowledge (33) 

7.0 
±5.23 

6.1 
±4.6 

0.2 19.2 
±5.83 

20.9 
±5.11 

0.08 24.5 
±4.29 

27.4 
±3.77 

<0.01 

Standard 
cross-sections 
(151) 

16.7 
±14.1 

16.6 
±13.7 

0.96 72.1 
±32.2 

83.4 
±26.2 

<0.01 111.0 
±17.2 

115.0 
±18.9 

0.02 

Orientation 
structures  
(65)  

6.18 
±7.36 

7.73 
±6.86 

0.13 30.6 
±15.6 

36.3 
±12.3 

<0.01 51.2 
±7.97 

52.4 
±8.51 

0.13 

Pathology 
recognition  
(48) 

0.56 
±1.11 

0.90 
±1.84 

0.37 6.89 
±6.37 

7.65 
±6.24 

0.24 17.4 
±9.07 

17.9 
±7.58 

0.85 
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Supplementary Table 9: Comparison of change in competencies between the theoretical 
tests at the time points T1, T2, and T3 in overall score and specific competencies (basic 
knowledge, standard cross-sections, orientation structures, and pathologies) of the study 
group and control group. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Theory test 

Competency 

Delta T1-T2 
control group 

Delta T2-T2 
study group 

 
Delta T2-T3 

control group 
Delta T2-T3 
study group 

 

Mean±SD Mean ±SD p-value Mean ±SD Mean ±SD p-value 

Total score  61.7 ±31.0 73.5 ±27.4 0.005 49.0 ±21.0 42.0 ±17.5 0.019 

Basic 
knowledge  

12. 2 ±5.8 14.8 ±6.0 0.002 5.3 ±5.3  6.5 ±4.0 0.025 

Standard 
cross-
sections 

55.3 ± 26.8 66.8 ±24.4 0.002 
 

38.6 ±21.0 31.8 ±6.2 0.017 

Orientation 
structures  

23.8± 13.2 28.6 ±11.7 0.006 
 

20.5 ±11.2 16.1 ±8.7 0.003 

Pathology 
recognition 

6.3 ±6.1 6.8 ±5.8 0.365 10.5 ±5.9 10.2 ±5.3 0.518 
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Supplementary Table 10: Influence of preparation time on examination performance at time 

T2. *Significance calculations should be viewed with caution due to the small group size. 

Preparation time Control group  Study group  p-value 

Duration 1h =<10h (n) 63 57  

Theoryinter Mean ±SD 49.0 ±27.9 60.8 ±24.9 0.02 

Practiceinter
 Mean±SD 39.4 ±17.4 47.2 ±10.9 <0.01 

Duration 10h - 20h (n) 34 59  

Theoryinter Mean ±SD 82.9 ± 23.8 81.5 ±26.4 0.81 

Practiceinter
 Mean ±SD 43.6 ±15.3 55.8 ±14.7 <0.01 

Duration > 20h (n) 8* 20*  

Theoryinter Mean ±SD 87.0 ±22.0 86.0 ±23.1 1.0 

Practiceinter
 Mean ±SD 36.0 ±11.5 58.4 ±13.6 0.02 
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