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RESEARCH Open Access

Front-loading of anatomy content has no
effect on long-term anatomy knowledge
retention among physical therapy students:
a prospective cohort study
Amy H. Amabile1*, Kim Nixon-Cave2, Larry J. Georgetti3 and Ashley C. Sims4

Abstract

Background: Information learned over a longer period of time has been shown to result in better long-term
knowledge retention than information learned over a shorter period of time. In order to address multiple curricular
goals, the timing and spacing of anatomy content within the Doctor of Physical Therapy (DPT) program at our
institution recently changed from a very spaced to a very compressed format. The purpose of the present study
was to assess differences in anatomy knowledge retention that might have been impacted by this change. The
research hypothesis was that students receiving spaced instruction would have significantly better anatomy
knowledge retention than students receiving massed instruction.

Methods: Participants consisted of two cohorts of DPT students that both received 45 contact hours of anatomy
lecture and 90 contact hours of anatomy lab. The LONG cohort experienced anatomy through a lecture and lab taught
over a 30-week, 2 semester period as separate courses. In contrast, the SHORT cohort took their anatomy lecture and
lab concurrently over one 10-week semester. A pre-test was administered on the first day of their anatomy lecture
course, and a post-test was administered to each cohort 18months after completion of their last anatomy exam.

Results: After controlling for age-related differences in the two groups, no significant differences in mean pre-test,
post-test, or percentage improvement were found between cohorts (p = 0.516; 0.203; and 0.152, respectively).

Conclusion: These findings refute the hypothesis and show that both spaced and massed instruction in these cohorts
resulted in the same level of long-term anatomy knowledge retention.

Keywords: Anatomy education, Spaced learning, Distributed learning, Massed learning, Long-term memory

Background
There is a substantial body of research that shows that
information learned over a longer period of time (spaced
learning) results in better long-term retention than infor-
mation learned over a shorter period of time (massed learn-
ing) [1–6]. Spaced learning (also known as “distributed

learning”) can be described in terms of an increased
amount of time spent on course delivery, and in terms of
an increased number of retrieval/study episodes employed
by a learner. There is a large amount of inconsistency in
the use of the term within the literature, with a recent scop-
ing review by Versteeg et al. [7] identifying over 70 different
definitions of spaced learning among the health
professions-related studies included in their analysis. This
wide variation in terminology makes comparing spaced
learning study results challenging, and requires that
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definitions of terms used within a study be clearly stated at
the outset. The present research utilizes the definition
coined by Kirkley [8] in the Encyclopedia of the Learning
Sciences, which is as follows: “Distributed learning means
that the material learned is distributed over a long period of
time. .. [and] massed learning means that the material to be
learned is provided within a short period of time.”
All types of semantic memories, including anatomical

facts, will fade over time [1, 9–11], although periodic re-
trieval will increase the amount of material remembered
[12, 13]. The greater knowledge retention typically seen
with distributed versus massed learning is likely due to
the fact that spacing of content delivery affords more re-
trieval/study opportunities to students. Another factor
that favors spaced learning over massed learning is the
decreased cognitive load seen with spacing of content.
This is especially relevant in a course such as anatomy,
which has been recognized as a subject that places high
cognitive load demands on students [14–16]. The con-
tinual presentation of large amounts of new anatomy
content on subsequent days is particularly difficult. This
challenge is even greater when new material overlaps
with or is similar to previously learned material, as this
has been shown to interfere with consolidation of previ-
ously learned facts [17–19]. For example, the learning of
wrist extensor muscle attachments and actions is made
more difficult by the prior day’s presentation of the wrist
flexor muscles. This happens because both groups of
muscles have very similar names, attachments, and func-
tions. In contrast, learning the attachments and actions
of the rotator cuff muscles will not have the same poten-
tial to interfere with learning the wrist flexor muscles,
because they are so different in naming, location, and
function.
The Doctor of Physical Therapy (DPT) program at

Thomas Jefferson University (TJU) utilizes a cohort-
based, lock-step, nine semester curriculum. The struc-
ture of our program is similar to other DPT programs in
the United States, in that it builds on a sequence of basic
sciences and clinical skills-related coursework, preparing
students for multiple terminal clinical affiliations before
graduation.
Our program recently underwent a major change in

timing and spacing of anatomy content, in order to help
address several curricular goals aimed at increasing stu-
dent success in both the didactic and clinical portions of
the DPT curriculum. Prior to the change, anatomy had
been taught in a spaced format as a separate 3-credit
lecture course in fall of the first year, and a 3-credit
gross anatomy laboratory course in the spring of the
same academic year. In the revised curricular structure,
anatomy lecture and lab were taught concurrently in a
condensed 10-week semester which preceded all other
basic sciences and clinical courses.

This change allowed for coverage of all anatomy con-
tent before initiation of any clinical didactic coursework,
with an intent to elevate students’ subsequent perform-
ance in Biomechanics, Therapeutic Interventions, and
Physical Therapy Examination. Based on prior research
on spaced versus massed learning, however, there was a
concern that this front-loading of anatomy might lead to
decreased anatomy knowledge retention in the long-
term. Long-term retention of anatomical facts is crucial
not only to succeeding in later coursework within a DPT
program, but also, arguably, to succeeding in physical
therapy practice.

Study goal, conceptual framework, and research
hypothesis
The goal of the present study was to assess the impact
of spacing changes in course delivery on anatomy know-
ledge retention in two cohorts of DPT students. Our
conceptual framework recognized a multitude of factors
affecting DPT student success in anatomy and other
coursework. These include both cognitive variables such
as undergraduate grade point average (GPA) and stan-
dardized test scores, as well as non-cognitive variables
such as emotional intelligence and task coping abilities
[20]. Spacing of content delivery, however, is one of the
main success factors that we are able to control as edu-
cators. Given the ample evidence in the literature that
spacing can affect learning outcomes, we felt it merited
specific attention, and that it was of wide interest to
DPT and other health sciences educators. This led to
our present study design which had anatomy knowledge
retention as the dependent variable, with a primary inde-
pendent variable of participation in either a spaced or
massed course delivery format. Additional independent
variables, such as student age and non-traditional stu-
dent status, were also considered for their potential role
as covariates within the study. Our research hypothesis
was that students receiving spaced instruction would
have significantly better long-term anatomy knowledge
retention than students receiving massed instruction.

Methods
Participants
This study utilized a prospective, cohort, pre-test post-
test design with a convenience sample of DPT students.
Participants consisted of two cohorts of students who
both participated in 45 contact hours of anatomy lecture
and 90 contact hours of anatomy lab during their first
year as DPT students. The sole exclusion criteria was
prior participation in an anatomy course within a DPT
program. The LONG cohort consisted of students who
participated in a 15-week Advanced Human Anatomy
Lecture in the fall semester of their first year, and the
15-week Advanced Human Anatomy Lab in the spring
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semester of their first year. Of 61 students eligible to be
in the LONG cohort, 40 consented to participate in the
study and returned 18months later to take the post-test.
Of these 40 students, 2 had repeated anatomy within a
DPT program and were therefore excluded from the
study, resulting in a final LONG sample size of 38 stu-
dents. The SHORT cohort consisted of students who
participated in an Advanced Human Anatomy Lecture
and Lab taught concurrently over a 10-week pre-fall se-
mester in their first year as DPT students. Of 66 stu-
dents eligible to be in the SHORT cohort, 34 consented
to participate in the study and returned 18 months later
to take the post-test, for a final SHORT sample size of
34 students.

Procedures
Prior exemption from Institutional Review Board review
was obtained from the TJU Office of Human Research
(OHR) before initiation of data collection. The OHR is
tasked with ensuring compliance with all federal and
state laws pertaining to maintenance of ethical standards
and safety within research projects involving human sub-
jects. All students from both the LONG and SHORT co-
hort completed the study pre-test of baseline anatomy
knowledge on the first day of the anatomy lecture
course. Pre-test questions were chosen from the bank of
course exam questions, and this assessment was rou-
tinely administered on the first day of class in order to
customize course content to each cohort’s strengths and
weaknesses. The pre-test consisted of 50 multiple choice
questions covering basic anatomy knowledge in the cog-
nitive domain of learning at a Bloom’s Taxonomy [21]
level one of knowledge. The test consisted of 10 ques-
tions each from the 5 following regional anatomy know-
ledge subdomains: upper extremity, lower extremity,
spine and back, thorax, and abdomen and pelvis.
Eighteen months after the completion of their final

anatomy exam, students were invited to participate in
the post-test, which was identical to the pre-test. This
time frame was chosen because it is consistent with the
definition of long-term memory established in the litera-
ture [2, 22], and because it reflected the practical needs
of students to recall anatomy knowledge during later
coursework and clinical affiliations. Students were
allowed 50min to complete both the pre-test and the
post-test. The pre-test was administered using SofTest
(Examsoft Worldwide, Dallas, TX) testing software on
the students’ iPads; and, for logistical reasons, the post-
test was administered using a paper exam. Student data,
including DPT cumulative GPA at the time of the post-
test, undergraduate GPA, accelerated degree status, non-
traditional student status, and timing of undergraduate
anatomy, were gathered and entered into data analysis

to control for their impact as covariates on group
means.

Student background, course instruction, and content
All students within our DPT program have taken the
same undergraduate prerequisites related primarily to
basic sciences, and have met or exceeded a minimum
cumulative undergraduate GPA of 3.0/4.0 points. Other
factors, such as participation in service activities, and
performance during face-to-face interviews, are also con-
sidered in admissions decisions. All first year DPT stu-
dents hold a bachelor’s degree, except for a small
number admitted through an accelerated degree pro-
gram. These accelerated programs are relatively com-
mon in American higher education, and allow admission
from select undergraduate institutions into the first year
of physical therapy, occupational therapy, or medical
school, after the third year of the student’s undergradu-
ate program. Additionally, a minority of students admit-
ted to the DPT program are considered “non-
traditional,” in that they are entering a graduate program
one or more years after completion of their undergradu-
ate degree.
Course instruction was provided by the same faculty

in the lecture portion, and primarily the same faculty for
the lab portion for both cohorts. Content of both the
lecture and lab portions differed only minimally between
the cohorts, and consisted of minor changes to lectures
and to lab dissection guides. Because of the short time
frame, however, the SHORT cohort had content pre-
sented in 3 units with 3 sets of lecture and lab exams;
while the LONG cohort had content presented in 4 units
with 4 sets of lecture and lab exams.
The lecture portion consisted of 45 largely didactic

contact hours, and the lab portion consisted of 90 contact
hours of traditional cadaver lab dissection. When taught
concurrently (for the SHORT cohort) lecture and lab con-
tent were synchronized. The order of topics for both co-
horts was as follows: course introduction, peripheral
nervous system, spine and back, lower limb, upper limb,
thorax, abdomen, pelvis, head/neck and embryology.
One important difference between the cohorts was the

number and types of non-anatomy courses taken con-
currently with anatomy. The LONG cohort received
anatomy instruction over two semesters with a total of
14 to 16 credits in each semester. Classes taught concur-
rently with anatomy included Biomechanics, Physical
Therapy Exam, and Therapeutic Interventions. The
SHORT cohort received anatomy instruction in a 10-
week semester where students were registered for a total
of 11 credits. No clinical courses, however, were taught
concurrently with anatomy for the SHORT cohort. Al-
though the ratio of credits per week is approximately the
same for both groups, the impact of this difference is
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unknown. For example, biomechanical content taught
concurrently with anatomy may have increased overall
cognitive load for the LONG cohort. Yet it also may
have reinforced anatomy content through the simultan-
eous application of anatomy to the learning of biomech-
anical content.

Statistical analysis
Data were analyzed using SPSS version 25 (Armonk,
NY) for Windows. Kolmogrov-Smirnov tests showed
some data were normally distributed and some were not.
However, sample size parameters [23] were satisfied for
all variables so parametric tests were used for all data
analysis. Chi square tests were used to measure associ-
ation between categorical variables for the two groups,
and point biserial correlations were used to compare cat-
egorical variables with continuous ones. Student’s t-test
was used to compare mean post-test scores between the
two cohorts and ANCOVA tests were used to control
for the impact of potential covariates. Statistical signifi-
cance was defined as p < 0.05.

Results
Participant characteristics are detailed in Table 1. The
cohorts were statistically identical in composition except
for significant differences in age, numbers of non-
traditional students, and years between undergraduate
anatomy and anatomy in the DPT program.
Final course grades, cumulative DPT GPA at post-test,

mean pre/post-test scores and improvement factor
((post-test score – pre-test score)/pre-test score) for
both cohorts are shown in Table 2. Student’s t-tests for
independent samples showed no statistically significant
differences in the course grades, cumulative GPA, pre-
test, post-test, or improvement factor between the
groups. ANCOVA tests for a dependent variable of im-
provement factor were performed for the potential co-
variates of age, sex, non-traditional student status, and
years elapsed between UG and DPT anatomy. After ad-
justment for these variables, there was still no

statistically significant difference in improvement factor
between the two cohorts. When all participants were
combined for analysis, there was no correlation found
between improvement factor and sex, age, non-
traditional status, accelerated degree program participa-
tion, and undergraduate GPA. Pre-test score was found
to be strongly, negatively correlated with improvement
factor (r = − 0.75; p < .0005).

Discussion
The results of the present research refute our hypothesis
that students receiving spaced instruction would have
significantly better long-term anatomy knowledge reten-
tion than students receiving massed instruction. The
two cohorts had statistically equal pre-test, post-test,
and improvement factor scores, even when controlling
for significant differences in participant characteristics.
While these results apply to our two cohorts of DPT
students, they cannot necessarily be extrapolated to
cases of spaced versus massed course delivery with other
samples and in other circumstances, due to potential
confounding factors described below.
Our results contrast with other studies showing spaced

learning is more beneficial in long-term memory reten-
tion [3, 4, 24–27]. Spaced learning allows for more fre-
quent and temporally distributed retrieval opportunities,
which have been shown to increase long-term know-
ledge retention [4, 28–30]. Increased spacing also de-
creases cognitive load by decreasing the number of
elements being processed by working memory in a given
time period [15].
We have identified only a limited number of studies

where massed learning proved superior to spaced course
delivery. The study designs, time frames, target popula-
tion, and types of learning vary greatly, and cannot be
easily compared to one another, nor to studies measur-
ing acquisition of anatomical facts. Their existence, how-
ever, supports the idea that in certain circumstances
learning can be potentiated through the use of massed
instruction and fewer retrieval episodes, and this topic

Table 1 Participant demographics and characteristics

Variable Mean (SD) LONG (n = 38) Mean (SD) SHORT (n = 34) p-value

Age 24.47 (1.22) 25.85 (2.97) 0.015

Sex - female/male 25/13 23/11 0.867

Non-Traditional 5 14 0.007

3 + 3 Students 12 5 0.092

UG Cumulative GPA 3.66 (0.18) 3.62 (0.27) 0.480

UG Science GPA 3.53 (0.27) 3.51 (0.30) 0.745

Years Between UG and DPT Anatomy 1.97 (1.44) 3.09 (1.99) 0.008

Cumulative DPT GPA at Post Test 3.62 (0.20) 3.58 (0.26) 0.428

UG undergraduate, DPT Doctor of Physical Therapy; 3 + 3 refers to accelerated degree students (3 years UG + 3 years DPT); Non-Traditional refers to students
admitted to program with >/= one-year elapsed since completion of UG degree
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merits further research. Circumstances where massed
learning may be more beneficial tend to involve motor
learning and include: patient acquisition of upper limb
motor skills after stroke with the use of constraint in-
duced movement therapy delivered in a massed format
[31]; improvement in the ability to read radiographic im-
ages through massed practice sessions believed to im-
prove eye tracking abilities [32]; and improvement in
objective and subjective vocal function through vocal re-
habilitation exercises delivered in a massed format to pa-
tients with dysphonia [33].
While our main findings were surprising, other known

patterns of student test behavior were borne out by our
results. A strong, negative correlation was found be-
tween pre-test scores and improvement percentage,
reflecting the known phenomenon that participants with
lower baseline scores will generally improve more than
those with higher baseline scores [34, 35]. Similarly the
fact that students’ mean post-test scores, while increas-
ing substantially compared with the pre-test scores, were
still quite low, is in agreement with previous research
showing significant loss of basic science knowledge over
time [9, 36, 37]. This type of knowledge will inevitably
be forgotten over a period of months and years following
the last study session [38].
A search of the literature found no other anatomy-

related studies on spacing and knowledge retention that
utilized a retention interval length (i.e. the time between
the final study session and the post-test) commensurate to
the one used in the present research. A limited amount of
research has, however, been performed assessing variance
in anatomy knowledge retention using shorter retention
intervals. For example, Dobson et al. [1] assessed anatomy
recall within an undergraduate student cohort, using a
variety of retrieval strategies and time between study/re-
trieval sessions. They did find that distributed practice
benefitted their purported long-term (28-day) retention
significantly more than massed practice. The short reten-
tion interval used in this research does, however, limit the
external validity of their results for DPT and medical stu-
dents, for whom anatomy recall is required over a period
of years during school and beyond.

In addition to the length of anatomy instruction, the
LONG and SHORT cohorts experienced other differences
in their overall DPT curricula, which may have affected the
present findings. Although the general sequence of courses
remained the same for both cohorts, the LONG cohort had
clinical affiliations that began earlier in their curriculum, at
the end of their first year of didactic instruction, while the
SHORT cohort’s affiliations were set to begin at the end of
their second year of didactic instruction. Thus, at the time
of the post-test, the LONG cohort had already completed
three clinical affiliations (for a total of 26 weeks), while the
SHORT cohort had not yet participated in any full-time
clinical affiliations at the time of their post-test. An increas-
ing body of research supports the concept that clinical ex-
perience can actually interfere with knowledge retention,
and that the development of clinical reasoning requires a
certain amount of forgetting of the details of underlying
basic science and medical knowledge. This phenomenon
has been studied among medical students, residents, and
physicians and is known as the “intermediate effect” [39].
According to this theory, their 26 weeks of clinical affilia-
tions may have given the LONG cohort relative expert sta-
tus. Once practitioners are experts, recall of facts is
inevitably attenuated as they start to develop more clinical
reasoning skills that allow them to understand a problem at
a deeper level and to incorporate the use of causal models
or illness scripts in patient treatments. Conversely, the
SHORT cohort, having finished virtually all of their didactic
coursework but lacking in significant clinical experience,
can be considered to have intermediate expertise, and ac-
cording to the intermediate effect, these students should
have the best recall of facts [39, 40].
The potential impact on the SHORT cohort of taking

the anatomy lecture and lab concurrently is another im-
portant difference between the curricula experienced by
the two cohorts. This may have had a positive effect on
their test scores, because of the potential benefits to stu-
dents who are kinesthetic learners. Although the import-
ance of learning styles has been disputed [41], some
students do identify as kinesthetic learners and express a
preference for learning opportunities that combine
didactic and kinesthetic approaches [42].

Table 2 Mean differences in test scores, course grades, and cumulative GPA between LONG and SHORT cohorts

Variable Mean (SD) LONG (n = 38) Mean (SD) SHORT (n = 34) p-value

Course Grade Lecture 90.12 (0.09) 90.89 (0.07) 0.596

Course Grade Lab 93.39 (0.04) 91.91 (0.06) 0.123

Cumulative DPT GPA at Post-Test 3.62 (0.20) 3.58 (0.26) 0.428

Pre-Test % 33 (8) 32 (8) 0.516

Post-Test % 50 (10) 53 (9) 0.203

Difference 17 (11) 21 (11) 0.124

Improvement Factor 60 (46) 77 (53) 0.152

Note: Improvement Factor = ((post-test score – pre-test score)/pre-test score)
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Limitations
Sample size limitations related to our use of a conveni-
ence sample may have affected the lack of significant dif-
ferences in anatomy knowledge retention seen among
our two cohorts. Our results did trend in favor of the
SHORT cohort, but additional participants could have
strengthened this into a significant difference, or even
potentially have reversed it. Using just these two cohorts,
however, allowed for the control of most other differ-
ences in instructional delivery that occur inevitably over
time and, we felt, increased the overall quality of our
sampling.
As discussed above, the change in anatomy timing was

just one component of a major curricular change that
impacted multiple aspects of the DPT program at our
university. Although anatomy content presented was vir-
tually identical for both cohorts, other differences in
their educational experiences could not be avoided. Spe-
cifically, the concurrent lecture and lab experienced by
the SHORT cohort, and the differential timing between
the cohorts of participation in clinical affiliations, may
have affected post-test performance for both of our
cohorts.

Conclusions
The results of the present research show that massed
learning was not detrimental to long-term retention of
anatomy knowledge among these two cohorts of DPT
students. These findings may have implications not just
for anatomy instruction, but potentially for any content-
heavy, basic sciences material taught within a health sci-
ences curriculum. A small sample size, as well as other
factors, limit the generalizability of our findings. In par-
ticular, the possible influence of clinical experience and
concurrent lecture and lab content delivery should be
considered in any future research designed to assess this
phenomenon.

Abbreviations
DPT: Doctor of Physical Therapy; LONG: Refers to cohort receiving two 15-
week semesters of anatomy; SHORT: Refers to cohort receiving one 10-week
semester of anatomy; GPA: Grade point average; UG: Undergraduate

Acknowledgements
Not applicable.

Authors’ contributions
AHA designed the study along with KNC. Both AHA and KNC supervised and
were actively involved in data collection. LJG and ACS performed the initial
literature reviews which were incorporated into the Background and
Discussion sections of the manuscript. AHA oversaw all statistical analysis,
writing and revision of the manuscript. The author(s) read and approved the
final manuscript.

Authors’ information
AHA is a physical therapist and an associate professor in the Department of
Physical Therapy at Thomas Jefferson University, where she is course director
for anatomy and also practices as an outpatient physical therapist. Her

research focusses on anatomy education and on the pathophysiological
implications of human morphological variation.
KNC is a professor and director of the Hybrid Doctor of Physical Therapy
Program within the University of Pittsburgh School of Health and
Rehabilitation Sciences. She is a certified pediatric clinical specialist, and a
trained pedagogical researcher with a research focus on clinical decision-
making, and the impact of culture and environment on patient care.
LJG is a physical therapist in private practice specializing in orthopedic
physical therapy at Nova Care in Cape May Courthouse, New Jersey.
ACS is a physical therapist in private practice at St. Luke’s University Health
Network in Bethlehem, Pennsylvania.

Funding
No funding was received for the present study.

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

Declarations

Ethics approval and consent to participate
Exemption from Institutional Review Board review was obtained for this
study from the Thomas Jefferson University Office of Human Research.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Physical Therapy, Thomas Jefferson University, 901 Walnut
Street, Philadelphia, PA 19107, USA. 2University of Pittsburgh School of
Health and Rehabilitation Sciences, Pittsburgh, PA, USA. 3NovaCare
Rehabilitation, Cape May Courthouse, NJ, USA. 4St. Luke’s University Health
Network, Bethlehem, PA, USA.

Received: 11 June 2021 Accepted: 3 September 2021

References
1. Dobson JL, Perez J, Linderholm T. Distributed retrieval practice promotes

superior recall of anatomy information. Anat Sci Educ. 2017;10(4):339–47.
https://doi.org/10.1002/ase.1668.

2. Cepeda NJ, Vul E, Rohrer D, Wixted JT, Pashler H. Spacing effects in learning:
a temporal ridgeline of optimal retention. Psychol Sci. 2008;19(11):1095–102.
https://doi.org/10.1111/j.1467-9280.2008.02209.x.

3. Budé L, Imbos T, van de Wiel MW, Berger MP. The effect of distributed
practice on students’ conceptual understanding of statistics. High Educ.
2011;62(1):69–79. https://doi.org/10.1007/s10734-010-9366-y.

4. Smolen P, Zhang Y, Byrne JH. The right time to learn: mechanisms and
optimization of spaced learning. Nat Rev Neurosci. 2016;17(2):77–88. https://
doi.org/10.1038/nrn.2015.18.

5. Feng K, Zhao X, Liu J, Cai Y, Ye Z, Chen C, et al. Spaced learning enhances
episodic memory by increasing neural pattern similarity across repetitions. J
Neurosci. 2019;39(27):5351–60. https://doi.org/10.1523/JNEUROSCI.2741-18.2
019.

6. Kim ASN, Wong-Kee-You AMB, Wiseheart M, Rosenbaum RS. The spacing
effect stands up to big data. Behav Res Methods. 2019;51(4):1485–97.
https://doi.org/10.3758/s13428-018-1184-7.

7. Versteeg M, Hendriks RA, Thomas A, Ommering BWC, Steendijk P.
Conceptualising spaced learning in health professions education: a scoping
review. Med Educ. 2020;54(3):205–16. https://doi.org/10.1111/medu.14025.

8. Kirkley J. Distributed learning. In: Seel NM, editor. Encyclopedia of the
sciences of learning. Boston, MA: Springer US; 2012. p. 1020–1. https://doi.
org/10.1007/978-1-4419-1428-6_1089.

9. Ebbinghaus H. Das Behalten und Vergessen als Funktion der Zeit. Uber das
Gedachtnis. Leipzig: Duncker & Humblot; 1885. p. 70–84.

Amabile et al. BMC Medical Education          (2021) 21:491 Page 6 of 7

https://doi.org/10.1002/ase.1668
https://doi.org/10.1111/j.1467-9280.2008.02209.x
https://doi.org/10.1007/s10734-010-9366-y
https://doi.org/10.1038/nrn.2015.18
https://doi.org/10.1038/nrn.2015.18
https://doi.org/10.1523/JNEUROSCI.2741-18.2019
https://doi.org/10.1523/JNEUROSCI.2741-18.2019
https://doi.org/10.3758/s13428-018-1184-7
https://doi.org/10.1111/medu.14025
https://doi.org/10.1007/978-1-4419-1428-6_1089
https://doi.org/10.1007/978-1-4419-1428-6_1089


10. Murre JMJ, Dros J. Replication and analysis of Ebbinghaus’ forgetting curve.
PLoS One. 2015;10(7):e0120644. https://doi.org/10.1371/journal.pone.012
0644.

11. Blunt MJ, Blizard PJ. Recall and retrieval of anatomical knowledge. Br J Med
Educ. 1975;9(4):252–63.

12. Cull WL. Untangling the benefits of multiple study opportunities and
repeated testing for cued recall. Appl Cogn Psychol. 2000;14(3):215–35.
https://doi.org/10.1002/(SICI)1099-0720(200005/06)14:3<215::AID-ACP640>3.
0.CO;2-1.

13. Dobson JL. Retrieval practice is an efficient method of enhancing the
retention of anatomy and physiology information. Adv Physiol Educ. 2013;
37(2):184–91. https://doi.org/10.1152/advan.00174.2012.

14. Leppink J, van den Heuvel A. The evolution of cognitive load theory and its
application to medical education. Perspect Med Educ. 2015;4(3):119–27.
https://doi.org/10.1007/s40037-015-0192-x.

15. van Merriënboer JJG, Sweller J. Cognitive load theory in health professional
education: design principles and strategies. Med Educ. 2010;44(1):85–93.
https://doi.org/10.1111/j.1365-2923.2009.03498.x.

16. Khalil MK, Paas F, Johnson TE, Payer AF. Interactive and dynamic
visualizations in teaching and learning of anatomy: a cognitive load
perspective. Anat Rec B New Anat. 2005;286(1):8–14. https://doi.org/10.1
002/ar.b.20077.

17. Kobayashi M, Tanno Y. Remembering episodic memories is not necessary
for forgetting of negative words: semantic retrieval can cause forgetting of
negative words. Psychon Bull Rev. 2015;22(3):766–71. https://doi.org/10.3
758/s13423-014-0719-x.

18. Darby KP, Sloutsky VM. The cost of learning: interference effects in memory
development. J Exp Psychol Gen. 2015;144(2):410–31. https://doi.org/10.103
7/xge0000051.

19. King DL, Jones FL, Pearlman RC, Tishman A, Felix CA. The length of the
retention interval, forgetting, and subjective similarity. J Exp Psychol Learn
Mem Cogn. 2002;28(4):660–71. https://doi.org/10.1037/0278-7393.28.4.660.

20. Wolden M, Hill B, Voorhees S. Predicting success for student physical
therapists on the National Physical Therapy Examination: systematic review
and meta-analysis. Phys Ther. 2020;100(1):73–89. https://doi.org/10.1093/ptj/
pzz145.

21. Thompson AR, O’Loughlin VD. The blooming anatomy tool (BAT): a
discipline-specific rubric for utilizing Bloom’s taxonomy in the design and
evaluation of assessments in the anatomical sciences. Anat Sci Educ. 2015;
8(6):493–501. https://doi.org/10.1002/ase.1507.

22. Larsen DP, Butler AC, Roediger HL. Comparative effects of test-enhanced
learning and self-explanation on long-term retention. Med Educ. 2013;47(7):
674–82. https://doi.org/10.1111/medu.12141.

23. Ogee A, Ellis M. Choosing between a nonparametric test and a parametric
test. The Minitab Blog. 2015. Available from: https://blog.minitab.com/blog/a
dventures-in-statistics-2/choosing-between-a-nonparametric-test-and-a-para
metric-test [cited 8 Oct 2019]

24. Kerfoot BP, DeWolf WC, Masser BA, Church PA, Federman DD. Spaced
education improves the retention of clinical knowledge by medical
students: a randomised controlled trial. Med Educ. 2007;41(1):23–31. https://
doi.org/10.1111/j.1365-2929.2006.02644.x.

25. Lin Y, Cheng A, Grant VJ, Currie GR, Hecker KG. Improving CPR quality with
distributed practice and real-time feedback in pediatric healthcare providers
- a randomized controlled trial. Resuscitation. 2018;130:6–12. https://doi.
org/10.1016/j.resuscitation.2018.06.025.

26. Pumilia CA, Lessans S, Harris D. An evidence-based guide for medical
students: how to optimize the use of expanded-retrieval platforms. Cureus.
2020;12:e10372. https://doi.org/10.7759/cureus.10372.

27. Breckwoldt J, Ludwig JR, Plener J, Schröder T, Gruber H, Peters H.
Differences in procedural knowledge after a “spaced” and a “massed”
version of an intensive course in emergency medicine, investigating a very
short spacing interval. BMC Med Educ. 2016;16(1):249. https://doi.org/10.11
86/s12909-016-0770-6.

28. Benjamin AS, Tullis J. What makes distributed practice effective? Cogn
Psychol. 2010;61(3):228–47. https://doi.org/10.1016/j.cogpsych.2010.05.004.

29. Kapler IV, Weston T, Wiseheart M. Spacing in a simulated undergraduate
classroom: long-term benefits for factual and higher-level learning. Learn
Instr. 2015;36:38–45. https://doi.org/10.1016/j.learninstruc.2014.11.001.

30. 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(3):354–80. https://doi.org/10.1037/0033-2909.132.3.354.

31. Hoare BJ, Wallen MA, Thorley MN, Jackman ML, Carey LM, Imms C.
Constraint-induced movement therapy in children with unilateral cerebral
palsy. Cochrane Database Syst Rev. 2019;4:CD004149. https://doi.org/10.1
002/14651858.CD004149.pub3.

32. Richter J, Scheiter K, Eder TF, Huettig F, Keutel C. How massed practice
improves visual expertise in reading panoramic radiographs in dental
students: an eye tracking study. PLoS One. 2020;15(12):e0243060. https://doi.
org/10.1371/journal.pone.0243060.

33. Meerschman I, Claeys S, Bettens K, Bruneel L, D’haeseleer E, Van Lierde K.
Massed versus spaced practice in vocology: effect of a short-term intensive
voice therapy versus a long-term traditional voice therapy. J Speech Lang
Hear Res. 2019;62(3):611–30. https://doi.org/10.1044/2018_JSLHR-S-18-0013.

34. Vickers AJ, Altman DG. Statistics notes: Analysing controlled trials with
baseline and follow up measurements. BMJ. 2001;323(7321):1123–4. https://
doi.org/10.1136/bmj.323.7321.1123.

35. Heaton RK, Temkin N, Dikmen S, Avitable N, Taylor MJ, Marcotte TD, et al.
Detecting change: a comparison of three neuropsychological methods,
using normal and clinical samples. Arch Clin Neuropsychol. 2001;16(1):75–
91. https://doi.org/10.1093/arclin/16.1.75.

36. McBride JM, Drake RL. Longitudinal cohort study on medical student
retention of anatomical knowledge in an integrated problem-based
learning curriculum. Med Teach. 2016;38(12):1209–13. https://doi.org/10.1
080/0142159X.2016.1210113.

37. Anderson JC, Conley LK. Retention of anatomical detail. J Phys Ther Educ.
2000;14(1):44–7. https://doi.org/10.1097/00001416-200001000-00010.

38. Custers EJFM. Long-term retention of basic science knowledge: a review
study. Adv Health Sci Educ Theory Pract. 2010;15(1):109–28. https://doi.org/1
0.1007/s10459-008-9101-y.

39. Schmidt HG, Boshuizen HPA. On acquiring expertise in medicine. Educ
Psychol Rev. 1993;5(3):205–21. https://doi.org/10.1007/BF01323044.

40. Patel VL, Groen GJ. Developmental accounts of the transition from medical
student to doctor: some problems and suggestions. Med Educ. 1991;25(6):
527–35. https://doi.org/10.1111/j.1365-2923.1991.tb00106.x.

41. Newton PM. The learning styles myth is thriving in higher education. Front
Psychol. 2015;6:1908. https://doi.org/10.3389/fpsyg.2015.01908.

42. Khanal L, Giri J, Shah S, Koirala S, Rimal J. Influence of learning-style
preferences in academic performance in the subject of human anatomy: an
institution-based study among preclinical medical students. Adv Med Educ
Pract. 2019;10:343–55. https://doi.org/10.2147/AMEP.S198878.

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

Amabile et al. BMC Medical Education          (2021) 21:491 Page 7 of 7

https://doi.org/10.1371/journal.pone.0120644
https://doi.org/10.1371/journal.pone.0120644
https://doi.org/10.1002/(SICI)1099-0720(200005/06)14:3<215::AID-ACP640>3.0.CO;2-1
https://doi.org/10.1002/(SICI)1099-0720(200005/06)14:3<215::AID-ACP640>3.0.CO;2-1
https://doi.org/10.1152/advan.00174.2012
https://doi.org/10.1007/s40037-015-0192-x
https://doi.org/10.1111/j.1365-2923.2009.03498.x
https://doi.org/10.1002/ar.b.20077
https://doi.org/10.1002/ar.b.20077
https://doi.org/10.3758/s13423-014-0719-x
https://doi.org/10.3758/s13423-014-0719-x
https://doi.org/10.1037/xge0000051
https://doi.org/10.1037/xge0000051
https://doi.org/10.1037/0278-7393.28.4.660
https://doi.org/10.1093/ptj/pzz145
https://doi.org/10.1093/ptj/pzz145
https://doi.org/10.1002/ase.1507
https://doi.org/10.1111/medu.12141
https://blog.minitab.com/blog/adventures-in-statistics-2/choosing-between-a-nonparametric-test-and-a-parametric-test
https://blog.minitab.com/blog/adventures-in-statistics-2/choosing-between-a-nonparametric-test-and-a-parametric-test
https://blog.minitab.com/blog/adventures-in-statistics-2/choosing-between-a-nonparametric-test-and-a-parametric-test
https://doi.org/10.1111/j.1365-2929.2006.02644.x
https://doi.org/10.1111/j.1365-2929.2006.02644.x
https://doi.org/10.1016/j.resuscitation.2018.06.025
https://doi.org/10.1016/j.resuscitation.2018.06.025
https://doi.org/10.7759/cureus.10372
https://doi.org/10.1186/s12909-016-0770-6
https://doi.org/10.1186/s12909-016-0770-6
https://doi.org/10.1016/j.cogpsych.2010.05.004
https://doi.org/10.1016/j.learninstruc.2014.11.001
https://doi.org/10.1037/0033-2909.132.3.354
https://doi.org/10.1002/14651858.CD004149.pub3
https://doi.org/10.1002/14651858.CD004149.pub3
https://doi.org/10.1371/journal.pone.0243060
https://doi.org/10.1371/journal.pone.0243060
https://doi.org/10.1044/2018_JSLHR-S-18-0013
https://doi.org/10.1136/bmj.323.7321.1123
https://doi.org/10.1136/bmj.323.7321.1123
https://doi.org/10.1093/arclin/16.1.75
https://doi.org/10.1080/0142159X.2016.1210113
https://doi.org/10.1080/0142159X.2016.1210113
https://doi.org/10.1097/00001416-200001000-00010
https://doi.org/10.1007/s10459-008-9101-y
https://doi.org/10.1007/s10459-008-9101-y
https://doi.org/10.1007/BF01323044
https://doi.org/10.1111/j.1365-2923.1991.tb00106.x
https://doi.org/10.3389/fpsyg.2015.01908
https://doi.org/10.2147/AMEP.S198878

	Front-loading of anatomy content has no effect on long-term anatomy knowledge retention among physical therapy students: a prospective cohort study.
	Let us know how access to this document benefits you
	Recommended Citation

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Study goal, conceptual framework, and research hypothesis

	Methods
	Participants
	Procedures
	Student background, course instruction, and content
	Statistical analysis

	Results
	Discussion
	Limitations

	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Authors’ information
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

