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Objective. The purpose of this review is to discuss some principles from cognitive psychology regarding the benefits of testing and translate those findings into practical applications for instruction and
studying.
Findings. Testing or retrieval practice is superior to re-study for promoting long-term retention. The
benefits of testing can be see with open-ended responses (eg, cued or free recall) and multiple choice
questions. The use of multiple-choice questions during testing may have an additional benefit as it may
stabilize information that is stored in memory but temporarily inaccessible due to disuse (eg, marginal
knowledge).
Summary. Testing can have multiple learning benefits. We emphasize that incorporating opportunities
for retrieval after teaching is an essential component of lasting learning. In addition, retrieval practice
can be incorporated in all aspects of instruction.
Keywords: formative assessment, summative assessment, multiple-choice questions, testing effect, retrieval

classrooms, such as format and timing, before discussing
the potential benefits of multiple-choice testing in particular. We conclude with recommendations for educators designing a course or curriculum, study strategies for
students, and an illustrative vignette of some of these
recommendations implemented within a health science
course.
The Psychology of Learning. What is learning?
While students and instructors often have their own answers, the present discussion uses a psychological lens,
which partitions the process into steps to allow for better
study of each component (Figure 1).
Starting from the left of Figure 1, sensory input in a
classroom context might consist of an instructor’s lecture
or a patient presentation’s visual content. When a student
attends to these stimuli, a representation of this information enters the student’s working memory (the mind’s
workbench) where information is consciously held and
can be manipulated. However, the capacity of working
memory is relatively small, and information here fades
quickly (eg, attempting complex mental arithmetic is an
easy way to experience the limited nature of working
memory). Much of a student’s daily experience enters his
memory only to be lost, such as what was on the radio a
month ago, which pair of socks were worn last Saturday,
or the content of a class lecture from even a few days ago.
While information can be maintained in working memory
by simple repetition, such as repeating a phone number to

INTRODUCTION
What role do assessments play in the classroom?
Educators typically consider examinations as summative
(evaluating work and assigning grades) or formative (to
gain information about student learning and to provide
feedback to students). However, tests are powerful tools
to promote lasting learning in their own right. The purpose
of this review is both practical and theoretical. We provide concrete strategies to help instructors design curricula and give advice to students on how to study.
However, no single list of recommendations will be optimal for every classroom. Thus, this review situates
suggestions for the classroom within a body of knowledge
from cognitive psychology providing empirical justification and theory for how students learn and remember.
The idea is that instructors grounded in the reasoning
behind recommendations will be better empowered to
effectively implement assessments suited to their own
situation.
We begin with a summary of the psychology of
learning and memory. We then provide an overview of
considerations in implementing testing as learning in the
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Figure 1. A Review of Memory Formation, Highlighting Major Elements of Modern Models of Memory2,66,67

hold it in mind while looking for a pen and paper, this
approach is clearly not ideal for most situations. To be
available later, mnemonic information must be encoded
or stored into “long-term memory,” an umbrella term for
anything that can be remembered for longer than a few
minutes. In contrast to working memory, the capacity of
long-term memory is extraordinarily large and functionally unlimited, holding information as diverse as the
capital of France, how to start a car, what a camping trip
was like, and in what circumstances to maximize the dose
of hydrochlorothiazide or add an ACE-inhibitor to a hypertensive patient’s drug regimen.1 In healthy brains,
information in long-term memory is likely stored
indefinitely.2,3
Instructional effort is often lavished on how students
initially encode information. However, what occurs after
encoding is just as critical, if not more so, for successful
learning. Representations of memories in the brain are far
from stable; rather, they are susceptible to reorganization
in a set of processes called consolidation.4-8 Such processes can involve replaying the experience, assigning it
meaning, reinterpreting information, or making connections. After encoding and any consolidation processes that
may occur, memory traces can be retrieved or recalled at
some later time. While retrieval can happen involuntarily
(ie, popping into a person’s mind), memories are typically
remembered from a cue, which functions as a hook to
extract information. For example, a student might retrieve
the response “hypokalemia” from their memory in response to a teacher’s question about the major side effects
of hydrochlorothiazide.
If the capacity for remembering is virtually infinite
and memories are stored for a lifetime, why do students
labor over flashcards to retain information and educators bemoan how little information students retain from

previous courses? In short, why are there so many errors in
human memory? One critical reason is that not all available
memories are accessible at a given moment in time.9,10
The feeling of not being able to access a piece of information is particularly palpable in “tip-of-the-tongue”
states, as people tend to have an accurate assessment about
whether they know something without being able to retrieve it in that moment.11 How easily something is retrieved depends on a variety of factors, including how
many cues are linked to the material and how recently and
often the information has been retrieved. In general, while
stored memories are long-lasting, retrieval of them is best
described as “erratic, highly fallible, and heavily cuedependent.”12 Even information that was very well learned
and often rehearsed (such as one’s childhood phone
number) quickly degrades without regular practice retrieving it. Given this background, we define learning as
both acquiring knowledge and skills as well as having them
readily available from memory so the individual can make
sense of future problems and opportunities.13
Testing as Learning. When considering learning as
described above, the ways in which learners retrieve information is as critical, if not more so, than how they were
initially exposed to it. Testing is an invaluable opportunity for learning, in addition to its more commonly considered roles in evaluating student learning (ie, as
summative assessments) and providing feedback to guide
future learning (ie, as formative assessments). Thus, we
argue that educators should elevate the role of testing in
their course curricula, planning testing opportunities with
an eye towards the potential of tests to spur learning.
While we use the term “testing” in the present manuscript
for simplicity and cohesion with existing research, a more
accurate description of what we are referring to might be
“retrieval practice.” Testing for learning is not necessarily
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(eg, after a week).19 Other study techniques show a similar
pattern, such as spacing studying out over time and interleaving different topics in practice rather than blocking
them. Meta-analyses of psychological literature support
the idea that it is the relative difficulty of retrieval, compared to re-study, which partly underpins why testing helps
with learning, and especially with retention over time.15
This finding helps to explain why students tend to
choose study strategies not conducive to long-term learning: without the insight of empirical studies, students rely
on their subjective experience and intuition to choose
strategies that improve short-term performance.18 Indeed,
students who only re-study material predict they will recall
information better in a week than those who are tested on it,
although empirical results demonstrate exactly the reverse.19,20 Moreover, rereading textbooks or class notes
feels easier than retrieval practice, as the added difficulty of
retrieval is likely core to what makes it effective in the first
place. The fluency students experience when rereading
material, as opposed to when they test themselves, can lead
students to believe they have learned the material better
than they really have, leading to over confidence. An indirect mechanism for why testing yields robust learning
effects in classrooms is that it can help with students’ accurate assessments of what they do and do not know (ie,
improve metacognition).15 For a more thorough consideration of possible psychological mechanisms for testing
effect, refer to an article on this topic by Rowland.15

evaluative, and using alternate descriptions (eg, practice,
quiz) might assuage some of the negative affect towards
the term “testing” itself. And while the principles of retrieval practice can be powerfully implemented within the
classroom, they can also be operationalized as study
strategies eg, flash cards or practice examinations.
The benefits of testing are well-established in controlled laboratory studies as well as classrooms, ranging
from primary education to professional schools and across
a wide range of content areas. This benefit is typically
established by comparing a group of people who are exposed to information and then tested on it (study-test) to a
group of people who are exposed to the information repeatedly (study-restudy). Variations on this design include
expanding the number of times test and study phases
happen, eg, study-test-test-test vs study-restudy-restudyrestudy. Note that the study-restudy control is a fairly robust control group, as rereading is a common learning
strategy among students and serves as a more active
comparison than a study-nothing group.14 People in studytest groups consistently perform better on subsequent tasks,
even without feedback on performance during the test
phase (effect size, d50.67).15 The benefits of testing are
even larger for longer retention intervals (,1 day, d50.58;
.1 day, d50.78).15,16 Examples of studies demonstrating
the “testing effect” conducted with professional students in
medical careers are provided in Table 1.
What drives the testing effect? One reason is that it
fits a general principle suggesting that the learning process should have some level of difficulty in order to be
remembered well.17 Many strategies that initially slow
down learning and make it feel more laborious have a
beneficial outcome in the long run. Testing is a canonical
example of such a technique.18 While repeated studying
improves recall in the short term (eg, five minutes after
studying), testing improves recall over longer intervals

Implementing Tests as Learning Tools
When should educators choose multiple choice, fillin-the-blank, or open-ended formats for examinations?
Cognitively, each of these structures calls for a distinct
form of memory retrieval. Multiple-choice questions require that students can recognize the correct response,
fill-in-the-blank items require that students can recall

Table 1. Examples of Testing Effects Taken From Health Science Education
Aspect
Test vs restudy

Spacing of practice vs massed practice

Example Evidence
Physicians’ knowledge was repeatedly tested (versus restudy) and
showed greater retention of material 6 months after the initial
session (d5.91).68
Dental students’ ability was tested (vs restudy) and showed greater
diagnostic accuracy 1 week later after the initial session
(d5.33).69
Medical students were tested (vs restudy) and showed greater
cardiac resuscitation skills (d5.77).17,18
Surgeons performed spaced practice (vs massed) performed better
1 year later on surgical procedures (d51.0).72
Student pharmacists performed spaced practice (vs massed) on
learning brand/generic names and 6 weeks after the semester
showed better retention (d5.44).73
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information when given a cue or reminder (cued recall),
and open-ended questions require students to generate a
response with little or no provided structure (free recall).
However, any format that encourages memory retrieval
can improve learning better than restudying the information does (recognition, d50.36; cued recall, d50.72;
free recall, d50.81).15,16 Some researchers have argued
that question formats requiring more effort to generate the
answer on the part of the student are better for learning.
Free recall tests can also help the learner practice developing mental pathways leading to the information they
need to recall.21-24 However, subsequent research has
shown that multiple-choice questions can be equally effective.25,26 As instructors know, there is great variation
within these categories of tests, and it is certainly possible
to assign multiple-choice questions that require more effortful retrieval than fill-in-the-blank items. To recap, any
format is helpful, and the specific structure chosen should
be based on instructor needs and classroom context.
Within health science education, testing that encourages learning can take many forms beyond written
assessments, including audience response systems (ARS)
or “clickers,” questioning techniques, cooperative learning, and more traditional classroom assessment. Empirical studies of ARSs have shown positive effects in
maintaining students’ attention but minimal impact on
learning.27 However, this may have more to do with how
ARS questions are implemented in the classroom than a
limitation of the system itself. Clicker questions are often
used to assess content that was covered minutes before,
which may be too soon to elicit a benefit of testing.
Questions posed using ARSs will likely be more effective
if they are implemented after a long delay. For example,
clicker questions can be utilized at the end of class as
review of material covered throughout that class period28
or as a way to begin the following class.
The classic model of instructor-led questioning to a
class can also be opportunity for retrieval practice.
However, this approach yields a benefit only for the students who retrieve the information in response to the
question. If, for example, a question is posed and an instructor calls on the first person who raises their hand to
answer, many students in the class will not have had time
to generate a response, functionally rendering the questioning more of a “study” event than a “test” event. Thus,
one simple but powerful suggestion for implementing
whole-class questioning as opportunities to generate a
testing effect include waiting a sufficient amount of time
for a response (at least 3 to 5 seconds29,30) to increase the
chance that other students will have time to practice retrieval. Of course, even with extended wait time, not all
students will engage in retrieval when a question is posed

to a large class. Other approaches include having students
use a classroom assessment technique (eg, PUREMEM31)
or cooperative learning approach (eg, think-pair-share)
that requires an action on the learner’s part. One benefit of
think-pair-shares is that rather than one or two students
retrieving and sharing their thinking, many students can
practice retrieving and elaborating their answer out loud. This
may be particularly helpful for learners who, while motivated
to learn, may not be comfortable answering a question in front
of the class but are willing to do so with a peer.
The testing effect also can be accomplished through
simulation. As an example, when learners are using mannequins or standardized patients to emulate real-life clinical scenarios, there are often few explicit cues for memory,
but there are the implicit cues of the patient’s signs and
symptoms. In one research study, students first learned to
diagnose and treat patients with three neurological conditions.32 Students then participated in one of three activities:
interacting with a standardized patient, completing a
written short-answer test, or studying a review sheet.
About six months after initial learning, students completed two final tests administered one week apart on the
three neurological conditions, which consisted of interacting with standardized patients and completing a written short-answer test. Two results proved notable. One
was that students who interacted with the standardized
patient as a learning activity performed better on the final
tests with patients compared to students in the other two
conditions (test or restudy). The second was that when
examining performance on the final written test, students
who had completed either the patient or written test
learning activity conditions performed equally well and
better than students who had studied a review sheet. This
suggests that retrieval, even if mismatched with the final
assessment modality, is better than re-study. Taken together, there are many avenues in which the testing effect
can be implemented.
Another consideration is whether the benefits of
testing help in transfer. That is, in order for a practice test to
improve performance, does it need to be the same format as
the final test?33-36 This could be relevant, for example, if a
course uses short-answer questions but the licensure examination (eg, NAPLEX) uses multiple-choice items. One
reason that practice tests that are matched in format to a
subsequent test will do more to boost performance, an effect which might override the retrieval benefits of testing in
various forms. Fortunately, research has shown that the
benefit of repeated testing persists even when the format of
the practice test does not match that of the final criterion
test.36,37 Overall, there is little difference in outcomes
when there is a mismatch between initial and final test
(mismatch, d50.68; matched, d50.64).15,16
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Students in the health sciences take tests not to become experts at answering test questions. They do so to
prepare to serve as excellent health professionals. This
requires transferring their skills and knowledge from the
original context of learning to another situation. Thus,
another question related to the issue of transfer is if testing
allows for transfer of knowledge. In other words, does the
testing effect allow the learner to use that information
outside of the context in which it was learned? Evidence
suggests that testing does help with transfer. One laboratory study examined whether testing would help people
transfer information about bat echolocation to a task
about how submarines use sonar, which they were able to
do successfully.38 In the study noted previously that involved testing healthcare students using a pen and paper
versus standardized patients,32 students demonstrated
transfer in both directions (paper to patient and patient to
paper). However, the effects were more robust when
students saw the patient than when they took the written
examination. More work is needed in this area within
health science education, especially as it concerns the
relationship between foundational science material and
more clinical applications.
Related to the question of format is the question of
how difficult tests should be. Because leading theories of
the testing effect suggest that its effectiveness is related to
difficulty, more difficult retrieval tasks will typically lead
to better retrieval.39-41 On the other hand, only successful
retrieval attempts (or unsuccessful attempts with effective
feedback) are likely to result in increased learning. This is
to some extent intuitive, ie, a test on which students do not
know any of the answers will not yield any benefit to
learning. Thus, more difficult examinations will likely
yield more lasting learning outcomes, to the extent that
they can yield opportunities for successful retrieval.
Another aspect in enhancing the testing effect is
feedback. Ideal feedback should be honest, specific, and
timely, with direction on how to get better (testing with no
feedback, d50.30-0.60; testing with feedback, d50.600.73).15,16 Feedback can improve the results of the testing
effect and, in some cases, delayed feedback is superior to
immediate feedback.42-45 One reason why delayed feedback may improve performance is that, through delay, the
learner must retrieve that original thought process and
that retrieval can strengthen memory. In other words,
when students have to think about “why” they chose the
answer they did, retrospection is it itself a retrieval attempt. However, if feedback is delayed too long, too much
forgetting may occur or the motivation for received
feedback may dissipate. Delayed feedback can take a variety of forms, such as responding to the muddiest points
(asking students to write down what was most unclear or

most confusing during the class session), conducting postexamination reviews, and delaying feedback for online
quizzes or assessments by a day.
While tests in a variety of formats result in improved
performance relative to restudy, having multiple tests
spaced over time has consistently been shown to have an
advantage over a single test (massed testing).46-48 A single
retrieval opportunity is better than none, but multiple
retrievals, especially in a variety of contexts, produces
greater long-term retention. When comparing practice that
is spaced over time (eg, two sessions of five problems, one
week apart) to massed practice (eg, 10 problems at once),
the spaced condition leads to longer-term retention, although short-term performance measures may be similar
or higher for the massed practice.46,49-51 For longer-term
retention of information, research has shown the longer
intervals between sessions tend to be more effective than
shorter intervals.46,51,52 Other evidence suggests that the
spacing interval should be 10% to 20% of the desired retention interval. That is, if an instructor wants learners to
remember material or a skill for a year, the practice interval
should be 1.2 to 2.4 months.46,53,54 However, it is not the
specific titration of the retention interval that is most relevant. The larger principle, which has amassed much evidence in the psychological literature, is that spacing out
practice results in better retention of information compared
to massed practice. Thus, doing a little bit of retrieval each
day is better than concentrating it in one day or one class
session. This is important not only for students considering
study strategies, but also for course and curriculum designers. As much as possible, instructors should design
learning experiences cumulatively so that tests include
prior material, not just the information discussed since the
last test or course.
Repeated retrieval fits with the concept of deliberate
practice, which is that deliberate effort to improve performance in a specific domain is critical to becoming
an expert.55,56 Deliberate practice includes well-defined
learning objectives that lead to repeated practice and clear
outcome measures, ie, instructional alignment. This type
of practice forms an iterative process of feedback and
monitoring (metacognition) that leads to mastery. In the
Best Evidence Medical Education (BEME) review of
simulation-based education,57 deliberate practice was
found to be a key element leading to improvement in
patient care. In a meta-analysis of simulation-based
medical education, the authors demonstrated a combined
effect in favor of improved skill learning through deliberate practice using simulation compared to traditional
curricula.58 Despite the clear benefits of deliberate practice, it is rarely applied in pharmacy curriculum. Incorporating tests as learning tools is one way to remedy this.
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Thus far, we have discussed testing in general terms.
Now we want to focus specifically on the potential value of
multiple-choice questions (MCQs), which is a topic of
debate among faculty members. Much research on MCQs
focuses on how to appropriately construct multiple-choice
tests to measure student learning and assess higher-order
processing.59 However, there is value in using multiplechoice questions as learning tools. The traditional view of
multiple-choice questions is that they require less effort
and simply require recognition of the correct answer, and
thus offering fewer benefits to the learner. However, as
noted above, the benefits of one format over another are not
cut and dry, with some studies showing better benefits from
using short-answer questions,21-23 and others showing
better results with using multiple-choice questions.25,26
However, there may be one benefit that multiple-choice
questions have that other types of questions do not as we
illustrate in the following hypothetical scenario: Imagine
a student, Cristina, is trying to answer a short-answer
question. Cristina does not know the answer. As a result,
she will get that question incorrect and little learning will
occur during this process. If Cristina had been given an
MCQ, she might have been able to reason her way to
choosing the correct response by retrieving information
about the potential answer choices from memory and
eliminating them as incorrect. Thus, even though she was
not able to generate the correct answer on her own, she
would still be learning because she would have to retrieve
information about all the choices to eliminate them as
options.
In a second scenario, imagine a student, Michelle, is
also given a short-answer question. She knows the correct
answer but is unable to call it to mind. During the examination, she experiences a “tip-of-the-tongue" feeling while
attempting to retrieve the correct answer, which is “bilirubin.” Her thoughts might be, “The word starts with a ‘b’
and sounds like a child’s name.” If the question had been
presented as an MCQ, when Michelle saw the answer
choices, she would have recognized the word she was
unable to recall (ie, bilirubin), eliminating the tip-of-thetongue state she experienced when trying to respond to the
short-answer question. The MCQ process would have
helped stabilize that memory and would have resulted in
her ability to generate that response later.9 Multiple-choice
questions are a powerful way to stabilize access to
knowledge that may have been learned well but cannot be
retrieved when needed (marginal knowledge).9,60 This
technique capitalizes on students’ ability to select the correct
choice, re-exposing them to information, which has been
used to stabilize prior knowledge in student-pharmacists
from their prerequisite courses.60 Thus, an MCQ can
help remind students of material they once learned but

can no longer access easily because of disuse, such as
material from prior course work.
From a cognitive science perspective, there are potential negative consequences to using MCQs. One issue
is that the learner may remember an incorrect lure instead
of the correct answer, using it to answer other related
questions in the future.44,61,62 Note that this effect is seen
when students explicitly choose the incorrect lure as the
answer; exposure to the incorrect answers is not sufficient
for producing this “negative testing effect.” Moreover,
this potential consequence of MCQs is overshadowed by
the positive aspects of the testing effect,43,44,61-63 and may
be of more concern when a student has minimal baseline
knowledge.35,61,64 A straightforward way in which this
effect can be minimized or negated is by providing instructor feedback about what the correct choice is and
why.62,65
The beneficial effects of testing can also diminish over
time.44 However, researchers are investigating ways to
improve retention. One approach involves designing MCQs
with plausible lures requiring students to consider why
each answer is correct and why each lure is incorrect.25 One
study demonstrated this approach had a greater positive
influence on learning than free recall questions. This suggests that a good MCQ is one which requires more extensive retrieval rather than recognition of the correct answer.
While there is no “roadmap” to constructing these types of
questions, Table 2 offers some general guidance from the
literature.

DISCUSSION
We split our list of concrete recommendations into
two bins to reflect ideas for instructors in designing course
and curricula (Table 3), as well as strategy approaches
that can be recommended for students (Table 4). None of
these are necessarily “must-do” items. Rather, we consider them collectively as a toolbox from which instructors and students can select their favorite tools to hone
over time.
Our goal was to provide a backdrop of psychological
theory in which to ground the recommendations here related
to testing for learning, and especially related to multiplechoice testing. Given the diversity of students, curricula,
educators, and context within any medical education curriculum, we believe imparting a backdrop of information is
much more likely to yield practical gains than listing essential recommendations. In that spirit, we offer an illustrative example of what the principles described above
might look like on the first few days of a course:
Classroom Vignette: On the first day of class, students
complete a multiple-choice question assessment related to
prior knowledge, which students will need for Dr. Fuller’s
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Table 2. Tips for Making the Most of Multiple-Choice Questions Administered to Doctor of Pharmacy Students
Tip
Create lures that are reasonable alternatives
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Use 2-3 lures in addition to the correct answer

Avoid “none of the above” and “all of the
above” as answer choices

Avoid complex format multiple-choice
questions (eg, K-type questions)

Following guidelines for constructing multiplechoice tests

Rational and Evidence
Plausible lures are more likely to yield more active retrieval
processes, rather than recognition of the correct answer.62,74
Fewer lures means learners are less likely to endorse a lure
which minimizes the negative testing effect.62,74 More lures
(.2) do not add to better psychometric properties.75-80 It
also is quicker to proceed through an examination with fewer
lures.77
While more lures might present a desirable difficulty for
learning,65 this may require the lures be plausible.
When “none-of the above” is the correct choice, there is no
testing benefit because the correct answer was not present. In
fact, students are more likely to use the incorrect lures later
as correct choice.81
These types of questions inadvertently enable test-takers to
engage in strategic guessing leading to higher performance
with lower reliability.82,83 In addition, these items are not
better at measuring higher-order thinking than simpler item
types.84 Overall, the costs associated with complex formats
greatly outweigh the benefits. 84,85
Use National Board of Medical Examiners guidelines to
constructing multiple-choice questions.85 This helps thwart
learners who may choose the correct answer from being testsavvy (eg, avoiding answers that are not grammatically
aligned with the question stem), rather than successfully
retrieving the information.

course. Dr. Fuller includes this to assess what students remember from previous courses and to reactivate any marginal knowledge, ie, information which is stored in memory
but may have become inaccessible with time. After students complete the assessment, she verbally connects this
old information with how it will be used and applied in the
current course. Finally, she instructs students on the material they should learn for the next class period.
At the start of the next class period, students complete a short multiple-choice quiz on the material they

were asked to learn. Dr. Fuller does this to keep students
accountable for their learning and to use the quiz as a
retrieval practice to help consolidate this information into
memory. She uses a variety of activities during the remainder of class, including think-pair-shares and a case
vignette followed by a Socratic discussion, and ends with
a summary of the learning objectives and feedback on
what the class seems to be grasping well and where they
may need to devote more attention. She chose these activities to help students retrieve the information they

Table 3. Ideas for Instructors and Course Designers to Incorporate Testing as a Learning Tool in the Doctor of Pharmacy
Curriculum
Utilize frequent low-stakes assessments. For example, consider beginning lessons or class periods with a multiple-choice test to
reactivate less retrievable knowledge.9
Vary the recall format of questions (recognition, cued recall, free recall) by incorporating a mix of multiple-choice, fill-in-the-blank,
and/or short-answer item.86
Use clickers to review information at a delay, such as information from the previous class period, rather than information that was
recently presented as a check for attention.
Carry through important points from prior classes by testing cumulatively, which is one way to implement spacing out testing over
time.50,87
Provide feedback on questions and reasoning behind why incorrect choices (ie, lures) are incorrect using strategies such as
examination reviews.88 Consider delaying feedback after testing.
Provide practice tests for students to do on their own.
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Table 4. Strategies for Doctor of Pharmacy Students to Incorporate More Retrieval Practice Into Study and Assessment to Foster
Longer-Term Retention
Use instructor-provided practice examinations, if available.
Convert learning objectives to questions and generate responses.
Write a few quiz questions pertaining to each class section or textbook chapter. Collaborate with classmates to generate a practice
test to test each other.
Practice free recall of class content without looking at notes, then use notes to fill in what you missed.89
Use flashcards to alternate between study (review of material) and testing (retrieval) over time until concepts are learned. Do not
drop successfully retrieved material immediately and consider repeating everything over time.14
Do not self-test on material that was just studied – wait at least an hour.
When completing multiple-choice questions, write explanations for why each choice is correct or incorrect.
When taking a test, write down your confidence in the answer. Revisit the ones with low confidence.90

learned prior to class, and to have them work with the
information in a different context. Throughout the activities, she provides feedback.
The third class period begins with Dr. Fuller presenting three “clicker” questions covering the information
discussed in the last class period to help students retrieve
information from that session, all the while knowing that
students have forgotten large portions of the content. Based
on the results, she then does a five-minute review on information presented the previous week and then continues
with a case that is slightly different than the prior class. For
this case, students work individually and then pair up with
their classmates for discussion. Dr. Fuller uses the case to
have students retrieve prior knowledge and apply it in a
different context. After allowing students time to construct
their answers, she debriefs the class to explain their answers and offers corrective feedback. After the debrief, she
has students complete a muddiest point exercise. She does
this individually to ensure all students are engaged, and
then she has the students meet in small groups for discussion and feedback. She debriefs the class to better understand what students understand and uses the muddiest
point exercise once again to help students retrieve information and reflect on what they still feel is unclear; this
process of reflecting and giving the instructor feedback
also serves as an aid for students’ metacognition.
Throughout the remainder of the course Dr. Fuller
uses additional formative assessments to provide students
feedback on their learning and provides feedback on
summative assessments. She invests considerable effort in
helping students retrieve information from memory from a
variety of perspectives and contexts.

personalized medicine mantra of the right dose at the right
time for the right person. Our main point was to emphasize that practice recalling knowledge and skills is at least
as important as how students are initially exposed to information. Moreover, learning is an iterative process.
After an expertly delivered lecture or an intense study
session, even the most well-learned information requires
regular retrieval for long-term retention. The study
strategies that feel the most comfortable for students are
precisely those which encourage short-term rather than
long-term retention. Finally, given the constraints of a
study session or classroom, testing as a learning strategy
is a cost-effective way to spend the precious resource
of time, as implementing a more cognitively demanding
strategy such as testing outweighs a more comfortable
strategy such as re-study. To summarize, we stress that
incorporating opportunities for retrieval after teaching is
an essential component of lasting learning. We hope that
the recommendations offered here provide a fertile
starting place for incorporating testing into each stage of
the learning process.
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