
O R I G I N A L  R E S E A R C H

Recall of Prior Knowledge in Medical Microbiology 
Among Medical Interns: A Multicenter 
Cross-Sectional Assessment in Saudi Arabia
Bandar Alosaimi 1, Abdullah A Saeed2, Ali A Mustafa3, Waleed A AlJabr1, Munirah A Batarfi4, 
Mauawia A Hamza 1,5

1Research Center, King Fahad Medical City, Riyadh, Kingdom of Saudi Arabia; 2Nile College, Khartoum, Sudan; 3College of Health Sciences & Nursing, 
Al-Rayan Colleges, Almadinah, Kingdom of Saudi Arabia; 4College of Medicine, King Saud Ibn Abdulaziz University for Health Sciences, Riyadh, 
Kingdom of Saudi Arabia; 5Faculty of Medicine, King Fahad Medical City, Riyadh, Kingdom of Saudi Arabia

Correspondence: Bandar Alosaimi, Research Center, King Fahad Medical City, Riyadh, Kingdom of Saudi Arabia, Email balosaimi@kfmc.med.sa 

Background: Retention of basic biomedical sciences knowledge is of great importance in medical practice. This study aimed to 
provide some insights into medical interns’ ability to recall theoretical knowledge of medical microbiology and to explore factors that 
affect its retention.
Methods: In this cross-sectional study conducted between January and March 2019, an anonymized questionnaire with 10 validated 
multiple-choice questions about medical microbiology was distributed as hard copies to test the ability to recall knowledge of Saudi 
medical interns in three tertiary training hospitals in Riyadh, Saudi Arabia.
Results: A total of 300 medical interns [164 females (54.7%) and 136 males (45.3%)], in three major tertiary medical care centers in 
Riyadh, Saudi Arabia, voluntarily participated in the study. Almost a third of participants, 107 (36.4%), graduated from medical 
schools adopting a traditional curriculum, whereas 184 (63.6%) graduated from medical schools adopting problem-based learning 
(PBL) instructional approach. The overall mean score out of 10 marks was 3.9±1.8 with almost 82% failures scoring less than six 
marks. Both total and pass/fail grades were significantly associated with interns who graduated from private colleges. Scores were not 
significantly associated with any of the investigated parameters except type of college (governmental vs private) with a p-value of 
0.049.
Conclusion: The current study revealed an overall poor recall of knowledge in microbiology among interns. Our findings suggest 
a need for a careful revision of curriculum to correct deficiencies, particularly in teaching medical microbiology. Integration of basic 
sciences is required as well as aligning teaching of basic medical sciences with clinical skills.
Keywords: prior knowledge, microbiology curriculum, medical intern, Saudi Arabia

Background
Retention of basic biomedical sciences knowledge is essential in medical practice as it tends to decrease significantly and is 
often quickly forgotten as medical students progress in their studies and after graduation.1,2 Recall of previously taught 
subjects has been a long-standing concern for medical educators.3 For instance, AlMohanna, and co-authors 2018 reported 
significant loss of prior immunology and physiology knowledge among medical graduates during their internship training.4 

Retention of basic sciences knowledge is significantly associated with performance in certifying and licensing examinations.5 

Lower scores have been observed in the basic medical sciences (step 1) of the United States Medical Licensing Exam 
(USMLE) as compared to clinical subjects (step 2), since perceived relevance appears to facilitate knowledge retention6 

suggesting that nonuse or nonpractice of previously taught knowledge and skills seems to be the primary determinant of the 
degree of this loss.7 Medical students in their senior clinical phases do not recall much from their basic sciences courses8,9 and 
in fact forget a large portion of what was taught in the early years of medical college.8 This trend in poor recall of basic 
knowledge in biomedical sciences is also observed in other scientific domains.10
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Microbiology is one of the basic medical sciences, which significantly overlaps other disciplines such as internal 
medicine, immunology and genetics. Moreover, knowledge of microbiology can be affecting impact on public health, the 
economy, and the environment.1,2 Worldwide, infectious diseases represent approximately 10% of the total burden of 
disease and remain the third leading cause of death historically.11,12 Emerging and reemerging infectious diseases are 
a continuous challenge for public health officials. HIV/AIDS, tuberculosis, Marburg virus, malaria, West Nile virus, 
SARS, and influenza are examples of microorganisms that continue to pose a significant warning of potentially newly 
emerging endemic diseases.11

Currently, microbiology learning activities at universities are mostly based on passive memorization of concepts and 
definitions.1,2 It is a big challenge to assess the retention of basic medical sciences knowledge following using traditional 
or innovative educational strategies. It is well documented that good knowledge retention acquired by students during the 
undergraduate years are essential for professional medical practice. Medical graduates are expected to enhance their 
clinical experience based on proper comprehension of such basic sciences courses. Previous studies have already 
addressed the recall of knowledge in basic sciences such as biochemistry, pharmacology, and physiology,4,13–15 To the 
best of our knowledge, no study regarding microbiology recall by medical interns was undertaken in the Middle East, 
more so in the Kingdom of Saudi Arabia (KSA). Therefore, the present study aims to fill this gap and investigate the 
recall of prior microbiology knowledge among senior medical interns trained in multiple medical institutions in 
Riyadh, KSA.

Methods
Design and Participants
In this cross-sectional study, medical graduates on internship rotation in three main hospitals in Riyadh city were 
recruited during the study period of January–March, 2019. The study sites were King Fahad Medical City (KFMC; 
N=170), King Khalid University Hospital (KKUH; N=70), and National Guard Health Authority (NGHA; N=56) in 
Riyadh City. The study was approved by the Institution Review Board (IRB) of King Fahad Medical City, (IRB Log 
Number: 18–641). Informed consent of all subjects was obtained. Participants were assured of the confidentiality of data, 
and that it would be used only for the stated purpose.

Study Questionnaires
A total of 10 questions (Supplementary Table S1) were developed following the USMLE questions in the Immunology 
and Microbiology Lecture Notes Book by.16 These multiple-choice questions (MCQs) covered basic medical micro-
biology domains (parasitology, bacteriology, virology, mycology and genetics/drug resistance) as taught in undergraduate 
medical schools (Table 1). In addition, an additional questionnaire was provided which included demographic character-
istics and information concerning universities, colleges, national or international, government or private, traditional or 
problem-based curriculum, training hospitals, and current rotation specialty.

Data Analysis
Statistical analysis was performed using the SPSS, version 17. Each correct answer was given one point. The total marks of 
the MCQs were recoded into two categories: Pass for 6 marks and above and fail for marks less than 6 out of 10 marks, as 
well as the total score. Descriptive statistics such as frequency and percentages (%) were used to describe qualitative 
variables while mean and standard deviation (SD) was used for quantitative variables. Differences between means for 
quantitative variables were compared using t-test or Mann–Whitney test as appropriate after checking for normality. The 
ANOVA or Kruskal–Wallis tests, as necessary, were used for differences for more than two means. The Chi-square test was 
used to find any association between scores and some categorical variables. Significance was set at <0.05.

Results
The study subjects included 300 interns who completed the questionnaires and answered ten MCQs covering recall of 
basic medical microbiology knowledge. The mean score of the 10 MCQs was 3.9±1.8, and only 55 (18.3%) interns 
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passed. Table 1 shows the general characteristics of the study subjects and the overall scores. The majority of interns 
were females, aged 24 years, who studied in local government colleges, graduated in the year 2018 from a problem-based 
curriculum and preparing for SMLE. Private colleges’ graduates scored significantly higher than government colleges in 
both overall score and pass rate. No significant association was found according to all other parameters studied (Table 1). 
The mean score of the individual ten questions out of a maximum of 5 points is shown in a descending order (Figure 1). 
The highest score was for question 6 (4.34/5) and the lowest was for question 7 (2.67/5). Five questions had a mean score 
of less than 3.

In Table 2, males scored significantly higher scores for questions 1 and 3. Graduates from government colleges scored 
significantly higher scores for questions 9 and 10 compared to graduates of private colleges. Interns of colleges inside 
Saudi Arabia scored significantly higher in question 5, while the reverse is true for question 8. Interns coming from the 
traditional curriculum scored significantly higher scores for questions 2 and 10 while those from problem-based learning 
(PBL) scored significantly higher scores for questions 6 and 8. No other significant differences were observed in other 
stratified parameters.

Table 1 Overall Scores Attained by the Participants and Their Demographic Parameters

Parameters Variables N (%) Overall Score Passed N (%)

Sex Male 136 (45.3) 3.9 ± 2.0 29 (21.3)
Female 164 (54.7) 3.9 ± 1.6 26 (15.9)

p-value 0.93 0.14

Age (years) <23 77 (25.7) 3.9 ± 1.9 17 (22.1)
24 129 (43.0) 4.0 ± 1.7 26 (20.2)

25 59 (19.7) 3.6 ± 1.6 6 (10.2)
<26 35 (11.7) 3.7 ± 2.0 6 (17.1)

p-value 0.34 0.30

Curriculum Traditional 107 (36.4) 3.9 ± 1.7 17 (15.9)
Problem-based 184 (63.6) 3.8 ± 1.8 36 (19.3)

p-value 0.89 0.29

Type of College Private 77 (25.4) 4.2 ± 1.8 22(28.9)
Government 233 (74.6) 3.8 ± 1.8 33(14.8)

p-value 0.049 0.006

Place of College National 289 (96.3) 3.8 ± 1.8 53 (18.6)
International 11(3.7) 4.4 ± 1.3 2 (18.2)

p-value 0.35 0.67

Exam SMLE 102 (34.0) 4.1 ± 1.6 20 (19.6)
USMLE 12 (4.0) 4.5 ± 1.6 2(16.7)

Others 186 (62.0) 3.7 ± 1.9 33(17.7)

p-value 0.14 0.92

Graduation Year 2016 4 (1.3) 3.0 ± 1.6 0 (0)

2017 13 (4.3) 3.3 ± 1.5 0 (0)

2018 214 (71.3) 3.9 ± 1.8 41 (19.2)
2019 69 (23.0) 4.0 ± 1.6 14 (20.3)

p-value 0.47 0.25

Note: Data presented as mean ± SD; p-value significant at <0.05.
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Discussion
The retention and use of basic medical science knowledge in clinical settings have been of interest and concern for medical 
educators.3 We found something (in those that passed and retained knowledge) that could help in the recall of prior 

Table 2 Mean Scores of Microbiology Knowledge Attained by the Participants According to Their Sex, Type and Location of College, 
and Instructional Approach

Parameters Questions

1 2 3 4 5 6 7 8 9 10

Sex

Male 3.8 ± 1.2 2.8 ± 1.2 3.1 ± 1.3 2.8 ± 1.5 3.4 ± 1.3 4.2 ± 1.2 2.6 ± 1.3 3.8 ± 0.8 3.0 ± 1.2 2.8 ± 1.2

Female 3.4 ± 1.4 2.6 ± 1.2 2.8 ± 1.3 2.9 ± 1.4 3.3 ± 1.2 4.4 ± 1.0 2.7 ± 1.3 3.8 ± 0.8 3.1 ± 1.0 2.7 ± 1.0

p-value 0.014 0.44 0.037 0.50 0.74 0.19 0.47 0.66 0.59 0.49

Type of College

Private 3.8 ± 1.4 2.6 ± 1.2 2.7 ± 1.2 3.0 ± 1.6 3.2 ± 1.2 4.4 ± 1.0 2.8 ± 1.4 3.7 ± 0.9 2.8 ± 1.0 2.5 ± 1.0

Government 3.5 ± 1.3 2.7 ± 1.2 3.0 ± 1.3 2.8 ± 1.4 3.4 ± 1.3 4.3 ± 1.1 2.6 ± 1.3 3.8 ± 0.8 3.2 ± 1.1 2.8 ± 1.2

p-value 0.18 0.41 0.08 0.59 0.44 0.5 0.38 0.18 0.006 0.04

Place of College

National 3.6 ± 1.3 2.7 ± 1.2 3.0 ± 1.3 2.9 ± 1.4 3.4 ± 1.2 4.3 ± 1.1 2.7 ± 1.3 3.8 ± 0.8 3.6 ± 1.3 2.7 ± 1.2

International 3.6 ± 1.1 2.3 ± 1.3 3.1 ± 1.2 3.2 ± 1.2 2.6 ± 1.8 4.8 ± 0.4 2.6 ± 1.5 4.3 ± 0.6 3.6 ± 1.1 2.3 ± 1.3

p-value 0.90 0.23 0.74 0.47 0.03 0.14 0.93 0.048 0.35 0.99

Curriculum

Traditional 3.5 ± 1.3 2.9 ± 1.2 2.9 ± 1.3 3.0 ± 1.4 3.2 ± 1.4 4.2 ± 1.2 2.9 ± 1.3 3.6 ± 1.0 3.0 ± 0.9 2.9 ± 1.2

PBL 3.6 ± 1.3 2.6 ± 1.2 3.0 ± 1.3 2.8 ± 1.4 3.5 ± 1.1 4.4 ± 1.0 2.6 ± 1.3 3.9 ± 0.7 3.1 ± 1.2 2.6 ± 1.0

p-value 0.46 0.048 0.36 0.45 0.08 0.03 0.05 0.007 0.80 0.002

Note: Data presented as mean ± SD; p-value significant at <0.05.

Figure 1 Mean scores for each question (10 questions) in descending order. The figure shows the mean scores of the individual ten questions out of a maximum of 5 points. 
The highest score was for question 6 (4.34/5) and the lowest was for question 7 (2.67/5). Five questions had a mean score of less than 3.
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microbiology knowledge among medical interns. Interestingly, this study suggests that retention of basic microbiology 
knowledge is significantly affected by the type of college. Graduates from private colleges attained higher scores than their 
peers from governmental medical schools. This finding was not observed when testing for other basic fields.4,14,15 The only 
probable reason to explain the better performance of interns from private colleges is that is that their entrance qualification for 
medical schools was foreign secondary schools’ certificates (eg, General Certificate of Education Advanced level and 
Scholastic Assessment Test). This means that they are more familiar with English as a language of instruction than interns 
from governmental universities prior to enrolling in the medical schools. All other parameters studied such as the sex, age, type 
of curriculum taught, year of graduation, place of college, or exam preparation did not significantly correlate with the recall of 
microbiology knowledge.

The type of adopted curriculum in colleges was not associated with the prior recall of microbiology knowledge. 
However, graduates of traditional curricula attained significantly higher recall scores as compared to students from 
schools adopting problem-based curricula.17 The overall goals of medical education include the attainment of knowledge, 
skills, attitudes, and values required to perform professional medical tasks competently and safely. Thus, it is necessary to 
adequately integrate clinical experiences with basic sciences to achieve these goals. The basic medical sciences curricula 
of traditional medical schools have been a place of sharp criticism by regulatory bodies of clinical practice.18 They blame 
the medical schools on the substantial factual overload of basic medical sciences in their curricula.18

The scientific knowledge necessary for learning and practicing medicine has changed dramatically, while the 
implementation of science education in the premedical and medical curricula has mostly remained unchanged.2

In the present study, sex and age were not associated with retention of prior microbiology knowledge. This is in 
disagreement with other studies that reported that retention and academic performance are influenced by the age and the 
sex of students,1,19 but not all.10 Since basic knowledge is included in initial graduate examinations, it is conceivable that 
fresh interns preparing for graduate studies, attain high scores. However, neither exam preparation (SMLE, USMLE, or 
others) nor year of graduation in our study revealed any significant predictor.

The fact that most interns have difficulty in recalling basic sciences knowledge is supported by local and international 
studies.2,13–15,20 This may be related to non-practice of basic sciences knowledge and skills learned and probably to 
methods of teaching.2,3,5,6,9 Medical students and interns may regard the basic medical subjects as peripheral and 
irrelevant to the medical profession and thus tend to forget them.21 Although remembering basic science concepts during 
the clinical years do not directly affect clinical knowledge, there is a positive correlation between retained basic concepts 
and efficient clinical practice.21 To improve recall of basic sciences knowledge in clinical years, implementation of 
programs like early clinical exposure and integration of the subjects can make learning basic science subjects more 
exciting and can affect the student’s attitude towards patients’ care.22,23

The authors of this study acknowledge some limitations. The study was cross-sectional, which is not a robust design 
for assessing association and causation. Though the study was a multicenter, it may not reflect similar populations in 
other Arabian Gulf and Middle Eastern countries and as such, findings may only apply to the curriculum adopted by the 
Saudi medical schools. The findings nevertheless offer insights in the need to revise curriculum of medical microbiology 
to medical students and training interns in KSA.

Conclusions
The current study revealed an overall deficiency of recall of prior knowledge in microbiology among interns in KSA, 
which is not related to curriculum type or demographic characteristics but rather ownership of teaching college. 
Integration of basic sciences as well as aligning teaching of basic medical sciences with clinical skills are 
recommended.
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Medical Licensure Examination; USMLE, United States Medical Licensing Examination; KFMC, King Fahad Medical 
City; KKUH, King Khalid University Hospital; NGHA, National Guard Health Authority.

Advances in Medical Education and Practice 2022:13                                                                         https://doi.org/10.2147/AMEP.S364330                                                                                                                                                                                                                       

DovePress                                                                                                                         
737

Dovepress                                                                                                                                                        Alosaimi et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Data Sharing Statement
The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable 
request.

Ethics
This study sought approval from the IRB committee of King Fahad Medical City (IRB Log number IRB: 18-641).

Consent
Participation in this study was voluntary and all the study subjects gave their consent by signing on the first page of the 
questionnaire.

Acknowledgments
We acknowledge the Research Center of King Fahad Medical City in Riyadh, KSA, for their support and encouragement.

Author Contributions
All authors made a significant contribution to the work reported, whether that is in the conception, study design, 
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically 
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article 
has been submitted; and agree to be accountable for all aspects of the work.

Funding
There is no funding to report.

Disclosure
The authors declare no conflicts of interest in relation to this work.

References
1. Custers EJ, Ten Cate OT. Medical clerks’ attitudes towards the basic sciences: a longitudinal and a cross-sectional comparison between students in 

a conventional and an innovative curriculum. Med Teach. 2007;29(8):772–777. doi:10.1080/01421590701509696
2. Alam A How do medical students in their clinical years perceive basic sciences courses at King Saud University? Ann Saudi Med. 2011;31 

(1):58–61. doi:10.4103/0256-4947.75780
3. Taveira-Gomes T, Prado-Costa R, Severo M, Ferreira MA Characterization of medical students recall of factual knowledge using learning objects 

and repeated testing in a novel e-learning system. BMC Med Educ. 2015;15:4. doi:10.1186/s12909-014-0275-0
4. AlMohanna AM, Suliman ME, AlEssa NA, Khatib SY, Saeed AA, Hamza MA Recall of physiology knowledge among medical interns: an 

exploratory study in Riyadh, Saudi Arabia. Adv Physiol Educ. 2018;42(4):541–546. doi:10.1152/advan.00116.2017
5. Custers EJ, Ten Cate OT. Very long-term retention of basic science knowledge in doctors after graduation. Med Educ. 2011;45(4):422–430. 

doi:10.1111/j.1365-2923.2010.03889.x
6. D’Eon MF Knowledge loss of medical students on first year basic science courses at the University of Saskatchewan. BMC Med Educ. 2006;6:5. 

doi:10.1186/1472-6920-6-5.
7. Gupta S, Gupta AK, Verma M, Kaur H, Kaur A, Singh K The attitudes and perceptions of medical students towards basic science subjects during 

their clinical years: a cross-sectional survey. Int J Appl Basic Med Res. 2014;4(1):16–19. doi:10.4103/2229-516X.125675
8. Friedlander MJ, Andrews L, Armstrong EG, et al. What can medical education learn from the neurobiology of learning? Acad Med. 2011;86 

(4):415–420. doi:10.1097/ACM.0b013e31820dc197
9. EL-Bab MF, Sheikh B, Shalab S, EL-Awady M, Allam A. Evaluation of basic medical sciences knowledge retention among medical students. 

Ibnosina J Med Biomed Sci. 2017;3(2):45–52. doi:10.4103/1947-489x.210870
10. Grande JP Training of physicians for the twenty-first century: role of the basic sciences. Med Teach. 2009;31(9):802–806. doi:10.1080/ 

01421590903137049
11. Fauci AS Emerging and reemerging infectious diseases: the perpetual challenge. Acad Med. 2005;80(12):1079–1085. doi:10.1097/00001888- 

200512000-00002
12. Quaglio G, Demotes-Mainard J, Loddenkemper R Emerging and re-emerging infectious diseases: a continuous challenge for Europe. Eur Respir J. 

2012;40(6):1312–1314. doi:10.1183/09031936.00111712
13. Lazić E, Dujmović J, Hren D Retention of basic sciences knowledge at clinical years of medical curriculum. Croat Med J. 2006;47(6):882–887.
14. Hamza MA, Idris AET, Almohanna A, et al. Recall knowledge of biochemistry for interns after graduation from medical schools. Int J Biosci 

Biochem Bioinform. 2013;3(1):16–19. doi: 10.7763/ijbbb.2013.v3.155.

https://doi.org/10.2147/AMEP.S364330                                                                                                                                                                                                                                

DovePress                                                                                                                               

Advances in Medical Education and Practice 2022:13 738

Alosaimi et al                                                                                                                                                         Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1080/01421590701509696
https://doi.org/10.4103/0256-4947.75780
https://doi.org/10.1186/s12909-014-0275-0
https://doi.org/10.1152/advan.00116.2017
https://doi.org/10.1111/j.1365-2923.2010.03889.x
https://doi.org/10.1186/1472-6920-6-5
https://doi.org/10.4103/2229-516X.125675
https://doi.org/10.1097/ACM.0b013e31820dc197
https://doi.org/10.4103/1947-489x.210870
https://doi.org/10.1080/01421590903137049
https://doi.org/10.1080/01421590903137049
https://doi.org/10.1097/00001888-200512000-00002
https://doi.org/10.1097/00001888-200512000-00002
https://doi.org/10.1183/09031936.00111712
https://doi.org/10.7763/ijbbb.2013.v3.155
https://www.dovepress.com
https://www.dovepress.com


15. Mustafa AA, Alassiry HA, Al-Turki A, Alamri N, Alhamdan NA, Saeed A Recall of theoretical pharmacology knowledge by 6th year medical 
students and interns of three medical schools in Riyadh, Saudi Arabia. Educ Res Int. 2016. doi:10.1155/2016/5374653 2016 1–6

16. Alley TL, Moscatello K. USMLE® Step 1 Lecture Notes 2016: Immunology and Microbiology. New York: Kaplan Medical; 2016.
17. Nageswari KS, Malhotra AS, Kapoor N, Kaur G Pedagogical effectiveness of innovative teaching methods initiated at the Department of 

Physiology, Government Medical College, Chandigarh. Adv Physiol Educ. 2004; 28 (2): 51–58. doi:10.1152/advan.00013.2003
18. Smits PB, Verbeek JH, Nauta MC, Ten Cate TJ, Metz JC, van Dijk FJ. Factors predictive of successful learning in postgraduate medical education. 

Med Educ. 2004;38(7):758–766. doi:10.1111/j.1365-2929.2004.01846.x
19. Bligh J Learning about science is still important. Med Educ. 2003;37(11):944–945. doi:10.1046/j.1365-2923.2003.01703.x
20. Fahnert B Edging into the future: education in microbiology and beyond. FEMS Microbiol Lett. 2016;363(7):fnw048. doi:10.1093/femsle/fnw048
21. Custers EJ Long-term retention of basic science knowledge: a review study. Adv Health Sci Educ Theory Pract. 2010;15(1):109–128. doi:10.1007/ 

s10459-008-9101-y
22. De Bruin AB, Schmidt HG, Rikers RM The role of basic science knowledge and clinical knowledge in diagnostic reasoning: a structural equation 

modeling approach. Acad Med. 2005;80(8):765–773. doi:10.1097/00001888-200508000-00014
23. Woods NN, Brooks LR, Norman GR The role of biomedical knowledge in diagnosis of difficult clinical cases. Adv Health Sci Educ Theory Pract. 

2007;12(4):417–426. doi:10.1007/s10459-006-9054-y

Advances in Medical Education and Practice                                                                                    Dovepress 

Publish your work in this journal 
Advances in Medical Education and Practice is an international, peer-reviewed, open access journal that aims to present and publish research 
on Medical Education covering medical, dental, nursing and allied health care professional education. The journal covers undergraduate 
education, postgraduate training and continuing medical education including emerging trends and innovative models linking education, 
research, and health care services. The manuscript management system is completely online and includes a very quick and fair peer-review 
system. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: http://www.dovepress.com/advances-in-medical-education-and-practice-journal

Advances in Medical Education and Practice 2022:13                                                                     DovePress                                                                                                                         739

Dovepress                                                                                                                                                        Alosaimi et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1155/2016/5374653
https://doi.org/10.1152/advan.00013.2003
https://doi.org/10.1111/j.1365-2929.2004.01846.x
https://doi.org/10.1046/j.1365-2923.2003.01703.x
https://doi.org/10.1093/femsle/fnw048
https://doi.org/10.1007/s10459-008-9101-y
https://doi.org/10.1007/s10459-008-9101-y
https://doi.org/10.1097/00001888-200508000-00014
https://doi.org/10.1007/s10459-006-9054-y
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Background
	Methods
	Design and Participants
	Study Questionnaires
	Data Analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Data Sharing Statement
	Ethics
	Consent
	Acknowledgments
	Author Contributions
	Funding
	Disclosure
	References

