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This study examines the long-term retention of anatomical knowledge from 180 students 
after various repetition activities. The retention of anatomical knowledge was assessed by 
multiple-choice tests at five different points in time: before and after a course in Functional 
Anatomy, before and after repetition activities that occurred 14 weeks after this course, and 
28 weeks after this course to establish long-term retention. Students were divided into five 
groups: one without any repetition activity, one with a restricted repetition activity (the 
multiple-choice test), and three groups that were offered repetition activities (traditional 
lecture, e-learning module, and small group work in the dissection room). During all three 
repetition activities the same information was conveyed, and this content was not revisited 
in other courses for the duration of the study. The results showed that students who did 
not engage in a repetition activity scored significantly lower on the long-term retention test 
compared to all other groups (ANCOVA: P = 0.0001). Pair-wise comparison with estimated 
means showed that the other four groups, regardless of the type of repeating activity, did 
not differ in the amount of knowledge they retained during any of the five assessments 
(P = 0.008, P = 0.0001, P = 0.001, and P = 0.0001, respectively). This study suggests that 
the type of repetition activity has no effect on knowledge retention both immediately fol-
lowing the activity and in the long term. It is concluded that the repetition of anatomical 
knowledge in any form is beneficial for students and will likely improve student outcomes 
in a curriculum that builds on prior knowledge. Anat Sci Educ 13: 458–466. © 2019 The Authors. 
Anatomical Sciences Education published by Wiley Periodicals, Inc. on behalf of American Association of 
Anatomists. 
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INTRODUCTION
The aim of medical education is to achieve long-term learning 
among students, resulting in a cohesive framework of knowl-
edge, ready to be applied in the clinic. However, forgetting is a 
natural feature of memory: if knowledge is not used, it is most 
likely unimportant and can therefore be erased (Kerfoot and 
Brotschi, 2009; Hardt et al., 2013). In this study, the role of 
repetition in students’ long-term knowledge retention will be 
further explored.

The forgetting of knowledge is a negatively accelerated 
function, better known as “Ebbinghaus’ forgetting curve” 
(Ebbinghaus, 1885). This curve typically shows a rapid reten-
tion loss during the first retention intervals, after which the 
loss decreases and eventually stabilizes (Ebbinghaus, 1885; 
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Roediger and Karpicke, 2006; Custers, 2010). Although 
Ebbinghaus’ conclusions are based on nonsense words, which 
are words that cannot be connected to existing knowledge, 
more recent research has shown that the same curve applies for 
meaningful knowledge retention as well (Conway et al., 1992; 
Bacon and Stewart, 2006; Custers, 2010). In most laboratory 
research on knowledge retention and the forgetting curve, 
retention intervals of hours or days are used (e.g., Roediger 
and Karpicke, 2006). In medical curricula, however, intervals 
of months or sometimes even years are present between the ini-
tial learning of knowledge and the moment this knowledge is 
expanded in a subsequent course or needs to be applied during 
clinical rotations. Experiments conducted with such long 
intervals show the same retention curve: knowledge retention 
decreases sharply during the first interval, and then the decline 
stabilizes (Conway et al., 1992; Semb and Ellis, 1994; Cepeda 
et al., 2008; Custers, 2010; Kooloos et al., 2012). In his review 
study on long-term retention of basic sciences knowledge, 
Custers (2010) concludes that irrespective of the subject matter 
or type of knowledge or skill, after a retention interval of one 
year, about 33% of the gained knowledge is lost. After two 
years, this loss increases to about 50%. Although many fac-
tors, such as students’ individual learning abilities or retrieval 
conditions, might contribute to the longevity of retention, one 
element seems to be the most important: repetition.

Knowledge retention is improved by one or more encounters 
with the same previously learned knowledge (Custers, 2010). 
“Spaced education,” in which shorter educational encounters 
are spaced and repeated over time, results in more efficient 
learning and improved retention compared with “bolus educa-
tion,” a single but elaborate educational encounter in a short 
amount of time (Kerfoot et al., 2007). Bolus education often 
motivates students to study by cramming, which may lead 
to sufficient short-term results, but it ultimately will have an 
adverse effect on the long-term retention of knowledge and 
skills (Deslauriers and Wieman, 2011; Lindsey et al., 2014). 
Each revisit slows knowledge loss, and thus repetition improves 
permanent knowledge retention. Medical schools have tried to 
facilitate revisits to earlier learned knowledge through so-called 
spiral curricula (Harden and Stamper, 1999). In a spiral curric-
ulum, the teaching of topics is spaced over multiple months or 
years, with each successive encounter building on the previous 
one and thus deepening the associated knowledge. Similarly, 
teachers stimulate students to reach higher levels of professional 
competencies using so-called scaffolding strategies (Fernández 
et al., 2001; Sanders and Welk, 2005). When using scaffolding 
strategies, learning can only be successful when the foundation 
is strong and solid so that each new element can rest firmly on 
the ones below (Paechter, 2004). Revisiting previously learned 
knowledge reinforces the students’ foundation of knowledge, 
providing a solid base for further knowledge expansion. But in 
practice, teachers tend to continue education where they had left 
off months or years before and may be surprised and/or annoyed 
by students who have forgotten the corresponding knowledge. 
Although repetition of previously taught topics is described as a 
key feature of spiral curricula (Harden and Stamper, 1999), edu-
cational programs rarely provide “systematic revisitation” of 
previously learned knowledge (Lindsey et al., 2014). However, 
before implementing repetition in curricula, the following ques-
tion needs to be addressed: which learning method is most suc-
cessful when repeating previously taught topics?

It is not self-evident which learning method should be used 
for repetition. Current literature suggests that, at least during 
initial learning, active learning methods outperform passive 

ones because of improved student engagement, self-esteem, 
and attitude (Johnson et al., 1998; Norman and Schmidt, 
2000; Michael, 2006; Gleason et al., 2011; Minhas et al., 
2012; Markant et al., 2016). Active learning methods con-
tribute to higher academic achievement in terms of summa-
tive test scores, although not overwhelmingly, due to relatively 
small effect sizes (Prince, 2004), and are therefore under ongo-
ing investigation. A recent review of 225 studies in the field 
of undergraduate science curricula concludes that there is a 
general improvement of 6% on examinations when students 
are taught by active learning methods (Freeman et al., 2014). 
Hora (2014) challenged Freeman and colleagues’ interpreta-
tion, which is based on rigid classification of studies into either 
passive or active learning methods, suggesting instead a more 
fine-grained approach to categorizing studies. Nevertheless, 
most studies that are included in Freeman and colleagues’ anal-
yses suggest that active learning methods are beneficial for ini-
tial knowledge uptake (Freeman et al., 2014). Yet, it remains 
unknown if this same relationship exists for the repetition of 
previously learned knowledge.

The idea that active learning methods outperform passive 
ones in the storage of information during the initial learning 
stage and as a consequence in the retrieval of that same infor-
mation stems also from the theory of memory. There are three 
core processes of memory: encoding, storage, and retrieval of 
information. New information is encoded by the sensory sys-
tem into the working memory and stored in the long-term 
memory in schemas that are built from the new information 
as well as information that was already stored in existing sche-
mas (e.g., van Merriënboer and Sweller, 2010). The process 
of encoding, storing, and retrieving is enhanced by emotional 
arousal (Crowley et al., 2019). Arousal will help to construct 
stronger and larger schemas during initial learning, which 
makes it easier to retrieve the learned information from long-
term memory (van Kesteren et al., 2012). Active learning meth-
ods try to arouse the learner by giving them the opportunity 
to control the information that is experienced (Markant et al., 
2016). In contrast, when new information is taught with a pas-
sive learning method, this information is stored with less con-
nections to the existing schemas, and hence retrieval becomes 
more cumbersome. There are many ways to put the learner in 
control, for example, goal-driven exploration, physical interac-
tion, self-pacing, meta-cognitive monitoring, and social interac-
tion (Markant et al., 2016). The taking of a test is also an active 
learning method. Moreover, taking tests gives better results in 
the recall of the initially learned knowledge than restudying the 
same material, at least after a time-span of about a week. This 
so-called testing effect (Roediger and Karpicke, 2006) is stud-
ied in different ways (Binks, 2018), but not yet in connection to 
an existing curriculum and with a timespan of several months.

The aim of this study is to explore whether the supposed 
benefits of active learning methods in the initial learning 
stage also apply when previously learned knowledge is revis-
ited. Based on the theory of memory described above, it was 
expected that students who were offered more active learning 
methods when revisiting earlier learned knowledge would out-
perform students who were offered a more passive learning 
method in the recall of anatomical knowledge that was initially 
learned 14 weeks earlier. In the same line of thought, it was 
expected that students who had revisited anatomical knowl-
edge with active learning methods would recall more knowl-
edge in a long-term retention test another 14 weeks later than 
students who had revisited the same anatomical knowledge 
with a passive learning method.
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To make these hypotheses operational, it is necessary to 
define active and passive learning methods in more detail. 
Learning methods are regarded as active when components 
that are crucial to arousal and activation are met: are students 
purposely actively involved? Is student engagement encour-
aged? Is cooperation, collaboration, or even competition 
between the students promoted? Is the autonomy of students 
addressed (Prince, 2004; Michael, 2006)? In the present study, 
the passive learning method is defined as a method involving 
none of the components described above, that is, the traditional 
lecture. This method does not suggest that students become 
completely passive. Some activity of the students is required: 
they need to mentally process the material that is fed to them 
by the teacher during a traditional lecture. Two active learning 
methods that are supposed to increase engagement and thereby 
result in a larger learning gain are also used in this study. One 
method invites students to get involved with the study material 
by means of an e-learning module with educational questions. 
With the other active learning method, engagement is assumed 
to be larger than with the e-learning module because a mean-
ingful context, in terms of a location (the dissection room) and 
study material (relevant anatomical specimens), is added.

MATERIALS AND METHODS
Setting

This study was conducted from October 2013 to May 2014 
at the Radboud University Nijmegen Medical Center in 
Nijmegen, The Netherlands. Students in the Netherlands 
usually enter university immediately after finishing high 
school when they are around 19 years of age. In Nijmegen, 

the medical and biomedical students are mixed during their 
first year in their basic science courses. In their second year, 
the two curricula diverge. Medical students are offered more 
clinically directed courses, while biomedical students are 
offered more research-oriented courses.

At the time of the study, the first-year bachelor curriculum 
in Nijmegen consisted of 10 consecutive basic sciences and sys-
tems courses, such as Functional Anatomy, Biochemistry and 
Biophysics, Circulation and Respiration, and Movement and 
Motor Control. These 10 first-year courses all lasted four weeks 
and ended with a summative examination. This study explored 
knowledge retention of material covered in the Functional 
Anatomy course, which was the second course in the first year 
(October 2013) that covers basic anatomical, radiological, and 
some physiological knowledge of the thorax, abdomen, and 
pelvis. In this course, like all courses in the first year, self-study 
assignments, small group work, practical sessions, and interactive 
lectures were offered to the students. In the Functional Anatomy 
course in particular, 21 assignments for self-study took up about 
65% of the time. The remaining 55 hours of contact time were 
divided as follows: seven traditional lectures; six practical ses-
sions in the dissection room to study prosections; three e-learning 
modules on the thorax, abdomen, and pelvis; seven small group 
sessions; eight interactive lectures; and one body-painting ses-
sion. This study ended during the Movement and Motor Control 
course, which was the ninth first-year course (May 2014).

Participants and Ethics

This study was performed among roughly 450 first-year med-
ical and biomedical students, 288 of whom were included in 

Figure 1. 

Numbers of students in the different stages of the study. After the pre-course test and the regular first-year course, students who took the long-term retention test were 
placed in Group 1. The students that took the post-course test were denominated to Groups 2, 3, 4, or 5. Participants in Group 2 did not receive any repetition activity, 
but took the pre-repetition test on the return day. Participants in Groups 3, 4, and 5 took a pre-repetition test, participated in different repetition activities, rehearsed 
a selection of topics learned in the regular course, and took a post-repetition test. At the bottom of the figure, the numbers of students that were lost in between the 
different tests are depicted. aTwo students who were in Group 3 accidentally took the classes of Group 5 on the return day.
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this study. After completion of the study 7.5 months later, the 
long-term test results of 180 students could be collected. Of 
these, 54 students (30%) were male and 126 students (70%) 
were female, which corresponds to the male/female ratio of 
the (bio)medical student population. Their average age was 
18.8  ±  1.3  years. Participation was voluntary and informed 
consent was obtained from each participant.

Medical education research in the Netherlands is exempt 
from ethical approval. Nevertheless, this study was approved 
by the Department of Evaluation, Quality, and Development 
at the Institute of Scientific Education and Training of the 
Radboud University Medical Center Nijmegen, Nijmegen, 
The Netherlands. The students were offered a small financial 
reward (EUR 25,00) for their participation and a meal during 
the repetition activities.

Procedure and Constitution of the Groups

The number of students during the different stages of the study 
is displayed in Fig. 1. On Day 1, all first-year students who 
came to the university to take regular classes at the start of the 
Functional Anatomy course were invited to complete the pre-
course test. The purpose of the pre-course test was to establish 
the entrance knowledge level for this study. One day before the 
end of the course (Day 25), all students attending the regular, 
yet optional classes were invited to take the post-course test. 
The post-course test was administered to establish the knowl-
edge gained as a result of the learning activities that took place 
during the Functional Anatomy course. The post-course test was 
separate from the summative test associated with the first-year 
course (Day 26). A substantial number of students who took the 
pre-course test did not show up for class activities on the day of 
the unannounced post-course test, but a large number of these 
students were willing to take the long-term retention test six 
months later. These 127 students were assigned to Group 1. The 
students who took both the pre-course and post-course test were 
equally distributed into Groups 2–5 based on gender and age. 
All students in Groups 2–5 were asked to gather at the univer-
sity on Day 128 (the return day) for repetition activities. During 
the return day, all students took a pre-repetition test to assess 
any potential knowledge loss that occurred during the 14 weeks’ 
time between the end of the Functional Anatomy course and the 
return day. Students in Group 2 took the pre-repetition test with-
out further activities. This group was added to find out the effect 
of the pre-repetition test itself on the retention test. Students in 
Groups 3, 4, and 5 participated in different repetition activities 
in which a selection of the topics encountered in the regular 
course was revisited. Afterward, they took the post-repetition 
test in order to establish the differences in the amount of knowl-
edge gain among Groups 3, 4, and 5. Students of all groups were 
invited to take a final long-term retention test after a second 
period of 14 weeks. This invitation took place during an oblig-
atory small group educational activity in the first-year course in 
May. All students who took this obligatory small group activity 
were invited to take the long-term retention test.

Taking the Tests

The pre-course test, post-course test, pre-repetition test, 
post-repetition test, and retention test all consisted of the same 
40 multiple-choice questions, but in a different sequence each 
of the five times the test was taken. Questions contained an 
average of three answer choices with a range of 2–4 answer 

choices. Students were not informed of their test performance, 
since feedback could have impacted knowledge retention. Some 
examples of test questions are included in the Supplementary 
Material Appendix File.

The maximal duration of the study was limited to 
7.5 months, due to the review of a large part of the material 
from the Functional Anatomy course in subsequent first-year 
courses. Given this timeframe and the length of the course itself 
(26 days), the maximal amount of time that could be allotted 
between the course and the completion of the study was roughly 
28 weeks. Therefore, 14 weeks were allotted between the post-
course test and the repetition activities, and an additional 
14 weeks were allotted between the repetition activities and the 
final long-term retention test (see Fig. 1). The majority of topics 
initially learned in the Functional Anatomy course were re-vis-
ited in subsequent coursework prior to completion of the study. 
For instance, the heart, lungs, and kidneys were reviewed prior 
to the long-term retention test. Therefore, questions about these 
organs were excluded from the study. In other words, the long-
term retention test consisted only of questions that were not 
re-visited in the 28 weeks of this study (viz. body wall, inguinal 
canal, pelvic floor, pelvic organs, and embryology).

Repetition Activities

Groups 2–5 were invited to take tests and do repetition activities 
on the return day (Day 128). Students were informed to which 
repetition activity they were allotted shortly before the return 
day. The repetition activities for Groups 3, 4, and 5 were a tra-
ditional lecture, an e-learning module, and small group work in 
the dissection room, respectively. As stated in the introduction, 
the traditional lecture was chosen (for Group 3) to represent the 
passive learning method, since it involves listening to the teacher 
and therefore requires little effort from the students themselves. 
During the lecture, the students were not allowed to ask the 
teacher any questions. This was done to avoid student-teacher 
interaction, which might stimulate uptake of knowledge. An 
e-learning module was chosen (for Group 4) to represent the 
middle ground between passive and active learning methods. 
During this session, students individually read the subject mate-
rial and answered associated practice questions on a computer. 
Students were allowed to use their study books to answer the 
questions and were given feedback on their performance, which 
was embedded in the e-learning module. However, students had 
to work independently, that is, without collaborating with other 
students, and were not allowed to ask the teacher any questions. 
A structured small group learning session in the dissection room 
(Kooloos et al., 2012) was chosen (for Group 5) to represent the 
most active learning method, as students had to collaborate and 
discuss the information among themselves and with the teachers 
and were invited in this way to get really involved with the study 
material. Care was taken to present exactly the same study mate-
rial (figures or texts) during all three types of repetition activi-
ties. However, the students attending the small group learning 
session also had anatomical preparations (prosections) at their 
disposal. All three types of repetition activities took place on the 
same day and at the same time, were designed to last 1.5 hours, 
and were scheduled outside of regular class times.

Statistics

To determine whether there is a difference in the long-term 
retention test scores among the five groups of students when 
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controlling for the pre-course test, an ANCOVA was performed 
with the long-term retention test scores as the dependent vari-
able, the group as the fixed variable, and the pre-course test 
as a covariate. When significant differences were found, pair-
wise comparisons based on estimated marginal means were 
used to elucidate differences among the five groups. Partial 
eta-squared was used for the effect size. To evaluate whether 
knowledge retention differs across the five tests among the 
three groups that engaged in repetition activities, a repeated 
measures ANOVA for both within-subjects and between-sub-
jects was performed. Cronbach’s alpha was used to assess the 
reliability. According to DeVellis (2017), a reliability of 0.5–0.6 
is regarded as poor, 0.6–0.7 as moderate, and 0.7 or higher 
as acceptable to good. Kendall tau-B was used to estimate the 
convergent validity of the five anatomical knowledge tests. 
Kendall tau-B is an ordinal measure of correlation and was 
used to indicate the concordance of the order (ranks) of the 
score of the participants in the different tests. According to 
Taylor (1990) correlation coefficients can be interpreted as fol-
lows: below 0.35 indicates a weak correlation, between 0.35 
and 0.67 a moderate, and above 0.67 a strong correlation. All 
statistical tests were performed using SPSS statistical package, 
version 25.0.0.1 (IBM Corp., Armonk NY).

RESULTS
Numbers of Students

From the larger cohort of roughly 450 students, 288 completed 
the pre-course test (see Fig. 1), from which 161 also completed 
the post-course test. The 127 students who did not take the 
post-course test were not actively avoiding the post-course 
test. They merely did not show up at scheduled voluntary class 
activities during which the post-course test was given, namely 
without advanced notice. From these 127 students, 92 were 
willing to take the long-term retention test six months later. 
Those 161 students who did complete the post-course test were 
distributed into Groups 2–5. Their group sizes were 40, 40, 
40, and 41, respectively. From these, 70 students dropped out 
(14, 13, 23, and 20, respectively), and 91 students were present 
on the return Day 14 weeks later. Two students from Group 3 
joined the repetition activity of Group 5 accidentally, and three 

students from Group 3 left without taking the post-repetition 
test, resulting in final sample sizes of Groups 2–5 being 26, 22, 
17, and 23, respectively.

After the second period of 14 weeks, the long-term retention 
test was offered to all students. Attendance for this retention 
test was maximized because this test was offered during an 
obligatory in-class work session of the first-year course that 
was scheduled at that time.

Tests and Test Scores

The scores of the students in the different groups are depicted 
in Table 1. The students scored about 37% on the anatom-
ical knowledge test at the start of the first-year course on 
Functional Anatomy, and their scores increased to about 
68% at the end of this course. Fourteen weeks later, scores 
declined to about 51%. After the repetition activities, the 
scores on the anatomical knowledge test raised again to about 
73% and fell down to about 55% for the final long-term 
retention test, except for Group 1 who scored about 47% in 
the long-term retention test. Assuming that Group 1 would 
have had similar post-course test scores (about 68%) as the 
other groups if they had taken this test, Group 1 lost about 
30% (21 percentage points) of their anatomical knowledge 
between the end of the course and the end of the study. On 
the other hand, Groups 2–5 lost an average of about 20% 
(13 percentage points).

The pre-course test showed a particularly low reliability 
(Cronbach’s alpha −0,022; see Table 2), indicating a highly 
random measure. Considering the tests consisted of only 40 
items, the other alphas were reasonably satisfactory. The 
post-course test and the post-repetition test showed alphas of 
0.634 and 0.652, respectively, indicating moderate reliability. 
The pre-repetition test and the long-term retention test had 
smaller alphas of 0.456 and 0.505, respectively, indicating 
poor reliability.

Kendall tau-B’s correlation coefficient of the long-term 
retention test in relation to the pre-course test, the post-course 
test, the pre-repetition test, and the post-repetition test were 
0.133, 0.431, 0.329, and 0.453, respectively. All these correla-
tions were significant (P < 0.01). So, at least the post-course test 

Table 1. 

Average Scores of Students per Group on Each Test

Group N

Pre-course 
test 

mean (±SD)

Post-course 
test 

mean (±SD)

Activities during the return day

Long-term 
retention test 
mean (±SD)

P-values 
(ANCOVA)

Pre-repetition 
test 

mean (±SD)

Repetition 
activity 

mean (±SD)

Post-repetition 
test  

mean (±SD)

1 92 37.0 (±7.0) – – – – 47.3 (±9.3) n.a.

2 26 37.5 (±5.8) 69.3 (±10.8) 52.8 (±10.5) – – 53.0 (±9.3) 0.008

3 22 37.3 (±10.3) 66.5 (±10.3) 50.0 (±11.8) lecture 73.0 (±9.8) 55.5 (±10.5) 0.0001

4 17 36.5 (±7.8) 69.0 (±10.8) 50.5 (±8.0) e-learning 72.5 (±10.3) 55.5 (±9.8) 0.001

5 23 36.5 (±7.3) 65.8 (±11.8) 51.8 (±10.0) small group 73.5 (±12.8) 55.5 (±10.8) 0.0001

Average scores are expressed in means (± SD) in percentages. The time between the post-course test and the return day was 14 weeks. The 
time between the return day and the long-term retention test was also 14 weeks. Regarding the last column, the significance levels for 
Group 1 < Groups 2, 3, 4, and 5 were calculated with pair-wise comparisons based on estimated means.



Anatomical Sciences Education  JULY/AUGUST 2020� 463

and the post-repetition test correlated moderate to the long-
term retention test.

The ANCOVA showed a significant difference in long-
term retention among the five groups (df  =  180; F  =  7.325; 
P  =  0.0001). The pair-wise comparisons based on estimated 
means showed that scores on the long-term retention of Group 
1 were lower than the scores of all the other groups; for 
Groups 2–5, P = 0.008, P = 0.0001, P = 0.001, and P = 0.0001, 
respectively (see Table 1). The pair-wise comparisons based on 
estimated means also showed that there were no differences 
among the scores of Groups 2, 3, 4, and 5. These results indi-
cate that the test-only group as well as the lecture group, the 
e-learning group, and the collaborative learning session group 
all performed equally well and performed better than Group 1 
in the retention test.

Partial eta-squared indicated a moderate effect size of 
0.144. Repeated measures ANOVA for within-subject effects 
on Groups 3, 4, and 5 showed a significant difference (df = 1; 
F = 174.1; P = 0.001), which means that the students’ scores 
differed on all five tests. Repeated measures ANOVA for 
between-subjects effects showed no differences among the 
scores of Group 3, 4, and 5 (df = 2; F = 0.006; P = 0.994). This 
result indicates that the scores of the students in Groups 3, 4, 
and 5 did not differ among themselves on all of the five tests.

DISCUSSION
This study suggests that the educational format of repetition 
activity does not influence the long-term retention of anatomi-
cal knowledge at three months after the repetition activities. The 
30% loss of knowledge after a period of six months without 
repetition activities largely agrees with the results reported in 
a review by Custers (2010). Doomernik et al. (2017), who per-
formed their study with the same curriculum, found a smaller 
decline in long-term retention by about 15% after 1.5 years, 
but in this study, the students had revisited the earlier learned 
material during the time in between.

This study seems to be the first to investigate the effect 
of different repetition methods on the long-term retention of 
anatomical knowledge in a running curriculum. A few papers 
examine interventions that decelerate long-term knowledge 
loss in running curricula, but these papers differ in at least one 
very essential aspect from the present study and can therefore 

not be compared to the present study: Feigin et al. (2007) 
showed an increase in retention (about 15%) that was due to 
repeated testing, but their study population revisited the pre-
viously learned material during a clinical elective. Logan et al. 
(2011) showed an increase in retention because of testing, but 
the retention test was taken only one week after the original 
learning phase. Finally, Jurjus et al. (2015) showed an increase 
of 14% in anatomical knowledge immediately after repetition 
activities, but they did not measure long-term retention.

Different factors may have contributed to the finding that 
students who revisited previously learned knowledge with 
passive and active learning methods scored similarly on both 
the post-repetition test and the long-term retention test. One 
factor, which is also a limitation of this study, is that the stu-
dents’ participation was voluntary. Students were aware of 
being a research subject and may have adjusted their behavior 
accordingly. Students attending the traditional lecture, repre-
senting the passive learning method in this study, may have 
paid “above average” attention to the lecturer. They may have 
strained themselves to remember the information more than 
they normally would during an ordinary lecture. This increased 
engagement may have changed the lecture from a passive to a 
more active learning method, possibly increasing the resulting 
test scores of these students.

The repetition methods chosen for this study are methods 
that were already integrated into the curriculum at Nijmegen 
at the time of this study. Other possible activities, for example, 
game-based (Rondon et al., 2013) or drawing-based (Balemans 
et al., 2016) activities, were not considered for that reason.

There are also a few studies that compared different repe-
tition methods and/or retrieval strategies. Blunt and Karpicke 
(2014) showed that both writing down and using concept map-
ping to retrieve earlier learned material produced better per-
formance than did additional learning, but these two methods 
do not differ from one another. Bae et al. (2019) compared 
the taking of multiple-choice tests, test generation, and free 
recall as methods for retrieving knowledge. They showed that 
test-taking and free recall were the most effective in knowledge 
retrieval. However, the latter two studies, again, took only one 
week between initial learning and retrieval practice. Thus, the 
data of the present study substantiate the conclusion that in 
the long run a lecture that repeats previously learned knowl-
edge is just as good as an e-learning module, a small group 

Table 2. 

Statistical Analysis of the Five Tests Used in This Study

Test data Pre-course test Post-course test

Activities during the return day

Long-term retention testPre-repetition test Post-repetition test

MC-questions (N) 40 40 40 40 40

Participants (N) 180 88 88 62 180

Cronbach’s alphaa  −0.022 0.634 0.456 0.652 0.505

Score, mean (±SD) 14.79 (±2.94) 26.99 (±4.31) 20.53 (±4.07) 29.21 (±4.33) 20.39 (±4.10)

Score%, mean (±SD) 40.97 (±7.35) 67.47 (±10.77) 51.32 (±10.17) 73.02 (±10.82) 50.97 (±10.25)

Note that all tests consisted of the same 40 questions, but in a different order. aCronbach’s alpha 0.5–0.6 = poor reliability; 0.6–0.7 = mod-
erate; 0.7–0.8 = acceptable; 0.8–0.9 = good. The time between the post-course test and the return day was 14 weeks. The time between the 
return day and the long-term retention test was also 14 weeks; MC-questions: multiple-choice questions.
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learning session, or a multiple-choice test in facilitating stu-
dents’ retrieval of knowledge.

Another explanation may be found in how the retrieval of 
information during the repetition classes was evoked. Retrieval 
is enhanced in the same way as encoding by factors such as 
arousal and attention (van Kesteren et al., 2012). It seems to 
be unknown what a necessary degree of attention should be 
for the retrieval of information from schemas in the brain. In 
this study, a lot of attention and arousal cues were offered to 
the students. Therefore, it seems that students had more than 
enough opportunities to address their memory and to retrieve 
the previously learned knowledge: a lecture in which a teacher 
recalls it for them; an e-learning module that incorporates pro-
vided study material and specific questions; and a small group 
session where the studied material, specific assignments, and 
explanations given by other students that may awaken a pre-
viously forgotten term or anatomical image. In addition, this 
study shows that the amount of long-term retention is indepen-
dent of the retrieval method. Therefore, passive learning meth-
ods and the taking of tests (see below) may be “good enough” 
to repeat previously learned knowledge since it stimulates 
enough retrieval of this knowledge for the students to perform 
well in subsequent tests.

This study was set up to explore the effect of different 
repeating activities using tests to measure the effect of these 
repeating methods. To establish the loss or gain of knowl-
edge during this study, multiple-choice tests were filled in 
by the students. Using tests as a measurement method, the 
testing effect was introduced. Revisiting the same mate-
rial after 14  weeks by means of a knowledge test enabled 
the students to recall the same amount of knowledge after 
an additional 14  weeks, compared with the other learning 
methods. Roediger and Karpicke (2006) established that the 
benefits of re-study through taking a test on the previously 
learned material could be measured after one week. The pres-
ent study adds to their research with the finding that a test 
to recall earlier learned material after a much longer period 
of 14  weeks is still an efficient method to recall the same 
initially learned material in the long term.

Many more studies examine the testing effect (e.g., Karpicke 
and Roediger, 2008; Larsen et al., 2008; Karpicke et al., 2014; 
Binks, 2018; Larsen, 2018), and all substantiate the effect of 
testing. The present study shows that the testing effect is as 
efficient as the retaking of classes to build up stronger sche-
mas and hence retrieval possibilities. It would be compelling to 
study what a minimal revisiting activity would be that would 
still enable a student to retrieve a significant amount of knowl-
edge from their long-term memory. For example, if the mere 
mentioning by a teacher of where in the past a student has 
encountered a subject would stimulate a large recall of that 
subject, then all teachers should be trained to implement this in 
their educational activities. Besides the mentioning of already 
learned subjects, showing a figure, a picture, or a mechanism 
could potentially also be enough for a substantial recall of ear-
lier learned knowledge.

Limitations of the Study

The first limitation is the already-mentioned extra motiva-
tion of the students, that is, knowing that they were enrolled 
in a study and would be tested. It was argued in a previous 
section of this article that this motivation may have changed 
the lecture from a passive to a more active repetition activity. 

Furthermore, the students in the other groups may also have 
strained themselves to excel in the tests. If that has been the 
case, one would expect that the students in the more active 
learning method groups, being the method that yields a 
higher learning gain (see introduction), would have shown 
higher results than the other group. On the other hand, if the 
levels of straining would have been exceptionally high for 
all groups, a ceiling effect might have been reached, mean-
ing that no matter which repetition method would have been 
applied, the learning gain would have stabilized at the same 
high level for all groups.

Another issue is the assumption that the groups were simi-
lar in their important characteristics, such as prior knowledge, 
study motivation, and learning abilities. Although the groups 
were constituted from a rather homogeneous population—all 
of about the same age, almost all fresh out of high school, all 
selected by cognitive and psychological tests for medical school, 
and almost all with above average high school grades—specific 
demographics (except for gender and age), psychological char-
acteristics, and educational characteristics were not collected 
or controlled for. It is reasonable to assume that in the studied 
curricula less than 5% of the students possess a different edu-
cational background, having completed most likely one or a 
few years of study in biology. The effect of this on the results 
is judged as minimal, particularly given the similarity in the 
original test scores for all groups.

The composition of Group 1 is another major concern. This 
group was not tested during the post-course test. It is not that 
they did avoid the post-course test, but they decided not to 
attend the voluntary classes at the time that the post-course 
tests were offered during these classes without advance notice. 
Due to their absence, it could be deduced that these students 
may have had a different, presumably lower, study motivation, 
while the students that were present for the voluntary classes 
may have been high achievers. Nevertheless, there are no sub-
stantial reasons to infer that Group 1 would have shown a dif-
ferent knowledge level at that time since the post-course test 
was one day before the summative examination of the first-
year course for all students.

Ideally, several additional groups would have been added 
to this study, for example, a group comprised of students who 
did repetition activities during the return day without being 
tested. These additions would have helped to pinpoint whether 
the long-term retention of Groups 3, 4, and 5 was an effect 
of the repetition activity itself or a combined effect of being 
tested and engaging in a repetition activity (Norman et al., 
2002). Group 2 could also have been asked to fill in the post- 
repetition test. This change would have made Group 2 differ 
in one aspect instead of two (no repetition activity and no 
post-repetition test) from Groups 3, 4, and 5.

Although a drop-out percentage of 40% was expected from 
the beginning, the study was originally designed for 30 stu-
dents to be in every experimental group at the end of the study. 
This constraint restricted the feasible number of groups to five 
during the design of this experiment.

Although similarity in the offered images and texts was 
strictly controlled for, only the students in Group 5 had ana-
tomical preparations at their disposal. This decision does not 
seem to have had any effect on their learning gain, since they 
scored about the same in the post-repetition test as the other 
groups.

The poor to moderate reliability of the tests is of some con-
cern. The alpha of the pre-course test (−0.022) reflects a lot 
of random answers, which is not surprising because there is 



Anatomical Sciences Education  JULY/AUGUST 2020� 465

little to no knowledge to be measured. The alphas of the post-
course and post-repetition test (0.634 and 0.652, respectively) 
are much better, but still moderate. In the curriculum of this 
research, the moderate results for Cronbach’s alpha would not 
be acceptable for a summative assessment. About 100 ques-
tions per multiple-choice test would be the standard, enhancing 
reliability significantly. However, this would take much more 
time to complete, which is the reason to limit the tests in this 
study to 40 question each. It is expected that students are less 
likely to volunteer if the duration of the tests would drastically 
increase.

The construct validity of the tests was good. The same set 
of objectives was used to design the repetition material and 
to construct the tests, ensuring constructive alignment (Biggs, 
1996).

Kendall tau-B’s correlation coefficient of the long-term 
retention test in relation to the pre-course test, the post-course 
test, the pre-repetition test, and the post-repetition test (0.133, 
0.431, 0.329 and 0.453, respectively) reflected an increasing 
concordance between tests when the knowledge of the students 
increases. Nevertheless, there was no external criterion avail-
able to assess the validity of the tests in this study. The validity 
argument (Messick, 1998) of the tests that were used in this 
study is built from (1) the scores on the subsequent tests and (2) 
their association. The participants had better scores after learn-
ing and after repeating, in respectively the post-course and post- 
repetition test, compared to the pre-course and post-repetition 
test. In other words, where the participants were expected to 
have better knowledge/competence (after learning/repeating) 
they scored higher. This is an indication of convergent validity.

CONCLUSION
This study examined the long-term retention of anatomical 
knowledge after the engagement in various repetition activi-
ties. Anatomical knowledge was assessed in a real-world edu-
cational setting and using a realistic time frame for potential 
knowledge loss typical of medical curricula. The results suggest 
that the method applied during repetition activities, whether 
active or passive, does not influence the long-term retention 
of the rehearsed knowledge. Although the final number of 
students in the repetition groups were disappointingly small, 
statistics show good levels of significance to substantiate the 
findings. On top of this, the study also underpins that any 
rehearsing act, including an educational test, is as beneficial 
as a scheduled repetition activity for the long-term recall of 
that knowledge by students. So, starting a subsequent course or 
clinical rotation with repetition is very advantageous when the 
intention is to build upon or apply previously learned knowl-
edge. The format of the repetition could be a multiple-choice 
test, a traditional lecture in a massive hall, collaborative small 
group work, or an e-learning module. If durable education in 
a spiral curriculum is strived for, teachers should be aware to 
facilitate the retrieval of earlier learned knowledge at the right 
position in the curriculum or at the right time during the stu-
dents’ individual learning path.

ACKNOWLEDGMENTS
The authors would like to thank all students who were willing 
to complete one or more tests. Furthermore, the authors would 
like to thank our colleagues and student assistants for their 
help in organizing and executing the repetition sessions.

NOTES ON CONTRIBUTORS
JAN G.M. KOOLOOS, Ph.D., is an associate professor 
and a senior lecturer in the Department of Anatomy at the 
Radboud University Nijmegen Medical Center, Nijmegen, The 
Netherlands. He teaches gross anatomy, embryology, histology, 
and functional anatomy of the locomotor system in a variety of 
curricula. He is also the Co-President of Faculty Development 
and involved in several research projects on anatomy education.

ESTHER M. BERGMAN, Ph.D., is a research coordinator 
within the Zuyderland Academy of the Zuyderland Medical 
Center in Sittard-Geleen and Heerlen, The Netherlands. She 
stimulates and facilitates scientific research performed by 
all health care professionals of Zuyderland Medical Center. 
Previously, she worked as an assistant professor of anatomy 
at the Radboud University Medical Center in Nijmegen, The 
Netherlands.

MARIEKE A.G.P. SCHEFFERS, M.Sc., graduated with 
honors in the field of educational sciences from the Radboud 
University Nijmegen, The Netherlands. She currently works 
as an educational scientist, specialized in developing training 
programs, (digital) learning materials, and examinations for 
educational programs in various fields of secondary vocational 
education.

ANNELIEKE N. SCHEPENS-FRANKE, Ph.D., is an assis-
tant professor and a lecturer in the Department of Anatomy at 
the Radboud University Nijmegen Medical Center, Nijmegen, 
The Netherlands. She teaches anatomy and histology, and 
focuses on embryology and anatomy of the urogenital system. 
In addition, she coordinates the plastination activities at the 
department.

MARC A.T.M. VORSTENBOSCH, Ph.D., is an associate 
professor and a lecturer in the Department of Anatomy of 
Radboud University Nijmegen Medical Center, Nijmegen, The 
Netherlands. He teaches gross anatomy, functional anatomy 
of the locomotor system, and head and neck anatomy. As a 
researcher, he is involved in several research projects on anat-
omy education and the assessment of medical competence.

LITERATURE CITED
Bacon DR, Stewart KA. 2006. How fast do students forget what they learn in 
consumer behavior? A longitudinal study. J Market Educ 28:181–192.
Bae CL, Therriault DJ, Redifer JL. 2019. Investigating the testing effect: Retrieval 
as a characteristic of effective study strategies. Learn Instruc 60:206–214.
Balemans MC, Kooloos JG, Donders AR, van der Zee CE. 2016. Actual drawing 
of histological images improves knowledge retention. Anat Sci Educ 9:60–70.
Biggs J. 1996. Enhancing teaching through constructive alignment. Higher Educ 
32:347–364.
Binks S. 2018. Testing enhances learning: A review of the literature. J Prof Nurs 
34:205–210.
Blunt JR, Karpicke JD. 2014. Learning with retrieval-based concept mapping. J 
Educ Psychol 106:849–858.
Cepeda NJ, Vul E, Rohrer D, Wixted JT, Pashler H. 2008. Spacing effects in learn-
ing: A temporal ridgeline of optimal retention. Psychol Sci 19:1095–1102.
Conway MA, Cohen G, Stanhope N. 1992. Very long-term memory for knowl-
edge acquired at school and university. Appl Cognit Psychol 6:467–482.
Crowley R, Bendor D, Javadi AH. 2019. A review of neurobiological factors 
underlying the selective enhancement of memory at encoding, consolidation, and 
retrieval. Progr Neurobiol 179:101615.
Custers EJ. 2010. Long-term retention of basic science knowledge: A review 
study. Adv Health Sci Educ Theory Pract 15:109–128.
Deslauriers L, Wieman C. 2011. Learning and retention of quantum concepts 
with different teaching methods. Phys Rev St Educ Res 7:010101.
DeVellis RF. 2017. Scale Development: Theory and Applications. 4th Ed. 
Thousand Oaks, CA: SAGE Publications, Inc. 280 p.
Doomernik DE, van Goor H, Kooloos JG, ten Broek RP. 2017. Longitudinal 
retention of anatomical knowledge in second-year medical students. Anat Sci 
Educ 10:242–248.



466� Kooloos et al.

Ebbinghaus H. 1885. Über das Gedächtnis: Untersuchungen zur Experimentellen 
Psychologie. 1st Ed. Leipzich, Germay: Verlag von Ducker & Humbolt. 185 p.
Feigin DS, Magid D, Smirniotopoulos JG, Carbognin SF. 2007. Learning and 
retaining normal radiographic chest anatomy. Does preclinical exposure improve 
student performance? Acad Radiol 14:1137–1142.
Fernández M, Wegerif R, Mercer N, Rojas-Drummond S. 2001. Re-conceptualizing 
’scaffolding’ and the zone of proximal development in the context of symmetrical 
collaborative learning. J Classroom Interact 36:40–54.
Freeman S, Eddy SL, McDonough M, Smith MK, Okoraofor N, Jordt H, 
Wenderoth MP. 2014. Active learning increases student performace in science, 
egineering, and mathemathics. Proc Natl Acad Sci USA 111:8410–8415.
Gleason BL, Peeters MJ, Resman-Targoff BH, Karr S, McBane S, Kelley K, 
Thomas T, Denetclaw TH. 2011. An active-learning strategies primer for achiev-
ing ability-based educational outcomes. Am J Pharm Educ 75:186.
Harden RM, Stamper N. 1999. What is a spiral curriculum? Med Teach 
21:141–143.
Hardt O, Nader K, Nadel L. 2013. Decay happens: The role of active forgetting 
in memory. Trends Cognit Sci 17:111–120.
Hora MT. 2014. Limitations in experimental design mean that the jury is still out 
on lecturing. Proc Natl Acad Sci USA 111:E3024.
Johnson D, Johnson R, Smith K. 1998. Cooperative learning returns to college: 
What evidence is there that it works? Change 30:26–35.
Jurjus RA, Brown K, Goldman E, Galoosian A, Butera G, Krapf JM. 2015. 
Curricular response to increase recall and transfer of anatomical knowledge into 
obstetrics/gynecology clerckship. Anat Sci Educ 9:337–343.
Karpicke JD, Roediger HL 3rd. 2008. The critical importance of retrieval for 
learning. Science 319:966–968.
Karpicke JD, Lehman M, Aue WR. 2014. Retrieval-based learning: An episodic 
context account. Psychol Learn Motiv 61:237–284.
Kerfoot BP, Brotschi E. 2009. Online spaced education to teach urology to medi-
cal students: A multi-institutional randomized trial. Am J Surg 197:89–95.
Kerfoot BP, DeWolf WC, Masser BA, Church PA, Federman DD. 2007. Spaced 
education improves the retention of clinical knowledge by medical students: A 
randomised controlled trial. Med Educ 41:23–31.
Kooloos JG, de Waal Malefijt MC, Ruiter DJ, Vorstenbosch MA. 2012. Loosely-
guided, self-directed learning versus strictly-guided, station-based learning in 
gross anatomy laboratory sessions. Anat Sci Educ 5:340–346.
Larsen DP. 2018. Planning education for long-term retention: The cognitive  
science and implementation of retrieval practive. Semin Neurol 38:449–456.

Larsen DP, Butler AC, Roediger HL 3rd. 2008. Test-enhanced learning in medical 
education. Med Educ 42:959–966.
Lindsey RV, Shroyer JD, Pashler H, Mozer MC. 2014. Improving students’ long-
term knowledge retention through personalized review. Psychol Sci 25:639–647.
Logan JM, Thompson AJ, Marshak DW. 2011. Testing to enhance retention in 
human anatomy. Anat Sci Educ 4:243–248.
Markant DB, Ruggeri A, Gurekcis TM, Su F. 2016. Enhanced memory as a com-
mon effect of active learning. Mind Brain Educ 10:142–152.
Messick S. 1998. Test validity: A matter of consequence. Soc Indicat Res 
45:35–44.
Michael J. 2006. Where’s the evidence that active learning works? Adv Physiol 
Educ 30:159–167.
Minhas PS, Ghosh A, Swanzy L. 2012. The effects of passive and active learning 
on student preference and performance in an undergraduate basic science course. 
Anat Sci Educ 5:200–207.
Norman GR, Schmidt HG. 2000. Effectiveness of problem-based learning curric-
ula: Theory, practice and paper darts. Med Educ 34:721–728.
Norman GR, van der Vleuten CP, Newble DI. 2002. International Handbook 
of Research in Medical Education, Part 1. 1st Ed. Dordrecht, The Netherlands: 
Kluwer Academic. 641 p.
Paechter C. 2004. Methaphors of space in educational theory and practice. 
Pedagog Cult Soc 12:449–465.
Prince M. 2004. Does active learning work? A review of the research. J Eng Educ 
93:223–231.
Roediger HL III, Karpicke JD. 2006. Test-enhanced learning: Taking memory 
tests improves long-term retention. Psychol Sci 17:249–255.
Rondon S, Sassi FC, Furquim de Andrade CR. 2013. Computer game-based and 
traditional learning method: A comparison regarding students’ knowledge reten-
tion. BMC Med Educ 13:30.
Sanders D, Welk DS. 2005. Strategies to scaffold student learning: Applying 
Vygotsky’s zone of proximal development. Nurse Educ 30:203–207.
Semb GB, Ellis JA. 1994. Knowledge taught in school: What is remembered? Rev 
Educ Res 64: 253–286.
Taylor R. 1990. Interpretation of the correlation coefficient: A basic review. J 
Diagn Med Sonogr 6:35–39.
van Kesteren MT, Ruiter DJ, Fernández G, Henson RN. 2012. How schema and 
novelty augment memory formation. Trends Neurosci 35:211–219.
van Merriënboer JJ, Sweller J. 2010. Cognitive load theory in health professional 
education: Design principles and strategies. Med Educ 44:85–93.


