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Abstract

Background: The widespread use of social media has led to exploration of its use as an educational tool to engage
learners and enhance interactive learning with its use in the healthcare literature dating back to 2008. If an intervention
can impact clerkship Shelf Exam scores as a measurable short-term goal, it may have a downstream impact on
USMLE or COMLEX-USA examination scores. The purpose of the investigation was to evaluate if Twitter could be
used in undergraduate allopathic and osteopathic medical students to enhance learning outcomes defined as scores

and passage on NBME Shelf examinations taken directly after the intervention period.

Methods: This investigation used a quasi-experimental study design. Ninety questions covering 30 different Family
Medicine topics were developed through a psychometrically sound process. Following sample size calculations 32 3rd.
year allopathic and osteopathic participants were recruited from a Family Medicine clerkship at a community-based
hospital in the Northeast. Participants were sent tweets during two weeks of their Family Medicine clerkships. Upon
completion of their clerkship, surveys were emailed to participants containing questions from ane an engagement
survey. A historical comparison group of individuals completing their rotations immediately prior to the intervention was
used to assess a difference in Shelf examination scores. A two-group Wilcoxon-Mann-Whitney test was used to

examine differences.

Results: There was no statistical evidence of a difference between percentile scores P-value=.157). The CLES

for COMAT/NCME Shelf Exam percentile was 62% - a meaningful effect size.

Discussion: This study adds support for the use of Twitter to improve learning outcomes during medical student
clerkships. Our study built upon this finding by adding the bidirectional aspect of Twitter communication. The change in
scores change may have been due to student engagement. Twitter demonstrated a social media approach to providing
students with anytime-anyplace and just-in-time experience consistent with Bauman’s Layered-Learning Model. The
chief limitation of this study was medical student in-person clerkships were paused during the COVID pandemic and

therefore our study enrollment was also paused and posed many more logistical challenges. The results of this
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investigation further the potential for Twitter to be used as an inexpensive educational intervention to modestly improve
standardized exam scores with the potential to be used in a broader fashion (e.g., COMLEX and USMLE Step Scores).
Future research can build upon this study by applying this intervention to other locations with larger samples. This study

should be replicated for each core clerkship rotation for COMLEX and USMLE Step preparation.
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Social media platforms such as Twitter, Facebook, and Slack have become widely popular and their use has increased

exponentially over the last two decades.!! Twitter has 330 million active monthly users with roughly half of users tweeting
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daily.[z] The widespread use of social media has led to exploration of its use as an educational tool to engage learners and
enhance interactive learning with its use in the healthcare literature dating back to 2008.1314! Through an understanding of
digital connectivism, faculty can use social media to compliment traditional teaching techniques and facilitate student-
centered learning. Twitter has been used in medical education as a pedagogical platform; however, the use of social
media as an innovative learning tool to leverage learning outcomes in undergraduate medical education is largely
unexplored.PIBI7IEICIT0] The current research has studied perceptions of Twitter use and student engagement, but has
not linked it to learning outcomes. Digital natives seek routine incorporation of social media in their education. Medical

students desire efficient learning and social media can be a tool to satisfy this need.!"]

In medical education, allopathic medical students take National Board of Medical Examiners (NBME) Shelf Exams and
osteopathic students take the Comprehensive Osteopathic Medical Achievement Test (COMAT) after each core rotation.
These NBME Shelf Exam scores correlate with, and help students stay on track for passing the United States Medical
Licensing Examinations (USMLE) and Comprehensive Osteopathic Medical License Examination of the United States
(COMLEX-USA)."2Il13] |f an intervention can impact clerkship Shelf Exam scores as a measurable short-term goal, it may
have a downstream impact on USMLE or COMLEX-USA examination scores. The purpose of the investigation was to
evaluate if Twitter could be used in undergraduate allopathic and osteopathic medical students to enhance learning

outcomes defined as scores and passage on NBME Shelf examinations taken directly after the intervention period.

Literature review

A search of the literature using PubMed and the following composite terms “(Twitter [title/abstract]) AND
((medical[title/abstract]) AND ((education[title/abstract]) OR knowledgel[title/abstract]))” in November of 2022, revealed 413
articles. Of those articles, four had to do with direct learning outcomes, and one (Reames et al.) dealt with Shelf Exam

scores.

The four studies examining outcomes include Webb et al. who performed a study using 116 volunteer medical students in

a clinical medicine course.['%]

They compared students who used Twitter frequently to those who used Twitter little or
none of the time using an in-class photo quiz. Students retained less information from Twitter than from the classroom
images as demonstrated on their quiz. Hennessy et al. used Twitter to attempt to enhance learning outcomes in
neuroanatomy teaching and were successful at relieving anxiety and increasing morale throughout the course, but didn’t
increase exam scores.!'%! Jurivich et al. conducted a “controlled, prospective, 2-year cohort observational study...to test
whether weekly geriatric questions delivered through Twitter Poll could improve geriatrics knowledge during an internal
medicine clerkship for third-year medical students.”['®! Pre- and post-rotation multiple-choice test results were compared
and demonstrated an increase in knowledge in the intervention group compared to the control group.!'®! Jurivich et al.
were the first to highlight the use of Twitter to improve learning outcomes in medical clerkship students. Reames and
colleagues used a pre-test/post-test prospective observational study using medical student volunteers from surgical

cIerkships.W] They sent three new tweets per day with succinct, objective surgical facts and assessed aggregate test

scores for participating students and historical controls.["”] They found Shelf Examination scores were not significantly
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different in the intervention group. This study was most closely aligned with our target population and intention to attempt
to increase Shelf Examination scores for medical students. To build upon the above studies, the authors used an

intervention implementing bidirectional Twitter communication to assess if this can enhance Shelf Examination scores.

Theoretical framework

Cognitive psychology, neuroscience, and learning research are the scientific basis for education. The study of these
subjects is an empirical science with a solid theoretical foundation and research-based uses with application to higher
education.!'®! It is imperative education be more deliberate and systematic in its use of evidence-based methods. To this
end, this investigation uses two theoretical frameworks, spaced learning and Bauman’s Layered-learning Model
(BLLM).[19120121] gpaced learning is used to convey and embed content in short-term memory to long-term memory,

while BLLM is the paradigm under which the learning occurs.

In 2005 Fields wrote a paper describing the neurological basis for the transition of short-term memories to long-term
memories.[??! Subsequently, capitalizing on Fields’ work, Kelley & Whatson used three repeated stimuli separated by ten-
minute intervals to test the possibility of enhancing the encoding of long-term memories in students. They were successful
in demonstrating this possibility.[?] Spaced learning repeats learning content three times with two ten-minute breaks. The
breaks consist of activities unrelated to the learning content. The breaks are key to spaced learning, and theories of why
spacing is effective abound. The different theories of spaced learning may or may not work together yielding the memory
advantage produced by spaced practice.l?*! One of the more prominent theories is repeating an item may prompt retrieval
of previous presentation, thus engaging a process to enhance memory.[?°! In essence this practice retrieval process
readies the learner for subsequent instances when relevant material will need to be recalled later in a more situated
circumstance, for example during an examination or in a clinical setting. In other words, spaced learning may be viewed
as “practicing forgetting”. Toppino & Gerbier offer additional theories explaining the benefit of spaced practice for long-

term retention.[26]

Bauman’s Layered-learning Model describes a matrix for scaffolding didactic materials delivered through traditional
teaching methods such as lecture, discussion and reading assignments with the presentation of additional course content
by leveraging multimedia educational technology.!'?!20121] |n this way the model presupposes traditional didactic learning
techniques, such as knowledge transfer through scholarly reading and interaction with faculty and staff, still have
relevance in the modern classroom. However, the model leverages contemporary educational technology to scaffold the
transfer of knowledge to the learners in a situated and multimodal approach. The importance of the situated context of the
content is not to be overlooked. Using multimedia approaches to teaching and learning including traditional educational
communication such as reading assignments, small group discussions, as well as contemporary digital media approaches
like instant messaging platforms prepares learners for contemporary practice environments. The contemporary practice
environment is dependent on the ability of clinicians to access information from multiple sources and often synchronous to
evolving clinical encounters. By providing students with anytime-anyplace and just-in-time learning experiences, BLLM

provides this investigation with a dissemination and evaluation of knowledge model consistent with actual practice
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settings.

Bauman’s Layered-learning Model does not replace traditional reading assignments with technology, but rather provides
an approach to learning by increasing access to content and avoiding the pitfalls of privileging information. By making
content available through digital and mobile media and through supervised clinical experiences students begin to achieve
real-time, anyplace learning experiences. Learners can leverage an array of resources including, faculty-led classroom
experiences, books (print or digital), social media, and multimedia games or simulations to provide as-needed or just-in-
time learning to meet course objectives. Within the context of BLLM, the role of the faculty member shifts from the position
of sage on the stage to a guide who determines how best to convey knowledge by leveraging digitally enhanced learning
tools and techniques.?”!?¢] Given the plethora of information available to students, the role of faculty is to teach students
how to vet, evaluate, and distill available content to support curriculum goals and objectives, ensuring student success.
The lack of knowledge in learning outcomes regarding the use of Twitter or similar social media platforms, combined with
their widespread availability, and cost-effectiveness provided motivation to study Twitter as a student-centered intervention

to enhance learning.

Methods

Design, setting & sample

This investigation used a quasi-experimental study design. Participants were recruited from a Family Medicine clerkship at
a community-based hospital in the Northeast and were in their third year of training in an allopathic or osteopathic
curriculum. Prior to the intervention, a survey that contained the questions in Table 1 was emailed to each participant.
Participants responded to the survey via Qualtrics survey software (Provo, UT) for the first ten months of the intervention
and then responded via Survey Monkey (San Mateo, CA). Respondents were sent tweets during two weeks of their
Family Medicine clerkships. Upon completion of their clerkship, a survey was emailed to participants via Qualtrics survey
software for the first ten months and then changed to Survey Monkey containing questions from the MSCES™. A
historical comparison group of individuals completing their rotations immediately prior to the intervention was used to
assess a difference in Shelf examination scores. A two-group Wilcoxon-Mann-Whitney test with a .05 one-sided
significance level will have 80% power to detect an effect size of 1.0 when the total sample size of 32.[29130][311[32] Cohen

(1988) endorses large sample sizes such as 1.0 for educational interventions.2°!

Question development

Reflecting the theoretical framework of spaced learning, the goal was to have three questions reflecting each topic. High-
yield topics from the Family Practice Shelf Exam were identified.[®% Initial questions were proposed by two Family
Medicine practitioners and study authors (AA, CG). Two additional parallel questions were developed by three clinician
authors (EBB, LAP, & JS). All questions were reformatted by (LAP & JS) to adhere to the 280- character limit of Twitter.

Questions comprised three 280-character components per question stem, multiple choice answers (a minimum of four
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distractors), and an explanation of the correct answer. Potential answers were presented in alphabetical order. All
multiple-choice questions were reviewed and finalized by AA and CG yielding 30 topics with two parallel questions each.

This process resulted in a 90-item question bank.

Question testing

The candidate questions were entered into Qualtrics and distributed to third- and fourth-year medical students for pilot
testing and item analysis at a separate institution. Students were encouraged to answer the questions, but not required.
Twenty-two students started answering the questions and only six (27%) completed all 90 questions. An item analysis was
done on the completed questions. Twenty-three of the 90 questions (26%) were deemed “easy” (i.e., a difficulty index of
85% or greater). Where possible “easy” questions were replaced with vetted, more difficult questions covering the same

concept. Where not possible, questions were rewritten.

Intervention

During third-year Family Practice clerkships at a suburban hospital in the Northeast, formulated questions were sent to
students. The intervention lasted two weeks out of the six-week rotation. These questions were sent via Twitter by three of
the authors (AA, CG, and JG). This was repeated every day Monday through Friday for two weeks during the Family
Practice clerkship. The spaced learning framework dictated our format of three spaced learning topics interrupted by 10-
minute breaks, when the learner is doing something other than studying in-between the content. Content experts (AA, CG,
and JG) were available to respond to learner comments and questions during these Twitter conversations. The
intervention encouraged ongoing Twitter conversation to get learners to engage with the material. This was facilitated by
the study authors to promote clinical thinking and decision-making by answering questions or asking additional questions.

|.[‘|7]

This two-way conversation was a key aspect of the study design to build upon the work of Reames et a The content

expert faculty (AA, CG, and JG) viewed and responded to the Twitter feedback once daily.

Outcome Measures

For this investigation COMAT and NBME Shelf Exam scores were defined in two ways: raw scores and pass/fail. Passing
scores for NBME were defined as a raw score of 59 or above out of a maximum of 95 (63%).13*] COMAT scores are
reported as a raw score with a mean of 100 with a standard deviation of 10.[2°/36] Raw COMAT scores were converted to

percentile scores with passing defined at or above the 639 percentile.

Covariates

To better be able to judge similarities between the comparison and intervention groups demographic variables and other
pertinent variables were collected including curriculum; first portion of medical licensing exam score; number of rotations

completed; previous Twitter use; how likely a participant is to comment on Twitter; and whether Family Medicine was a
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student’s top residency selection. All information was self-reported.

Analysis

Descriptive statistics were calculated — means (standard deviations) and medians (interquartile range) for quantitative data
and absolute frequencies and percentages (relative frequencies) for categorical data. Chi-squared will be used to test

differences in demographic variables.

Covariates and dependent variables were tested for normality using normal probability plots and the Anderson-Darling
(AD), Shapiro-Francia (SF), and Shapiro-Wilk (SW) normality tests.!*1[38l3%] The Anderson-Darling test is the
recommended empirical distribution function test by Stephens compared to other tests of hormality giving more weight to
the tails of the distribution than the Cramer-von Mises test.[*?! The Shapiro-Francia test was chosen because of its known

performance and the Shapiro-Wilk test was chosen because it is one of the best-known tests for normality.[*”]

The data for this study were comprised of independent data, therefore when judged to be normally distributed, Student’st-
test was used for assessing an increase in means.[*'] However, for data not normally distributed the Wilcoxon-Mann-

[421[43] Since the only interest was in evaluating whether there was an increase in the two groups, a

Whitney test was used.
one-sided test was used. For normally distributed data Cohen’s d was calculated as the effect size and interpreted

according to Sawilowsky.[*% For data not normally distributed, the common language effect size (CL) was used**! The
CL gives the percentage of observations in the post-intervention period greater than the pre-intervention period.*! All

analyses were performed using R v.4.2.1.

In April 2019, the American Statistical Association (ASA) formally strongly advocated abandoning the following terms,
“statistical significance”, “significantly different,” “p<0.05,” and “nonsignificant”. Wasserstein and colleagues continue
imploring researchers to remove these terms and similar terminology in favor of reporting exact P values and interpreting
difference from a practical perspective.[*! In light of this formal stance by the ASA no interpretation of statistical
significance will be made. However, this should not be interpreted as abandoning P values. The ASA only condones the
abandonment of the dichotomization of the concept of “significance”; however, it wholeheartedly endorses the reporting of

all P values whether less than or greater than ana priori alpha level.
Results

This investigation was approved by the Western Institutional Review Board and was conducted in accordance with the

tenets espoused in the Declaration of Helsinki.[”!

Table 1. Characteristics of comparison group and Twitter intervention group at one community-based hospital in the Northeast

(n=46)
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Age [% (n)]

Gender [% (n)]

Race [% (n)]

Ethnicity [% (n)]

Curriculum [% (n)]

USMLE [M (SD)] - MD

COMPLEX [M (SD)] - DO

Rotations [% (n)]

Twitter [% (n)]

Family Medicine Rank Top Choice [% (n)]

COMAT Score [M (SD)]

NCME Shelf Exam [Mdn (IQR)]

COMAT/NCME Shelf Exam Percentile [Mdn

(IQR)]

@ Fisher’s exact test

b Judged to be normally distributed with the Shapiro-Wilk test and normal probability plot (COMPLEX: p=.479, USMLE:

p=.547, COMAT: p=.145)

Qeios ID: GSGGQH - https://doi.org/10.32388/GSGGQH

18-24

25-34

Male

Female

Asian

African American or Black
White

Other

Decline to answer
Hispanic

Middle Eastern/North
African

Non-Hispanic
Allopathic

Osteopathic

Yes
No
Yes

No

Treatment

Qeios, CC-BY 4.0

Comparison (n=17) Intervention (n=29) p

88 (15)
65 (11)

35 (6)
217 (12.3)
610 (65.8)

19.(3)

65 (11)
102 (.6)

72 (10)

50.95 (39.20)

28 (8) 2822
72 (21)
52 (15) 7622
48 (14)

38 (11) 1.0002

7 (2) .6222

74 (20)

41 (12) 2213

59 (17)

221 (11.9) 5470 ¢.d
587 (95.3) 61gPcd

0(0) .1042

38 (11) 2252

62 (18)

45 (13) 5552

55 (16)

110 (4.8) <.0010¢.d

72 (6) 931ef

72.60 (46.75) 578 f
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¢ Welch two-sample t-test

d Common Language Effect Size*] states the probability a randomly selected score from the intervention group will
exceed a randomly sampled score from the comparison population: COMAT: 90%, NCME Shelf Exam: 48%,
COMAT/NCME Shelf Exam Percentile: 62%

€ Judged not to be normally distributed with the Shapiro-Wilk test and normal probability plot (NCME Shelf Exam: .p=021,
COMAT/NCME Shelf Exam percentile: p=.008)

f Wilcoxon-Mann-Whitney test

Average age and demographic makeup between the historical comparison and the intervention group were similar (Table
1). Average NBME Shelf Exam scores for the historical comparison were 74 (SD=9.9) with median scores 72 (IQR=10).
Average NBME Shelf Exam scores for the intervention group were 73 (SD=8.6) with median scores 72 (IQR=6). NBME
Shelf Exam scores were not normally distributed (AD: P-value=.041; SF: P-value =.019; SW: P-value=.021). There was no

statistical evidence of a difference between the intervention and comparison groups (P-value=.931).

Average COMAT scores for the historical comparison were 102 (SD=0.6) with median scores 102 (IQR=0.5). Average
COMAT scores for the intervention group were 110 (SD=4.8) with median scores 110 (IQR=4.5). COMAT scores were
judged to be normally distributed (AD: P-value=.395; SF: P-value =.100; SW: P-value=.145). There was statistical
evidence of a difference between the intervention and comparison groups (P-value=<.001). The CLES was 90% which
can be interpreted as 90% of randomly selected COMAT scores from the intervention group will be higher than scores
from a randomly selected sample from the comparison group. This can be interpreted as a very meaningful difference in

terms of COMAT scores.

Students in the comparison group scored an average of 48% (SD=28.1%) while students in the intervention group scored
much higher on average (M=61%, SD=31.3%). The median percentile scores for the comparison group was 50.95%

(IQR=39.20%) whereas the median percentile score for the intervention group was 72.60% (IQR=46.75%). As expected,
percentile scores were judged to be not normally distributed (AD: .007; SF: .026; and SW: .009). There was no statistical
evidence of a difference between percentile scores (P-value=.157). The CLES for COMAT/NCME Shelf Exam percentile

was 62% - a meaningful effect size.

Discussion

Twitter has 330 million active monthly users with roughly half of users tweeting daily’?! The widespread use of social
media has led to exploration of its use as an educational tool to engage learners and enhance interactive learning with its
use in the healthcare literature dating back to 2008.1°:%] Prior research has studied perceptions of Twitter use and student

engagement, but only two linked it to learning outcomes.

Jurivich et al. found increases in geriatric knowledge among medical students during their internal medicine clerkship due
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to a weekly Twitter multiple-choice question intervention.['6! This study adds support for the use of Twitter to improve

learning outcomes during medical student clerkships.

Reames and colleagues used a pre-test/post-test prospective observational study using medical student volunteers from
surgical clerkships.['”] They sent three new tweets per day with succinct, objective surgical facts and assessed aggregate
test scores for participating students and historical controls.l'”] They found NBME Shelf Examination scores were not
significantly different in the intervention group. This study was most closely aligned with our target population and attempt
to increase Shelf Examination scores for medical students. Our study built upon this finding by adding the bidirectional
aspect of Twitter communication. As a result, we saw a change in unadjusted Shelf exam scores. However, we posited

this change may have been due to student engagement.

The results provide further evidence of the application of BLLM where didactic materials are delivered through traditional
teaching methods and are scaffolded via continual reinforcement through clinical activities, and social media. In this way,
our intervention enhanced didactic learning through interaction with faculty via Twitter. The use of Twitter demonstrated a
social media approach to providing students with anytime-anyplace and just-in-time experience. The anytime-anyplace
and just-in-time spaced learning experience using Twitter provides an educational resource to leverage the already over-
burdened medical student schedule with valuable opportunities to study. Twitter also provides undergraduate medical
educators with an inexpensive resource to buttress key concepts and engage clerkship students. The use of BLLM and
the application of social media in medical education underscore the need for digital immigrants and digital Neanderthals to

adapt learning methodology to today’s medical students (digital immigrants) avoiding digital discord.[*8!

Limitations

Selection bias may be a possible explanation for the positive results seen in this study. In other words, more motivated
students may have volunteered for the intervention as opposed to students who were less motivated. A positive change in

Shelf Exam scores may be due to this bias.

Another limitation may be the confounder of student engagement in those students who are more engaged and thus more
motivated may have better learning outcomes. However, we accounted for student engagement by assessing this factor
and adjusting for it. Thus, we don’t think engagement or motivation had an appreciable effect on the results. Due to the

small sample size regression results must be interpreted with extreme caution.

This study was designed to be more conversational within the Twitter platform around the questions and answers, but as
the study was implemented it did not evolve in this way. Rather, the Twitter posts were initially tweeted out by the study
physicians and the learners responded with their answer choices but did not engage in discussion on Twitter around
question content. We hypothesized that had there been more interaction around the content, learners may have taken
more advantage of the intervention and further increased scores. Anecdotally, further in-person discussion occurred with

clinical preceptors around the Tweeted concepts. These anecdotal conversations may have an unknown effect.
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In March 2020 when the COVID-19 pandemic reached the Northeast, medical student in-person clerkships were paused
and therefore our study enrollment was also paused. When medical students returned to in-person clerkships, the study
enrollment began again. Two study participants started the intervention, but in-person clerkships were interrupted within
the first week of their participation, therefore they were excluded from the study. We do not expect these two students

would have influenced the results positively or negatively.

Anecdotally, it was observed that most students did not have a Twitter account prior to this study and had to create one for
this intervention. If a platform more frequently used by students had been utilized for this study, enrollment may have

increased.

One possibility for the negative findings is students were given dedicated time during their rotation day to read and

respond to the Tweeted questions.

Conclusions

The results of this investigation further the potential for Twitter to be used as an inexpensive educational intervention to
modestly improve standardized exam scores with the potential to be used in a broader fashion (e.g., COMLEX and
USMLE Step Scores). Future research can build upon this study by applying this intervention to other locations with larger
samples. Additionally, this study design could be replicated for each core clerkship rotation for COMLEX and USMLE

Step preparation.
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and deployed the intervention with medical students. EBB conceived the idea, edited all intervention questions, edited the
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manuscript, and created the Twitter account. JG enrolled students and deployed the intervention with medical students.

All authors suggested critical revisions and approved the final manuscript.
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