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Abstract 

Background  The shortage of pathologists in Germany, coupled with an aging workforce, requires innovative 
approaches to attract medical students to the field. Medical education must address different learning styles 
to ensure that all students are successful.

Methods  The pilot project “Practical Pathology” aims to enhance students’ understanding of pathology by providing 
hands-on experience in macroscopic gross analysis through the use of tumor dummies built from scratch.

Results  An evaluation survey, completed by 63 participating students provided positive feedback on the course 
methodology, its relevance to understanding the pathology workflow, and its improvement over traditional teaching 
methods. The majority of students recognized the importance of hands-on training in medical education. Students 
with previous work experience rated the impact of the course on knowledge acquisition even more positively.

Conclusion  The course improved students’ understanding of pathological processes and potential sources 
of clinical-pathological misunderstanding. An increase in motivation for a potential career in the field of pathology 
was observed in a minority of students, although this exceeded the percentage of pathologists in the total medical 
workforce.
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Introduction
Despite the increase in the number of medical students 
in Germany, the number of pathologists is not increas-
ing at a comparable rate [1, 2]. Instead, the number of 
practicing pathologists is expected to decrease due to 
demographic changes. By 2022, approximately 60% of 
practicing pathologists were 50 years of age and older [2]. 
Studies have shown that medical students often overlook 
a career in pathology due to a lack of interest and under-
standing of the subject matter [3]. Medical education 

offers the opportunity to inspire future generations of 
medical students for the subject of pathology in all its 
variety.

The National Competency-Based Learning Objec-
tives Catalogue for Medicine (NKLM) is a federal Ger-
man document that defines educational objectives for 
medical schools throughout the country. It serves as the 
basis for an upcoming reform of German medical educa-
tion, known as the Medical Education Master Plan 2020, 
which aims to comprehensively overhaul and redesign 
medical education. One of the central goals of the reform 
is to ensure competency-based medical education with 
an emphasis on early practice orientation [4–6].

In this context, the Central German Institute for 
Medical and Pharmaceutical Examinations (“Institut für 
Medizinische und Pharmazeutische Prüfungsfragen”, 
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IMPP), which is responsible for the preparation of exam 
questions for state examinations in medical schools, 
has developed a competence-objected subject catalog 
(“Gegenstandskatalog”, GK). It summarizes the content 
that can be included in examinations or state exams. For 
the subject of anatomical and surgical pathology, knowl-
edge of macroscopic and microscopic changes in the con-
text of inflammatory and neoplastic diseases is required 
[7].

Traditional pathology education typically involves both 
a macroscopy and microscopy course, where students 
examine specimens and analyze changes that, taken 
together, contribute to a diagnosis. Beyond that, a practi-
cal orientation is often not fully feasible. [7–9] However, 
the daily work of a pathologist is much more than work-
ing with a microscope. It includes performing autopsies 
and participating in interdisciplinary case conferences, 
molecular analyses, and macroscopy, in which relevant 
areas of the specimens are selected for further micro-
scopic examination after gross evaluation [10].

Involving students in the dissection of real surgical 
specimens for educational purposes is debatable. First, 
correct grossing is essential for diagnosis and must not 
be compromised by inexperienced medical students, 
however eager they are. Furthermore, in order to ensure 
optimal sections for histology, both internal and external 
standards must be adhered to for routine specimen sam-
pling [11]. Second, formaldehyde, which is unavoidable, 
has now been classified as a carcinogen and unnecessary 
exposure should be avoided [12]. Third, there is a low, but 
still not negative, risk of injury and subsequent infection 
when using “real” specimens [13]. Fourth, the acquisi-
tion of similar specimens from routine samples for large 
groups of students is difficult, especially if turnaround 
times are being affected. Although remainder of speci-
mens that have already been signed out may be used after 
flushing with water to minimize formaldehyde exposure, 
still a laboratory with fume hoods must be provided as a 
work station. In addition, programs may not have access 
to patient specimens for this purpose and providing com-
parable material to all students may pose an additional 
challenge. In summary, the use of routine specimens for 
teaching purposes of medical students is unadvisable and 
it is important to consider alternative methods of mac-
roscopy education.

In order to meet the requirements of the NKLM and to 
familiarize students with the profession of pathologists, 
the Department of Pathology at the University Hospital 
Bonn has introduced the course "Practical Pathology" as 
a pilot project in the winter semester 2022/2023. This 
course aims to make the daily work of pathologists liter-
ally "understandable" by adding some virtual flesh to the 
dry theory.

Material and methods
Construction of tumor models
For the "Practical Pathology" course, we created tumor 
models of a skin spindle excision with squamous cell 
carcinoma. The skin substitute used was brown artifi-
cial leather molded into the shape of a spindle. A cotton 
thread was attached to the tip of the spindle, marking 12 
o’clock. A tumor was created by applying acrylic sealant 
commercially available at a local hardware store (acrylate 
sealant Racofix Acrylic White, 21,719, Sopro Bauchemie 
GmbH, Wiesbaden, Germany). The design of the model 
took into account the feasibility of using marking ink on 
it and the ease of producing tumor models quickly, easily 
and at low cost (Fig. 1).

Use of tumor models in teaching
Students worked in pairs and each received a tumor 
model. In addition to the tumor models, students 
received a pathology requisition form designed for the 
course with clinical information. Cotton swabs and two 
different tempera paints were provided for inking the 
resection margins. Each pair of students was given a 
ruler, scalpel, and histocassettes to submit their sec-
tions. A pathology report mask for recording clinical 
details and macroscopic descriptions was distributed 
together with the tumor models (Fig. 1). A lecturer from 
the Institute of Pathology was always present to answer 
questions. After a group discussion on macrodissection 
methods and objectives, students performed dissections 
in pairs. The group then reviewed their results and dis-
cussed potential problems, such as tangential sectioning 
of small particles or improper visualization of resection 
margins.

Students completed an anonymous and voluntary eval-
uation survey that inquired about their pre-medical work 
experience, learning outcomes in understanding pathol-
ogy workflow, and their motivation to continue to study 
pathology as a subject (Fig. 2). The survey also assessed 
students’ perceptions of the course’s variety of techniques 
and its relevance to future interdisciplinary work. Agree-
ment or disagreement was rated on a five-point scale, 
with 1 representing a low level of agreement ("strongly 
disagree") and 5 representing a high level of agreement 
("strongly agree").

Statistics
Statistical analysis was performed using IBM SPSS Sta-
tistics 27 software (IBM, New York, USA). Data were 
presented descriptively as absolute and percentages. 
In addition, means and ranges were determined. The 
Mann–Whitney U test and the Wilcoxon rank-sum test 
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Fig. 1  Course material: tumor specimen model, cassettes, ink, ruler and pencil (A). Specimen after inking B and cutting C with report form seen 
behind

Fig. 2  Evaluation sheet handed out to student to document their experiences
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were used to compare groups. Significance was defined 
as a p-value of < = 0.05, and multiple testing was adjusted 
to the α-level using the Bonferroni correction.

Results
Of all students enrolled in their fifth semester (n = 139), 
a total of 63 completed the evaluation form. Of these, 23 
(36.5%) had previous work or volunteer experience prior 
to their studies. Professional work experience, if any, was 
mainly in nursing (12.7%) or emergency services (6.4%). 
4.8% of the participants had done a volunteer service. The 
remainder, 12.7%, included both medical (physiothera-
pist, medical assistant/physician assistant) and non-med-
ical (mechatronics technician, chemical technician) jobs, 
as shown in Fig. 3. Overall, none of the students had pre-
vious experience in histopathology i.e. from work experi-
ence as histotechnician.

Overall, the course received positive evaluations. Stu-
dents perceived it as an improvement over traditional 

teaching (mean 3.47; SD 0.953) and appreciated its meth-
odological diversity (mean 3.61; SD 0.894). They also rec-
ognized the importance of practical “hands on” courses 
for the success of medical education (mean 4.32; SD 
0.964). Regarding the acquisition of knowledge about the 
daily work of pathologists, most participants reported 
that the course gave them a better understanding of the 
workflow (mean 3.60; SD 0.815). According to the stu-
dents, information about the workflow was not taught in 
other classes (mean 2.14; SD 0.948) or known from pro-
fessional activities before entering medical school (mean 
1.75; SD 0.933).

Interestingly, students who endorsed previous employ-
ment had significantly more positive ratings regarding 
knowledge acquisition from the course than those with-
out prior job exposure (mean 4.00 vs. 3.38, p = 0.016). 
Regarding prior knowledge of pathology workflow, previ-
ous work experience had no significant effect (p > 0.999 in 
each case) (refer to Table 1).

Fig. 3  Percentage of students that had been working prior to entering medical school A and distribution among professions /services B 



Page 5 of 8Bernhardt et al. BMC Medical Education          (2024) 24:596 	

The implementation of the practical pathology course 
did not lead to an increase in motivation in the field of 
pathology. The majority of participating students were 
neutral regarding whether the course played a signifi-
cant role in inspiring self-motivation for in-depth study 
(2.92; SD 0.955) or for enrolling in pathology courses in 
the required elective area (2.83; SD 0.853). In general, the 
motivation of students to pursue a career in pathology 
was largely unaffected (2.38; SD 0.923). However, 3.2% of 
respondents reported an increase or significant increase 
in motivation in response to this question. The results did 
not differ significantly whether or not the students had 
work experience prior to medical school (in-depth study 
mean 2.85 vs. 3.04 p = 0.291, elective mean 2.80 vs. 2.87 
p = 0.501, career mean 2.48 vs. 2.22 p = 0.529).

The teaching of interdisciplinary relationships was pos-
itively evaluated. In addition to making clinical connec-
tions (3.70; SD 0.994), the course’s potential to prevent 
misunderstandings (3.46; SD 0.997) between clinical staff 
and pathologists was considered relevant.

Discussion
In the traditional curriculum of medical education, 
pathology plays a central role as a didactic core disci-
pline in the advanced / second part of medical educa-
tion following pre-medical courses. This reflects the way 
we, as pathologists, see ourselves, in medicine, where 
diseases are defined and classified primarily in terms of 
(pathological) anatomy and pathophysiology. Despite 
this, surveys show that only less than half of medi-
cal students are aware of the actual day-to-day work in 
clinical pathology. In particular, the amount of autopsy 
work is often overestimated, which may be due to the 
traditional but outdated image in the media [14]. As a 
corrective measure, both the German Society of Pathol-
ogy (DGP) and the Professional Association of German 
Pathologists (BDP) now provide online information 
about the profession [10, 15].

Medical school education provides an excellent oppor-
tunity to expose future health care professionals to the 
content and day-to-day practice of the specialty. This 
is critical, as one of the most commonly cited reasons 

in surveys for not choosing pathology as a specialty is 
lack of exposure and knowledge of the subject matter 
among medical students [3]. Factors that influence spe-
cialty choice among current students include interest in 
the field, intellectual challenge, work-life balance, career 
opportunities, professional standards, workplace atmos-
phere, and workplace prestige [14, 16]. These are factors 
that generally include pathology as a specialty. However, 
regarding the specific question of preferred specialties, it 
is evident that the inclination toward internal medicine, 
surgery, general medicine, and psychiatry is often present 
before medical school and remains largely unchanged 
throughout medical school [17]. Inspiring undecided 
students to consider a career path is also a potential goal 
of teaching. The presented course concept was evalu-
ated and showed that 3% of the students reported being 
inspired to pursue a career in pathology as a result of 
their participation. Considering that pathologists rep-
resent only 0.5% of all physicians in Germany, this is an 
encouraging result [2].

Exposure to the clinical environment or clinical prac-
tice is often claimed to be important in the choice of 
specialty [18]. In addition, students with premedical 
experience in health sciences tend to perform better in 
medical school [19]. In our cohort, previous work experi-
ence did not appear to influence motivation for pathol-
ogy education or residency. However, motivation for 
pathology was not significantly lower in this group either.

In didactics, we often speak of different learning 
types and, more recently, of different learning styles. 
A common concept in medical didactics is the "VARK" 
model—visual, auditory, reading/writing, and kinaes-
thetic—which identifies four distinct learning styles. 
These are the visual style, in which content is conveyed 
using pictures, graphics, etc.; the auditory style, in which 
knowledge is conveyed through lectures and/or discus-
sions; the reading/writing style, in which teaching and 
learning is text-based; and the kinaesthetic style, in which 
knowledge is acquired through direct practical applica-
tion [20]. While it was initially thought that most people 
preferred a single learning style, it has now been shown 
that most people use a variety of learning styles [21, 22]. 

Table 1  Comparison of assessments between students with (n = 23, left) and without (n = 40, right) work experience prior to the start 
of medical school; * significant values; WE work experience 

Mean WE Mean no WE p

The course has contributed to a better understanding of workflows in pathology 4.00 3.38 0.016*

The course has contributed to a better understanding of pathology reports and their structure 3.30 3.15  > 0.999

I was already familiar with the workflows in pathology before attending the course, thanks to other 
departmental courses such as lectures

2.09 2.17  > 0.999

I was already familiar with the workflows in pathology before attending the course, through other 
sources such as previous professional experience

1.83 1.70  > 0.999
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In addition, different teaching methods have been asso-
ciated with different efficacy. For example, a lecture is 
associated with an efficacy of 5%, meaning that students 
will remember 5% of the content presented. In contrast, 
learning by performing a task is said to achieve effica-
cies of up to 75% [23]. The required competence orien-
tation of medical education, which the NKLM already 
bears in its name, refers to the skills, abilities and profes-
sional attitudes of future physicians. The three levels of 
competence are factual knowledge, action and reasoning 
knowledge, and action competence. The ability to explain 
and classify terms and concepts falls under the category 
of action and reasoning knowledge, while action compe-
tence pertains to the ability to carry out activities inde-
pendently or under supervision.

The teaching of pathology currently meets the cri-
teria for multimodal didactics and the NKLM in sev-
eral aspects [24]. Microscopy teaching incorporates 
auditory, kinaesthetic, and visual elements, allowing 
students to complement their factual knowledge with 
practical knowledge and skills. The digitization of his-
tological specimens also provides the opportunity for 
self-directed learning through online platforms inde-
pendent of traditional coursework [8, 9]. However, 
simulation-based learning, as is common practice in 
other disciplines, for example with resuscitation train-
ing, suturing courses or other widely available so-called 
skills labs, has, to our knowledge, not been routinely 
established in pathology [6, 25, 26]. Skills labs similar 
to ours, such as grossing of a salivary gland model pre-
sented by Alcaraz et  al. are unique and rare pilot pro-
jects [27]. This is particularly unfortunate because the 
use of simulation-based learning in teaching would 
be beneficial for strengthening practical skills. A wide 
range of learning styles can be accommodated, possibly 
more than in a case-based seminar or a lecture alone 
[27, 28]. Students’ evaluations seem to agree, as they 
consider the use of practice-based courses relevant to 
their academic success. With regard to the integration 
of new teaching and learning methods, it is important 
that existing resources are not further strained. With 
a material cost of about 10 euro cents and a produc-
tion time of about 1  min, the models adopted by our 
department offer a cost-effective and time-efficient 
solution. This makes them highly suitable for long-term 
implementation with minimal impact on the teaching 
budget. In addition, the tumor models presented can be 
used in any standard lecture hall as they are made from 
dry materials and do not drop or vaporize preserva-
tives. Alternative options used i.e. in suturing or fine 
needle aspiration skills labs such are animal specimens 
or fruit [29, 30]. Although especially animal specimens 
are closest to human material in terms of texture, they 

need to be purchased freshly before every course, while 
models like ours may be prepared in larger scale at the 
beginning of every new semester.

In addition to increasing students’ enthusiasm for 
pathology, the course aimed to improve their understand-
ing of the laboratory workflow from specimen receipt 
to report release. Previous studies have shown that up 
to one-third of clinical colleagues does not understand 
or does not fully understand the information contained 
in the report [31]. In addition, up to 15% of submitted 
specimens lack clinical information beyond patient bio-
graphical data [32]. This may be taken as a hidden com-
pliment, but it clearly overestimates the knowledge of the 
pathologist. It includes the assumption that the patholo-
gist, as the “doctor’s doctor”, is endowed with a super-
natural sense that renders detailed clinical information 
superfluous – which has long been scientifically refuted 
[33]. The most commonly cited justification for the lack 
of clinical information is the concern that too much 
information might interfere with an unbiased diagnosis 
[34]. Therefore, the course not only focused on macro-
scopic processing, but also emphasized the importance 
of including relevant information on the submission form 
to aid in the reporting of findings. The course was suc-
cessful in positively influencing students’ understanding 
of potential clinical-pathologic misunderstandings. How-
ever, it remains to be determined whether this effect will 
continue to benefit their future clinical work, making it a 
possible topic for further study.

Conclusion
The multimodal design of medical education has been 
associated with improved learning outcomes long before 
the introduction of the NKLM and problem-based learn-
ing. The implementation of a simulation grossing course 
is positively evaluated by students as it improves the 
quality of teaching and minimizes misunderstandings 
between pathologists and clinicians. In addition, the 
course provides an opportunity to explain students the 
critical role pathology plays in patient care and to inspire 
them to consider pathology as a career option, thus miti-
gating the shortage of future pathologists.

Abbreviations
BDP	� Bundesverband Deutscher Pathologen / Professional Association of 

German Pathologists
DGP	� Deutsche Gesellschaft für Pathologie / German Society of Pathology
GK	� Gegenstandskatalog / competence-objected subject catalog
IMPP	� Institut für Medizinische und Pharmazeutische Prüfungsfragen / Cen-

tral German Institute for Medical and Pharmaceutical Examinations
SD	� Standard Deviation

Acknowledgements
The authors thank Cornelia Becker and Hanna Gutmann for their help with 
data acquisition and most of all the students for their participation.



Page 7 of 8Bernhardt et al. BMC Medical Education          (2024) 24:596 	

Authors’ contributions
The course outline and survey was designed by MB, CS, DN, TK, OH and XZ. 
MB, DN and XZ collected the data. MB and GK wrote the manuscript. All 
authors read and approved the final paper.

Funding
Open Access funding enabled and organized by Projekt DEAL. No funding 
was received.

Availability of data and materials
The datasets used and analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
All subjects participating in this study were healthy volunteers. Their participa-
tion was completely voluntary. The survey items were completely anonymous 
and no adverse effects on the participants were expected. No ethics approval 
was required according to German National legislation.

Competing interests
The authors declare no competing interests.

Received: 20 April 2024   Accepted: 17 May 2024

References
	1.	 Statistisches Bundesamt. Anzahl der Studenten im Fach Allgemeinmedi-

zin in Deutschland im Zeitraum von 1998 bis 2022. https://​de.​stati​sta.​
com/​stati​stik/​daten/​studie/​6706/​umfra​ge/​entwi​cklung-​der-​anzahl-​der-​
mediz​instu​denten/. Accessed 30 Oct 2023.

	2.	 Bundesärztekammer. Ärztestatistik 2022. https://​www.​bunde​saerz​tekam​
mer.​de/​baek/​ueber-​uns/​aerzt​estat​istik/​2022. Accessed 31 Oct 2023.

	3.	 Fielder T, Watts F, Howden C, Gupta R, McKenzie C. Why Choose a Pathol-
ogy Career? Arch Pathol Lab Med. 2022;146:903–10. https://​doi.​org/​10.​
5858/​arpa.​2021-​0118-​OA.

	4.	 Bundesministerium für Bildung und Forschung. "Masterplan Medizin-
studium 2020". https://​www.​bmbf.​de/​bmbf/​share​ddocs/​kurzm​eldun​
gen/​de/​maste​rplan-​mediz​instu​dium-​2020.​html. Accessed 30 Oct 2023.

	5.	 Frenk J, Chen L, Bhutta ZA, Cohen J, Crisp N, Evans T, et al. Health profes-
sionals for a new century: transforming education to strengthen health 
systems in an interdependent world. Lancet. 2010;376:1923–58. https://​
doi.​org/​10.​1016/​S0140-​6736(10)​61854-5.

	6.	 Bugaj TJ, Nikendei C. Practical Clinical Training in Skills Labs: Theory and 
Practice. GMS J Med Educ. 2016;33:Doc63. https://​doi.​org/​10.​3205/​zma00​
1062.

	7.	 Institut für medizinische und pharmazeutische Prüfungsfragen. 1. Kom-
petenzorientierter Gegenstandskatalog Medizin. https://​www.​impp.​de/​
files/​PDF/​Gegen​stand​skata​loge/​Mediz​in/​Kompe​tenzo​rient​ierter%​20Geg​
ensta​ndska​talog%​20Med​izin.​pdf. Accessed 7 Feb 2024.

	8.	 Straub BK, Gerber TS, Buggenhagen H, Jäger B, Sommer C, Roth W. Digi-
tale Lehre in der Pathologie: Erfahrungen aus Mainz. [Digital teaching in 
pathology: experiences from Mainz]. Pathologe. 2021;42:142–8. https://​
doi.​org/​10.​1007/​s00292-​021-​01028-2.

	9.	 Büttcher AF, Ströbel P. Digitale Lehre im Fach Pathologie. [E-Learning 
in pathology]. Pathologe. 2021;42:305–9. https://​doi.​org/​10.​1007/​
s00292-​021-​00936-7.

	10.	 Deutsche Gesellschaft für Pathologie e.V. Pathologie im Fokus: Aufgaben 
- Herausforderungen - Perspektiven. 2023. https://​www.​patho​logie-​dgp.​
de/​media/​Dgp/​downl​oads/​public/​DGP-​Brosc​huere_​Fokus_​Patho​logie_​
2021.​pdf. Accessed 10 Nov 2023.

	11.	 Herbst H, Rüdiger T, Hofmann C. Automatisierung und Einsatz von 
Robotern im Pathologielabor. [Automation and application of robotics in 

the pathology laboratory]. Pathologe. 2022;43:210–7. https://​doi.​org/​10.​
1007/​s00292-​022-​01073-5.

	12.	 Wölk H-J, Koszinowski K, RÖMPP-Redaktion, Amslinger S. Formaldehyd. 
2014. https://​roempp.​thieme.​de/​lexic​on/​RD-​06-​01629. Accessed 7 Feb 
2024.

	13.	 Al-Benna S. Needlestick an sharps injuries among theatre care profession-
als. J Perioper Pract. 2010;20:440–5. https://​doi.​org/​10.​1177/​17504​58910​
02001​204.

	14.	 Walsh JC, Padgett J, Weir MM, Chahine S. Comparing Perceptions of 
Pathology as a Medical Specialty Between Canadian Pathologists and 
Pre-Clinical Medical Students. Med Sci Educ. 2018;28:625–32. https://​doi.​
org/​10.​1007/​s40670-​018-​0596-4.

	15.	 Berufsverband Deutscher Pathologen e.V. Pathologie - Berufsbild. https://​
www.​patho​logie.​de/​patho​logie/​beruf​sbild. Accessed 10 Nov 2023.

	16.	 Kasch R, Engelhardt M, Förch M, Merk H, Walcher F, Fröhlich S. Ärzteman-
gel: Was tun, bevor Generation Y ausbleibt? Ergebnisse einer bundes-
weiten Befragung. [Physician Shortage: How to Prevent Generation Y 
From Staying Away - Results of a Nationwide Survey]. Zentralbl Chir. 
2016;141:190–6. https://​doi.​org/​10.​1055/s-​0035-​15578​57.

	17.	 Gjerløw Aasland, Olaf Røvik, Jan Ole Wiers-Jenssen, Jannecke. Motives for 
choice of specialty during and after medical school. Tidskrift den Norske 
Legeförening. 2008; 128(16):1833–7.

	18.	 Rachoin J-S, Vilceanu MO, Franzblau N, Gordon S, Cerceo E. How often 
do medical students change career preferences over the course of 
medical school? BMC Med Educ. 2023;23:596. https://​doi.​org/​10.​1186/​
s12909-​023-​04598-2.

	19.	 Aston-Mourney K, McLeod J, Rivera LR, McNeill BA, Baldi DL. Prior degree 
and academic performance in medical school: evidence for prioritising 
health students and moving away from a bio-medical science-focused 
entry stream. BMC Med Educ. 2022;22:700. https://​doi.​org/​10.​1186/​
s12909-​022-​03768-y.

	20.	 Leite WL, Svinicki M, Shi Y. Attempted Validation of the Scores of the VARK: 
Learning Styles Inventory With Multitrait-Multimethod Confirmatory 
Factor Analysis Models. Educ Psychol Measur. 2010;70:323–39. https://​doi.​
org/​10.​1177/​00131​64409​344507.

	21.	 Shah K, AhmeD J, Shenoy NNS. How different are students and their 
learning styles. Int J Res Med Sci. 2013;1:1. https://​doi.​org/​10.​5455/​2320-​
6012.​ijrms​20130​808.

	22.	 Drago WA, Wagner RJ. Vark preferred learning styles and online educa-
tion. Manag Res News. 2004;27:1–13. https://​doi.​org/​10.​1108/​01409​
17041​07842​11.

	23.	 Ellmann M. Effektives Lehren und Lernen in der Informatik, Wirtschaft-
sinformatik und verwandten Fachgebieten. Informatik Spektrum. 
2022;45:29–37. https://​doi.​org/​10.​1007/​s00287-​022-​01436-5.

	24.	 MFT Medizinischer Fakulätentag der Bundesrepublik Deutschland e.V. 
Nationaler Kompetenzbasierter Lernzielkatalog Medizin (NKLM) 1.0. 2015. 
https://​mediz​inisc​he-​fakul​taeten.​de/​wp-​conte​nt/​uploa​ds/​2021/​06/​
nklm_​final_​2015-​12-​04.​pdf. Accessed 7 Feb 2024.

	25.	 Awad L, Langridge BJ, Jeon FHK, Bollen E, Butler PEM. A comparison of 
commercially available synthetic skin substitutes for surgical simulation 
training. GMS J Med Educ. 2023;40:Doc62. https://​doi.​org/​10.​3205/​zma00​
1644.

	26.	 McGaghie WC, Issenberg SB, Cohen ER, Barsuk JH, Wayne DB. Does 
simulation-based medical education with deliberate practice yield better 
results than traditional clinical education? A meta-analytic comparative 
review of the evidence. Acad Med. 2011;86:706–11. https://​doi.​org/​10.​
1097/​ACM.​0b013​e3182​17e119.

	27.	 Alcaraz-Mateos E, Mirza KM, Molina-Valverde S, Togkaridou M, Caballero-
Alemán F, Poblet E. The utility of a gross dissection anatomical model for 
simulation-based learning in pathology. Rev Esp Patol. 2022;55:149–55. 
https://​doi.​org/​10.​1016/j.​patol.​2022.​02.​001.

	28.	 Grierson L, Melnyk M, Jowlett N, Backstein D, Dubrowski A. Bench model 
surgical skill training improves novice ability to multitask: a randomized 
controlled study. Stud Health Technol Inform. 2011;163:192–8.

	29.	 Alcaraz-Mateos E, Exposito-Afonso IJ, Labiano-Miravalles T, Pijuan L, 
Temprana-Salvador J, Zhao Q, Jiang XS. How do cytopathologists learn 
fine needle aspiration techniques? An international survey Cytopathol-
ogy. 2023. https://​doi.​org/​10.​1111/​cyt.​13352.

	30.	 Guler H, Cetin P, Yurtsal ZB, Cesur B, Bekar M, Uçar T, et al. Effect of 
episiotomy training with beef tongue and sponge simulators on the 

https://de.statista.com/statistik/daten/studie/6706/umfrage/entwicklung-der-anzahl-der-medizinstudenten/
https://de.statista.com/statistik/daten/studie/6706/umfrage/entwicklung-der-anzahl-der-medizinstudenten/
https://de.statista.com/statistik/daten/studie/6706/umfrage/entwicklung-der-anzahl-der-medizinstudenten/
https://www.bundesaerztekammer.de/baek/ueber-uns/aerztestatistik/2022
https://www.bundesaerztekammer.de/baek/ueber-uns/aerztestatistik/2022
https://doi.org/10.5858/arpa.2021-0118-OA
https://doi.org/10.5858/arpa.2021-0118-OA
https://www.bmbf.de/bmbf/shareddocs/kurzmeldungen/de/masterplan-medizinstudium-2020.html
https://www.bmbf.de/bmbf/shareddocs/kurzmeldungen/de/masterplan-medizinstudium-2020.html
https://doi.org/10.1016/S0140-6736(10)61854-5
https://doi.org/10.1016/S0140-6736(10)61854-5
https://doi.org/10.3205/zma001062
https://doi.org/10.3205/zma001062
https://www.impp.de/files/PDF/Gegenstandskataloge/Medizin/Kompetenzorientierter%20Gegenstandskatalog%20Medizin.pdf
https://www.impp.de/files/PDF/Gegenstandskataloge/Medizin/Kompetenzorientierter%20Gegenstandskatalog%20Medizin.pdf
https://www.impp.de/files/PDF/Gegenstandskataloge/Medizin/Kompetenzorientierter%20Gegenstandskatalog%20Medizin.pdf
https://doi.org/10.1007/s00292-021-01028-2
https://doi.org/10.1007/s00292-021-01028-2
https://doi.org/10.1007/s00292-021-00936-7
https://doi.org/10.1007/s00292-021-00936-7
https://www.pathologie-dgp.de/media/Dgp/downloads/public/DGP-Broschuere_Fokus_Pathologie_2021.pdf
https://www.pathologie-dgp.de/media/Dgp/downloads/public/DGP-Broschuere_Fokus_Pathologie_2021.pdf
https://www.pathologie-dgp.de/media/Dgp/downloads/public/DGP-Broschuere_Fokus_Pathologie_2021.pdf
https://doi.org/10.1007/s00292-022-01073-5
https://doi.org/10.1007/s00292-022-01073-5
https://roempp.thieme.de/lexicon/RD-06-01629
https://doi.org/10.1177/175045891002001204
https://doi.org/10.1177/175045891002001204
https://doi.org/10.1007/s40670-018-0596-4
https://doi.org/10.1007/s40670-018-0596-4
https://www.pathologie.de/pathologie/berufsbild
https://www.pathologie.de/pathologie/berufsbild
https://doi.org/10.1055/s-0035-1557857
https://doi.org/10.1186/s12909-023-04598-2
https://doi.org/10.1186/s12909-023-04598-2
https://doi.org/10.1186/s12909-022-03768-y
https://doi.org/10.1186/s12909-022-03768-y
https://doi.org/10.1177/0013164409344507
https://doi.org/10.1177/0013164409344507
https://doi.org/10.5455/2320-6012.ijrms20130808
https://doi.org/10.5455/2320-6012.ijrms20130808
https://doi.org/10.1108/01409170410784211
https://doi.org/10.1108/01409170410784211
https://doi.org/10.1007/s00287-022-01436-5
https://medizinische-fakultaeten.de/wp-content/uploads/2021/06/nklm_final_2015-12-04.pdf
https://medizinische-fakultaeten.de/wp-content/uploads/2021/06/nklm_final_2015-12-04.pdf
https://doi.org/10.3205/zma001644
https://doi.org/10.3205/zma001644
https://doi.org/10.1097/ACM.0b013e318217e119
https://doi.org/10.1097/ACM.0b013e318217e119
https://doi.org/10.1016/j.patol.2022.02.001
https://doi.org/10.1111/cyt.13352


Page 8 of 8Bernhardt et al. BMC Medical Education          (2024) 24:596 

self-confidence building of midwifery students. Nurse Educ Pract. 
2018;30:1–6. https://​doi.​org/​10.​1016/j.​nepr.​2018.​02.​004.

	31.	 Powsner SM, Costa J, Homer RJ. Clinicians are from Mars and pathologists 
are from Venus. Arch Pathol Lab Med. 2000;124:1040–6. https://​doi.​org/​
10.​5858/​2000-​124-​1040-​CAFMAP.

	32.	 Sellheyer K, Bergfeld WF. “Lesion,” “rule out…,” and other vagaries of filling 
out pathology requisition forms. J Am Acad Dermatol. 2005;52:914–5. 
https://​doi.​org/​10.​1016/j.​jaad.​2004.​11.​073.

	33.	 Bull AD, Cross SS, James DS, Silcocks PB. Do pathologists have extrasen-
sory perception? BMJ. 1991;303:1604–5. https://​doi.​org/​10.​1136/​bmj.​303.​
6817.​1604.

	34.	 Olson MA, Lohse CM, Comfere NI. Rates of provision of clinical informa-
tion in the skin biopsy requisition form and corresponding encounter 
visit note. J Pathol Inform. 2016;7:40. https://​doi.​org/​10.​4103/​2153-​3539.​
189705.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/j.nepr.2018.02.004
https://doi.org/10.5858/2000-124-1040-CAFMAP
https://doi.org/10.5858/2000-124-1040-CAFMAP
https://doi.org/10.1016/j.jaad.2004.11.073
https://doi.org/10.1136/bmj.303.6817.1604
https://doi.org/10.1136/bmj.303.6817.1604
https://doi.org/10.4103/2153-3539.189705
https://doi.org/10.4103/2153-3539.189705

	Pathology skills lab: use of macroscopic tumor models in pathology teaching
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Material and methods
	Construction of tumor models
	Use of tumor models in teaching
	Statistics

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


