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Abstract
Background

Electronic flashcards, such as Anki (https://apps.ankiweb.net/), are an educational resource that has been
positively received by medical students worldwide. This is evidenced by surveys and improved examination
results. However, little research has been conducted on the use of flashcards by undergraduate medical
students at universities in the United Kingdom (UK), particularly within musculoskeletal sciences (MSK).

Research Question

The research question was: Are electronic flashcards (such as Anki) an effective educational tool for
undergraduate medical students studying MSK?

Methods

Population

The study population included all medical students enrolled in the undergraduate course at Anglia Ruskin
University (ARU), UK, during their MSK module rotation in 2023/2024.

Intervention

Each student was assigned a learning objective from the MSK curriculum and required to create Anki
flashcards based on their assigned topic. These cards were then collated, quality-controlled, and
redistributed to the entire cohort. This process not only created a comprehensive educational tool for the
MSK syllabus but also introduced Anki to all students.

Outcome

The outcome was a survey employing a quantitative methodology using Likert scales (1 = least, 5 = most).

Results

The sample size was 61 students. The survey revealed that the effectiveness of electronic flashcards for
studying MSK received a mean score of 4.03 (SD #* 1.05), with 50.1% of students rating it 5/5 on the Likert
scale. Comparatively, the effectiveness of Anki in non-MSK modules showed a significantly lower mean
score of 3.71 (SD # 1.44), (p < 0.05).

The assignment also resulted in a significant increase in Anki usage, with the mean score rising from 3.34
(SD * 1.48) before the intervention to 3.89 (SD # 1.20) after (p < 0.05). Students who were new to Anki (n =
25) rated the effectiveness of the assignment in introducing them to the platform at a mean score of 3.98.

Conclusion

This survey demonstrated that electronic flashcards are perceived as an effective educational tool by
undergraduate medical students in the UK. Flashcards were found to be more effective for studying within
the MSK module compared to other modules. Furthermore, the assignment significantly increased
participation in Anki by introducing students to a novel methodology for studying.
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Introduction

Undergraduate medical education requires students to learn and retain large quantities of information
within a limited amount of time. This knowledge is not only required to pass the necessary examinations in
the short term but is also required in the long term as doctors.

Conditions affecting the musculoskeletal (MSK) system account for 40% of consultations in primary care and
an estimated 3.5 million emergency department (ED) attendances each year in the United Kingdom (UK) [1-
3]. A systematic review conducted by Harkins et al. in 2023 revealed that both the quality of knowledge and
confidence in undergraduate MSK students required improvement [4]. This highlights the importance of
aiding medical students with additional educational tools [5,6].

Flashcards have long been recognised as a valuable educational tool in medical education. Classically, they
are designed so that one side of the card displays ‘the topic’ or 'question’, and the other side shows ‘the
feedback' or 'answer’ [6]. It requires the student to actively retrieve knowledge, rather than simply passively
absorbing. This is active recall, a proven high-utility study technique [7]. Augustin succinctly stated that
long-term acquisition of knowledge can be broken down into three main components: elaboration, testing,
and spacing [8]. The use of flashcards focuses on the testing and spacing components.

Flashcards have been digitalised through the use of various computer applications that create electronic
flashcards (e-flashcards). Anki is an example, which is open-sourced and accessible from a computer or
smart device [9].

Current literature and research themes

The existing literature on e-flashcards in medical education highlights several key themes, including the
geographic location of studies and the level of students' medical education.

Research that was conducted in the United States investigated the effectiveness of Anki. Papers by Deng in
2015 and later by Lu in 2021 showed a positive correlation between the use of Anki and the results on the
United States Medical Licensing Exams (USMLE) [10,11]. In the United States, Levy in 2023 noted that
students performed significantly better in anatomical and physiology exams when using Anki at a higher
level compared to light users (p<0.05) [12]. Survey-based studies in the United States and Australia
demonstrated a high student receptivity and satisfaction with the use of Anki as an educational tool [12-14].

A key research gap identified was the limited literature on the use of Anki from UK-based medical schools.
Furthermore, in the United States, students are required to have completed a pre-medical undergraduate
degree prior to medical school. This makes them graduate-level students and further along in their
educational journey when compared to UK medical schools, where this is not a requirement. Most of the
literature was from the United States, but a paper focusing on undergraduate medical students was
conducted by Jape et al. in 2022. This paper, conducted in Australia, looked at the effectiveness of Anki when
studying pharmacology and found that Anki was ‘highly regarded’, with a positive global rating of 3.8 out of
5 on the Likert scale [14].

A further theme identified from the literature review was the specific medical subjects researched. Anki has
been shown to be an effective educational tool in terms of student satisfaction when studying
pharmacology, obstetrics and gynaecology, molecular biology, and psychiatry [13-15]. However, there is
little research into Anki within the MSK subject. A subsection of MSK is anatomy. Levy in 2023 showed a
positive student reception towards Anki when studying anatomy, with high Anki users giving a mean of 4.58
out of 5, which was considered significant [12]. However, this research focused on basic anatomy, while the
MSK curriculum reflects more extensive clinical knowledge.

The conclusion of the literature review identified a research gap when assessing how UK-based medical
undergraduate students perceive Anki flashcards while studying MSK.

Materials And Methods

Research question

Is the use of electronic flashcards (such as Anki) an effective educational tool for undergraduate medical
students studying MSK?

Study design and selection

This was a primary research project with a study designed via the framework PIO (population, intervention,

outcome) [16].

Population
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The target sample was medical students in the undergraduate course at Anglia Ruskin University (ARU), UK.
These students were in their second year and had completed a rotation in the MSK module for the year
2023/2024. The inclusion and exclusion criteria, as shown in Table 1, specify that all students from the
second-year cohort were included, with the only exclusion being students who had interrupted their studies.
Students who had taken time away from the medical course did not participate in the assignment.

Inclusion Exclusion
Students enrolled in the undergraduate medical programme
Students from Anglia Ruskin University Students who are intermitting (i.e. not active)

Student studying in the MSK module in 2023/2024

TABLE 1: Inclusion and exclusion criteria

Sample selection required students to meet the inclusion criteria outlined above.

Intervention

The intervention involved the use of the electronic flashcard tool, Anki ( https://apps.ankiweb.net/). Prior to
this module, a proportion of students had already been using Anki as an educational tool. However, to gain a
more accurate representation of this student cohort, it was important to introduce and educate students
who were new to using Anki. This led to the creation of the Anki assignment.

The Anki Assignment

Each learning event within the MSK module at ARU is aligned with specific learning objectives. These events
include lectures, anatomy dissections, workshops, and seminars. Students were randomly assigned a
learning objective and tasked with creating three to five flashcards using Anki. The timeline is illustrated in
Figure I, with the deadline for submission set for the Sunday following the presentation of that learning
objective.
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FIGURE 1: Timeline illustration of the Anki assignment

This figure illustrated the sequence of events for the Anki assignment. Week 0 was at the start of the module.
Week 1 - 6 was when all learning activities occurred. Week 7 was at the end of the module and when the survey
was distributed. The musculoskeletal science block lasts 6 weeks, beginning with the introduction lecture and
learning objective allocation. The deadline for submission of the Anki cards is the end of the week (Week 1 to 6)
when that learning objective occurred. Once cards were received, they were quality-checked and re-distributed to
the students. At the end of the assignment, the survey was distributed.

At the start of the module, a teaching session was conducted to explain the assignment and included a
tutorial on how to use Anki. This lecture was recorded and made accessible to all students for review.
Additionally, a point of contact was established for any questions.

At the end of each week, the flashcards were collated and quality-controlled to ensure the information was
factually accurate. The curated cards were then redistributed to the entire student cohort. By the end of the
six-week module, students had received a complete set of flashcards covering the entirety of the curriculum.

The Anki assignment was mandatory and enforced by the head of the MSK module at ARU. Making the
assessment voluntary would likely have resulted in poor participation, and the success of the project relied
on all learning objectives having their corresponding cards. In cases where students did not create the
required cards, these were completed by the assignment supervisor to ensure no learning objectives were
missed.

Outcomes

The primary outcome was the students' perceived effectiveness of Anki in learning the MSK content. The
secondary outcome was whether the assignment was an effective project to introduce or increase Anki's use.

Quantitative analysis was used as the methodology to evaluate the outcomes in the form of a survey.
Survey

The survey was created using the platform ‘Online Surveys’ by the company Jisc (Bristol, UK), a trusted and
ethically approved platform at ARU. A Likert scale (1 to 5) scoring system was employed, where 1 = least and
5 =most. For questions related to the frequency of flashcard use, additional descriptions were provided for
the Likert scale: 1 = never, 2 = rarely, 3 = occasionally, 4 = often, and 5 = always.

The survey consisted of nine questions plus a participation consent question. All questions were scored
using the Likert scale.
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Results were interpreted through descriptive analysis of frequency and central tendency, including mean
and median averages. Dispersion was measured using standard deviation, and upper and lower quartiles on
the box plots. A paired Student t-test was used to identify any significant differences where the data was
continuous and normally distributed. The results were presented in tables and box plots.

Ethical approval

The survey was anonymous. It was distributed with a participation information sheet, which outlined the
research project. Students also provided consent for the use of their answers for research prior to being able
to submit the survey. Ethical approval was granted by the School Research Ethic Panel (SREP) under the
terms of ARU’s research policy (www.aru.ac.uk/researchethics). The ethics application number is ETH2223-
8674.

Results

Sixty-one students met the inclusion criteria and completed the survey. The median age was 20 years, and
57 (92%) students were undergraduates. At the end of week 6 the total number of cards created was 400.

Table 2 and Figure 2 show the students' usage of both physical and e-flashcards prior to the introduction of
the Anki assignment. A paired Student’s t-test was used to statistically compare the usage of physical and e-
flashcards. The result was a p-value of <0.05 - a significant increase.

i Standard Significant difference
Survey question Mean .
Deviation (student t-test)

How often do you use physical flashcards as part of your medical education? (n=61) 1.76 11

Prior to the Anki assignment: How often do you use electronic flashcards, such as Anki, p<0.05

) ) 3.34 148
as part of your medical education? (n=61)

TABLE 2: Results of the survey related to the usage of physical and electronic flashcards

Table 2 illustrates the students' usage of both physical and electronic flashcards before the Anki assignment. It shows a significant increase in the use of
electronic over physical flashcards with a Student's t-test producing p<0.05.

I Physical flashcard use [I e-flashcard use

4.5

3.5

3 3.068%

25 2.352X

1.7
15

FIGURE 2: Box plot for medical students' use of physical and electronic
flashcards

This figure shows a box plot illustrating the significant increase in electronic flashcards (e-flashcards) use
compared to physical flashcards.

Table 3 shows how effective students found e-flashcards for studying MSK and compared it to their
effectiveness in other modules. A paired Student's t-test produced a p-value <0.05, which showed a
significant improvement in effectiveness within MSK.
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Survey question Mean

Standard Significant difference

Deviation (student t-test)

How effective do you find electronic flashcards, (such as Anki) for studying MSK?
(n=61)

How effective would you find electronic flashcards, such as Anki, as a tool in medical

4.03 1.05

p<0.05

371 144

education for other modules (not MSK)? (n=61)

TABLE 3: Results of the survey related to the effectiveness of electronic flashcards such as Anki

Table 3 illustrates a significant improvement in the effectiveness of electronic flashcards as a tool for medical education for musculoskeletal sciences
(MSK) when compared to other non-MSK modules. This was shown with a Student's t-test producing a p-value of <0.05.

Table 4 illustrates the impact of the Anki assignment on participants' medical education within MSK. After
the assignment, students used Anki significantly more, which is highlighted by a p<0.05 on the Student's t-

test. Figure 3 illustrates this increase via a box plot.

Survey question Mean

Prior to the Anki assignment: How often do you use electronic flashcards, such as Anki, as

. . 3.34
part of your medical education? (n=61)
After the Anki assignment: How often will you use electronic flashcards, such as Anki, for 3.89
studying MSK? (n=61) '
How effective was this assignment (sharing the deck of cards of MSK syllabus) for your 343
medical education? (n=61) '
If you were new to electronic flashcards, such as Anki, did this assignment help introduce 3.98

a new method for your medical education? (n=25)

TABLE 4: Results of the survey related to the Anki assignment

Standard Significant difference
Deviation  (student t-test)

1.48
p<0.05
1.20

1.33

1.64

Table 4 illustrates the impact of the Anki assignment on students' medical education in terms of overall effectiveness and introducing a methodology to new
users. There was also a statistically significant increase shown after the assignment, with a paired student t-test resulting in p<0.05.
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FIGURE 3: Box plot of Anki usage prior to the assignment and after

Abox plot that illustrates the comparison between the Anki usage prior to the assignment to the Anki usage after
the assignment. It shows a clear increase in usage.

Discussion

Medical students are required to learn and retain large quantities of information in a short time. The MSK
module alone comprises more than 150 different conditions [1]. Educational tools are essential to assist
students with long-term knowledge acquisition, which is crucial for their careers as doctors.

Anki is an intervention that promotes revision and self-testing. It fosters active learning rather than passive
absorption, which is fundamental for acquiring and retaining knowledge [8]. Anki has also been shown to be
a more time-efficient method of revision [14,17]. Therefore, such strategies should be encouraged by
educators.

Addressing the research question: the results indicate that undergraduate medical students from ARU find
Anki to be an effective educational tool. These findings are consistent with currently published literature
from the United States and Australia [11,13-15]. Anki was found to be significantly more effective for
studying MSK compared to other non-MSK modules. This could be attributed to the anatomy and physiology
content within MSK, areas where Anki has been shown to be popular with students [12].

The Anki assignment was designed to ensure all students were fairly exposed to the tool. A survey question
that captured these students’ experiences was: “If you were new to electronic flashcards, such as Anki, did
this assignment help introduce a new method for your medical education?” The response was one of the
highest scorers, with 19 (76%) rating it 4 or 5 out of 5 on the Likert scale. This high score reflected less on
the assignment itself and more on the positive reception of Anki.

Anki was shown to be an effective educational tool because it utilises well-established educational theories.
The first is the ‘testing effect,” whereby the cards require self-assessment with immediate feedback.
Compared to passive learning, the testing effect has been demonstrated to be superior in enhancing
knowledge retention [8,18-20].

Additionally, Anki incorporates the ‘spacing effect, a concept first described by Ebbinghaus between 1880
and 1885. He found that long-term memory retention is more effective when learning events are spaced out
over time, rather than occurring in immediate succession [21]. Since then, multiple studies have validated
this theory, demonstrating its superiority for long-term knowledge acquisition by flattening the ‘forgetting
curve’ [22-24]. Anki optimises this concept further by allowing students to self-rate the difficulty of the
cards, which determines the time intervals for reviewing them. For instance, more challenging cards
reappear sooner, whereas easier cards reappear after longer intervals. This feature enhances the time
efficiency of revision, as students spend less time on concepts they have already mastered and more time on
topics requiring additional focus [14].

This educational resource was created by students for students. A relatively small contribution (3-5 cards per
student) resulted in a comprehensive set of 400 cards. Unique to this study was the creation of the cards by
the students themselves, whereas other studies relied on pre-made cards [11,13,14,25]. Creating the cards
encouraged students to reflect on their content before sharing it with peers. Such reflection is a habit that
should be cultivated throughout their education, as it encourages critical evaluation of learned information
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and promotes higher-order learning [25]. The assignment also fostered a collaborative environment, where
students worked together to support one another. Collaboration is a fundamental principle in their future
careers as doctors and has been shown to positively impact the quality of patient care. This underscores the
importance of developing these skills during medical training [26].

This study focused on students’ perceptions of the effectiveness of Anki cards. Using an exam-based
approach, where Anki usage is correlated with performance, would be challenging due to the numerous
variables involved, including the extent of other learning methods used. At best, the results would show an
association rather than causation. The survey remains an appropriate methodology, as an educational
resource can only produce outcomes if the students using it perceive it to be effective.

Limitations

A limitation of the assignment was the variation in the quality of the cards produced by the students. This
was reflected in the mixed responses from the students, with the mean value for the question: “How
effective was this assignment (sharing the deck of cards for the MSK syllabus) for your medical education?”
being relatively low at 3.43. Several factors could have contributed to this outcome. Firstly, the assignment
was formative rather than summative, with no grade or pass/fail outcome. The rationale for this approach
was to reduce stress for students, with the expectation that the collective effort would yield high-quality
work [27]. Despite the assignment being mandatory and a prize being awarded for the best cards, the
extrinsic motivation provided was insufficient, relying too heavily on intrinsic motivation. While it is well
documented that formative assessment can drive improved learning and outcomes [28], introducing
summative assessment would require sufficient evidence of its effectiveness for medical students, which is
one of the aims of this research paper. Another contributing factor was the robustness of the quality control
procedures. The primary aim of these procedures was to ensure the accuracy of the information on the cards,
not to amend or enhance their overall quality. A significant advantage of Anki as a digital platform,
however, is its ability to allow users to easily edit, re-share, and delete flashcards, all of which contribute to
potential improvements and future success [24].

Further research is needed to increase the sample size and to examine the use of Anki in different medical
schools across the UK. Additionally, this study focused solely on Anki and did not consider other platforms
that deliver e-flashcards. Comparing different software programs would also be beneficial, as this would
allow educators to identify and promote the most effective tools.

Conclusions

This survey addressed the primary research question, demonstrating that electronic flashcards were well
received by undergraduate medical students from a UK university. The Anki flashcards were found to be
more effective as an educational tool for studying MSK compared to other modules.

Overall, the Anki assignment successfully introduced a new educational methodology to medical students
and encouraged those already familiar with it to utilise this resource more frequently. A low individual effort
combined with peer collaboration resulted in the creation of a substantial resource to support their MSK
education, both now and in the future.

The Anki assignment is an example of how educational institutions can harness technology in a formal way
to improve medical education.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Edward Laurent, Staton Phillips

Acquisition, analysis, or interpretation of data: Edward Laurent

Drafting of the manuscript: Edward Laurent

Critical review of the manuscript for important intellectual content: Edward Laurent, Staton Phillips

Supervision: Staton Phillips
Disclosures

Human subjects: Consent for treatment and open access publication was obtained or waived by all
participants in this study. Anglia Ruskin University School Research Ethics Panel issued approval ETH2223-

2025 Laurent et al. Cureus 17(1): €77312. DOI 10.7759/cureus.77312 8 of 10


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

8674. Principal Investigator: Edward Peter Laurent. Research ethics application number: ETH2223-8674.
Project Title: The Effectiveness of Virtual Flashcards in Undergraduate Medical Students Studying
Musculoskeletal Sciences. Risk Level: Yellow (Medium). The ethics application has been approved by the
School Research Ethics Panel (SREP) under the terms of ARU’s Research Ethics Policy (available on the
research ethics website at www.aru.ac.uk/researchethics). Animal subjects: All authors have confirmed that
this study did not involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE
uniform disclosure form, all authors declare the following: Payment/services info: All authors have
declared that no financial support was received from any organization for the submitted work. Financial
relationships: All authors have declared that they have no financial relationships at present or within the
previous three years with any organizations that might have an interest in the submitted work. Other
relationships: All authors have declared that there are no other relationships or activities that could appear
to have influenced the submitted work.

References

1.  'WHO, Musculoskeletal Health. (2022). Accessed: January 2024: https://www.who.int/news-room/fact-
sheets/detail/musculoskeletal-conditions.

2.  FitzSimmons CR, Wardrope J: 9 assessment and care of musculoskeletal problems . Emerg Med J. 2005,
22:68-76. 10.1136/emj.2004.021527

3. WuV, GotoK, Carek S, et al.: Family medicine musculoskeletal medicine education: a CERA study . Fam
Med. 2022, 54:369-75. 10.22454/FamMed.2022.975755

4. Harkins P, Burke E, Conway R: Musculoskeletal education in undergraduate medical curricula-a systematic
review. Int ] Rheum Dis. 2023, 26:210-24. 10.1111/1756-185X.14508

5. Naeger DM, Conrad M, Nguyen ], Kohi MP, Webb EM: Students teaching students: evaluation of a "near-
peer" teaching experience. Acad Radiol. 2013, 20:1177-82. 10.1016/j.acra.2013.04.004

6. Kornell N: Optimising learning using flashcards: spacing is more effective than cramming . Appl Cogn
Psychol. 2009, 23(9):1297-317. 10.1002/ACP.1537

7. Karpicke JD, Butler AC, Roediger HL 3rd: Metacognitive strategies in student learning: do students practise
retrieval when they study on their own?. Memory. 2009, 17:471-9. 10.1080/09658210802647009

8.  Augustin M: How to learn effectively in medical school: test yourself, learn actively, and repeat in intervals .
Yale ] Biol Med. 2014, 87:207-12.

9. Anki - powerful, intelligent flashcards . (2022). Accessed: Aug. 23, 2022: https://apps.ankiweb.net/.

10. DengF, Gluckstein JA, Larsen DP: Student-directed retrieval practice is a predictor of medical licensing
examination performance. Perspect Med Educ. 2015, 4:308-13. 10.1007/s40037-015-0220-x

11. LuM, Farhat JH, Beck Dallaghan GL: Enhanced learning and retention of medical knowledge using the
mobile flash card application Anki. Med Sci Educ. 2021, 31:1975-81. 10.1007/s40670-021-01386-9

12.  Levy]J, Ely K, Lagasca G, et al.: Exploring anki usage among first-year medical students during an anatomy
& physiology course: a pilot study. ] Med Educ Curric Dev. 2023, 10:23821205231205389.
10.1177/23821205231205389

13.  Tsai§, Sun M, Asbury ML, Weber JM, Truong T, Deans E: Novel spaced repetition flashcard system for the
in-training examination for obstetrics and gynecology. Med Sci Educ. 2021, 31:1393-9. 10.1007/s40670-021-
01320-z

14. Jape D, Zhou J, Bullock S: A spaced-repetition approach to enhance medical student learning and
engagement in medical pharmacology. BMC Med Educ. 2022, 22:337. 10.1186/s12909-022-03324-8

15.  Harris DM, Chiang M: An analysis of Anki usage and strategy of first-year medical students in a structure
and function course. Cureus. 2022, 14:e23530. 10.7759/cureus.23530

16. Richardson WS, Wilson MC, Nishikawa ], Hayward RS: The well-built clinical question: a key to evidence-
based decisions. ACP J Club. 1995, 123:A12-3.

17. Haidet P, Morgan RO, O'Malley K, Moran BJ, Richards BF: A controlled trial of active versus passive learning
strategies in a large group setting. Adv Health Sci Educ Theory Pract. 2004, 9:15-27.
10.1023/B:AHSE.0000012213.62043.45

18.  McDaniel MA, Anderson JL, Derbish MH, et al.: Testing the testing effect in the classroom . Eur ] Cogn
Psychol. 2007, 19:494-513. 10.1080/09541440701326154

19. Roediger HL, Agarwal PK, McDaniel MA, McDermott KB: Test-enhanced learning in the classroom: long-
term improvements from quizzing. ] Exp Psychol Appl. 2011, 17:382-95. 10.1037/a0026252

20. Butler AC: Repeated testing produces superior transfer of learning relative to repeated studying . ] Exp
Psychol Learn Mem Cogn. 2010, 36:1118-33. 10.1037/a0019902

21.  Wixted JT: On Common Ground: Jost's (1897) law of forgetting and Ribot's (1881) law of retrograde
amnesia. Psychol Rev. 2004, 111:864-79. 10.1037/0033-295X.111.4.864

22. Cepeda NJ, Pashler H, Vul E, Wixted JT, Rohrer D: Distributed practice in verbal recall tasks: a review and
quantitative synthesis. Psychol Bull. 2006, 132:354-80. 10.1037/0033-2909.132.3.354

23.  Murre JM, Dros J: Replication and analysis of ebbinghaus' forgetting curve . PLoS One. 2015, 10:e0120644.
10.1371/journal.pone.0120644

24. Hart-Matyas M, Taylor A, Lee HJ, Maclean MA, Hui A, Macleod A: Twelve tips for medical students to
establish a collaborative flashcard project. Med Teach. 2019, 41:505-9. 10.1080/0142159X.2018.1426843

25. Kinsella EA: The art of reflective practice in health and social care: reflections on the legacy of Donald
Schon. Reflective Pract. 2010, 11:565-75. 10.1080/14623943.2010.506260

26. Rosen MA, DiazGranados D, Dietz AS, Benishek LE, Thompson D, Pronovost PJ, Weaver S]: Teamwork in
healthcare: Key discoveries enabling safer, high-quality care. Am Psychol. 2018, 73:433-50.
10.1037/amp0000298

27. Irons A, Elkington S: Enhancing Learning Through Formative Assessment and Feedback, 2nd Edition .
Routledge, London; 2021. 10.4324/9781138610514

28. Black P, William D: Assessment and classroom learning’, assessment in education: principles. Policy Pract.

2025 Laurent et al. Cureus 17(1): €77312. DOI 10.7759/cureus.77312 9 0of 10


https://www.who.int/news-room/fact-sheets/detail/musculoskeletal-conditions
https://www.who.int/news-room/fact-sheets/detail/musculoskeletal-conditions
https://dx.doi.org/10.1136/emj.2004.021527
https://dx.doi.org/10.1136/emj.2004.021527
https://dx.doi.org/10.22454/FamMed.2022.975755
https://dx.doi.org/10.22454/FamMed.2022.975755
https://dx.doi.org/10.1111/1756-185X.14508
https://dx.doi.org/10.1111/1756-185X.14508
https://dx.doi.org/10.1016/j.acra.2013.04.004
https://dx.doi.org/10.1016/j.acra.2013.04.004
https://dx.doi.org/10.1002/ACP.1537
https://dx.doi.org/10.1002/ACP.1537
https://dx.doi.org/10.1080/09658210802647009
https://dx.doi.org/10.1080/09658210802647009
https://pmc.ncbi.nlm.nih.gov/articles/PMC4031794/
https://apps.ankiweb.net/
https://apps.ankiweb.net/
https://dx.doi.org/10.1007/s40037-015-0220-x
https://dx.doi.org/10.1007/s40037-015-0220-x
https://dx.doi.org/10.1007/s40670-021-01386-9
https://dx.doi.org/10.1007/s40670-021-01386-9
https://dx.doi.org/10.1177/23821205231205389
https://dx.doi.org/10.1177/23821205231205389
https://dx.doi.org/10.1007/s40670-021-01320-z
https://dx.doi.org/10.1007/s40670-021-01320-z
https://dx.doi.org/10.1186/s12909-022-03324-8
https://dx.doi.org/10.1186/s12909-022-03324-8
https://dx.doi.org/10.7759/cureus.23530
https://dx.doi.org/10.7759/cureus.23530
https://pubmed.ncbi.nlm.nih.gov/7582737/
https://dx.doi.org/10.1023/B:AHSE.0000012213.62043.45
https://dx.doi.org/10.1023/B:AHSE.0000012213.62043.45
https://dx.doi.org/10.1080/09541440701326154
https://dx.doi.org/10.1080/09541440701326154
https://dx.doi.org/10.1037/a0026252
https://dx.doi.org/10.1037/a0026252
https://dx.doi.org/10.1037/a0019902
https://dx.doi.org/10.1037/a0019902
https://dx.doi.org/10.1037/0033-295X.111.4.864
https://dx.doi.org/10.1037/0033-295X.111.4.864
https://dx.doi.org/10.1037/0033-2909.132.3.354
https://dx.doi.org/10.1037/0033-2909.132.3.354
https://dx.doi.org/10.1371/journal.pone.0120644
https://dx.doi.org/10.1371/journal.pone.0120644
https://dx.doi.org/10.1080/0142159X.2018.1426843
https://dx.doi.org/10.1080/0142159X.2018.1426843
https://dx.doi.org/10.1080/14623943.2010.506260
https://dx.doi.org/10.1080/14623943.2010.506260
https://dx.doi.org/10.1037/amp0000298
https://dx.doi.org/10.1037/amp0000298
https://dx.doi.org/10.4324/9781138610514
https://dx.doi.org/10.4324/9781138610514
https://dx.doi.org/10.1080/0969595980050102

Cureus

Part of SPRINGER NATURE

1998, 5:7-74. 10.1080/0969595980050102

2025 Laurent et al. Cureus 17(1): €77312. DOI 10.7759/cureus.77312 10 of 10


https://dx.doi.org/10.1080/0969595980050102

	Effectiveness of Electronic Flashcards for Undergraduate Medical Students in Musculoskeletal Sciences
	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Current literature and research themes

	Materials And Methods
	Research question
	Study design and selection
	Population
	TABLE 1: Inclusion and exclusion criteria

	Intervention
	FIGURE 1: Timeline illustration of the Anki assignment

	Outcomes
	Ethical approval

	Results
	TABLE 2: Results of the survey related to the usage of physical and electronic flashcards
	FIGURE 2: Box plot for medical students' use of physical and electronic flashcards
	TABLE 3: Results of the survey related to the effectiveness of electronic flashcards such as Anki
	TABLE 4: Results of the survey related to the Anki assignment
	FIGURE 3: Box plot of Anki usage prior to the assignment and after

	Discussion
	Limitations

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


