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ABSTRACT

BACKGROUND: Medical education integrates skills training and simulation to prepare students for clinical tasks. A seminar on interventional
radiology was restructured to include specific practical training utilizing a 3D-catheter model. We aimed to investigate the complex interplay
between student evaluations, their visual-spatial ability and practical performance.

METHODS: The seminar comprised a short plenary introduction followed by 3 practical training units. Students were tested for their visual-spatial
ability and their catheter insertion performance. Students rated the seminar and their interest in the subject. Data were subjected to descriptive,
factorial, regression, and moderating analysis.

RESULTS: A total of 141 medical students enrolled in the seminar. They attributed a high didactic and practical quality and expressed great interest in the
subject. Male students outperformed females in the cube perspective test. In the practical examination, males needed significantly less time on average
(57.9 s) compared to females (73.1 s). However, there were no significant differences in the performance score, with a maximum of 5 attainable points:
males 4.61 and females 4.51. The seminar evaluation explained a large portion of the variance (48.6%) in students’ interest in the subject. There was
a moderating role of practical quality (β=0.12, P<.05) on the link between the cube perspective test and the practical examination: rated high practical
quality could partly compensate for low cube perspective scores, enhancing performance in the practical examination.

CONCLUSIONS:Well-designed practical courses and a perceived high teaching quality may assist students with deficits in visual-spatial ability to acquire
clinical-practical skills. Such initiatives not only enhance learning outcomes across diverse student groups but also stimulate interest in specialized fields
like interventional radiology, thereby potentially guiding future career paths in medicine.

KEYWORDS: psychometric evaluation, interventional radiology, medical education, visual-spatial ability, simulation in education, moderating
analysis
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Introduction
Over the past decades, there has been an ever-increasing effort to

include simulation and hands-on practical training in healthcare

education.1 Clinically oriented skills training supervised by experi-

enced instructors aims to prepare students and future doctors to

develop proficiency in patient care. Practical training enhances lear-

ners’ desires for competence, relatedness, and autonomy, thereby

fostering intrinsic motivation, as outlined by self-determination

theory.2 Attempting to satisfy these needs is considered highly

valuable, as it outperforms the extrinsic motivation and thus

guides people’s behavior toward effective learning.3 There is also

evidence that the interest of students in specialties for postgraduate

training profits from positive learning experiences during practical

training in undergraduate education.4

The field of radiology, similar to many others, significantly

emphasizes the recruitment of highly motivated and skilled

graduates. Research indicates that active engagement with

medical students, especially in clinical activities, is a key factor

in shaping their future career choices.5 Recent research has

shown that, due to the interdisciplinary relevance of imaging,

there is a strong desire among medical students for increased

radiology teaching in their curriculum.6 This finding led teach-

ing staff to proactively create positive experiences.7 Vogel and

Harendza8 postulated a balanced mix of self-study and individ-

ual practice supervised by trained instructors to be an effective

teaching method.

Recently, tests designed to predict radiological expertise

have been developed and published.9 Despite some studies

indicating that radiologists may not have better visual skills

compared to nonexperts,10 Birchall et al suggested that visual-

spatial ability is crucial in choosing future radiologists.11 Studies

in the past already demonstrated that visual-spatial ability
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affects performance in medical and surgical tasks such as in vas-

cular surgery, endoscopy, or interventional radiology.12

Louridas et al13 tried to correlate visual-spatial ability with base-

line laparoscopic proficiency in novice trainees in surgery. With

respect to orientation in the 2D-3D space, they found that the

ability to navigate a laparoscopic camera was linked to partici-

pants’ scores on a cube-comparison test which was used

during the initial selection process. Although there is extensive

research on predicting surgical proficiency,14 the specific field of

(interventional) radiology has not been thoroughly studied in

terms of forecasting performance.

Recent studies highlight how advanced technologies can

transform student learning outcomes. For instance, Rangier

et al demonstrated that using interactive 3D image postproces-

sing software in undergraduate radiology education improves

students’ diagnostic skills, radiological reasoning, and visual-

spatial abilities.15 Medical educators increasingly utilize 3D

anatomical models and prints to depict anatomical structures,

thereby reducing unnecessary cognitive strain.16,17

In a previous study, we developed and validated a questionnaire

to assess the quality of didactic and practical courses.18 Students

expressed high satisfaction, appreciating both the theoretical

knowledge gained and the practical skills acquired, such as catheter

insertion into a 3D-model of the aorta. However, the relationship

between student evaluations, gender, interest in the subject, prac-

tical skills delivery, and the impact of visual-spatial abilities on edu-

cational outcomes is still unclear. Despite the known importance of

skills training in medical education, the best way to include inter-

ventional radiology in undergraduate courses is still unclear. Our

study introduces a detailed seminar with practical skills training

in the fourth year to examine these complex relationships. We

investigated the following research questions:

- Do gender differences impact the performance in visual-

spatial and practical skills tests?

- Does students’ evaluation of the seminar moderate the link

between their visual-spatial ability and practical skills?

- Can students’ interest in interventional radiology be pre-

dicted from how they rate the seminar’s didactic and prac-

tical components?

Methods
Design and Participants

This prospective cross-sectional study was conducted at a state

examination medical degree course in Germany (Würzburg) offer-

ing a standard 6-year curriculum comprising 2 preclinical years of

teaching, 3 clinical years, and 1 practical year of training. In the

fourth year, teaching in radiology comprises lecture series and 12

mandatory seminars for the entire student cohort. This study was

conducted during the winter semester of 2018/2019 across 12 ses-

sions of a 120-min interventional radiology seminar. Each session

had up to 14 students, allowing all 141 semester students to

participate. The study rationale was explained, and students were

informed that participation was totally voluntary and choosing

not to participate would not affect their degree course results. All

participants signed informed consent statements. The reporting

of this study conforms to the Standards for Quality

Improvement Reporting Excellence for Education

(SQUIRE-EDU).19 The SQUIRE-EDU items and their corre-

sponding examples for this study are listed in Supplement 1.

The seminar’s format, previously detailed, includes an initial

brief lecture followed by 3 practical training sessions.18 In this

study, the participants’ visual-spatial ability was measured at

the beginning with a written mental rotation test and the

cube perspective test. These 2 tests comprise 3 mental rotation

figures (2 options each and a maximum of 2 points per figure)

and 6 cube perspectives (1 point each), respectively.20,21 After

completion of the 3 training units, students then took the prac-

tical examination to insert a catheter into a 3D-model of the

aorta; the maximum time to complete the task was limited to

240 s. An illustration of the 3D-model of the aorta (produced

by HumanX Medical LLC, Saint Petersburg, USA) used is

presented in Figure 1.

Experiencedresidentdoctorsandconsultantsassessedstudentper-

formance using a 5-item checklist, with each item rated up to a

maximum of 1 point, partial points were awarded (Table 1). The

maximum total score achievable was 5 points. Students exceeding

the time limit were not considered for the calculation of the mean

time needed, as they were stopped from completing the task. The

survey was conducted at the end of the seminar where students

rated the didactic quality (5 items), practical quality (6 items), and

their interest in the subject of interventional radiology (4 items).

Responses were given on a 5-point Likert-scale (1= I do not agree

at all, to 5= I totally agree). The questionnaire used in the study,

known as “Radio-Prak,” had been validated in a prior study.18 This

validationprocess demonstrated that the questionnaire is a highly reli-

ableandvalid tool forassessing thequalityof clinical-practical seminar.

Statistical Analysis

Calculations and statistical procedures followed the recommen-

dations of the World Health Organization22 and the guidelines

provided by the international test commission.23 The software

suite “IBM SPSS Statistics 26” was employed for the descrip-

tive analysis and extended by the macro “PROCESS” devel-

oped by Hayes24 for the factor and moderating analysis.

Descriptive Analysis

Descriptive analysis included item mean scores (M), standard

deviation (SD), and minimum/maximum. To analyze reliabil-

ity, Cronbach alpha was calculated to assess the internal con-

sistency of the subscales of the questionnaire and the

visual-spatial ability tests. A correlation analysis (Pearson cor-

relation r) was performed to evaluate the relationship between

the 6 measures (evaluation of the didactic and practical
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quality, interest in the subject of interventional radiology,

visual-spatial ability test score, practical examination score,

and time to complete the aortic model test). The analysis of

variance (ANOVA) result was reported as an F-statistic and

its associated degrees of freedom and P value. Significant

results are indicated as *P < .05, **P < .01, and ***P < .001.

Factorial Validity

The factorial structureof thequestionnairewasbasedon theexplora-

tory factor analysis of the previous study.18 A confirmatory factor

analysis (CFA) was run and the following indices were checked

for the model fit: the comparative-fit-index (CFI),25 the

standardized-root-mean-square-residual-coefficient (SRMR),26

and the root-mean-square-error-of-approximation (RMSEA).27

Comparative-fit-index values greater than 0.9 were required to

rule out misspecification. Values greater than 0.95 indicated a very

good model fit. Standardized-root-mean-square-residual-

coefficient values below 0.08 were considered good, values below

0.05 pointed to a very good model fit.28 Root-mean-

square-error-of-approximation values needed to be below 0.05.

Chi-square (χ2)/degrees of freedom (df) were used to test whether

a specific model better suited the data.

Regression Analysis

Corresponding regressions to the findings from the correlation

analysis were calculated. As part of the regression analysis, group

differences were determined by ANOVA.29 First, the scores of

the visual-spatial ability test were set in relation to the scores of

practical performance and the time needed. Secondly, differences

in the interest in the subject of interventional radiology were

Figure 1. 3D-model of the aorta with transfemoral catheter inserted into the truncus coeliacus (a. splenica).

Table 1. Checklist (Form With Rating Scales) to Assess Student Performance in the Practical Examination.a

1. The student placed the wire at the target location (splenic artery); the catheter lies in
the coeliac trunka.

[_] yes [_] no

2. The student followed the rule “wire before catheter” strictly during the
catheterization procedureb.

[_] always [_] partially [_] never

3. I helped the student a lot during the exercisec. Does not apply at all [_] [_] [_] [_] [_] applies completely

4. The student demonstrated smooth handling skills. In order to probe the splenic
artery successfully, she/he requiredb.

[_] one attempt [_] two attempts [_] >two attempts

5. The student successfully completed the exercise within the time limit of 4 minutesa. [_] yes [_] no

To create the score, the following approach was used:
aYes=1 point, no=0 points.
bAlways / 1 attempt=1 point, partially / 2 attempts= 0.5 points, never / more than 2 attempts= 0 points.
cDoes not apply at all=1 point, selection left of center=0,75 points, selection center=0,5 points, selection right of center= 0,25 points, applies completely=0 points.
aEach item on the checklist allows for a maximum score of 1 point.
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calculated based on the assessment of the didactic and practical

quality. And finally, the link between the seminar evaluation and

the scores of the visual-spatial ability test and the practical examin-

ation was demonstrated in terms of interference statistics through

mediation and moderation analysis.

Moderating Analysis

Potential moderating effects of test scores and values (visual-spatial

ability, practical performance, time needed for the task) and the

seminar evaluation on the regressive coherences were detected.

The 4 requirements for robustness inmoderating analysis according

to Hayes24 were scrutinized at the outset. Firstly, the moderating

analysis was based on linear regression. Secondly, the residuals

should follow a normal distribution. Furthermore, the calculations

require homoscedasticity, a main requirement already needed for

the ANOVA. Finally, the specific error relating to a given data

point should be independent of the errors for other data points.

We computed the confidence intervals by bootstrapping with

5000 samples.

Results
A total of 141 medical students took part in the study, among

them 74 (52.5%) were female.

Descriptive Statistics of the Questionnaire

The 2 dimensions of the seminar quality (didactic and practical)

and the interest in the subject of radiology were evaluated

(Table 2). The item mean scores ranged between 3.40 and

4.90 with a SD between 0.37 and 1.00. Students generally

rated the didactic and practical quality highly; however, the

item “Thanks to the seminar, I improved my visual-spatial

ability” had the lowest rating, achieving a mean item score of

3.40 only. Interest in the subject was generally rated highly,

despite one lower rating (mean item score of 3.46) in the

item “Through the exercises, I feel well prepared for my later

clinical work with patients.”
The internal consistency of the questionnaire was considered

as being very good, with an overall Cronbach’s alpha of 0.87.
The subscale reliabilities of Cronbach’s alpha were 0.75 (didac-
tic quality), 0.72 (practical quality), and 0.68 (interest in the

subject of interventional radiology).

Confirmatory Factor Analysis

The results of the CFA are illustrated in Figure 2. The different

parameters of the statistical quality indicated good results

overall: The CFI reached the value of 0.961, ruling out

Table 2. Descriptive Statistics of the Questionnaire Items Used for the Seminar Evaluation.a

Abbreviations Wording of the item M SD Min Max

Didactic quality

Did1 The topics were presented in an understandable manner. 4.75 0.48 2 5

Did2 The lecture part prepared me well for the following practical part. 4.42 0.66 2 5

Did3 The lecturer managed to arouse enthusiasm in the topic. 4.64 0.56 2 5

Did4 Practice and theory units were balanced well with each other. 4.77 0.47 3 5

Did5 The lecturer encouraged questions and active participation. 4.74 0.54 2 5

Practical quality

Prac1 I was able to develop my practical skills further. 4.46 0.76 2 5

Prac2 Thanks to the seminar, I improved my visual spatial ability. 3.40 1.00 1 5

Prac3 I was able to learn and practice well with the simulators. 4.51 0.71 2 5

Prac4 The practical part added substantial value to the seminar. 4.90 0.37 3 5

Prac5 I learned a lot during the seminar. 4.43 0.65 3 5

Prac6 After the course, I feel able to perform the task of probing a vessel on a vascular model. 4.46 0.69 2 5

Interest in the subject of interventional radiology

Int1 The seminar has sparked my interest in the subject of interventional radiology. 4.20 0.83 2 5

Int2 The seminar had a positive influence on my view of the subject of interventional radiology. 4.49 0.73 1 5

Int3 Through the exercises, I feel well prepared for my later clinical work with patients. 3.46 0.91 1 5

Int4 I understood the methodology of interventional radiology and its importance to everyday clinical practice. 4.61 0.63 1 5

Abbreviations: SD, standard deviation; CFA, confirmatory factor analysis.
aThe abbreviations are listed for the use of the CFA.
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misspecification. The RMSEA missed the level of significance

(0.05) only slightly with a value of 0.054, just as the SRMR

with a value of 0.056. Fourteen items contributed significantly

to their respective factors: “didactic quality” (5 items), “practical
quality” (6 items), and “interest in the subject of interventional

radiology” (3 items). Only the loading of the item “Through

Figure 2. Factorial structure of the questionnaire and standardized factor loadings. Significant loadings are indicated by *P< .05.

Figure 3. Relative numbers of students (y-axis) achieving point scores relating to performance (x-axis) in the mental rotation test (A) and the cube perspective

test (B), differentiated according to gender; respective descriptive values and gender differences are listed below.

Bartels et al 5



the exercises, I feel well prepared for my later clinical work with

patients” onto its corresponding superordinate factor was found
not to be significant.

Descriptive Test Results of Visual-Spatial Ability and
Practical Skills

The student scores in the mental rotation test were generally

higher (M= 3.71, SD= 1.67) than in the cube perspective

test (M= 2.92, SD= 1.27). Cronbach’s alpha for the mental

rotation test was considered very good (0.83), whereas the

cube perspective test suggests low internal consistency (0.19),

possibly due to the heterogeneity of test items or multidimen-

sionality. There were 2 peaks detectable for the performance

scores in the mental rotation test, while the scores of students

in the cube figures more likely resembled a Gaussian curve.

Male students outperformed the females in the cube perspective

test, P < .05 (Figure 3).

The skill performance of students was measured by 2 para-

meters: the score of a practical examination involving insertion of

a catheter into a 3D-model of the aorta and the time needed to

fulfill the task. A high proportion of students (62.0% of all male

and 64.9% of all female students) achieved the maximum score.

Betweenmale and female students, there were no significant differ-

ences (Figure 4). The time span ranged from 14 to 174 s, with an

average of 66.94 s (SD=42.82). Male students were faster (57.9 s)

than females (73.1 s), P< .05. Of note, data from 3 students had to

be eliminated, as they were unable to successfully complete the task

within the time limit.

Correlation Analysis

A correlation coefficient matrix between the different measures

is given in Table 3. Positive correlations were determined

between the “cube perspective test” and the “practical examin-

ation” as well as the “time needed for the task.” The latter 2

even displayed the strongest correlation. The factor “didactic
quality” correlated highly with both the factors “practical
quality” and “interest in the subject.” Furthermore, “practical
quality” correlated with “the interest in the subject.”

Figure 4. Relative numbers of students (y-axis) achieving point scores relating to performance (maximum of 5 points) (x-axis) in the practical examination to

insert a catheter into a 3D-model of the aorta, differentiated according to gender; respective descriptive values and gender differences are listed below.
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Regression Analysis

The correlations with very high significance (P < .001) were

subjected to regression analysis (ANOVA). The results are

listed in Table 4. A large portion of the variance in “interest
in the subject” was explained by either the evaluation of the

“didactic quality” (48.6%) or the “practical quality” (45.7%)

of the seminar. There was only a moderate relationship of

29.9% between the didactic and the practical quality and of

13.3% between the cube perspective test and the practical

examination.

Moderating Analysis

The effect of seminar evaluation on the relationship between the

cube perspective test score and the practical performance is demon-

strated in Figure 5. Evaluation of the didactic quality did not mod-

erate this relationship. In contrast, evaluation of the practical quality

negatively adjusted the relationship between the performance in the

cube perspective test and the practical examination. This is illu-

strated by the 3 lines of different rating levels, of which the gradient

flattened with increasing ratings in the scale of the practical quality.

In other words, students who rated the seminar as being of high

practical quality (indicated by the green line) were able, to a

certain degree, to compensate for particularly low scores in the

cube perspective test and improve their performance in the practical

examination. Of note, no significant moderating effects were found

for the relationship between didactic or practical quality and the

interest in the subject, nor between didactic and practical quality.

Discussion
In the methodological introduction of our study, we demon-

strated that the questionnaire was a reliable, valid, and feasible

tool to measure the teaching quality of a seminar which

included practical elements of training. The questionnaire com-

prised 3 factors, which reflected the high degree of satisfaction

students have with the teaching concept and their interest in the

subject of interventional radiology. Furthermore, the students’
performance in practical skills and the impact of visual-spatial

ability were assessed as influencing components on both the

didactic and practical quality of the seminar and on interest

in the subject of interventional radiology. In the following, we

discuss the main findings in relation to the research questions

posed at the outset.

The study initially aimed to examine the influence of

gender-specific differences onto actual performance in visual-

spatial ability and practical skills, using specific tests to gauge

this among participants. The literature outlines various meth-

odologies for assessing visual-spatial ability. McGee identified

Table 4. Results of Regression Analysis (ANOVA).

df F-value Significance of ANOVA Regression

coefficient

Constant R²

(=explained

variance)

Cube perspective test / Practical examination 1 20.869 <.001 0.560a 7.298 13.3%

Cube perspective test / Time needed for the task 1 7.890 .006 −10.029a 89.572 5.5%

Didactic quality / Interest in the subject 1 133.363 <.001 1.005a −0.509 48.6%

Practical quality / Interest in the subject 1 118.821 <.001 0.826a 0.571 45.7%

Didactic quality /practical quality 1 60.128 <.001 0.463a 2.633 29.9%

aP< .001.

Table 3. Correlations Between the Different Measures.

Cube perspective test Practical

examination

Time needed for the task Didactic quality Practical quality Interest in the subject

Cube perspective test 1 0.37a −0.23b 0.00 0.08 0.05

Practical examination 1 −0.77a 0.04 0.17 0.05

Time needed for the task 1 −0.01 0.20 −0.05

Didactic quality 1 0.55a 0.70a

Practical quality 1 0.68a

Interest in the subject 1

aP< .001.
bP< .01.
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2 components of visual-spatial ability: visual-spatialization,

which encompasses the capacity to mentally manipulate,

rotate, twist, or deform objects independently of one’s own

orientation and spatial orientation, referring to the ability to

conceptualize how an object looks from different viewpoints.30

In our study, we included abbreviated versions of the cube per-

spective test and the mental rotation test, which are part of the

aptitude test for entry into medical school in Germany,31 as

they serve as potential assessment for spatial orientation.

Further, we examined dynamic spatial ability and environmen-

tal ability, as proposed in the literature,32 by conducting a prac-

tical examination where participants inserted a catheter into a

3D-model of the aorta employing the Seldinger technique.

In the present study, we observed that male students signifi-

cantly outperformed females in the cube perspective test.

However, there were no significant differences in performance

scores of the practical examination between male and female

students, though males completed the task more quickly.

This aligns with existing research that notes a male advantage

in overall spatial performance.33 Acknowledging these gender-

based differences in spatial abilities—yet not in general intelli-

gence—underscores the need for educational strategies that

address such disparities to promote fairness. As such, our

seminar concept has successfully functioned and served its

purpose by compensating for the disadvantage illustrated by

significantly diverging performance in the cube perspective

test aligning with principles of diversity-sensitive education.

The second issue of the study addressed the question, as to

whether evaluation of the seminar quality influences the rela-

tionship of visual-spatial ability and practical skills perform-

ance. We found that students who perceived the practical

quality of the seminar to be high could to some extent compen-

sate for a low score in the cube perspective test to the benefit of

improving their performance in the practical examination.

With respect to the practical quality, a significant moderating

effect was noticeable, a phenomenon that did not extend to

the evaluation of didactic quality. One has to assume that stu-

dents rating the practical quality of the seminar highly were

prone to being less dependent on their visual-spatial ability to

solve the task of inserting the catheter into the 3D-model of

the aorta. There is evidence in the literature of the beneficial

effects of practical training on learners’ visual-spatial ability.
Kass et al demonstrated that even brief training could remove

the gender differences between participants with lasting

effect.34 Several studies have demonstrated that simulation

training plays a crucial role in identifying personal strengths

and weaknesses.35 In our study, high ratings of the practical

quality of the seminar were found to downscale the impact of

visual-spatial ability on the performance in the catheter inser-

tion into the aortic model. An earlier report had already

noted that simulation training can not only lead to a lower

error rate during specific procedures but also reduce the

required time.36 Thus, it can be concluded that all students,

regardless of gender and their diverging spatial abilities, bene-

fited from our seminar, especially those who highly valued the

practical training aspect of their learning.

Finally, our study linked the seminar’s practical aspects to
students’ interest in interventional radiology, suggesting that

improved practical training can influence specialty choice.

This finding underscores the necessity for curriculum develop-

ment that incorporates practical, student-centered learning. It

also highlights the value of simulation and diverse teaching

methods in enhancing learner outcomes and ultimately provid-

ing medical specialties with a way of generating interest among

future specialists. The desired impact of education preferences

on career paths is already documented in the literature. Early

teaching and learning experiences of undergraduates tend to

have a large influence on career intentions.37 Over the past

few decades, there has been a marked increase in research

into the choice of specialty medical students select for post-

graduate training.38 Several studies revealed a positive influence

of improved training through practical courses on the later

Figure 5. Moderating effect of student evaluation of the didactic (A) and practical quality (B) on the relationship between performance in the cube perspective

test and the practical examination. The 3 lines represent different levels of student rating: the mean scale score, on a scale from 1 to 5, are presented here in the

relevant excerpt (average rating= red line), deviation+ 1 SD (high rating=green line) and deviation −1 SD (low rating= blue line).
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choice of specialty.39 According to the European Society of

Radiology, exposure to interventional radiology in medical edu-

cation varies greatly and is exceptionally dependent on the local

curriculum.40 As discovered in another recent large survey, the

interest of medical students in the specific subject of interven-

tional radiology is generally low when compared to the interest

in other hands-on specialties, such as surgery or anesthesi-

ology41 with a growing demand for future (interventional) radi-

ologists with the discipline becoming more and more present in

modern health care. Nissim et al further mentioned that an

improved understanding of the field results from greater expos-

ure as part of the curriculum. Roff and McAleer suggested that

the educational climate is predisposed favorably by progressive

degrees of autonomy in the learning environment as students

move forward toward graduation.42 The Dundee Ready

Education Environment Measure accentuated the importance

of long-term relevance of the learning content to create a

good learning atmosphere.43 Additionally, the shift from

teacher-oriented to problem-based and student-centered learn-

ing has a significant impact on student perception of the learn-

ing environment, as several papers over the last few decades

have reported.44 A recent study pointed out the positive effect

of endovascular simulator training improving student’s attitude
toward interventional radiology.45 We found the preference of

students for the subject of interventional radiology to be asso-

ciated with the perceived and practical quality of the seminar.

These results of our study may help to improve understanding

of the interrelation of seminar quality and any potential rise in

interest toward the subject.

Limitations of the Study

Limitations of the study include its monocentric design, utiliz-

ing the questionnaire at a single university, which might limit

the generalizability of the findings. The checklist for the assess-

ment of performance, developed with input from experts in

neuroradiology and medical education, was used for the first

time in this study. While it is grounded in expert advice

(subject matter expertise), it has not undergone traditional val-

idation processes such as content or construct validity.

Additionally, we noted a ceiling effect: approximately 60% of

students scored the maximum 5 points on their first attempt.

This high level of performance may be attributed to the assess-

ment being conducted immediately after the educational inter-

vention, possibly when students were most attentive and

prepared to apply their newly acquired skills. We evaluated a

seminar with high participant satisfaction, leading to right-

skewed, non-normally distributed data. Using the question-

naire in more diverse settings could yield different results.

Another potential problem is that some data were self-reported

by students, raising the risk of common method variance. This

occurs when study participants provide both independent and

dependent variable data. While conclusions also came from

objective assessments like the tests or the practical examination,

the study’s reliance on self-reported interest in interventional

radiology may not accurately predict long-term career decisions.

Conclusions
Overall, our findings advocate for the inclusion of practical

training to address and compensate for individual differences

in cognitive abilities, thereby promoting equal learning oppor-

tunities and diversity-sensitive teaching approaches. A well-

designed practical element in seminars/courses may assist stu-

dents with deficits in visual-spatial ability in acquiring the

necessary clinical-practical skills and lead to a more homogen-

ous distribution of competence in clinical procedures.

Additionally, the perceived practical quality of the seminar

was associated with the interest in the subject of interventional

radiology, suggesting the strategic use of this approach for

recruiting future specialists.
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