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Abstract

Until recently, physicians in the USA who were board-certified in a specialty needed to take a summative test every
6-10 years. However, the 24 Member Boards of the American Board of Medical Specialties are in the process of switch-
ing toward much more frequent assessments, which we refer to as longitudinal assessment. The goal of longitudinal
assessments is to provide formative feedback to physicians to help them learn content they do not know as well

as serve an evaluation for board certification. We present five articles collectively covering the science behind this
change, the likely outcomes, and some open questions. This initial article introduces the context behind this change.
This article also discusses various forms of lifelong learning opportunities that can help physicians stay current, includ-
ing longitudinal assessment, and the pros and cons of each.
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Significance statement

Medical Boards assess whether physicians have the
knowledge and skills to practice safely and effectively
and whether they are keeping up with current medi-
cal developments. Switching from using a summative
test every 6—10 years to a longitudinal assessment will
impact most of the nearly one million physicians in the
USA and could have important consequences for the
care they provide to the rest of the population. Thus, it
is important to carefully consider the likely consequences
of such a switch and to identify the factors that can make
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longitudinal assessment more successful. Furthermore,
given that longitudinal assessment is one out of mul-
tiple lifelong learning opportunities for physicians, it
is important to consider the holes that it might fill and
gaps that remain. We review basic research from cogni-
tive psychology as well as applied research that is relevant
to answering these questions. More broadly, the idea of
switching from high stakes summative tests to lower-
stakes formative testing to provide learners with feedback
so that they can effectively regulate their own learning is
an important topic for all of education, including outside
of medicine. Though this review of basic science, inspired
by the switch taking place in medicine, is especially rel-
evant to understanding lifelong learning, much of this
research comes from shorter timescales, such as learning
that takes place within a semester or academic year, and
is therefore relevant to education more broadly.
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History of medical boards and goals of the project
Over the past several decades, all 24 Member Boards
of the American Board of Medical Specialties (ABMS)
began time-limited certificates and required physi-
cians who were initially certified by the Boards, known
as Diplomates, to take and pass an examination every
610 years to maintain their certification." Historically,
these examinations took the form of point-in-time mul-
tiple-choice question assessments taken by Diplomates at
secure testing centers, much like the examinations used
for initial certification. These are best viewed as retro-
spective “assessments of learning” (i.e., summative assess-
ments) designed to determine if the current knowledge
base of a Diplomate remains at or above a level commen-
surate with certification in the associated specialty or
subspecialty.

Certification assessments started to change in 2014
when the American Board of Anesthesiology began pilot
work on their Maintenance of Certification in Anesthe-
siology (“MOCA Minute”) program (Sun et al., 2016).
In contrast with traditional point-in-time examinations,
MOCA Minute was designed as a proactive “assessment
for learning” (i.e., a formative assessment) in which Dip-
lomates completed a series of questions in one minute
taken longitudinally over the course of the year. Par-
ticipation was intended to assist Diplomates in keeping
up with changes in medicine and to promote learning,
retention, and application of knowledge in patient care.
This approach draws on advances in cognitive psychology
(Birnbaum et al., 2013; Brown et al., 2014; Cepeda et al.,
2006; Dempster, 1988; Karpicke & Roediger, 2008; Roe-
diger & Butler, 2011), including spaced learning and the
testing effect, as well as upon recent advances in internet-
based testing such as inclusion of hyperlinks to learning
resources.

Physician certification programs have evolved in con-
tent, approach, and also in name over recent decades.
Initial certification programs first required recertification
before moving at the start of the new millennium into a
new paradigm of Maintenance of Certification (MOC),
emphasizing continuous professional development. Over
the past decade, all 24 ABMS Member Boards agreed
to develop and migrate toward continuing certification
(CC) programs signaling that training and acquisition
of medical practice knowledge and skill begin in medi-
cal school, are enhanced during residency, and are main-
tained throughout a specialist’s career.

! Most Boards had additional requirements for maintenance of certification,
including possession of an active, unrestricted medical license, acquisition
of a specified number of continuing medical education credits, and engage-
ment in quality improvement projects.
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Shortly after the introduction of MOCA Minute, other
ABMS Member Boards began planning for more fre-
quent, lower-stakes assessments as part of their assess-
ment programs, and, as of mid-2020, all 24 Boards have
announced programs that blend both “assessment of
learning” and “assessment for learning” In common
across the programs are an emphasis on provision of
specific immediate feedback on performance, timely
identification of areas of strength and weakness (assess-
ment for learning), use of aggregated performance over
time to make summative decisions (assessment of learn-
ing) regarding continuing certification (Price et al,
2018), increased relevance of the assessments to Diplo-
mates’ practice, and using an “open-book” format so that
the questions focus more on reasoning rather than rote
memory. At the same time, the programs are diverse in
the frequency of the summative assessment, the partici-
pation requirement, the number of questions included,
the time allotted per question, the use of spaced repeti-
tion, and the format of the aggregate feedback provided.

Because of the diversity of the longitudinal assess-
ment programs across the specialty boards, the Ameri-
can Board of Internal Medicine along with the American
Board of Family Medicine and the ABMS decided in 2020
to support research that reviewed the foundational sci-
ence in cognitive and learning sciences and medical edu-
cation underlying longitudinal assessment, synthesized
the findings into recommendations for best practices,
and identified key research gaps to be addressed. We—a
team of cognitive psychologists from the University of
Pittsburgh—were commissioned to do this work so as to
present an unbiased view of the state of the research.

This research is intended to provide a theoretical
framework for continuing assessment of physicians’ clini-
cal knowledge. The framework presents a model of the
foundational science, and it addresses some practical
implications for the form that assessment and learning
should take through a professional’s career, the frequency
with which Diplomates should engage with continu-
ing assessment, the potential of spaced repetition in the
design of the assessment, the most appropriate ways to
motivate learning, and the key areas of research that are
important for helping the Board’s community to deter-
mine whether the longitudinal programs were in fact
improving cognitive skills and, in turn, patient care.

We reviewed the foundational science behind longitu-
dinal assessment and arrived at four critical themes: (1)
cognitive skills must be kept current; otherwise, they
will decline over time, (2) self-assessment is not always
enough to reliably and effectively assess one’s own com-
petencies or to guide one’s own learning, (3) testing
enhances learning and retention of cognitive skills and
knowledge, and (4) the role of motivation for learning in
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Table 1 Evidence levels for in-text citations for empirical claims

Evidence level Type of work

1 Quantitative meta-analysis

2 Narrative review

3 Multiple original experiments/rand-
omized controlled trials (RCTs)

4 Single original experiment/RCT

5 Correlational or quasi-experimental study

6 Opinion paper

relation to assessments. These themes are presented in
separate articles that accompany the current one.

In our research, we prioritized empirical findings from
basic cognitive science and, where available, comple-
mentary medical evidence. Additionally, we identified
gaps in knowledge and proposed a number of follow-up
studies that would be relevant to longitudinal assessment
of medical knowledge. Not at all empirical evidence is
equal. To properly situate the strength of the evidence
and claims made throughout this paper, we have attached
evidence levels (EL) to in-text citations for empirical
claims (Table 1). The evidence levels range from 1 to 6,
with 1 being the strongest evidence (meta-analyses) and
6 being the weakest evidence (opinion papers).

The rest of this article is organized as follows. First, we
provide an overview of how the cognitive and learning
sciences can inform longitudinal assessment. Second, we
discuss some limitations to the work, in particular about
how well basic research can be applied to lifelong learn-
ing in medicine. Third, we discuss the role of longitudi-
nal assessment in comparison to other lifelong learning
mechanisms, such as continuing medical education, clin-
ical experience, and others.

Cognitive perspectives on longitudinal assessment
Figure 1 presents our learning and assessment model of
the role of longitudinal assessment in maintaining the
quality of physicians’ knowledge and expertise. Arrows
denote the causal processes or mechanisms that explain
the relationships among the variables. Arrows with
solid lines represent positive relations (relationships of
increase) and arrows with dotted lines represent negative
relations (relationships of decrease). The four boxes are
used to place the variables into theoretical groupings dis-
cussed in each of our other articles. Below, we summarize
and synthesize each of these theoretical groupings before
we discuss the cross-cutting theme of feedback.

Cognitive skills must be kept current
As physicians get farther and farther out of residency,
three processes happen in parallel (Caddick et al., 2022).
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First, physicians accumulate more clinical experience
over time. This extensive clinical experience can exert a
positive effect on patient care—particularly in areas in
which physicians choose to focus their practice—because
it allows for quick pattern recognition, which often pro-
duces accurate diagnoses and other useful clinical deci-
sions (Norman et al., 1989, EL: 5). However, it can also be
negative insofar as a physician’s clinical experience is also
inherently idiosyncratic, and some physicians choose to
narrow their practices over time, which may leave gaps in
knowledge and introduce bias by distorting perceptions
of prevalence. These idiosyncrasies, biases, and gaps in
knowledge can lead physicians to make incorrect diag-
noses or decisions that deviate from standards of care
(Choudhry et al., 2006, EL: 5).

Second, over time, physicians also experience cognitive
aging. Research on cognitive aging suggests that, as phy-
sicians age, they will tend to rely more heavily on habit-
ual routines, rather than learning new ones, and they
may also have more difficulty balancing multiple tasks in
working memory. The research we reviewed shows that,
on average, older physicians do tend to provide poorer
quality of care than younger physicians (Choudhry et al.,
2005, EL: 2). However, the specific mechanisms of this
finding are unclear because age is correlated with multi-
ple other factors, including time since residency, changes
in standards of care, the accumulation of (varied) clinical
experiences and consequent changes in pattern recogni-
tion, and specialization or changes in clinical practice.

Third, physicians need to learn new standards of care as
standards can change over time. Staying up-to-date can
be difficult because it involves several processes (Cabana
et al., 1999, EL: 2; Cochrane et al., 2007, EL: 2). In par-
ticular, physicians must (1) be initially exposed to a new
standard of care relevant to their practice, (2) gain knowl-
edge of the new standard, (3) agree with the new stand-
ard, (4) feel confident that they can implement it, and (5)
remember to use the new standard when appropriate.
Each individual barrier can be a challenge, and because
there are multiple barriers, there are multiple potential
points of failure to learn and implement new standards.

Self-assessment is not enough

Is self-assessment enough to keep cognitive skills cur-
rent? As we discuss in Fraundorf et al. (2022a), prior
research does support the importance of accurately
self-assessing one’s own skills and abilities (Metcalfe &
Finn, 2008, EL: 3; Ohtani & Hisasaka, 2018, EL: 1; Tul-
lis & Benjamin, 2011, EL: 5). Successful self-assessment
includes at least two components. Resolution is the ability
to identify one’s relative strengths and weaknesses, such
as a physician’s areas of expertise (Eva & Regehr, 2011;
Regehr et al., 1996). Calibration is the ability to evaluate
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Fig. 1 Synthesis of topics influencing quality of knowledge and expertise

one’s overall level of performance, such as whether a
physician is overconfident, underconfident, or appropri-
ately confident in their diagnostic and management deci-
sions (Meyer et al., 2013; Podbregar et al., 2001; Zwaan &
Hautz, 2019).

However, in self-assessment, individuals do not have
direct access to either such component. Instead, they use
“informed guesses” which, though somewhat accurate,
suffer from systematic biases that are difficult to remove
(Koriat, 1995, EL: 5; Koriat, 1997, EL: 5; Schwartz et al,,
1997, EL: 2): For example, information that feels easy to
process in the moment can lead individuals to overcon-
fidence in their ability to remember it in the future (Kor-
nell et al., 2011, EL: 3). People also tend to underestimate
how much they will forget (Koriat et al., 2004, EL: 3). This
implies that physicians may think that they need less con-
tinued training to maintain a given level of knowledge
than they actually do; indeed, on the whole, physicians
tend to be overconfident in their diagnoses (Berner &
Graber, 2008, EL: 2).

Further, people tend to avoid many of the learning
strategies that are best for long-term retention, such as
self-testing, because the sense of difficulty they engen-
der feels—in the moment—like poorer learning (Kirk-
Johnson et al., 2019, EL: 3; Yan et al.,, 2016, EL: 3).
Instead, people prefer other forms of learning that feel
better, but are actually less effective. This implies that,
if given the choice, many physicians will study in ways
that are less effective or efficient than if directed by a
longitudinal assessment program.

For these reasons, self-assessment must be supple-
mented by external sources of assessment, such as
continuing certification programs, that can provide a
more objective assessment of a physician’s knowledge
and skills. At the same time, given that individuals do
have some ability to accurately self-assess their own
knowledge, this can potentially be leveraged by giving
physicians some control over the topics included in the
assessment.
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Testing enhances learning and retention

Whereas the goal of continuing certification programs
has traditionally been to assess whether physicians are
maintaining skills and keeping up with changing stand-
ards, the switch to longitudinal assessment presents the
opportunity for testing to serve learning as well as assess-
ment purposes. Although assessments are often viewed
as merely tools for decision-making about one’s perfor-
mance level, strong evidence (reviewed in Fraundorf
et al, 2022b) indicates that being tested is a powerful
learning experience in its own right: The act of retriev-
ing targeted information from memory strengthens the
ability to use it again in the future, so that new and old
standards of care can remain distinct and readily acces-
sible (Adesope et al., 2017, EL: 1; Rowland, 2014, EL: 1;
Yang et al., 2021: EL 1).

Testing is further strengthened when followed by feed-
back (Rowland, 2014, EL: 1), a phenomenon too often
lacking in medical practice itself, and by having tests
spaced out over time (Cepeda et al., 2006, EL: 1; Phillips
et al., 2019; EL: 2; Pyc & Rawson, 2009, EL: 3). Evidence
indicates that greater frequency of testing yields deeper
learning (Yang et al.,, 2021: EL 1). However, the optimal
frequency and number of tests a physician takes should
be weighed against the burden to physicians. Research
suggests that topics that are hard to distinguish can gen-
erally be better learned by intermixing rather than pre-
senting them one at a time (Brunmair & Richter, 2019,
EL: 1), but there is a need for future research to identify
the exact sequence that is optimal in medicine. Another
benefit to creating a longitudinal assessment program
may be that it results in physicians adopting more effec-
tive study and learning habits as they are guided to
experience the learning benefits of self-testing (Ariel &
Karpicke, 2017, EL: 4; Einstein et al., 2012, EL: 5; Shaw
etal., 2011, EL: 3; Tullis et al., 2013, EL: 4).

Goals and consequences motivate
Testing can also serve as an important motivator (Nokes-
Malach et al.,, 2022). Physicians will be more motivated
to study and practice their skills when the perceived ben-
efits of doing so outweigh the perceived costs (Eccles &
Wigfield, 2002, 2020; Wigfield & Eccles, 2000; Wigfield
et al, 2016). The expectation of specific, challenging
assessments can lead people to study longer and more
meaningfully (McDaniel et al., 1994, EL: 3; Szpunar et al.,
2007, EL: 4); thus, testing should be challenging enough
to engender deeper and more effective learning but also
not so difficult as to lead to expectations of failure (Ban-
dura, 1997, EL: 2; Honicke & Broadbent, 2016, EL: 1;
Pajares, 2008, EL: 2; Schunk & Pajares, 2002, EL: 2).
Physicians are also typically intrinsically motivated (i.e.,
internally driven) to learn and improve in their respective
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medical field. Emphasizing how maintenance of medi-
cal expertise aligns with physicians’ values can increase
the perceived benefits of preparing for and engaging with
longitudinal assessment to further facilitate one’s motiva-
tion to learn (Harackiewicz & Priniski, 2018, EL: 2; Schie-
fele et al., 1992, EL: 1). Longitudinal assessment programs
would benefit from emphasizing congruence with the
physicians’ interests (topics and scenarios; Walkington &
Bernacki, 2018, EL: 2) and their educational and career
goals (e.g., developing expertise and staying current), and
by being established as an accurate measure of an impor-
tant aspect of their knowledge and skills (Guo et al., 2016,
EL: 5; Meyer et al., 2019; EL: 5; Putwain et al,, 2019, EL: 5;
Trautwein et al., 2012, EL: 5).

Decreasing or mitigating the perceived costs of the
assessment is also important. More frequent, low-stakes
testing may help reduce test anxiety and stereotype threat
relative to less frequent, higher-stakes tests (Hinze &
Rapp, 2014, EL: 3; Nguyen & Ryan, 2008, EL: 1; Shewach
et al., 2019, EL: 1), which in turn can help improve study
behaviors and test performance (Ackerman & Heggestad,
1997, EL: 1; Hembree, 1988, EL: 1; Sarason, 1980, EL: 2;
von der Embse et al., 2018, EL: 1). Increasing a physician’s
motivation to learn, in turn, leads individuals to work
harder, persist longer in the face of difficulty, adopt better
learning strategies, and procrastinate less than when they
are motivated by only external rewards (Hidi & Harackie-
wicz, 2000, EL: 2; Taylor et al., 2014, EL: 1).

A cross-cutting theme: feedback on performance

One cross-cutting theme across this research is the role
of feedback. In Caddick et al. (2022), we discuss how
accurate and timely feedback is necessary for the devel-
opment of expertise in any domain. However, the clini-
cal systems provide imperfect feedback mechanisms. For
example, if a physician makes an incorrect diagnosis, the
patient may never receive the correct diagnosis, and even
if they do, the correct diagnosis may not be conveyed
back to the physician who made the incorrect diagnosis
or instituted inappropriate treatment. Schiff (2008, EL: 6)
reports that physicians often learn about their diagnostic
success in an ad-hoc manner (e.g., malpractice subpoe-
nas, running into a colleague) and that, as a result, physi-
cians lack a reliable system for learning from past errors.
In certain cases, feedback could be biased (e.g., a patient
avoiding a physician because they were harmed by an
error), and the low rates of autopsies in modern medicine
have means that errors and misdiagnoses may never be
discovered (Shojania et al., 2002, 2003).

In Fraundorf et al. (2022a), we discuss how, in the
absence of external feedback, people need to rely on
their own internal monitoring to assess what they do
vs. do not know. Though individuals do have some
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ability to monitor what they do versus do not know, this
internal monitoring is imperfect in a variety of ways. In
particular, the poorest performers in a domain are the
least accurate in their self-assessments, and they tend
to overestimate their knowledge. This overestimation is
believed to derive from the same lack of knowledge that
caused them to perform poorly in the first place. Poor
metacognitive accuracy is particularly problematic in
high-stakes environments like medicine if a physician
makes incorrect decisions with high confidence. Step-
ping back, it makes sense that insufficient feedback is
the underlying cause of both poor knowledge/skills and
subsequent overestimation of one’s knowledge. There-
fore, we expect that better learning through testing
with feedback should improve both accuracy and meta-
cognitive understanding of one’s abilities.

We also discuss feedback extensively in our review
of the testing effect (Fraundorf et al., 2022b). Though
testing improves memory even without feedback of
the correct answer, testing with feedback is even more
effective. In that work, we also identified a number of
open questions regarding precisely how and when to
provide feedback.

In Nokes-Malach et al. (2022), we discuss how feedback
is critical to several aspects of motivation. Feedback is
one important factor in the development of beliefs of self-
efficacy. Both positive and negative feedbacks influence
one’s beliefs of self-efficacy. More generally, longitudinal
assessments provide opportunities for individuals both to
get multiple pieces of feedback over time and to improve
self-efficacy with practice and sustained effort. Feedback
is also critical to achievement goals and is needed to help
one determine whether they are accomplishing one’s
goals. For example, to determine whether one is accom-
plishing a goal of self-improvement and increased knowl-
edge, one needs feedback to compare performances over
time. Feedback also plays a critical role in the impact of
mindsets on performance and behavior. Growth mind-
sets have been hypothesized to be particularly impor-
tant for situations where one receives negative feedback
because mindset influences whether one persists in the
face of setbacks. The type of feedback also matters. If one
is given feedback, that highlights future opportunities for
growth and improvement that feedback will be viewed
differently than one-time, high-stakes, evaluative feed-
back. The latter often is viewed as a contributing factor
leading to high test anxiety.

There has been growing discussion about the lack
of feedback in medicine and different ways to begin to
implement feedback loops to improve learning and safety
(Cifra et al., 2021; Khazen & Schiff, 2021; McGinnis,
2013; National Academies of Sciences, Engineering, &
Medicine, 2015; Rosner et al., 2022).
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Translating basic research to lifelong learning

in medicine

We have endeavored to report what we view as the best
and most relevant evidence out of a much larger body.
Nevertheless, much of the research comes from basic
science studies performed in psychology laboratories
and a smaller set from more applied research in various
settings, such as classrooms. An even smaller minority
was conducted in the context of medicine, and some
of these studies involve medical students or nurses in
classroom settings rather than practicing clinicians.
Thus, a vital question is how well this basic research
applies to learning among expert physicians who have
years of clinical practice.

This is a challenge in multiple dimensions. One
dimension is simply that there are major demographic
differences in that physicians are older. Though, in
theory, this could make a difference, and though we
cite evidence—for example—of age-related declines in
working memory, we do not have specific reasons to
believe that age-related changes interact with evidence
such as retrieval practice or spacing. Another potential
concern is the setting; perhaps laboratory and class-
room settings are different from a standardized test
setting. Again, we do not see theoretical reasons to be
concerned that the setting would make a major dif-
ference. However, there are other dimensions that are
potentially more concerning.

One issue is that continuing certification involves
learning over decades—one’s entire working life—
whereas almost all the studies cited, except for the few
on continuing certification, involve much shorter time
frames. Another concern has to do with the content.
Though some of the studies do involve doctors reason-
ing about medical topics, many of the studies are about
much simpler content that can be taught within the
confines of a few hours, or at least within a semester.
The raw amount of knowledge that physicians have, in
terms of both breadth and depth, is orders of magni-
tude higher than that in many of these studies. Another
concern, highly related to the previous points, is that
most of this basic research was conducted not with
experts but with novices, that is, people learning about
material that does not tap into extensive knowledge
systems that they have developed over many years.
Despite these current limitations, we view these gaps
in the literature as exciting opportunities to study basic
science phenomena but in a setting of critical societal
importance. For this reason, we believe that many of
the studies we proposed would be of interest both to
basic science researchers to advance theoretical under-
standing and to the ABMS Member Boards for their
practical value.
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Table 2 Comparison of features for keeping cognitive skills current across learning opportunities

Features of learning Traditional 10-year Longitudinal CME Clinical Clinical decision Audit and
opportunities assessment assessment experience support systems feedback
Retrieval practice Y Y N Y Y Y
Feedback N Y Y S Y Y

Spaced N Y S Y Y Y
Self-directed N TBD Y Y N N
Consequences Y Y S Y Y Y
Authentic N N N Y Y Y

Yyes, Nno, Ssomewhat, TBDto be determined

The role of longitudinal assessment in comparison
with other lifelong learning mechanisms

The bulk of this paper so far has focused on the basic
science of learning and the affordances of longitudinal
assessment for learning. However, over the course of a
physician’s career, they engage in multiple different forms
of lifelong learning (see Wiese et al., 2022, for a review).
All physicians continue to learn through continuing med-
ical education (CME) and through personal experience
with patients. Some physicians work in settings in which
they receive best practice alerts and/or audit and feed-
back. None of these learning modalities is perfect, and all
have strengths and weaknesses.

In this section, we attempt to characterize some of the
most salient strengths and weaknesses of these differ-
ent types of learning (summarized in Table 2). We first
outline six features of learning opportunities that we
consider to be important when considering how likely
the opportunity would be to lead to learning. Then, we
discuss six different learning opportunities for physicians
post-residency and for each discuss the learning features
that it has and does not have. We are not implying that
each type of learning opportunity should have each fea-
ture; there very well could be benefits of having multiple
different learning opportunities with different empha-
ses. Rather, our goal is simply to create a framework for
thinking about the similarities and differences between
the learning opportunities.

Features of learning opportunities
We consider the following six features to be of critical
importance for facilitating and tracking learning (though
there may also be other features that we have not listed).
First, substantial work (reviewed in Fraundorf et al,,
2022b, EL: 2) indicates that testing—retrieval practice—
can be a powerful learning opportunity in its own right.
Given that retrieval practice is so effective, we believe
that it can be a critical component in lifelong learning.
Second, receiving feedback about one’s judgments is
considered critical for becoming an expert (Kahneman &

Klein, 2009, EL: 2), yet, in everyday practice, physicians
often do not get useful feedback about whether their
diagnoses and treatment plans are correct (Schiff, 2008;
EL: 6). The important role of feedback is discussed in a
cross-cutting section earlier in this article. A key point
is that, even though testing is beneficial on its own, test-
ing plus feedback is considerably more effective, espe-
cially for correcting errors. Nevertheless, the best way to
structure feedback—particularly if a user answers incor-
rectly—merits more study. Ideally, feedback would pro-
mote learning and retention and thereby increase the
likelihood the knowledge is applied in future patient care
situations for which it is relevant.

Third, there is extensive evidence for the benefits of
spaced learning (Fraundorf et al., 2022b): Learning is
more effective and efficient when it is spaced out evenly
across time than when it occurs in bunches (e.g., cram-
ming right before a test). Given the robust evidence of
the benefits of spaced learning, we added it as a desirable
criterion here.

Fourth, another cross-cutting topic is the degree to
which physicians should have control over both the top-
ics that are included and the ways in which they engage
in the assessment program. While self-directed learning
may benefit physician’s intrinsic motivation, it is likely
that having complete control over learning would lead
to ineffective choices. In sum, the evidence suggests that
learners should have some degree of control over the top-
ics to be learned; they should not have complete control,
nor should they have no control. The exact amounts and
type of control are open questions.

Fifth, we have presented people are motivated by conse-
quences—by perceived benefits and costs of taking a test
and performing well on it (Nokes-Malach et al., 2022).
For example, a certain level of arousal is beneficial for
learning and performance, but too much is harmful. Fur-
thermore, a sufficiently challenging assessment can facili-
tate both motivation to learn and ultimate performance,
as long as the assessment is not perceived as too difficult.
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In sum, having some assessments with consequences is
beneficial.

Finally, a topic that has not been discussed so far in this
paper is whether learning is “authentic” and “naturalistic”
Within medical education specifically, and learning sci-
ences more broadly (Barnett & Ceci, 2002, EL: 2; Chen
& Klahr, 2008, EL: 2), there are concerns that if a learning
environment is too artificial, it will do a poor job of pre-
paring learners for the real-world tasks, and that if a test-
ing environment is too artificial, it will do a poor job of
predicting real-world performance. A theory from cog-
nitive psychology called transfer-appropriate processing
proposes that learning and retention are generally better
when the learning environment matches the testing or
practice environment (Blaxton, 1989, EL: 3).

Yet, others have observed that some efforts to create learn-
ing environments that are highly naturalistic—particularly
high-fidelity patient simulators—do not produce learning
benefits over low-fidelity simulators in skills such as aus-
cultation, surgical motor skills, and critical care and crisis
management skills (Norman et al., 2012, EL: 2). Others have
found that scores on high-fidelity clinical simulations are too
imprecise unless impractically large numbers of simulations
are used and that multiple-choice questions can yield equally
high criterion validity in a much shorter amount of time
(Swanson et al., 1987, EL: 2).

The new situated cognition model of clinical reason-
ing takes the view of naturalistic or authentic reason-
ing a step farther. This model (Graber, 2020; Merkebu
et al., 2020) stresses that clinical reasoning is not just in
the head of the physician but is a much more complex
process that involves interactions with the patient and
medical team. Thus, advocates for the situated cogni-
tion model have suggested that assessments of clinical
reasoning need to go beyond the simple cognitive deci-
sion-making that is assessed in multiple-choice tests and
assess how the physician performs within the complex
environment of a medical situation (2020b; Rencic et al.,
2020a; Schuwirth et al., 2020; Torre et al., 2020). Doing
so in a standardized way is obviously a major challenge
and currently outside the scope of continuing certifica-
tion program assessments. Still, the situated cognition
model highlights the importance of authentic learning
and assessment opportunities.

In Table 2, we classified each cell—whether a particu-
lar learning opportunity has a particular feature—as yes,
no, or somewhat. However, for many of these cells the
answers are more complex, and we discuss them below.

Six lifelong learning opportunities

In this section, we discuss each of the six lifelong learning
opportunities in Table 2 and, for each, address each of the
six features of learning.
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Traditional certification

Traditional certification examinations have a main goal
of summative assessment, not learning in and of itself,
although studying for the assessment should induce
learning. Consequently, of the learning features reviewed
above, the main one included in traditional assessment is
consequences: If a physician fails and does not pass on
repeated attempts within the time window, then they lose
certification until they successfully pass. Though general
feedback is provided about whether a physician passed
the examination or not, as well as their percentile on the
examination, and sometimes feedback on areas of weak-
ness by topic, feedback specifically on individual items is
not provided. This type of assessment can still serve as a
form of retrieval practice—it could help reinforce knowl-
edge that the physician already has—but because it does
not include detailed feedback, it cannot help the physi-
cian understand their mistakes and could potentially
reinforce their wrong answers.

Because certification examinations have tradition-
ally been spaced far apart—10 years for many boards—
instead of more frequent smaller examinations, they
do not capitalize on the benefits of spaced learning.
Although some traditional certification examinations
allow some degree of customization, such as selecting
content specific modules, generally most of the examina-
tion is standardized.

Lastly, because traditional certification examinations
are largely multiple-choice examinations that take place
outside of clinical practice, they are not as authentic
as some of the other learning opportunities that more
directly reflect—or are even embedded within—clinical
practice, such as clinical decision support systems and
audit and feedback.

Longitudinal assessment
Longitudinal assessment is designed to capitalize on cer-
tain learning opportunities that traditional assessments
do not. In particular, whereas traditional assessment does
not provide feedback about individual questions, lon-
gitudinal assessment does, which allows it to serve as a
learning opportunity. Another change is that since the
assessments happen more frequently, longitudinal assess-
ment capitalizes on the advantages of spaced learning.
One topic that each board needs to consider is the
extent to which learning will be self-directed, that is,
whether physicians will get any choice in topics that they
want to be assessed on and learn about. As argued above,
we believe that giving physicians some degree of control
could have advantages for motivation and for choosing
topics that are most relevant to a physician’s practice.
However, doing so also presents challenges for having a
fair assessment of ability because physicians could game
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the system by choosing to be assessed primarily on their
perceived strengths and not their weaknesses.

Proposals for longitudinal assessment do not change
the consequences of failing from those of traditional
assessments. However, longitudinal assessments will
allow physicians to improve with each low-stakes assess-
ment over the cycle at which there is a consequence
(typically every 5 years). Longitudinal and traditional
assessments are also the same with respect to authentic-
ity in that both are fairly artificial and differ considerably
from clinical practice (e.g., short verbal questions rather
than the richness of actually interacting with patients).

Continuing medical education (CME)

There is a very extensive body of research on the efficacy
of CME. Cervero and Gaines (2015, EL: 2) note 39 sys-
tematic reviews of evidence about CME over the period
of 1977 until 2015, and they provide a helpful summary
of this field. One overall conclusion is that, in general,
CME tends to show small to medium effects on physician
knowledge and performance.

A challenge in conceptualizing CME is understanding
the range of activities that can sometimes count as CME.
Group learning meetings (e.g., courses, conferences,
lectures, workshops), online education, videos, read-
ing journal articles or textbooks on one’s own, point-of-
care learning (e.g., reading online references), and audit
and feedback sometimes count as CME activities. For
our present purposes, we focus on CME activities that
are self-directed, such as choosing to attend a lecture
or choosing to read an article on one’s own. One reason
for this position is that most CME activities are in fact
self-directed in that the physician can choose the topics
to be studied—though, for example, a hospital system
may require all medical staff to complete certain online
coursework that counts as CME. Another reason is that
it cleanly separates CME from other learning oppor-
tunities, such as audit and feedback; even though audit
and feedback sometimes count as a CME activity, this is
much less common, and audit and feedback have a very
different profile in Table 2 than typical CME activities.

Another challenge for conceptualizing CME is how to
view the use of point-of-care information services, such
as looking up reference information to guide decision-
making about an individual patient. Even though using
online point-of-care references now often counts for
CME, we include this as part of patient care since the
context and goal is tied directly to decision-making for
an individual patient; in contrast, most other CME, such
as attending a lecture, is in a separate context outside of
direct clinical care.

In sum, for our present purposes, we consider CME
to take place outside of direct clinical care and to be
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self-directed in that the physician chooses the topics they
want to learn about, though these are not always true of
activities that count for CME credit.

Unlike all of the other learning opportunities in
Table 2, CME activities usually do not involve retrieval
practice. For example, in a didactic lecture, or when read-
ing an article, the majority of content is simply presented
without testing the learner first and then providing feed-
back. Of course, sometimes presenters may choose to ask
the audience questions, but even if this is done, it usu-
ally comprises a fairly small amount of the total content
being covered. Correct information is conveyed to the
learner, so even though it is not in the form of feedback
after being tested, the learner is still exposed to answers
about the content.

We describe CME in Table 2 as “somewhat” providing
spaced learning. Physicians can choose when to engage
in CME activities, so it is possible that they complete
many CME activities close to the deadline. On the other
hand, given the large numbers of hours of CME require-
ments, presumably they are often completed in bits over
longer stretches of time.

As explained above, our definition of CME for the pur-
poses of this report is that it is self-directed, though in
reality there are sometimes CME activities that are not
self-directed. We rate CME as “somewhat” self-directed
in Table 2 because many states require CME to remain
licensed, and being licensed is a requirement for many
jobs and board certification. However, many CME activi-
ties do not test knowledge and simply record that the
activity was completed. Therefore, the consequences are
tied to the minimal standards for completion, not tied to
success. Lastly, most CME is not authentic in that learn-
ing takes place outside of clinical care.

Clinical experience

Physicians’ daily experiences with patients, and any
accompanying efforts to search for information to guide
decision-making about the patient, can serve as a valu-
able opportunity in many respects. Each patient encoun-
ter serves as a retrieval practice experience because a
physician retrieves knowledge and practices skills. And
because a physician has many experiences with patients,
it is clearly spaced out over time. Furthermore, clinical
practice is clearly an authentic experience.

However, there are some other features of personal
experience that make it a suboptimal learning opportu-
nity. First, as we have already discussed above, the feed-
back from personal experience is imperfect. Sometimes a
mistake will become apparent later, but often a physician
will not know about mistakes that they made.

Second, physicians face many different sorts of
consequences in daily practice. The most prevalent
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consequence are patients’ health outcomes. Since physi-
cians are motivated to help patients achieve their health
goals, medical errors are associated with a number of
subsequent psychological consequences for physicians,
such as a decrease in quality of life, burnout, and depres-
sion (West et al., 2006, EL: 5). Other consequences can
include legal action for malpractice. However, since many
mistakes are not discovered and therefore there are no
consequences, we rate clinical experience in Table 2 as
only “somewhat” yielding consequences. Furthermore,
the Improving Diagnosis in Health Care report (National
Academies of Sciences, Engineering, & Medicine, 2015,
EL: 6) suggests that guilt, shame, and legal action are
likely not productive consequences for learning (see
also avoidance-based goals; Nokes-Malach et al., 2022).
Instead, this report recommended adopting a non-puni-
tive culture and finding ways to close the feedback loop
so that errors are more frequently and quickly discovered.

Lastly, in Table 2, we label clinical experience as self-
directed. For each individual patient, the physician
decides whether to make a clinical decision immediately
or whether to look up information in online resources or
consult with colleagues (Burden et al., 2013; Cook et al.,
2014; Ely et al., 2005; Moja & Kwag, 2015); such decisions
are self-directed. The best evidence suggests that higher
rates of use of electronic knowledge resources are asso-
ciated with better knowledge and patient care (Maggio
et al.,, 2019, EL: 1). Still, physicians make the choice of
when to look up information, and they often do not seek
answers to questions that they have (Ely et al., 1999, EL:
5). Perhaps seeking out answers more frequently could
make daily clinical experience more effective as a lifelong
learning activity, though of course physicians have lim-
ited time in daily encounters to do so.

Clinical decision support systems

Clinical decision support (CDS) systems, otherwise
known as best practice alerts (BPAs), electronic health
record alerts, or clinical reminder alerts, are systems
built into the electronic medical record that provide
health providers with recommendations and alerts about
patient care (e.g., Berner, 2007, 2009; Middleton et al,,
2016; Musen et al., 2014). Among others, they include
reminders that a patient should get a flu shot, prescrip-
tion alerts about drug-drug interactions, alerts that a
patient is starting to deteriorate, and suggestions about
potential diagnoses. Despite the prevalence and diversity
of CDS, the total number of high-quality studies eligible
to be reviewed in meta-analyses are still fairly modest,
and researchers have not specified why some alerts work
better than others (Moja et al., 2014; Shojania et al., 2009,
2010). Due to the ubiquity of CDS generated alerts, there
are calls to make alerts and reminders more relevant to
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avoid alert fatigue (e.g., Embi & Leonard, 2012; Hussain
et al., 2019; Kesselheim et al.,, 2011; Phansalkar et al,,
2013).

Despite the challenges of alert fatigue, CDS have the
potential to benefit clinicians for several reasons (Chen
et al,, 2019, EL: 6; Middleton et al., 2016, EL: 6). First,
CDS and other forms of technology can help separate
tasks that can be done by others in the medical team
from those that need to be done by the physician (e.g.,
Sinsky & Panzer, 2022). For instance, physicians often
experience cognitive load: Decision-making taxes and
sometimes overwhelms the limited capacity of humans to
hold information in mind and use it, a capacity that can
be further reduced by stress, emotion, and uncertainty
(Szulewski et al., 2021; EL: 2). CDS can reduce such load
by allowing physicians to offload some tasks—that is, to
leave them to an external source like the CDS rather than
one’s own mind (Risko & Gilbert, 2016; EL: 2). Second,
CDS may lead to improved patient care even when the
presented alert is not learned or remembered by the phy-
sician (e.g., a system may recommend the right antibiotic
to prescribe, which is beneficial even if the physician does
not remember this in the future); indeed, this is the often
seen as the primary intended benefit of CDS.

A third possibility, of particular interest given our
focus on learning, is that CDS alerts may provide valu-
able learning opportunities for physicians across many
dimensions. Some of these dimensions are directly tied to
the fact that they are part of the clinical experience.

CDS systems involve retrieval practice with feedback.
Consider a physician prescribing a medicine and receiv-
ing an alert about a potential drug—drug interaction. This
can be viewed as a type of retrieval practice in the sense
that, when entering the prescription, a physician tests
their knowledge of whether it is appropriate for this given
patient and their other prescriptions. If the alert raises an
important drug-drug interaction that the physician did
not remember or consider, this could be a useful learning
opportunity. Or, they may have already considered this
interaction but decided to prescribe it anyways, in which
case it still is reinforcing correct knowledge.

CDS alerts are spaced in the sense that they occur fre-
quently during patient care, and authentic in that they
are embedded in patient care. And, they are not self-
directed in that physicians usually cannot turn them on
or off. CDS alerts typically do not have any consequences
attached to them, aside from the consequence of the
patient’s health outcomes intrinsic to clinical practice.

One weakness with CDS systems in terms of providing
learning opportunities is that the feedback that they pro-
vide is often imperfect. Physicians often override alerts
and ignore or reject the suggestion—often for good rea-
sons, such as the alert being generated by incomplete or
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incorrect patient data, logic that does not perfectly fit the
patient, or others (van der Sijs et al., 2006, EL: 6; Middle-
ton et al., 2016, EL: 6). Thus, for the foreseeable future,
CDS systems can only be viewed as suggestions and
imperfect feedback rather than authoritative feedback as
would occur in longitudinal assessment or CME. Thus,
in Table 2, we list as only “somewhat” present in CDS
systems. Still, it is likely that this sort of feedback can
be useful as a learning opportunity (Goodnough et al.,
2014, EL: 5; Chen et al., 2015, EL: 5). Indeed, in a large-
cluster randomized study that evaluated the addition of
CDS reminders on top of audit and feedback relative to
audit and feedback alone, physicians who received the
point-of-care reminders were more likely to do the rec-
ommended task (e.g., prescribe a drug or vaccine, order a
test, perform a screening, encourage smoking cessation)
for all 10 clinical conditions tested, suggesting that CDS
systems can be an especially effective form of feedback
(Coma et al,, 2019, EL: 4).

Audit and feedback

Audit and feedback is a quality improvement technique
in which an individual’s performance is measured and
compared to a desired professional standard, and then,
the individual is given feedback about their perfor-
mance. Though initially done in more cumbersome and
time-consuming ways, there are newer automated sys-
tems (Tsang et al.,, 2022). Two meta-analyses found that
audit and feedback tends to produce small but often
statistically reliable improvements in meeting profes-
sional standards (Hysong, 2009, EL: 1; Ivers et al., 2012,
EL: 1). The improvement seems to be larger for health-
care professionals starting out at lower levels of perfor-
mance and when specific suggestions for improvement
are provided (Hysong, 2009, EL: 1; Ivers et al., 2012, EL:
1). However, most research on audit and feedback does
not explain why audit and feedback sometimes works
better than other times, nor how to design the best audit
and feedback systems for particular situations (Gardner
et al., 2010; Grimshaw et al., 2019; Ivers et al., 2014). One
suggestion is that providing timely feedback on specific
actions is likely to be the most helpful (Tsang et al., 2022).

With regard to our dimensions in Table 2, audit and
feedback has a very similar profile compared to CDS,
though with some differences, because both are built on
top of clinical experience.

Audit and feedback involves retrieval practice in the
sense that physicians test their knowledge and skills daily
in clinical work. Feedback is a core component of audit
and feedback; one difference compared to CDS remind-
ers and alerts is that the feedback is delayed and grouped
together (e.g., given every month) rather than at the
point of service. Learning is spaced over time naturally
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in clinical practice. Learning is not self-directed in that it
is usually the organization, not the individual physician,
that decides to implement an audit and feedback pro-
gram, and usually there is not a way to opt out. For con-
sequences, similar to CDS, audit and feedback typically
does not have any consequences aside from the patient’s
health outcomes, which is intrinsic to clinical practice.
A few studies have investigated the role of adding finan-
cial incentives on top of audit and feedback, with mixed
results (Ivers et al., 2012, EL: 4).

In sum, audit and feedback is similar to CDS alerts on
the dimensions that we covered. Both have many desir-
able features of learning opportunities, though both
require additional research into how to make them most
clinically effective and least disruptive. Analyzing them
from a perspective of how they promote long-term learn-
ing, retention, and behavior change could be helpful in
this regard.

Summary

Our goal with Table 2 is not to classify certain learning
opportunities as better or worse, but to show how they
are different in terms of important dimensions of learn-
ing and therefore have different strengths and weak-
nesses. For example, though there are a number of
weaknesses with CME in terms of learning, a strength is
that it allows for a very high degree of self-directed learn-
ing. A physician who has identified an area of weakness
may be able to devote a lot of time to learning that topic.
Collectively, these varied learning opportunities fill dif-
ferent sorts of knowledge gaps. That said, it seems to us
that longitudinal assessment fills a similar role as tradi-
tional certification in that they both provide retrieval
practice and consequences, but longitudinal assessment
provides a superior learning opportunity through its use
of feedback, spaced learning, and potentially being some-
what self-directed.

Conclusions

We report results from a project evaluating a wide
breadth of research related to the development and
maintenance of expertise in physicians. We provided evi-
dence for four major themes regarding physician expert
performance: (1) cognitive skills need to be kept current,
(2) self-assessment is not enough, (3) testing enhances
learning and retention, and (4) goals and consequences
motivate. We created a learning model detailing our
understanding of how these complementary themes
interact and how they contribute to a physician’s knowl-
edge and expertise as related to patient care. Lastly, we
discussed whether other lifelong learning opportunities
for physicians meet various psychological considera-
tions that are believed to benefit learning. Going forward,
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there is considerable potential for the cognitive and
learning sciences to collaborate with medical boards to
conduct studies of longitudinal assessment programs that
both test ways to improve learning within longitudinal
assessment and advance the basic science of learning.
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Abstract

Over the course of training, physicians develop significant knowledge and expertise. We review dual-process theory,
the dominant theory in explaining medical decision making: physicians use both heuristics from accumulated
experience (System 1) and logical deduction (System 2). We then discuss how the accumulation of System 1 clinical
experience can have both positive effects (e.g., quick and accurate pattern recognition) and negative ones (e.g., gaps

of care that continuously evolve over time.

and biases in knowledge from physicians’idiosyncratic clinical experience). These idiosyncrasies, biases, and knowl-
edge gaps indicate a need for individuals to engage in appropriate training and study to keep these cognitive skills
current lest they decline over time. Indeed, we review converging evidence that physicians further out from train-
ing tend to perform worse on tests of medical knowledge and provide poorer patient care. This may reflect a variety
of factors, such as specialization of a physician’s practice, but is likely to stem at least in part from cognitive factors.
Acquired knowledge or skills gained may not always be readily accessible to physicians for a number of reasons,
including an absence of study, cognitive changes with age, and the presence of other similar knowledge or skills
that compete in what is brought to mind. Lastly, we discuss the cognitive challenges of keeping up with standards

Keywords Diagnosis, Expertise, Dual-process theory, Memory, Retrieval failure, Aging

Significance statement

Physicians’ expertise and ability to keep up with changing
evidence is central for positive patient health outcomes.
Here, we begin our review by first evaluating evidence of
how expertise is acquired in the medical domain, con-
sidering dominant theories about the important benefits
and detriments experience has in evaluating new infor-
mation. We introduce complimentary evidence related to
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the role memory plays in learning and, since physicians
often have careers that spans several decades, the impact
that aging and time since initial certification may have
on physicians’ clinical performance. Importantly, medi-
cine is an ever-evolving field which leads to changes to
the standards of care over time. In light of this reality, we
discuss how evidence from the cognitive science litera-
ture can inform how best to address the challenge of this
complex information environment. Given the wide scope
of this endeavor, we conclude with proposals to fill in
important gaps in knowledge that may continue to propel
the field of medicine and physician assessment forward
to ensure the highest standards of care possible.
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Introduction

A primary goal of continuing certification programs is to
ensure that board-certified physicians maintain at least
a certain minimum level of expertise. In this article, we
examine what principles and findings from cognitive sci-
ence imply about acquiring, maintaining, and updating
medical expertise. We first discuss psychological theo-
ries of the acquisition of higher-order cognitive medi-
cal skills, diagnosis in particular. Next, we discuss how
learned skills can be maintained in the face of forgetting
and age-related changes in cognition. Lastly, we discuss
the process of updating and acquiring new knowledge as
medical practice evolves.

We focus on medical decision making and expertise
from the traditional information-processing perspective
of cognition that undergirds cognitive psychology. We
acknowledge that medical decision making is much more
complex in that it occurs situated in a dynamic environ-
ment with other physicians and healthcare professionals
and in the larger context of medical systems (see the 2020
special issue of the journal Diagnosis, Volume 7, Issue 3,
for many articles on this perspective). However, because
continuing certification program assessments only test
a physician’s cognitive abilities independently, not their
performance in a clinical environment, we focus on the
individual physician’s cognitive skills.

To situate the strength of the evidence and claims
made, we attach evidence levels (EL) to in-text citations
for empirical claims (see Table 1). Evidence levels range
from 1 to 6, with 1 being the strongest evidence (meta-
analyses) and 6 being the weakest (opinion papers).

This article is part of a collection of five articles in this
special issue focused on how physicians maintain medi-
cal expertise across their careers. These reviews are nar-
rative reviews, not systematic, because they cover a wide
variety of topics, not a single narrow topic.

Acquiring medical expertise

Expertise is marked by the acquisition of large amounts
of knowledge, which in turn affects how information is
organized, represented, and processed. General aptitude

Table 1 Evidence levels for in-text citations for empirical claims

Evidence level Type of work

1 Quantitative meta-analysis

2 Narrative review

3 Multiple original experiments/rand-
omized controlled trials (RCTs)

4 Single original experiment/RCT

5 Correlational or quasi-experimental study

6 Opinion paper
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measures struggle to predict expert performance, sug-
gesting that expertise is not just reserved for the highly
intelligent (Moneta-Koehler et al,, 2017, EL: 5). Rather,
experiences play an important role in the development
of expertise. For instance, the amount of deliberate prac-
tice—activities designed to improve targeted aspects of
performance—that an individual has completed predicts
their level of expertise (Ericsson et al., 1993, EL: 5). It is
likely the quality of practice, rather than quantity, that is
necessary to develop expertise; the mere number of delib-
erate practice hours on their own does not adequately
explain expert performance (Macnamara et al., 2014, EL:
1). Ample and accurate feedback is also crucial (Kahne-
man & Klein, 2009, EL: 2). In the process of developing
expertise, individuals learn to categorize information
based on abstract principles, whereas novices categorize
based on superficial details (Chi et al., 1981, EL: 3).

Dual-process theories in medical decision making

A common theme in the cognitive psychology literature
is the existence of two distinct systems for information
processing (for overviews, see Evans, 2008; Kahneman
& Frederick, 2002; Sloman, 1996). (The term “systems”
in this literature refers to cognitive strategies and hab-
its, not necessarily to neural or anatomical distinctions.)
Most dual-processing theories hold that System 1 is fast,
unconscious, evolutionarily old, associative, and univer-
sal. In contrast, System 2 is slow, conscious, evolutionar-
ily new, and rule based. An important difference between
the systems is that System 2 is under the control and
guidance of the individual whereas System 1 occurs auto-
matically. Although it may seem intuitive that the con-
scious and controlled System 2 is superior to System 1,
this is not always the case. System 1, at times, produces
highly accurate decisions and does so quickly and from
little information (Marewski & Gigerenzer, 2012).

Within medicine, the dual-process theory is widely
accepted as the dominant paradigm for understand-
ing clinical decision making generally, and especially
for diagnosis (Croskerry, 2009a, EL: 2; 2009b, EL: 2;
Croskerry et al., 2013a, 2013b, EL: 2; Norman & Eva,
2010, EL: 2; Pelaccia et al., 2011, EL: 2). For example, the
dual-process theory provides the theoretical backbone of
the Institute of Medicine’s report on Improving Diagno-
sis in Healthcare (National Academies of Sciences, Engi-
neering, & Medicine, 2015, Chapter 2, EL: 2).

System 2 is understood as the analytical, hypothetico-
deductive reasoning or problem-solving process. For
example, a physician might diagnose a patient by sys-
tematically running one test, ruling out one diag-
nosis, and then following it up with a different test
relevant to a different potential diagnosis—a process that
involves a series of carefully thought-out decisions with
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logical reasoning. This sort of logical reasoning was stud-
ied extensively in the earlier years of research on medical
decision making (e.g., Elstein et al., 1978; Barrows et al.,
1982; Coderre et al., 2003; Newfeld et al., 1981). How-
ever, one of the broad conclusions of this research is that
changes in hypothetico-deductive problem solving do not
appear to explain the transition from novices to experts
(e.g., Boshuizen & Schmidt, 1992; Elstein & Schwarz,
2002; Groen & Patel, 1985; Neufeld et al., 1981; Norman,
2005). Instead, it seems that experts use a variety of dif-
ferent forms of knowledge and representations. This is
not to say that hypothetico-deductive problem solving is
not used by experts; of course, someone with insufficient
medical training cannot effectively engage in this sort of
reasoning, and of course experts do slow down, ask for
second opinions, consult resources, and engage in other
forms of careful analytical thinking. Rather, the point is
that experts have additional skills and knowledge, one of
which is extensive experience with individual patients.

In contrast to System 2, System 1 is the non-analytic
decision making in medicine is the very fast pattern
recognition process. For instance, pattern recognition
allows a physician to quickly think of hyperthyroidism
when seeing a patient who is skinny, tremulous, perspir-
ing a lot, and has bulging eyes and a swollen neck. Pat-
tern recognition involves classifying a current patient as
similar to a prior patient (called an exemplar) or similar
to an abstracted pattern of multiple prior patients with
the same disease (called a prototype). Though most often
discussed in terms of diagnosis, this pattern recognition
process is also relevant to other decisions, such as decid-
ing whether to order further diagnostic testing, choosing
a treatment, or deciding whether to refer to a specialist.
Pattern recognition is believed to rely on the same cog-
nitive processes that people use every day, e.g., for cat-
egorizing animals as dogs versus cats or for identifying
different species of trees (Cohen & Lefebvre, 2017).

Another aspect of non-analytic System 1 decision mak-
ing in medicine is the use of heuristics—mental shortcuts
that allow decisions to be reached quickly and efficiently.
Pattern recognition through categorization can in fact be
viewed as one such heuristic (e.g., Nilsson et al., 2008),
though heuristics are broader than just pattern recogni-
tion (e.g., National Academies of Sciences, Engineering,
& Medicine, 2015, Chapter 2; Whelehan et al., 2020). For
example, the representativeness heuristic leads physi-
cians to judge the probability that a patient has a given
disease based on the senusitivity of the diagnostic informa-
tion (probability of a positive test given that the patient
has the disease) rather than its positive predictive value
(probability that a patient has a disease given a positive
test; Casscells et al., 1978; Eddy, 1982; Rottman, 2017).
This is appropriate when the two diseases are roughly
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equally prevalent, but leads to base rate neglect when one
is more common.

Heuristics are neither inherently bad nor inherently
good. They can help physicians make fast decisions,
which can be critical in situations with time pressure.
And, simple rule-based heuristics sometimes outperform
formal statistical regression analysis (Marewski & Giger-
enzer, 2012, EL: 2). On the other hand, sometimes heuris-
tics are applied in the wrong context or are overly simple,
such as in the base rate neglect example, which can lead
to suboptimal decisions.

Despite the fact that the dual-process theory is widely
accepted as the dominant model of clinical decision mak-
ing, there are important debates, open questions, and
ambiguities with this model. Some researchers question
whether there is a clear distinction between the two sys-
tems and whether there are only two systems (e.g., De
Neys, 2021, 2022; Evans, 2008). Other research has chal-
lenged the assumption that they are always opposed to
each other and instead may work together (Cushman &
Morris, 2015; see Kool et al., 2018 for a review). Though
the two systems are often presented as always coming to
different decisions, it is likely that they would often come
to the same decision in a given situation (De Neys, 2022),
which raises a question of how to distinguish which of
the two systems is responsible for a given decision.

Perhaps the most pressing question is how people
coordinate between the two systems. For example, does
some sort of signal of low confidence in System 1 lead to
the engagement of System 2, or are both systems engaged
simultaneously with a discrepancy-monitoring system
noticing when they are coming to different decisions (De
Neys, 2022)? These are not just important questions for
psychology but are directly related to medicine. Moulton
et al. (2007) proposed that being an expert in medi-
cal decision making involves “slowing down when you
should” This emphasis on “when you should” raises the
questions of when an individual should slow down and
how this slowing down works. Moulton et al. (see also
Croskerry, 2009b) argue that these questions are exactly
what the field needs to address to truly understand medi-
cal expertise and how to support and train expertise.
Stated another way, instead of focusing on fast and slow
thinking processes individually, it is more important to
understand how experts know that they need to slow
down and think a bit harder in certain situations; unfor-
tunately this question is hard to address and there is little
existing research.

The role of experience in medical decision making

Here we take a slightly different approach from the dual-
process model. This review focuses on the role that expe-
rience (interactions with many patients over time) plays
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in expertise. Experience with prior patients is at the core
of non-analytic System 1: recognizing the pattern in the
current case as similar to prior cases. In contrast, relying
on rules, evidence, guidelines, and knowledge of patho-
physiological and pharmacology rather than one’s own
idiosyncratic past experience fits with System 2. We do
not claim that prior experiences with individual patients
cannot be part of the analytical model of decision making
and slow deliberative thought. Indeed, of course it is pos-
sible that when making a decision about a current patient
that a physician may carefully and analytically make
comparisons to individual prior patients; in naturalis-
tic decision making it is not possible to know whether a
physician is engaged in ‘slow’ or ‘fast’ thinking at a given
moment (or that only one process occurred). However,
to the extent that extensive experience can produce very
fast decisions, it is more likely to be involved in System 1
thinking.

The strength of utilizing experience is that it allows for
fast pattern recognition, which frequently leads to accu-
rate diagnoses. For example, one study (Norman et al.,
1989, EL: 5) examined the accuracy of dermatologists
reading slides. They found that not only did the derma-
tologists demonstrate high levels of accuracy, but they
also answered significantly faster on slides they got cor-
rect, showing how diagnosis can often be both extremely
fast and accurate. A number of studies with primary care
and emergency medicine physicians have found simi-
lar results: clinicians think of a few potential diagnoses
within seconds to minutes and are usually right (Barrows
et al., 1982, EL: 5; Elstein et al., 1978, EL: 5; Gruppen
et al,, 1988, EL: 5; Pelaccia et al., 2014, EL: 5). This has
led to the provocative question by Norman et al. (2007):
“How can it be that experts with minimal information are
able to advance tentative hypotheses about the diagnoses,
seemingly effortlessly, and apparently without conscious
awareness of the retrieval process? ... Where do the
hypotheses come from?” The answer, according to this
line of research, is that with enough experience clinicians
can quickly pattern-match a target case from a large set
of prior cases.

However, there are also downsides to relying heav-
ily on experience. Even though pattern recognition and
reliance on the diagnosis and treatment decisions made
for past patients can often work out well, it can also lead
to biases. For example, in one experiment, family medi-
cine residents were given a set of cases to practice inter-
preting ECGs. In the initial set of cases, a brief clinical
scenario accompanied each case, along with the correct
diagnoses. In the latter set of test cases, participants had
to identify the correct diagnosis. For some of the test
cases, the accompanying clinical scenario involved irrel-
evant features, such as the patient’s job, that matched
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features from the initial cases. When an irrelevant feature
matched a prior case, the residents were more likely to
give the same diagnosis as the prior case, which turned
out to be wrong (Hatala et al., 1999, EL: 4; for other simi-
lar studies, see Brooks et al., 1991, EL: 4; Young et al,
2011, EL: 4).

A few studies that shown a similar role of prior experi-
ence in real-world medical decision making. One study
investigated how often physicians prescribed warfarin
for patients with atrial fibrillation in order to prevent a
stroke, which despite the risks, is a standard of practice
(Choudhry et al.,, 2006, EL: 5). When one of the physi-
cian’s patients who was on warfarin experienced a severe
bleeding event that was likely a side effect of the warfa-
rin, the physicians were about 20% less likely to prescribe
warfarin for patients with atrial fibrillation for at least a
year afterward. Another study found that after deliver-
ing a baby and experiencing labor and delivery complica-
tions, a physician was a bit more likely to use a vaginal
delivery instead of cesarean, or vice versa, depending on
the prior delivery method (Singh, 2021). In sum, physi-
cians’ decisions can be impacted by recent experiences
with other patients.

A particular challenge is that these experiences are idi-
osyncratic. If a physician works in a specialized clinic,
they may see certain types of patients even though they
still need to be able to diagnose and treat a broader set
of patients that they see less frequently. This means that
physicians are systematically missing out on experi-
ence with certain types of patients. For example, in one
study, residents’ beliefs about the prevalence of a disease
were correlated with their probability of providing it as a
potential diagnosis (Rottman et al.,, 2016, EL: 5). In gen-
eral, this tendency makes sense from the rational Bayes-
ian perspective of diagnosis, in which general “prior”
beliefs about the likelihood of diseases in the population
are updated with knowledge of the signs and symptoms
and diagnostic tests of the specific patient to form a
“posterior” probability of each disease on the differential
(Ledley & Lusted, 1959; Pauker & Kassirer, 1980). How-
ever, to the extent that prevalence beliefs are distorted by
one’s experience, some diagnoses could be overlooked.
Additionally, the appearance of patients with rare dis-
eases or rare side effects from treatments (e.g., the bleed-
ing events discussed above) is governed by chance, so
physicians may be influenced by the vicissitudes of daily
practice. Thus, it is important to receive corrective feed-
back and not to overly rely on one’s own experiences.

Another problem with relying on one’s experience is
that experience provides an imperfect feedback system.
Feedback is vital for developing expertise (e.g., Ericsson,
2015, EL: 2; Hattie & Timperley, 2007, EL: 2; Kahneman
& Klein, 2009, EL: 2), and lack of feedback is believed to
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contribute to overconfidence (Kahneman & Klein, 2009,
EL: 2). However, the medical system is poor at providing
feedback (National Academies of Sciences, Engineering,
& Medicine, 2015, EL: 6; Schiff, 2008, EL: 6). An error in
diagnosis or treatment may never be discovered, in which
case feedback is never received. Additionally, because of
the complex nature of modern medicine and the fact that
an individual patient often has contact with many phy-
sicians, an individual physician often never knows the
outcomes of patients that they encountered, resulting in
a lack of both negative and positive feedback. For these
reasons, two Institute of Medicine reports (McGinnis
et al., 2013; National Academies of Sciences, Engineer-
ing, & Medicine, 2015; see also Rosner et al.,, 2023) have
called for healthcare organizations to create better feed-
back systems.

In summary, accumulating experience with many
patients is believed to be a critical aspect of how doctors
become experts. However, due to working in specialized
practices, chance encounters with certain patients but
not others, and imperfect feedback systems, doctors will
not always experience (and re-experience) certain types
of patients. For this reason, one value of a longitudinal
continuing certification program is to provide physi-
cians with a well-rounded set of vignettes with feedback
to supplement their real-world experiences. We recom-
mend prioritizing gaps that are likely to occur in a phy-
sician’s practice as well as those that have a meaningful
impact on the quality of care delivered.

Maintaining expertise

Cognitive skills decline over time

Once learned, cognitive skills must be maintained: in the
absence of study, learned information and procedures are
forgotten over time. Decades of research suggest that,
across content domains and types of tasks, forgetting
tends to follow a negatively accelerated power law func-
tion such that a great deal of material is forgotten initially,
but the remaining material is forgotten more slowly (Ebb-
inghaus, 1885, EL: 4; Rubin & Wenzel, 1996, EL: 2; Wick-
elgren, 1974, EL: 4; Wickens, 1998, EL: 6; Wixted, 2004,
EL: 3; Wixted & Carpenter, 2007, EL: 3). That is, people
forget much of what they see and hear in the initial min-
utes and hours afterward, somewhat more in the fol-
lowing days and weeks, and comparatively little of what
remains in the months and years ahead (see Fig. 1). This
power-law function may reflect the rate at which people
are likely to stop re-encountering those topics (Anderson
& Schooler, 1991, EL: 5).

In terms of medical expertise, the power law suggests
that some knowledge will be retained relatively well over
long periods of time, but it is almost inevitable that other
material will be quickly forgotten after being encountered
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in training if it is not deliberately practiced. How often
important information needs to be practiced is likely to
vary across individuals and be influenced by other vari-
ables. Nevertheless, the rapid decline in retention after
any given study episode suggests that it is beneficial to
distribute study over time to alleviate these losses.

Reasons for forgetting
Why do people forget? One intuitive hypothesis might be
that we simply run out of mental “storage space” and that
prior knowledge is forced out to make room for the new.
And, it is indeed clear that there are sharp restrictions on
how much can be held in working memory, or what we
are currently thinking about (although the specification
and cause of those limits remain debated; e.g., Cowan,
2010, EL: 2; Miller, 1956, EL: 2). However, it is not clear
that there are practical limits on the total capacity of
long-term learning and knowledge (Drachman, 2005;
Landauer, 1986). Laboratory studies have demonstrated
that people can readily learn and remember hundreds
or even thousands of pictures or sentences even after
only seconds of exposure to each (e.g., Shepard, 1967,
EL: 4; Standing, 1973, EL: 4; Standing et al., 1970, EL: 4).
Indeed, the cortex of the human brain contains approxi-
mately 150 trillion (1.5 x 10'*) synapses (Drachman, 2005,
EL: 3). That is orders of magnitude more than what the
average individual knows: 40,000 (4% 10%) words (Brys-
baert et al., 2016, EL: 3), 750 (7.5x10%) people (Zheng
et al, 2006, EL: 4), or, more generally, approximately 1
billion (10°) bits of information (Landauer, 1986, EL: 2).
Another intuitive hypothesis as to why we forget is that
skills and knowledge are lost to decay; that is, memo-
ries fade and are simply lost over time. This hypothesis
receives more support; given the regularities in how
memories decline over time (discussed above), it is
likely that the passage of time contributes to forgetting
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(Wixted, 2004: EL 2; Sadeh et al.,, 2014: EL 2). How-
ever, decay is not likely to be the whole story, since not
all memories are fated to be lost over time: People can
remember the names and locations of buildings on their
college campus (Bahrick, 1983, EL: 5) or the names and
faces of their high school classmates (Bahrick et al., 1975,
EL: 5) even after decades of disuse.

Thus, cognitive psychologists often emphasize inter-
ference from other, similar information as an additional
cause of forgetting. Many things commonly forgotten in
daily life are those that compete with many other similar
memories. For example, it is often difficult to remember
where I left my phone this morning because I have many
other competing memories of other places where I left
my phone at different times. One experimental demon-
stration of interference is the fan effect (Anderson, 1974,
EL: 3; Anderson & Reder, 1999, EL: 4): Learning multiple
overlapping associations makes any individual associa-
tion harder to retrieve (e.g., learning the lawyer is in the
cave and the lawyer is on the beach is harder than learn-
ing the lawyer is in the cave and the fireman is on the
beach). Thus, categorizing individual exemplars is more
difficult (slower) for broader categories (e.g., “cancer”
or “plants”) than for more narrow ones (e.g., “red-green
colorblindness” or “flowers”; Landauer & Freedman,
1968, EL: 3; Landauer & Meyer, 1972, EL: 2; c.f,, Collins
& Quillian, 1970, EL: 3). Interference can happen both
proactively, when old knowledge makes it harder to learn
competing new knowledge (Watkins & Watkins, 1975,
EL: 2), and retroactively, when new knowledge, once
acquired, interferes with retrieving old knowledge (Post-
man & Underwood, 1973, EL: 2).

Indeed, interference-based failures to retrieve some
information may be an inevitable consequence of remem-
bering other, competing information (retrieval-induced
forgetting; Anderson et al., 1994, EL: 2; Roediger, 1978,
EL: 2). Imagine the process of diagnosing a patient with
chest pain. Retrieving myocardial infarction in response
to the cue chest pain reinforces thinking of myocardial
infarction for future cases, and it also correspondingly
weakens the likelihood of considering aortic dissection as
a diagnosis. Thus, less common concepts and informa-
tion are particularly vulnerable to interference (Anderson
et al., 1994, EL: 3). This suggests it should be particularly
important for physicians to practice similar and eas-
ily confusable concepts, especially those similar to more
common concepts (e.g., common diagnoses) and thereby
vulnerable to retrieval-induced forgetting.

It is not always adaptive to retrieve

The phenomenon of retrieval-induced forgetting relates
to another key property of human memory: At least in
some cases, it is beneficial or adaptive not to bring all of
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one’s knowledge to mind (Bjork, 1989, EL: 2; Kuhl et al,,
2007, EL: 4; MacLeod, 1998: EL 2; Nerby, 2005, EL: 2;
Popov et al., 2019, EL: 3; Wimber et al., 2015, EL: 4). In
the case of retrieval-induced forgetting, for instance, it is
likely beneficial on the whole to prioritize frequently used
facts and concepts over those less frequently used, so as
to reduce interference and cognitive demands (Bauml
& Samenieh, 2010, EL 4; Kuhl et al., 2007, EL: 4; Nerby,
2005, EL: 2; Popov et al.,, 2019, EL: 3; Wimber et al., 2015;
EL: 4). For instance, standards of care change (as we
discuss below), and it could be beneficial for physicians
not to bring to mind outdated standards. Indeed, when
explicitly told that some information is obsolete or other-
wise should now be forgotten, people can prioritize study
and retention of other, to-be-remembered information
(for more discussion of the mechanisms of such directed
forgetting, see MacLeod, 1998; EL: 2; Sahakyan et al,
2013, EL: 2). Forgetting the details of individual episodes
or exemplars (e.g., individual patients) can also facilitate
learning broader patterns or prototypes (e.g., diagnoses),
supporting System 1 pattern recognition system, as dis-
cussed above (Narby, 2005, EL: 2; Posner & Keele, 1968;
EL: 3).

Thus, it is unlikely that it would be possible or even
desirable to eliminate forgetting completely. Another
implication is that is not necessarily advisable for physi-
cians to try to remember every detail of every case, and
they are perhaps better served by abstracting more gen-
eral principles. Lastly, it may be valuable to explicitly
highlight when standards of care or other information
is out of date so that physicians can leverage directed
forgetting to prioritize current, relevant knowledge and
skills.

Inaccessible knowledge can often be recovered

or relearned

Although people may sometimes be unable to bring to
mind the desired knowledge or skills, that does not nec-
essarily mean the learning is lost forever. Knowledge that
is forgotten at one point in time can sometimes spon-
taneously be retrieved later (a phenomenon known as
hypermnesia; Erdelyi & Becker, 1974, EL: 3). A classic
example is the tip-of-the-tongue phenomenon (e.g., Burke
et al,, 1991, EL: 5), when one has a sense of knowing a
particular word or name but being unable to retrieve it,
only to spontaneously recover it later. Thus, failure to
retrieve an idea at any point in time is not necessarily, or
even likely, diagnostic of permanent loss. The fact that
inaccessible knowledge and skills are not fully lost also
leads to savings in that previously encountered knowl-
edge can be relearned more quickly than it was initially
acquired (Ebbinghaus, 1885, EL: 4; Nelson, 1978, EL: 4).
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Although inaccessible knowledge can sometimes be
retrieved spontaneously, it is more apt to be retrieved
with appropriate retrieval cues (e.g., Tullis & Benjamin,
2015, EL: 2; Tullis & Fraundorf, 2017, EL: 3), characteris-
tics of the environment that helps to “jog” one’s memory
(although certain cues can be unhelpful if they disrupt a
planned retrieval strategy; Basden & Basden, 1995, EL: 3;
Roediger, 1978, EL: 3). In general, human memory is par-
tially context-dependent, such that memories more read-
ily come to mind when the environment relates to them
or matches how they were initially learned or acquired
(Bjork & Richardson-Klavehn, 1989, EL: 2). More fre-
quent longitudinal assessment, rather than point-in-time
assessment, could thus serve as a cue to keep this knowl-
edge accessible and/or facilitate relearning.

Effects of age on memory and learning

Beyond the time that has elapsed since medical train-
ing, another source of skill decline may be aging. We first
cover the basic science of aging and then address studies
of aging specifically as it relates to physicians.

Age affects some cognitive skills more than others

A clear conclusion from the basic science of memory
aging is that age differentially affects different types of
knowledge. Beginning in early adulthood (e.g., age 20),
performance steadily declines with age on tasks that
require fluid intelligence; that is, those that involve novel
learning or reasoning (Horn & Cattell, 1966, EL: 5; Horn
& Cattell, 1967, EL: 5). This decline may be driven at least
in part by declines in more fundamental aspects of cog-
nition: The speed of even very basic cognitive processing
(e.g., as measured by the speed of identifying whether
two strings of letters are the same or different) declines
with age, as does the ability to temporarily hold informa-
tion in working memory (Park et al. 2002, EL: 5; Salthouse,
1991, EL: 5; Salthouse, 1996, EL: 2; Salthouse, 2004, EL: 2;
Salthouse, 2005, EL: 5; Salthouse & Babcock, 1991, EL: 5;
Stine-Morrow et al., 2008, EL: 5). For instance, declines
in basic speed may drive age differences in more complex
tasks insofar as cognitive skills may break down if peo-
ple cannot retrieve or compute relevant information suf-
ficiently quickly to be useful for the task at hand (Hertzog
et al., 2003, EL: 5; Salthouse, 1991, EL: 5; Salthouse, 1996,
EL: 2; Salthouse & Babcock, 1991, EL: 5; Salthouse, 2005,
EL: 5; Stine-Morrow et al., 2008, EL: 5). Declines in pro-
cessing speed are relevant to many areas of medicine
because physicians often see high volumes of patients in
a day, need to address multiple problems per visit, and in
some settings need to switch quickly between patients. It
is not enough simply to have acquired the relevant cogni-
tive skills; physicians need to be able to bring to mind—or
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know where to look up—the relevant knowledge in time
to be practically useful.

By contrast, fixed knowledge, often referred to as crys-
tallized intelligence, is preserved or even increases with
age (Horn & Cattell, 1966, EL: 5; Horn & Cattell, 1967,
EL: 5; Park et al.,, 2002, EL: 5; Salthouse, 2004, EL: 2;
Zacks & Hasher, 2006, EL: 2). Even fixed knowledge
may decline at especially advanced ages (e.g., age 80 or
above; Park et al., 2002, EL: 5; Salthouse, 2004, EL: 2), but
physicians would likely be retired at this age. In general,
then, older adults rely less on novel (fluid) episodic learn-
ing and more on existing (crystallized) knowledge about
the world (Castel, 2005, EL: 4; Castel, 2007, EL: 4; Cas-
tel et al,, 2013, EL: 3; Koutstaal & Schacter, 1997, EL: 3;
McGillivray & Castel, 2017, EL: 3; Stine-Morrow et al.,
2008, EL: 4; Zacks & Hasher, 2006, EL: 3). This has mixed
implications for the retention and use of medical exper-
tise: On the one hand, physicians’ general medical knowl-
edge might be expected to be relatively spared with age.
On the other hand, older physicians might be less profi-
cient at learning new techniques or remembering newly
encountered cases and patients.

Further, although older adults underperform younger
adults even in very basic memory tasks, age differences
are larger in some types of learning and retrieval than
others (Fraundorf et al., 2019, EL: 1). For instance, it has
been argued that older adults are especially challenged
by cognitive skills that require self-initiated or controlled
processing, such as deliberately committing novel infor-
mation to memory (e.g., learning new standards of care)
or systematically reviewing one’s memory (e.g., delib-
erately considering each of a series of potential diagno-
ses). By comparison, age is less deleterious for relatively
automatic or habitual uses of memory, such as applying a
familiar set of actions (e.g., ordering a frequent diagnostic
test) or recognizing a stimulus (e.g., recognizing a famil-
iar set of symptoms as a particular disease) (e.g., Craik,
1986, EL: 2; Hoyer & Verhaeghen, 2005; EL: 2; Luo &
Craik, 2008, EL: 2; c.f,, Fraundorf et al., 2019, EL: 1). This
pattern is consistent with age-related declines in the con-
trolled, analytical System 2 but preserved or enhanced
functioning of the automatic, experience-based System
1 (Eva, 2002, EL: 2; Eva, 2003, EL: 2). It suggests that
older physicians may rely heavily on habitual, rather than
new, cognitive skills and that they will better remember
patients and treatments consistent with their experience.

Several other generalizations regarding memory aging
highlight other situations where older physicians’ cogni-
tive skills might be preserved. First, older adults perform
comparatively well at remembering new information that
is naturalistic (as opposed to arbitrary laboratory stimuli;
Castel, 2007, EL: 4) or that allows the use of existing eve-
ryday memory strategies, such as establishing routines
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or leaving reminders for oneself (Bailey et al., 2010, EL:
4; Moscovitch, 1982, EL: 5; Rendell & Craik, 2000, EL: 3;
Rendell & Thomson, 1999, EL: 3). Second, older adults
are as or even more effective than younger adults at
working with familiar partners to remember information
as a team. These collaborative cognition strategies can
include dividing responsibilities for remembering dif-
ferent kinds of information and suggesting cues to sup-
port each other’s memory (Dixon & Gould, 1996, EL:
3; Dixon, 1999, EL: 2). Third, older adults are sensitive
to indicators of the value of to-be-retained information
and perform comparatively well in remembering mate-
rial that is important or that otherwise aligns with their
motivational priorities. For instance, in laboratory exper-
iments, older adults are adept at prioritizing material that
prioritizing material that is worth more “points” toward
a goal (Castel, 2007, EL: 3; Castel et al., 2002, EL: 3; Cas-
tel et al., 2007, EL: 3), that a speaker emphasizes inten-
tionally (Fraundorf et al., 2012, EL: 4), that aligns with a
motivational bias for positivity (Charles et al., 2003, EL:
3; Mather & Carstensen, 2005, EL: 3; May et al., 2005, EL:
3), or that comes from a more trustworthy source (Rah-
hal et al., 2002, EL: 3). Indeed, even non-physician older
adults better remember fictive medications with severe
side effects than those with less severe side effects (Har-
gis & Castel, 2018, EL: 3). All three of these age-related
changes would be expected to favor retention of medical
skill and learning even with increasing age insofar as phy-
sicians use their medical expertise in everyday life, often
work with well-established teams, and (presumably)
value their medical knowledge and skills.

However, a final generalization is that there is clear
meta-analytic evidence that older adults are especially
impaired in remembering the source or context of infor-
mation (Fraundorf et al., 2019, EL: 1; Old & Naveh-Benja-
min, 2008, EL: 1; Spencer & Raz, 1995, EL: 1). This could
have deleterious consequences in medicine if older phy-
sicians confuse or misattribute the symptoms or treat-
ments prescribed to several patients they have recently
seen.

In sum, there is reason to be optimistic that physicians
can retain much of their general medical knowledge with
increasing age. However, older physicians may be vulner-
able to reduced memory for specific cases or patients,
and they may access their knowledge more slowly.

Aging as it relates to physicians

The role of aging in physicians’ cognitive skills has been
addressed in a number of narrative reviews (e.g., Ajmi &
Aase, 2021, EL: 2; Eva, 2002, 2003; Durning et al., 2010;
Williams, 2006; EL: 2, Council on Medical Education,
2015, EL: 2). Assessing the role of age in a physician’s
ability to provide high-quality care is quite complicated
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because a number of factors are so highly correlated that
it is usually impossible to distinguish them.

First, it is possible that a physician’s abilities decline
with age due to memory or processing decline. Second, it
is possible that knowledge and skills could decline due to
the passage of time out of medical school and residency;
this variable is highly confounded with age among phy-
sicians insofar as most physicians enter medical school
at roughly similar ages. Third, it is possible that as the
number of years since residency increases, a physician’s
knowledge becomes out of date due to shifting standards
that they did not learn in medical school or residency.
Fourth, over time a physician accumulates more direct
patient experience, which as explained above can have
both positive and potentially negative impacts on perfor-
mance. Fifth, some physicians specialize over time, which
could lead them to lose broader skills that have become
less relevant to their practice. In the following para-
graphs, we unpack evidence relevant to aging physicians.
When we mention correlations with age, we acknowledge
that many other factors, explained above, are highly cor-
related with age. Thus, we are using “age” as a proxy vari-
able, and this is not meant to implicate cognitive aging as
the reason for these associations.

Reliable evidence indicates that the quality of health-
care provided decreases with physician age. A system-
atic review of 62 studies found that 45 studies (73%)
reported a decrease in performance for some or all out-
comes (Choudhry et al,, 2005, EL: 2). Another 13 (21%)
found no association. The remaining four (6%) found a
non-linear (inverted U) trend or an increase in some or
all outcomes. This pattern held across a wide variety of
measures, including knowledge measures, health out-
comes, and adherence to standards of care for diagnosis,
screening, prevention, and therapy. However, one poten-
tial limitation of this review is that it covered a period of
time during which evidence-based medicine and quality-
assurance techniques, such as performance evaluation,
were becoming adopted. So, it is possible that the appar-
ent age-related declines may instead be driven by the
fact that the older physicians were trained prior to this
shift and that the newer generation of physicians, who
were trained to value evidence-based medicine, may not
exhibit declines in quality of care as they age if they stay
up to date with the evidence.

Since this systematic review, several notable stud-
ies reinforce this pattern of decreases in quality of care
provided by older physicians. A population-based study
of adherence to guidelines for antibiotic prescribing in
treating urinary tract infections in children in Taiwan
found that adherence dropped gradually from 87% in
physicians younger than 35 to 45% in physicians older
than 55 (Chen et al,, 2011, EL: 5). Holmboe et al., (2008,
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EL: 5) found that physicians more than 20 years out of
medical school performed considerably worse on the
maintenance of certification exam compared to physi-
cians fewer than 20 years out. Physicians who scored
lower on the assessment also exhibited worse perfor-
mance on measures of treating patients: whether they
had diabetes patients obtain eye exams, lipid tests, and
HbAlc tests, whether they had female patients receive
a mammogram in the past year, and whether they had
patients with coronary artery disease obtain a lipid test
in the past year. St-Onge et al. (2015, EL: 5) similarly
found worse diagnostic performance for clinical vignettes
among older physicians. In sum, there is evidence from
multiple sources of a general decrease in both conceptual
knowledge and quality of care with increased age.

However, the specific reasons for the decreasing qual-
ity of care with age is less certain. One possibility already
discussed (see also Eva, 2002, EL: 2), is that performance
decline may be caused by negative changes in cogni-
tive processing. Another possibility is that older physi-
cians fail to learn and/or retain changing standards of
care. In fact, another study of scores on the ABIM test
found that age predicted poorer performance on ques-
tions that tested knowledge for standards of care that had
changed over the preceding 30 years, but age did not pre-
dict poorer performance on questions about standards
of care that had not changed (Day et al., 1988, EL: 5; see
also Holmboe et al., 2008). However, this study is quite
dated, and it is not certain that this finding would still
hold among the current cohort of physicians, who par-
ticipate in different forms of continuing education than
physicians 30 years ago. More studies of this nature could
help elucidate why knowledge and performance appear
to decline with age.

Although performance generally declines with age,
there are some cases where it may not. System 1 (non-
analytical processing or pattern recognition) may remain
stable or even improve with age and experience; in the
previous section, we discussed how more automatic
forms of memory or habitual responses, as well as fixed
knowledge, remain intact until advanced ages of 80 or
above (see also Eva, 2002, EL: 2). Being able to continue
to rely on automatic forms of memory accords with the
important role of non-analytical medical decision mak-
ing. Some studies have indeed found that older physi-
cians tend to both identify correct diagnoses very quickly
and settle on a diagnosis quickly. This is a double-edged
sword. On the one hand, it can lead to quick and accu-
rate diagnoses. For example, two studies (Eva et al., 2010,
EL: 5; Hobus & Schmidt 1993, EL: 5; see discussion in
Eva, 2002) found a positive relation between age/years
of experience and diagnostic accuracy. However, quickly
settling on a diagnosis can also lead to premature closure
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(i.e., failing to consider alternatives after reaching a deci-
sion), and some research has found that older physicians
focus more heavily on information presented earlier in a
case (Eva & Cunningham, 2006, EL: 5).

In sum, the majority of the evidence suggests that
older physicians perform worse in a variety of ways, even
though gaining experience over one’s career may mitigate
this decline to some extent. However, doctors are tasked
not only with maintaining current standards of care but
also keeping up with changing standards, which we dis-
cuss in the next section.

Keeping up with changing standards of care

One of the fundamental challenges in medicine is keep-
ing up with the ever-changing standards of care. An
Institute of Medicine report (McGinnis et al., 2013) con-
cluded that diagnostic and treatment options are chang-
ing at an accelerating rate, making it ever more important
to keep up with changing standards. Two major reviews
have systematized the barriers to using current standards
of care (Cabana et al,, 1999, EL: 2; Cochrane et al., 2007,
EL: 2). Though the reviews differ in many ways, there is
substantial agreement in terms of the cognitive and atti-
tudinal barriers identified. Imagine a physician learning
about a new treatment standard of care. First, the physi-
cian must become familiar with and aware of this new
standard of care. Second, the physician must develop
knowledge or skill, for example, knowledge about indica-
tions and dosages of a therapy. Third, the physician must
form a high outcome expectancy (believe the treatment
or standard would be beneficial) and agree with the new
standard of care. Fourth, the physician should feel confi-
dent they can implement it, termed self-efficacy. By con-
trast, a physician may feel (for example) uncomfortable
providing treatment for a condition at the boundary of
their scope of practice. Fifth, the physician must over-
come habits or inertia, doing things the same way as they
have always been done.

How might a longitudinal assessment program affect
these barriers? In Fraundorf et al. (2022), we discuss the
overwhelming evidence that repeated testing benefits
learning and retention and protects against interference
from previously learned practices. Thus, longitudinal
assessment would likely improve familiarity, awareness,
and knowledge. It is less clear whether longitudinal
assessment could impact the attitudinal barriers, such as
outcome expectancy and self-efficacy, though it is pos-
sible that providing feedback (correct answers, explana-
tions, and citations) might alleviate attitudinal barriers.
Aside from longitudinal assessment, continuing medi-
cal education (CME) is the primary system currently
in place designed to help physicians maintain cogni-
tive skills and gain new skills. In the first article in this
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collection (Rottman et al., 2023), we discuss the strength
and limitations of CME and compare CME to longitudi-
nal assessment.

Proposed studies and future directions

Providing feedback about strengths and weaknesses

and tracking age gaps over time

Two benefits of a longitudinal assessment program are
that it can potentially help physicians learn about stand-
ards of care that have changed since their training and
that it can provide useful feedback to physicians about
their relative strengths and weaknesses. We propose that
Boards prospectively classify items as testing new stand-
ards of care versus testing old—but still relevant—stand-
ards of care. This classification can then be used in three
ways.

First, physicians can be provided with feedback about
performance on these two different types of questions.
This will provide physicians with a sense of whether they
are challenged more by staying current versus by main-
taining older knowledge.

Second, we propose that boards use an approach pio-
neered in a clever study (Day et al., 1988). This study
looked at older versus younger physicians’ performance
on the continuing certification program assessment,
contrasting questions for which standards of care have
changed over time versus questions for which they have
not. The finding was that older physicians performed
worse for questions testing knowledge about stand-
ards that had changed, but not for standards that had
remained the same. Ideally, if the assessment program
works to keep physicians up to date, this interaction for
older vs. younger physicians on changed vs. unchanged
standards should diminish over time. This analysis could
be conducted both before and after implementing the
longitudinal assessment program to evaluate the contri-
butions of the educational component of the longitudinal
program. And, it could be conducted on an ongoing basis
to measure the success of the program over time, with
the goal of continuously optimizing the test to minimize
age differences.

Third, extending this analysis pioneered by Day et al.
(1988) can help to uncover the reasons for poor perfor-
mance. In particular, Day et al. found decreases in perfor-
mance over time only on questions for which standards
of care have changed over time, which seems to implicate
challenges of staying current rather than aging or time
since residency per se. However, since 1988, the land-
scape of CME has changed considerably, so it is not clear
whether the same pattern would be found. Furthermore,
one possibility is that physicians selectively keep up with
standards that they think are especially relevant to their
practice. This possibility could be assessed by having
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physicians rate the relevance of each question, and test-
ing whether relevance interacts with age and whether or
not a standard has changed. Still other analyses would be
possible if physicians also rate their confidence in their
answers. For example, one possibility is that if a physi-
cian is wrong on a question that involves a new standard,
but is highly confident, that might mean old knowledge
is interfering with learning new knowledge or that they
never learned the new standards. In contrast, if a phy-
sician is wrong but not very confident on a question
involving a new standard, that might indicate that a new
standard has not been learned.

Measuring response time during testing

Some prior research has examined the relationships
between age, response time, accuracy, and case dif-
ficulty (Barrows et al., 1982, EL: 5; Elstein et al., 1978,
EL:5; Gruppen et al., 1988, EL: 5; Norman et al., 1989,
EL: 5; Pelaccia, et al., 2014, EL: 5). However, these find-
ings are nuanced and not entirely consistent, and this
research could benefit from broader case materials and
from larger, more representative samples of physicians
across many specialties. In fact, given that many items
on continuing certification program assessments already
incorporate questions about diagnosis and treatment,
and response time is easy to record in a computer system,
data could be easily obtained to test these relationships.

Identifying out-of-date information

As we discussed above, laboratory evidence indicates that
learners have the capability to engage in directed forget-
ting of material that has been explicitly cued as to-be-for-
gotten (e.g., because it is out of date or incorrect). There
may be opportunities to leverage this capacity in longi-
tudinal assessment; for example, by presenting outdated
standards of care and explicitly indicating they are no
longer current and should not be retained. We hypoth-
esize that this should lead to better retention of current
standards of care than a procedure in which out-of-date
material is not explicitly addressed.

Debiasing and clinical reasoning interventions

A more open-ended suggestion is to consider using longi-
tudinal assessment programs as a platform to test debias-
ing and clinical reasoning interventions. In particular, the
dual-process theory presumes that there are two systems
of reasoning, one that is faster and one that is slower, and
that these systems need to be coordinated (Croskerry,
2009a, EL: 2; 2009b, EL: 2; Norman & Eva, 2010, EL: 2;
Pelaccia et al., 2011, EL: 2). For example, one proposal is
that physicians need to learn how to switch from faster
automatic judgment for routine problems to slower,
more effortful reasoning for more unusual or ill-defined
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problems (Moulton et al., 2007; see also Graber, 2009).
Croskerry and colleagues have reviewed potential ways
to attempt to teach physicians to avoid common biases
(e.g., Croskerry et al., 2013a; b).

Though several debiasing and clinical reasoning
interventions have been proposed and tested, there is
only mixed evidence whether they work (e.g., Schmidt
& Mamede, 2015, EL: 2; see also Isler et al., 2020, for
research on debiasing training outside medicine). Still, a
number of consenses still express interest in such inter-
ventions (Olson et al., 2019; National Academies of Sci-
ences, Engineering, & Medicine, 2015, pp. 4—32 to 4—34;
Parodis et al, 2021), and new debiasing interventions
are being tested with some promise (Kuhn et al., 2020;
Mamede et al., 2020). Longitudinal assessment pro-
grams could serve as a testing ground for brief interven-
tions that could be embedded right before or during a
question.

In summary, there are a number of potential ways that
data collected from longitudinal assessment programs, or
from interventions embedded inside the programs, could
be used to assess the efficacy of the programs themselves,
provide guidance about how to improve feedback, and
test basic questions about medical expertise and diagno-
sis that are hard to study in other settings and for which
studies are rare and small. Many of these proposals can
be accomplished with minimal changes to the duration
of the program, and physicians may find them insightful
if the results can demonstrate strong evidence regarding
the roles of aging and keeping up with standards of care,
speed versus accuracy, and debiasing techniques.

Examining basic mechanisms of non-analytical reasoning
in diagnosis

Longitudinal assessment also provides opportunities to
further uncovering the basic mechanisms of non-analyt-
ical reasoning in medical decision making. Experiments
on the role of non-analytical reasoning in diagnosis can
be directly embedded into a longitudinal assessment pro-
gram and, by doing so, would help to firmly establish an
empirical base of knowledge regarding non-analytical
reasoning in medicine. The research on non-analytical
reasoning in medicine has only been tested in a few stud-
ies with only modest sample sizes (Brooks et al., 1991,
EL: 4; Hatala et al,, 1999, EL: 4; Young et al., 2011, EL:
4). Though these findings are intuitive, and though they
build upon an extensive literature on the basic science of
categorization from cognitive science (Cohen & Lefeb-
vre, 2017), there exist important gaps in knowledge. First,
most of the basic science research has been conducted
with abstract stimuli, and with undergraduates who are
trained for only short periods of time, not complex real-
world medical stimuli that require years for physicians to
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master. Thus, conducting more and larger studies with
physicians will help to establish these phenomena within
medicine with more certainty.

A longitudinal assessment also provides a remarkable
opportunity to design studies embedded into the training
programs to test the role of irrelevant information from
prior cases in biasing the diagnosis of future cases. This
research could test how long the bias lasts, how strong
the bias is, how the prevalence of a disease or a physi-
cian’s knowledge of a disease affects the bias, and whether
age of the physician interacts with non-analytical reason-
ing. Further, given that most of the literature on non-ana-
lytical reasoning in diagnosis has focused on diagnosis
based on visual information (e.g., reading ECGs, pathol-
ogy, dermatology, radiology), another question is whether
the bias is different for diagnosis that requires integrating
multiple signs, symptoms, and lab reports (emergency
medicine, internal medicine, etc.; Norman et al., 2007).

In sum, although there is broad consensus that non-
analytic reasoning plays some role in diagnosis, we know
comparatively little about when, where, and how much
it matters. Delineating how experience both bolsters
and biases subsequent decisions could help make physi-
cians more aware of how such non-analytic factors could
impact decision making, which could increase motiva-
tion to follow evidence-based guidelines or be used in
debiasing efforts.

The effect of feedback on outcome expectancy

and self-efficacy

Another opportunity is to study the feedback provided
that explains whether an answer is right or wrong.
Among the multiple barriers to keeping up with changing
standards of care, the main barriers that a longitudinal
assessment program is intended to address are aware-
ness, familiarity, and knowledge about the new standard
of care. However, it is possible that feedback could also
address other barriers, such as not believing that the new
standard is better (outcome expectancy) and not being
confident in how to implement it (self-efficacy). Experi-
ments could be designed that manipulate the provided
feedback, and questions could be embedded about a phy-
sician’s feelings of outcome expectancy and self-efficacy
in order to test ways to maximize the broader utility of
the feedback for overcoming multiple barriers.

Summary and conclusion

We discussed four topics related to how physicians
acquire, maintain, and update cognitive skills. First, we
reviewed the dual-process theory of medical expertise,
which proposes that medical decision making is a com-
bination of (a) fast intuitive thinking (non-analytical
processing) shaped by experience and (b) slow analytical
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thinking guided by logic. According to this theory, the
benefits of non-analytical thinking are that decisions
can be reached very fast and are often correct. However,
intuitive, non-analytical thinking also has downsides. Idi-
osyncratic experiences can shape a physician’s decisions
(e.g., about treatment decisions). And, idiosyncrasies in
which patients a physician does and does not see affect
the maintenance of expertise; for instance, they could
distort the physician’s beliefs about the prevalence of a
diagnosis and the likelihood of that diagnosis coming to
mind.

Second, we discussed the basic science of why peo-
ple forget or fail to retrieve information. Forgetting can
sometimes be an adaptive in that it allows people to
discard information that is out of date or less impor-
tant, and forgetting individual details can help people
to learn broader patterns. Nevertheless, it is clear that
people sometimes fail to bring relevant information to
mind. But, this does not necessarily indicate it is per-
manently lost. Rather, it may become accessible again
later, especially with the right cues. One important cause
of retrieval failures is the inability to access knowledge
quickly enough to be useful. Another is interference from
competing concepts and skills. The literatures both on
interference and on analytical thinking point toward an
opportunity for a longitudinal continuing certification
program to attempt to fill in potential gaps in experi-
ence by testing cases that are somewhat rare but of high
importance to patient care.

Third, whereas crystallized intelligence (e.g., medical
knowledge) remains intact until age 80, fluid intelligence
(e.g., novel learning or using balancing multiple tasks in
working memory) declines with age. The majority of the
evidence suggests that the quality of healthcare declines
with physician age. This could be driven in part by the
decline in fluid intelligence; however, another contributor
could be a failure to keep up with changing standards of
care.

Fourth, we reviewed physician-level barriers to keeping
up with changing standards of care, including not being
aware of or knowledgeable about a new standard, not
believing that the new standard is better, not being confi-
dent in how to implement the new standard, and habits.
The goal of continuing certification programs has tradi-
tionally been to assess whether physicians are keeping
up with changing standards. The switch to a longitudinal
assessment program presents the opportunity of serv-
ing both as assessment and as an educational program to
make physicians more knowledgeable about new stand-
ards and their application in patient care.
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Abstract

Is self-assessment enough to keep physicians’ cognitive skills—such as diagnosis, treatment, basic biological knowl-
edge, and communicative skills—current? We review the cognitive strengths and weaknesses of self-assessment

in the context of maintaining medical expertise. Cognitive science supports the importance of accurately self-
assessing one's own skills and abilities, and we review several ways such accuracy can be quantified. However, our
review also indicates a broad challenge in self-assessment is that individuals do not have direct access to the strength
or quality of their knowledge and instead must infer this from heuristic strategies. These heuristics are reasonably
accurate in many circumstances, but they also suffer from systematic biases. For example, information that feels easy
to process in the moment can lead individuals to overconfidence in their ability to remember it in the future. Another
notable phenomenon is the Dunning—Kruger effect: the poorest performers in a domain are also the least accurate

in self-assessment. Further, explicit instruction is not always sufficient to remove these biases. We discuss what these

with outside sources.

findings imply about when physicians'self-assessment can be useful and when it may be valuable to supplement

Keywords Medical expertise, Metacognition, Self-assessment

Significance statement

Providing high-quality care requires practicing physicians
to assess their own knowledge and skills: when judging
whether a tentative diagnosis is appropriate, when decid-
ing whether they need to refer a patient to a specialist,
or when selecting what skills and materials to study and
practice. The present review captures both the strengths
and weaknesses of self-assessment, especially as it could
be applied to the context of maintaining and updating
medical expertise. We show that self-assessment can be
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reasonably accurate, and we discuss how this could be
leveraged in maintaining physicians’ medical expertise.
However, we also highlight some systematic biases and
errors in self-assessment, which point to a need for addi-
tional, external sources of feedback and guidance.

Introduction

Physicians’ ability to accurately self-assess their knowl-
edge is likely to be critical to multiple aspects of acquir-
ing and retaining expert performance over time, such as
deciding what material to study (and how long to study
that material) for continuing certification program
assessments, deciding among CME options, and decid-
ing whether to look up additional information for mak-
ing a decision about an individual patient. Self-assessing
knowledge is also critical for deciding whether to refer
a patient to a sub-specialist versus treating a patient
oneself.
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Table 1 Evidence levels for in-text citations for empirical claims

Evidence level Type of work

1 Quantitative meta-analysis

2 Narrative review

3 Multiple original experiments/rand-
omized controlled trials (RCTs)

4 Single original experiment/RCT

5 Correlational or quasi-experimental study

6 Opinion paper

Here, we review what cognitive science suggests about
the nature of self-assessment: what it is, why it is impor-
tant, and how it can be measured. We consider both ways
in which self-assessment is accurate as well as its system-
atic biases and weakness, and we describe theoretical
perspectives that account for both. We discuss what may
be needed to improve self-assessment before highlighting
open questions and proposing relevant future studies.

This article is part of a collection of five articles in this
special issue focused on how physicians maintain medi-
cal expertise across their careers. We take the approach
of a narrative review, not systematic, because it covers a
wide variety of topics. To situate the strength of the evi-
dence and claims made, we attach evidence levels (EL) to
in-text citations for empirical claims (See Table 1). Evi-
dence levels range from 1 to 6, with 1 being the strongest
evidence (meta-analyses) and 6 being the weakest (opin-
ion papers).

What is self-assessment?

The notion of self-assessment has been criticized in the
literature on medical expertise for being poorly defined
(Eva & Regehr, 2005). It is true that self-assessment is a
multifaceted construct and can refer to related but dis-
tinct processes. We thus begin by introducing the frame-
work of Nelson and Narens (1990, EL: 2), which has
been extremely influential within cognitive psychology.
This framework identifies two processes relevant to self-
assessment. First, people must monitor, or assess their
current knowledge and level of performance. For exam-
ple, when deciding whether they have sufficient expertise
to treat a patient versus refer them elsewhere, a physi-
cian might monitor their expertise by judging whether
they can bring relevant information to mind, remember-
ing their experiences treating similar patients, and/or
mentally enumerating their areas of medical expertise.
Second, people must control their activities, or choose
learning and performance strategies informed by this
knowledge of their strengths and weaknesses. For exam-
ple, based on this assessment of expertise, the physician
might treat the patient with their current knowledge,
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look up additional information, or refer the patient to a
specialist. Together, these processes are termed meta-
cognition, or reasoning about one’s own thinking and
knowledge.

Research from cognitive psychology supports the claim
that accurate self-assessment matters for learning: There
is evidence both that (a) monitoring is causally related to
decisions about learning and that (b) those decisions in
turn alter the type and amount of learning that occurs.
For instance, monitoring of knowledge appears to have a
causal role in determining what learners study and how
much time they spend on it (Metcalfe & Finn, 2008, EL:
3; Metcalfe, 2009, EL: 2; Thiede et al., 2003, EL: 4). Across
domains and participant groups, learners often choose to
study material they have judged that they do not know
as well (the discrepancy reduction strategy; Dunlosky &
Hertzog, 1997, EL: 5; Son & Metcalfe, 2000, EL: 2; c.f,,
Metcalfe & Kornell, 2003, EL: 3; Miller, 2005, EL: 3). In
turn, decisions about what to study matters for long-term
retention: Learners who focus their study time on diffi-
cult material end up with more overall knowledge than
learners who spend on their time on easy material (Tullis
& Benjamin, 2011, EL: 5; c.f,, Nelson & Leonesio, 1988,
EL: 5). More broadly, good awareness of one’s own think-
ing (i.e., metacognition) predicts academic success even
when controlling for general intelligence (Ohtani & Hisa-
saka, 2018, EL: 1).

A key implication for the retention of medical expertise
is that physicians’ ability to self-assess has direct conse-
quences for their behavior. If physicians do not accurately
monitor their knowledge, they will make poor decisions
about what to study for continuing certification pro-
gram assessments and what to review in everyday prac-
tice. Indeed, physician overconfidence has been linked to
diagnostic errors (Berner & Graber, 2008, EL: 2).

Monitoring accuracy has two components

Before we can draw any conclusions about how accu-
rately people can self-assess their knowledge, we first
must consider how accuracy can be measured. Labora-
tory studies have assessed the monitoring component of
metacognition by having participants: (a) complete some
task (e.g., answering science questions) and (b) rate their
level of performance. A critical question in research on
monitoring has been how closely perceived performance
aligns with actual performance: If self-assessments are
accurate, then higher confidence should predict a higher
probability of correct responding, and lower confidence a
lower probability.

Methodologists (e.g.,Juslin et al., 1996; Lichtenstein &
Fischhoff, 1977; Murphy, 1973; Nelson, 1996; Nelson &
Dunlosky, 1991; Schraw, 2009; Yates, 1982) have deline-
ated how monitoring accuracy can be assessed in terms
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of both calibration and resolution. Calibration (or abso-
lute accuracy) is how well a learner can predict their
overall level of performance. For example, if I predict
that I will get a B average in my classes this term, do I
earn a B average (good calibration), or do I earn an A
or C average (poorer calibration)? Calibration identifies
whether learners are overconfident, underconfident, or
appropriately confident in their skills. Good calibra-
tion would be demonstrated if, for instance, a physician
who estimated that their initial diagnoses were incor-
rect 10% of the time was indeed incorrect 10% of the
time (rather than more or less). This kind of monitor-
ing would be important when physicians judge whether
their knowledge is “good enough”; that is, is their cur-
rent knowledge good enough to provide effective care
for the patient population that they see, or do they need
to look up additional information or acquire additional
training?

Assessing calibration requires learners to provide judg-
ments on a scale that can be directly compared to objec-
tive criterion performance. For example, to measure
calibration on tests where objective accuracy is measured
on a 0-100% scale, the confidence scale would also need
to refer to the probability of correct responding (e.g., on
a 0-100% Likert scale, or smaller intervals such as “0%,
“25%", “50%", “75%, or “100%”). This would represent
a change for many assessments of medical expertise,
where confidence is often assessed using more subjective
terms, such as “somewhat confident” or “very confident”
Unfortunately, such ratings do not permit a true assess-
ment of whether a learner is overconfident or undercon-
fident because there is no objective definition of what it
means to be “somewhat confident” However, there would
be several potential advantages to collecting confidence
judgments in a format that can assess calibration—most
critically, the ability to give physicians feedback on
whether they are overconfident or underconfident, as
well as asking novel research questions, such as how cali-
bration varies across performance outcomes.

A second type of monitoring accuracy is resolution (or
relative accuracy), which is how well a learner can iden-
tify their relative strengths and weaknesses, such as their
areas of expertise, or the particular patients for whom
their judgments are more or less likely to be corrected.
For example, if I think I am more knowledgeable about
diabetes than thyroid problems, is that true (good resolu-
tion), or am I in fact better with the thyroid than diabe-
tes (bad resolution)? In self-assessing medical expertise,
good resolution would be demonstrated physicians
expressed more confidence in the specific situations were
indeed better at. This kind of monitoring is important
when physicians decide which patients need further con-
sideration and when they choose which topics to study

(2023) 8:58

Page 3 of 16

for continuing certification program assessments or
which CME activities to participate in.

Researchers have debated which form of monitoring is
most important for physicians. Some (Omron et al., 2018;
Zwaan & Hautz, 2019) have argued that a particular
problem for physicians is poor calibration—specifically,
overconfidence. Physicians may be overconfident in their
skills because even when they make an error (e.g., mis-
diagnose a patient or provide incorrect treatment), they
often does not get adequate feedback about this because
the patient may recover anyway, go to another treatment
center, or die (see Rottman et al., 2023, for further discus-
sion). Indeed, meta-analysis and review suggest overcon-
fidence is widespread and physicians’ self-monitoring is
poorly calibrated (Berner & Graber, 2008, EL: 2; Gordon,
1991: EL 1). On the other hand, Eva, Regehr, and col-
leagues have argued (Regehr et al., 1996; Eva & Regehr,
2005, 2007, 2011) that, in practice, physicians rarely need
to assess their overall level of performance or function-
ing; rather, it is more important to identify the specific
cases for which physicians need to slow down and devote
more care, a capacity that seems to align with resolution.
Our view is that it is likely both calibration (“do I know
enough about hypertension?”) and resolution (“do I know
more about hypertension or diabetes?”) would be valu-
able for physicians, but it is clear more work in this space
is needed, especially to directly compare these two capa-
bilities. Indeed, one reason for the lack of clarity on this
point may be that not all work has recognized that there
are separate measures of metacognitive monitoring that
quantify different things.

Metacognitive monitoring can be reasonably
accurate

Confidence predicts accuracy

Can learners monitor their learning per both standards
discussed above? In many cases, monitoring can be rea-
sonably accurate, though imperfect: On average, higher
confidence in one’s cognitive skills predicts a somewhat
greater probability that one is correctly answering a ques-
tion or correctly completing a task, both in terms of cali-
bration and discrimination. This is true across multiple
types of performance. For example, people can monitor
their episodic memory—knowledge of specific events,
such as an individual patient’s symptoms and diagno-
sis—with reasonable accuracy such that, generally speak-
ing, the more confident someone is in their memory, the
more likely it is to be accurate (e.g., Banks, 2000, EL: 5;
Benjamin et al.,, 2009, EL: 5; Egan, 1958, EL: 5; Tweed
et al., 2020, EL: 5; Wickelgren & Norman, 1966, EL: 5;
Wixted, 2007, EL: 5; Wixted & Wells, 2017, EL: 5). It is
also broadly true for semantic knowledge—that is, more
general world knowledge, such as the name of a nation’s
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capital or the appropriate drugs to treat a particular syn-
drome (Berdie, 1971: EL 5; Goldsmith & Koriat, 2007,
EL: 5; Koriat & Goldsmith, 1996, EL: 5; Metcalfe, 1986,
EL: 5; Smith & Clark, 1993, EL: 5), as well as particular
categories of knowledge (e.g., science vs. history, or ankle
problems vs. knee problems; Eva & Regehr, 2007, EL: 4).
Indeed, even when learners are unable to bring desired
information to mind in the moment, they can accurately
monitor whether they are likely to be able to retrieve that
information in the future (the feeling of knowing; Freed-
man & Landauer, 1966, EL: 5; Gruneberg & Monks, 1974,
EL: 5; Hart, 1965, EL: 5; Hart, 1967, EL: 5; Metcalfe, 1986,
EL: 5; Nelson & Narens, 1980a, EL: 5; Nelson & Narens,
1980b, EL: 5; Smith & Clark, 1993, EL: 5).

Of course, when physicians choose what to study or
practice, they need to evaluate not just their immediate
knowledge, but their ability to retain, access, and use that
information in the future. Laboratory studies have tested
this ability, too, by adapting the confidence-monitoring
paradigm reviewed above into the judgments of learning
paradigm (Fig. 1). In this paradigm, learners first study
novel material and/or review existing knowledge for a
future test or task. These materials similarly vary across
studies and include science facts, examples of to-be-
learned categories (e.g., different species of birds), and
word pairs, among others. After studying each item, the
learner provides—either immediately or after a delay—
a judgment of learning (JOL), which is an assessment
of how likely they are to be able to respond correctly on
the future test. For example, learners would rate how
likely they are to remember a science fact, or to be able
to classify the species depicted in a photograph of a bird.
Lastly, the learner takes some form of test or assessment
on the material. When JOLs are made at a delay after ini-
tial learning, they can strongly predict later performance
(Nelson & Dunlosky, 1991, EL: 5); meta-analysis indi-
cates a 0.75 correlation between delayed JOLs and later

performance (Rhodes & Tauber, 2011, EL: 1). However,
when JOLs are made immediately after learning, their
predictive power is somewhat reduced (a correlation of
0.42; Rhodes & Tauber, 2011, EL: 1), for reasons we dis-
cuss later.

The implication of these laboratory studies is that phy-
sicians are likely to be able to self-assess their skills and
knowledge with a moderate, though imperfect, degree
of accuracy. This conclusion has been echoed by several
reviews of the medical literature (Gordon, 1991: EL 1;
Davis et al., 2006: EL 2), which have found that physicians’
self-assessments do predict their objective performance,
but only weakly to moderately. (Note, however, that these
measures did not always distinguish calibration from
discrimination.) Indeed, the ability to accurately judge
whether one knows something can be challenging in the
health sciences: Learners’ accuracy in self-assessing their
knowledge about healthcare varies widely, but on average
is fairly poor (Gordon, 1991, EL: 2), especially for clinical
performance as compared to factual knowledge. Where
calibration diverges from the ideal, it is often in the direc-
tion of physicians being overconfident in their diagnoses,
decision-making, and assessments (Berner & Graber,
2008, EL: 2; Gordon, 1991: EL 1).

Thus, depending on one’s perspective, the glass of self-
assessment is either half empty or half full. On the one
hand, the imperfections of metacognitive monitoring—
including some systematic biases that we review below—
mean that self-assessment alone is likely insufficient.
On the other, given that learners do have some ability to
monitor themselves, that capability could be leveraged in
designing longitudinal continuing certification program
assessments; for instance, by allowing physicians some
control over which topics to be tested on. Physicians may
be able to choose and practice the particular topics that
they struggle with (assuming that the early assessments
are fairly low-stakes). Additionally, physicians may have
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some insights into what topics are not relevant for their
practice. For example, if an orthopedist has restricted
their practice to adult hips and knees, it may not make
sense to ask questions about pediatric problems or about
adult ankles, feet, elbows, shoulders, or spines.

Would such learner control of which materials to study
be helpful? Laboratory studies find that learner control of
which materials to study is superior to allocating study
time equally or based on normative difficulty (Koriat
et al.,, 2006, EL: 3; Mazzoni & Cornoldi, 1993, Experi-
ment 3, EL: 4; Tullis & Benjamin, 2011, EL: 3). However,
a meta-analysis of classroom studies (Karich et al., 2014,
EL: 1) found weak to nonexistent evidence that such
practices benefit students. Given the ambiguity of the
available evidence, it is an open question whether physi-
cians’ own self-assessments are more or less accurate at
identifying topics that should be studied compared to an
algorithm based on their prior performance.

People can control reporting in multiple ways

Above, we have shown that people can—to some
degree—self-assess the accuracy of a specific task
response. Another important kind of monitoring is to
determine whether and how one should respond at all.
For example, physicians must decide whether to diagnose
a patient based on their current knowledge or instead
consult a colleague or external resource. Indeed, Ward
et al. (2002) argue that it is more important for physi-
cians to know when to stop and seek external resources
(such as peers or the medical literature) than it is to have
precise accuracy in monitoring their cognitive skills.
Here, we evaluate in turn each of several response strat-
egies: declining to respond, adjusting the grain size of a
response, looking up information, and seeking help from
others.

Koriat and Goldsmith (1994, EL: 3) developed a two-
phase laboratory procedure to test whether people
can accurately self-assess whether to respond at all.
In an initial phase, participants answer general world-
knowledge questions (e.g., What is the chemical process
responsible for the formation of glucose in the plant cell?)
but have the option to withhold responses; payment for
participation is structured such that participants lose
money for incorrect responses but not for withhold-
ing responses. In the second phase, participants revisit
each question and are required to respond. This per-
mits comparison between participants’ accuracy when
allowed to withhold responses versus when required
to respond. Critically, questions for which participants
withhold responses in phase 1 are much less likely to
be answered correctly in phase 2, indicating that peo-
ple were successfully able to self-assess what they did
not know (Goldsmith & Koriat, 1999, EL: 3; Kelley &
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Sahakyan, 2003, EL: 5; Koriat & Goldsmith, 1994, EL:
5; Koriat & Goldsmith, 1996, EL: 5; Koriat et al., 2008,
EL: 5; Goldsmith & Koriat, 2007, EL: 5). Similarly, Eva
and Regehr (2011, EL: 3) found that when learners were
provided with an opportunity to skip a test question
that was outside their knowledge set, they chose to skip
items that they would have answered incorrectly.

A less drastic adjustment than withholding a
response entirely is to provide an estimate or judgment
at a different grain size. For example, imagine a physi-
cian trying to estimate how long an infection would
take to clear up. The physician could provide a specific
estimate (5 weeks), a narrow range (4 to 6 weeks), or a
wider range (2 to 8 weeks). People can also self-assess
the appropriate grain size to some degree. The two-
phase procedure described above yields similar evi-
dence for effective metacognition when, rather than
being given the option to withhold responses, partici-
pants are instead allowed to control the grain size of
reporting, e.g., reporting that the Berlin Wall fell in
the interval 1985 to 1995 when less confident versus
reporting 1989 when more confident (Goldsmith et al.,
2005, EL: 5; Goldsmith et al., 2002, EL: 5; Koriat et al.,
2008, EL: 5; Neisser, 1988; Yaniv & Foster, 1997, EL: 5).

Two other ways that people can adjust their responses
are to withhold a response until they can consult an
external resource (e.g., the internet; Ferguson et al.,
2015, EL: 3) or another person for help. Here, people’s
behavior may align less closely with their metacognitive
monitoring; although people are broadly more likely to
consult external aids when less confident (Cotler et al.,
1970, EL: 5; Nelson & Fyfe, 2019; EL: 5; Undorf et al,,
2021, EL: 3), they sometimes do not seek help even
when low in confidence (Undorf et al., 2021, EL: 3). One
reason for this may be that seeking external help incurs
additional costs, such as requiring more time or—in the
case of asking another person—social judgment from
one’s peers or supervisors (Halabi & Nadler, 2017, EL:
2; Karabenick & Gonida, 2018, EL: 3; Nadler, 1991, EL:
3; Nadler, 2017, EL: 3; Nadler & Chernyak-Hai, 2014,
EL: 3, but see Miranda Lery Santos et al,, 2020, EL: 4,
for null effects of the time taken to request help). Such
negative consequences of help-seeking may be particu-
larly strong for individuals from socially disadvantaged
groups, for whom help-seeking may be viewed as rein-
forcing negative stereotypes of inability or dependence
(Halabi et al., 2016, EL: 5; Halabi & Nadler, 2017, EL: 2;
Nadler, 2017, EL: 3; Nadler & Chernyak-Hai, 2014, EL:
3). However, these conclusions stem from studies with
varied forms of help or external resources, and there is
a need to study help-seeking behavior with the specific
kinds of resources most apt to be used by physicians
(e.g., UpToDate).
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Nevertheless, the broad need to self-assess when to
report versus when to “look it up” leads to the specula-
tive suggestion that it may be beneficial for assessments
of medical expertise to additionally assess whether physi-
cians can judiciously employ such responses and perhaps
even to train this metacognitive skill. In the proposed
studies below, we describe one method that might be
used for such an assessment.

Metacognitive monitoring is subject to systematic
biases

Although monitoring can be reasonably accurate in some
cases, as we discuss above, research has also documented
several important errors and biases in self-assessment.
We review several key biases before turning to theoreti-
cal accounts that can explain them.

Learners underestimate both learning and forgetting
People underestimate the degree to which their cogni-
tive skills will change in the future. On the one hand,
people greatly underestimate how much they will forget
between the time they learn information and the time
that they need to use it (Koriat et al., 2004, EL: 3), likely
because recently acquired knowledge feels strong and
salient in the moment. On the other hand, when learn-
ers start with low initial knowledge, they underestimate
how much they can learn in the future because that
knowledge initially feels difficult and inaccessible. Even as
people practice and gain skill, their JOLs tend to reflect
their initial struggles (the underconfidence-with-practice
effect; Koriat, 2008b, EL: 3; Koriat et al., 2002; c.f.,, Serra
& Dunlosky, 2005, EL: 3). Even when people do expect
their skills to improve, they rely too greatly on their ini-
tial experiences in forming expectations: People who are
initially the most adept at a task tend to forecast their
skills will improve the most (the performance heuristic;
Critcher & Rosenzweig, 2014, EL: 3), even though in fact
such people have the least room to improve.

The tendency for people to treat their present state of
skill or knowledge as if it will continue forever has been
termed the stability bias (Kornell & Bjork, 2009, EL: 3).
This bias is likely to influence physicians’ self-assessment
of medical expertise in two ways: First, physicians may
underestimate how much they may forget after their ini-
tial training, and so the accuracy of their self-assessment
years later may be inflated in the absence of external
feedback. Second, they may conversely underestimate the
degree to which their skills and knowledge are amena-
ble to learning and practice—even in their current areas
of weakness and even when practices need to update to
conform to advances in medicine. This may lead physi-
cians to forego beneficial training or review unless exter-
nally prompted to do so.

(2023) 8:58

Page 6 of 16

A corollary to the fact that people underestimate for-
getting is the observation that self-assessment is better at
a delay. One of the most robust phenomena in monitoring
is the delayed-JOL effect (Rhodes & Tauber, 2011, EL: 1;
Nelson & Dunlosky, 1991, EL: 5): JOLs made immediately
after initial learning show low resolution, but delayed
JOLs made sometime after later initial learning (e.g., dur-
ing a second, later study session) predict memory quite
accurately. This difference can be explained in terms of
the ease-of-processing heuristic we discuss below (Begg
et al,, 1989, EL: 5). Immediately after studying, knowl-
edge is still active in the learner’s immediate working (or
short-term) memory' and feels fluent and accessible. But,
over time, the contents of working memory are lost, thus
rendering immediate fluency a poor index of later per-
formance (Benjamin et al., 1998, EL: 3). By comparison,
what comes to mind sometime after training is much
more diagnostic of long-term retention (Begg et al., 1989,
EL: 5). An implication for long-term retention is that self-
assessments are best performed separately from learning
or feedback; confidence ratings asked immediately after
a CME course, or immediately after feedback on a con-
tinuing certification program question, are unlikely to be
indicative of a physician’s long-term expertise.

Learners sometimes evaluate information sources based
on superficial fluency

Learners sometimes judge the reliability or utility of
information sources based on relatively superficial
sources of fluency (Alter & Oppenheimer, 2009, EL: 2;
Oppenheimer, 2008, EL: 2). For example, students judge
themselves as learning more from a lecture when the
teacher stands upright and makes eye contact, even when
this does not influence actual learning (Carpenter et al.,
2013, EL: 3; see also Fiechter et al., 2018, EL: 3).

This bias suggests that fluency of use is important to
consider in designing any continuing certification plat-
form. There may be some cases in which disfluency is
desirable insofar as it can engender more analytic, “Sys-
tem 2” thinking (e.g., Alter, 2013, EL: 2; Alter et al., 2007,
EL: 3; Alter et al,, 2013, EL: 6; Diemand-Yauman et al.,,
2011, EL: 3; Keysar et al., 2012, EL: 3), although this claim
has also been disputed (Meyer et al.,, 2015, EL: 1; Thomp-
son et al., 2013, EL: 3; Yue et al,, 2013, EL: 3). However,
that may be less relevant to a longitudinal assessment,
which is intended for assessment and learning, rather
than optimizing in-the-moment decision-making. Thus,
all other things being equal, fluency is likely to help create
physician buy-in for continuing certification: Physicians

! Working memory is a temporary memory system with limited capacity for
information and is distinct from long-term memory, where stored informa-
tion decays relatively little over time.
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will likely perceive that they are learning more if the sys-
tem presents a fluent, easy-to-use experience.

Learners neglect optimal learning conditions

Learners often fail to appreciate optimal learning condi-
tions (Finn & Tauber, 2015, EL: 2). For example, categori-
zation tasks (e.g., learning to categorize a set of symptoms
as one disease versus another) are often learned better
by intermixing (interleaving) the to-be-learned catego-
ries rather than presenting them one at a time (blocking;
Bjork & Bjork, 2019, EL: 3; Brunmair & Richter, 2019,
EL: 1; c.f.,, Kurtz & Hovland, 1956, EL: 4). However, given
the choice, learners often block practice and view this as
superior to interleaving (Kirk-Johnson et al., 2019, EL: 3;
Kornell & Bjork, 2008a, EL: 3; Kornell et al., 2010, EL: 3;
Wahlheim et al.,, 2012, EL: 3; Yan et al., 2016, EL: 3; Zulki-
ply et al., 2012, EL: 3). This apparent metacognitive error
has been attributed to the fact that blocked practice cre-
ates a sense of fluency in the moment even though it is
less effective for long-term learning and retention (Kirk-
Johnson et al., 2019, EL: 3; Yan et al., 2016, EL: 3).

Similarly, although retrieval practice potentiates long-
term retention (as we review elsewhere), learners typi-
cally judge tested materials as less well-learned than
restudied materials (Kirk-Johnson et al., 2019, EL: 5;
Roediger & Karpicke, 2006, EL: 5) and choose restudy-
ing over retrieval practice (Kirk-Johnson et al., 2019, EL:
5). And, generating or creating to-be-learned material
(e.g., through a fill-in-the-blank prompt) is more effec-
tive than simply passively reading it (the generation effect;
Slamecka & Graf, 1978, EL: 3). However, because of the
additional effort associated with generation, learners per-
ceive generated material as less well-learned (Besken &
Mulligan, 2014, EL: 3).

A general principle is thus that learners often mistake
the initial effort required by effective study strategies
(Schmidt & Bjork, 1992, EL: 3) as a sign those strategies
are ineffective and consequently do not choose to use
them (Kirk-Johnson et al., 2019, EL: 5). This implies that
physicians left to study on their own may be studying in
less effective or less efficient ways than they might if they
are explicitly directed.

Accessing external knowledge may be misperceived

as having knowledge

Modern information technology allows physicians—and
others—to quickly access external sources of informa-
tion (e.g., via UpToDate.com). But, several studies have
found that accessing information from the internet or
other external sources (e.g., books) can create the illu-
sion of internally possessing that knowledge (Eliseev &
Marsh, 2023, EL: 3; Fisher et al., 2015, EL: 3; Hamilton &
Yao, 2018, EL: 3; Pieschl, 2021, EL: 4; Siler et al., 2022, EL:
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3; Ward, 2021, EL: 3), though this finding has not always
been replicated (Ferguson et al., 2015, EL: 4). Thus, if
physicians have access to external resources when self-
assessing, they may overestimate the extent of their own
personal knowledge.

This misattribution may be relatively benign if the
resources that physicians access during self-assessment
are the same that they will use on the job; in this case,
self-assessment would still accurately reflect later per-
formance. Indeed, as we have discussed above, know-
ing when to consult external resources is an important
metacognitive skill, and—-in an era of easily accessible
information technology—it may be important to know
how and where to locate external information than to
memorize it oneself (Marsh & Rajaram, 2019, EL: 2; Spar-
row et al,, 2011, EL: 3). But, it does imply that the only
external resources provided during the self-assessment
should be those that physicians will later use (e.g., UpTo-
Date, WebMD, guidelines); otherwise, self-assessments
are likely to be inaccurately influenced by those external
resources.

Learners stop studying too soon

Learners often terminate study too quickly: They study
too few items (Murayama et al., 2016, EL: 3), and, among
the items they do study, they do not devote sufficient time
or repetitions to optimize learning (Karpicke, 2009, EL:
3; Kornell & Bjork, 2008b, EL: 3). Some of this behavior
may simply reflect the fact that learners will not persist
indefinitely at studying in the face of other, competing
activities (Kurzban et al., 2013, EL: 6). However, it may
also reflect errors in self-monitoring insofar as learners
do not always recognize when learning can be increased
by continuing to study (Murayama et al., 2016, Experi-
ment 5, EL: 4). This metacognitive error has been argued
to relate to the stability bias: Once learners have learned
material sufficiently well enough to respond correctly in
the moment, they terminate study because they do not
recognize that their cognitive skills will decline over time
(Kornell & Bjork, 2008b, EL: 3). Thus, external assess-
ment may potentially be useful for inducing additional,
beneficial practice beyond what learners would naturally
engage in.

Poor performers overestimate their performance

Another important bias that has been identified in the
calibration of metacognitive monitoring is the Dun-
ning—Krueger effect (Fig. 2): People with low skill often
greatly overestimate their performance (Dunning et al,,
2003, EL: 5; Kruger & Dunning, 1999, EL: 4). That is,
those who perform poorly in a domain are often unaware
they are doing poorly; they are “unskilled and unaware”
(By contrast, high performers if anything underrate their
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Fig. 2 Prototypical Dunning-Kruger effect (not representing data
from any specific study)

performance; Kruger & Dunning, 1999, EL: 5). This phe-
nomenon has been found across many domains including
college social science (Dunning et al., 2003; EL: 5), for-
mal logic (Kruger & Dunning, 1999, EL: 4), humor (Kru-
ger & Dunning, 1999, EL: 5), English grammar (Kruger &
Dunning, 1999, EL: 5), face recognition (Zhou & Jenkins,
2020; EL: 5), and—most critically for our purposes—
medicine (Berner & Graber, 2008, EL: 2; Davis et al.,
2006, EL: 2; Hodges et al., 2001: EL 5; Parker et al., 2004,
EL: 5; Sears et al., 2014, EL: 2).

What causes the Dunning—Kruger effect? In most
domains, the knowledge required for effective metacog-
nitive monitoring is often the same as, or at least simi-
lar to, the knowledge for effective cognitive performance
(Kruger & Dunning, 1999, EL: 5; Dunning, 2011, EL: 2).
For instance, imagine students factoring quadratic equa-
tions in an algebra class. To check if they have the right
answer, students need to know the same rules they would
use to solve the problem; a student who has learned the
wrong rules will both produce the wrong answer and be
unable to tell that answer is wrong. Low skill thus results
in a “double curse” of both inaccurate performance and
inaccurate self-assessment. An implication for medical
expertise is that physicians low in domain knowledge
may be unaware of this fact and unable to correctly self-
assess their lack of expertise.

Other factors can influence what learners choose to study

Choices in self-regulated study are guided by variables
beyond those that would maximize learning and reten-
tion. Learners also preferentially practice material that
they find interesting, regardless of how well they have
learned it, and even when they know that learning is nec-
essary for an upcoming task (Son & Metcalfe, 2000, EL:
3). Learners also fall into habits and routines of studying,
such as reviewing material in the order it was originally
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presented, regardless of what needs the most practice
(Ariel et al., 2009, EL: 3; Ariel et al., 2011, EL: 3; Macaluso
etal, 2022, EL: 4).

Thus, while there are advantages to customization,
leaving the areas of physicians’ continuing study wholly
up to physicians (e.g., for CME courses or for a continu-
ing certification program) may be insufficient because
physicians in some cases may defer to what they find
interesting or what they routinely do rather than where
they may need the most continuing education.

Theoretical mechanisms

Why are self-assessments not always objectively correct,
and what accounts for the biases discussed above? Cog-
nitive psychology has generally rejected a direct-access
view of metamnemonic monitoring (Koriat, 1995, EL: 5;
Koriat, 1997, EL: 5): Learners do not have the ability to
directly “read off” the strength of their memory traces.
Some of the starkest evidence against direct access comes
from circumstances—such as very difficult questions
for which the most common response is incorrect—that
reverse the confidence-accuracy relationship, so that
answers given more confidently are actually less likely to
be correct (Koriat, 2008a, EL: 5). This would not be pos-
sible if self-assessment were an objective assessment of
knowledge.

Instead, cognitive psychology suggests an inferential
view of metamemory (Schwartz et al., 1997, EL: 2; Koriat,
1997, EL: 5): Learners make an “informed guess” about
their skill and knowledge based on various heuristics that
are often, but not always, correct (Benjamin et al., 1998,
EL: 6). For example, a strong predictor of memory con-
fidence is simply the amount of information that comes
to mind, whether it is right or wrong (Koriat, 1993, EL:
5). This could be explained by a heuristic whereby peo-
ple base their confidence judgments on the amount of
information that comes to mind. This strategy will gen-
erally produce accurate self-assessments because people
do often bring to mind more information about material
they know well, but it is not guaranteed to be correct.

The inferential nature of metamnemonic monitor-
ing implies that not all self-assessment will be accurate
and that physicians may benefit from external feedback
on their accuracy. Further, while heuristic strategies are
often accurate—which is likely why they exist in the
first place—there are edge cases where they fail to pro-
duce optimal outcomes, which could explain some of the
biases discussed above.

In particular, one heuristic that may explain many of
the biases reviewed above is what Kornell et al., (2011,
EL: 3) have termed the ease-of-processing heuristic: Mate-
rial that is experienced as subjectively fluent or easy to
process in the moment is judged as better understood
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and learned (Alter & Oppenheimer, 2009, EL: 2; Begg
et al.,, 1989, EL: 3; Oppenheimer, 2008, EL: 2; see also the
closely related heuristic of easily learned, early remem-
bered: Koriat, 2008b, EL: 4). Researchers have argued for
the prevalence of this heuristic in learners’ judgments
on the basis a wealth of experiments in which manipula-
tions of fluency that are irrelevant to actual learning are
nevertheless shown to affect JOLs. For instance, learners
give higher JOLs to items that are written in a larger font
(Kornell et al., 2011, EL: 3; Rhodes & Castel, 2008; EL: 3),
that are louder (Rhodes & Castel, 2009, EL: 3), that have
greater visual clarity (Besken, 2016, EL: 3; Besken & Mul-
ligan, 2013, EL: 3), even though each of these variables
was unrelated to genuine memory within the respective
experiments. Conversely, learners may disregard fea-
tures that do matter for retention but that do not enhance
immediate fluency (Sungkhasettee et al., 2011, EL: 3),
such as the planned number of future study opportuni-
ties (Kornell et al., 2011, EL: 3). Not all of these effects
necessarily reflect implicit effects of fluency; in some
cases, they might reflect learners’ explicit beliefs that, for
instance, text printed in large type is indeed more memo-
rable (Besken et al., 2019, EL: 3; Mueller et al., 2014, EL: 3;
Undorf & Zimdahl, 2019, EL: 3), so it remains an impor-
tant ongoing debate the extent to which biases stem from
an ease-of-processing heuristic versus learners’ genuine
beliefs (correct or incorrect) about what variables influ-
ence learning. Nevertheless, processing fluency has been
observed to influence JOLs even in cases where verbaliz-
able beliefs do not have such an influence (Undorf et al.,
2017, EL: 3; Yang et al, 2018, EL: 3); indeed, in at least
some cases, fluency has been shown to directly mediate
effects on JOLs (Undorf et al., 2017, EL: 3; Yang et al,,
2018, EL: 3). Therefore, the ease-of-processing heuris-
tic appears to account for at least some, though not all,
biases in metacognitive monitoring.

We emphasize that the ease-of-processing heuristic is
likely to be accurate in many cases: Often, material that
feels fluent and effortless is better learned (Benjamin
et al,, 1998, EL: 3; Koriat, 2008b, EL: 4). Nevertheless,
it can also explain many of the biases reported above.
Because learners use their current cognitive accessibil-
ity as a proxy for long-term learning, they underestimate
both how much that accessibility may decline with for-
getting or increase with study, yielding the stability bias.
And, because initial fluency is an imperfect index of what
contributes to long-term learning (Benjamin et al., 1998,
EL: 3; Soderstrom & Bjork, 2015, EL: 3), a reliance on
initial fluency may lead learners to misperceive optimal
learning conditions. The ease-of-processing heuristic can
also explain why information from external sources, like
the internet, can be mistaken for personal knowledge:
The ability to rapidly access knowledge online can create

(2023) 8:58

Page 9 of 16

a feeling of cognitive ease that learners may mistake for
genuine understanding. Indeed, experimental evidence
of the relationship between quick access and a feeling of
knowing comes from laboratory studies that manipulated
the speed at which web pages loaded in an online search
task; the faster the page loaded, the better participants
felt they could retain the information (Stone & Storm,
2019, EL: 3).

The ease-of-processing heuristic is likely to have impli-
cations in clinical settings. As we have reviewed else-
where (Caddick et al., 2023), physicians are often quite
successful in their clinical decision-making. But because
the right answer (e.g., a clinical diagnosis) so often arrives
quickly to the mind of the physician (Barrows et al., 1982,
EL: 5; Elstein et al.,, 2013, EL: 5; Gruppen et al., 1988,
EL: 5; Pelaccia et al., 2011, EL: 5), they might not always
appropriately judge a wrong answer that also arrives
quickly and easily.

Explicit instruction does not remove
self-assessment biases

We have reviewed how people often use their subjective,
in-the-moment experience as a heuristic to self-assess
their knowledge and learning. Such judgments have been
termed non-analytic because they are not necessarily
based on conscious, verbalized introspection (Kelley &
Jacoby, 1996, EL: 3).

Perhaps one solution to the biases of these non-analytic
judgments would be to simply warn physicians that the
accuracy of their self-assessment may be flawed. Indeed,
cognitive psychology does suggest that, beyond these
non-analytic “gut feelings,” people also hold explicit, ver-
balizable beliefs about which circumstances favor learn-
ing and performance, which can be used as the basis of
analytic judgments (Fraundorf & Benjamin, 2014, EL: 4;
Kelley & Jacoby, 1996, EL: 3; Koriat et al., 2004, EL: 3).
For example, some learners may adopt spaced repetition
because they have been taught that it is an effective study
strategy, regardless of their own experience using this
method (Lu & Fraundorf, 2020, EL: 3).

However, self-assessment using explicit, analytic beliefs
is not a panacea. First, we cannot assume that people
already know the best learning strategies. Non-scientists’
beliefs about effective learning and memory are often
inaccurate, as revealed by surveys of the general public
(Simons & Chabris, 2011, EL: 5; Simons & Chabris, 2012,
EL: 5; Yan et al,, 20144, 2014b, EL: 5), of college students
(Hartwig & Dunlosky, 2012, EL: 5; Karpicke et al., 2009,
EL: 5; McCabe, 2011, EL: 5; Morehead et al., 2016, EL: 5),
and even of college instructors (Morehead et al., 2016,
EL: 5). For example, most people describe self-testing
only as a way to assess their current knowledge and not as
a way to potentiate learning (Hartwig & Dunlosky, 2012,
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EL: 5; Kornell & Bjork, 2007, EL: 5; McCabe, 2011, EL:
5; Morehead et al., 2016, EL: 5; Yan et al., 2014a, 2014b,
EL: 5); thus, they are unlikely to spontaneously make use
of the testing effect. Why do people have such mistaken
beliefs about effective learning? One reason may be that
they were simply never taught otherwise: About two-
thirds of the U.S. population report they never received
formal instruction on how best to learn (Yan et al., 2014a,
2014b, EL: 5).

Second, even when learners do hold accurate analytic
beliefs (e.g., they believe that testing potentiates long-
term retrieval), those beliefs are not always activated and
used in self-assessment. For instance, although presum-
ably all adults understand to some degree that informa-
tion is forgotten over time, people asked to predict how
much they will remember a full year later give estimates
no different than people asked to predict what they will
remember a mere week later. Only when the question
specifically uses the word “forgetting” does this belief
become activated and influence predictions (Koriat et al.,
2004, EL: 3). Similarly, even when people are explicitly
told that in-the-moment fluency can be a misleading
basis for self-assessment and instructed to disregard it,
they are not entirely successful in doing so (e.g., Besken &
Mulligan, 2014, EL: 3; Yan et al., 2016, EL: 3).

A key implication for the maintenance of cognitive
skills is that we cannot expect physicians to naturally
know how best to self-assess or keep their knowledge
current. Further, simply instructing physicians on how
best to self-assess may be insufficient because even if
physicians acquire accurate analytic beliefs (e.g., that
testing benefits long-term retention), those beliefs will
not always be used in self-assessment. Instead, external
prompts for practice and self-assessment may be critical.

Proposed studies and future directions

Response scale for confidence judgments

Currently, physicians’ confidence judgments are collected
on different scales across various longitudinal assess-
ments. It would be useful to explore the optimal means
of assessing confidence. As we discussed above, confi-
dence scales that include some reference to an objective
standard of performance (e.g., “75% confident I'm right”)
would allow measures of calibration (e.g., overconfidence
vs. underconfidence) to be collected and provided as
feedback. It would also be useful to determine how many
different intervals or categories of confidence can be dif-
ferentiated by learners—can physicians meaningfully
distinguish between, for instance, being “very confident”
versus “extremely confident”? This issue is important
because, given imprecision in how people translate inter-
nal confidence into external ratings (Benjamin et al.,
2009: EL 2), a scale with too many categories may in fact
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decrease the accuracy of confidence ratings (Benjamin
et al,, 2013: EL 3). Lastly, it may be valuable to determine
whether the highest level of confidence (e.g., “I'm virtu-
ally certain”) represents a qualitatively distinct state of
special accuracy, as proposed by certain dual-process
theories of recognition (Parks & Yonelinas, 2007: EL 2;
Yonelinas, 1994: EL 3; Yonelinas, 2002: EL 2; c.f., Wixted,
2007: EL 2).

Autonomy and learning outcomes

Given that people can self-assess their knowledge and
skills with reasonable accuracy in many situations, it
may be of interest to allow physicians some control over
the topics they study. We suggest it would be valuable
to investigate how greater autonomy in choosing to-be-
learned material affects physicians’ learning outcomes.
Individuals could be randomized to groups with vary-
ing degrees of control over the learned content (e.g., 25%
control of content vs. 75% control), before both groups’
knowledge is tested at a later date. Learning gains could
be compared across methods for the chosen material,
unchosen material, and overall.

Perhaps it would also make sense to allow physicians
to specify which sorts of material they want to study for
which reason. For example, they could separately rate
which areas are most important for their practice and
how confident they are in their knowledge of each area,
and the test could then focus on topics that are relevant
but for which the physician has lower confidence. Addi-
tionally, motivational measures could be assessed to
see if increased autonomy leads to increased intrinsic
motivation (see Nokes-Malach et al., 2022, for further
discussion).

Though there are reasons to hypothesize that auton-
omy can lead to improved learning—both by increasing
motivation and by capitalizing on physicians’ knowledge
of their areas of weakness—this is not a certainty. In fact,
one study on continuing medical education found that
quality of care improved only for CME topics that physi-
cians did not prefer to learn about, rather than the ones
they did (Sibley et al., 1982, EL: 4). In sum, it is important
to study if and how autonomy or self-direction over study
topics can improve learning; there are reasons to think
that it may help, but also reasons to think that it may not.

Physician customization and psychometric quality

Longitudinal assessment has two purposes. First, a lon-
gitudinal assessment serves as a summative assessment
that Diplomates must pass to maintain their certifica-
tion. It is critical to establish and maintain the quality of
the summative aspects that will be used to make pass—
fail decisions. The pass—fail decision is often the hurdle
that prevents some Diplomates from remaining certified,
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and in those instances, the test publisher will need firm
evidence to justify that decision. In particular, mak-
ing defensible pass—fail decisions is simplified if there is
a high degree of standardization so that all examinees
attempting to maintain their certification are responsible
for similar content mastery reflecting the certificates they
hold.

Second, a longitudinal assessment should also pro-
vide formative feedback to help Diplomates continue to
improve the breadth, depth, and currency of their medi-
cal knowledge throughout their career (an “assessment
for learning”). At times, this second purpose may be at
odds with the first. Consider customization that allow
each participant to tailor the assessment (in whole or
part) to the areas in which they need or wish to improve.
This customization may help provide better formative
feedback and give Diplomates a greater sense of rel-
evance to their practice. However, customization can
sometimes degrade the fit between the measurement and
the intended meaning of the certificate.

Therefore, validity studies and analyses of psychomet-
ric quality should continue to be conducted to ensure
that quality of the summative component has not been
compromised by customization. A few relevant ques-
tions include: Is the precision of the participants’ scores
sufficient to make defensible pass—fail decisions? Are the
number of questions scored for summative purposes suf-
ficient to represent the specialty or subspecialty? If ques-
tions are being repeated for spaced repetition, are the
scores degraded by the lack of independence?

Self-assessment versus self-monitoring

Eva and Regehr (2011, EL: 3) propose a distinction
between self-assessment at the global level (e.g., “How
good a physician am 1?”) versus self-monitoring of spe-
cific topic areas (e.g., “How much do I know about hyper-
tension?”). In laboratory studies, they found that college
students could predict their performance much more
accurately for specific questions than at a global level.
This distinction is relevant if physicians’ confidence rat-
ings are to be used for any purpose, such as controlling
which topics a longitudinal assessment focuses on. At
what level of granularity must these confidence ratings
be collected to be accurate? We suggest comparing self-
assessment accuracy across different levels of granularity.
For instance, physicians can be asked to self-assess their
competency globally as a physician (the highest level), at
a topic level (e.g., hypertension; medium level), and at an
item level (e.g., a targeted question about hypertension;
the lowest level). The practical question is whether accu-
rate self-assessment can be obtained by querying physi-
cians at a more general level or only at the item level.
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Objective versus comparative self-assessment

Another dimension on which self-assessments vary is
whether they are made relative to an objective standard
(e.g., “What percent correct will you get on this assess-
ment?”) or to a social or comparative standard (e.g.,
“How well do you think you will perform on this assess-
ment relative to other doctors?” or “What percentile will
you score in?”; Festinger (1954, EL: 2). Some evidence
outside medicine suggests that people are more sensitive
to their objective standing than their comparative stand-
ing (Hoelzl & Rustichini, 2005, EL: 4; Kruger & Burrus,
2004, EL: 3; Moore & Kim, 2003, EL: 3; Windschitl et al.,
2003, EL: 3) and, perhaps as a result, are more responsive
to objective than comparative feedback (Moore & Klein,
2008, EL: 3). Nevertheless, it would be useful to collect
physicians’ self-assessments in both objective and com-
parative terms to determine which yields more accurate
self-assessment.

Do physicians know when to look it up?

In their practice, physicians have the option of defer-
ring judgment to look up information or refer a patient
to a specialist. It may thus be useful to evaluate how
accurately physicians can judge when they should con-
sult external resources. This could be tested by adapting
the Koriat and Goldsmith (1994) procedure discussed
above. In a first encounter with each test item, physicians
could be given an option to withhold a response; then,
in a second pass through each item, physicians would be
required to respond. If physicians can correctly identify
when they have insufficient knowledge to answer a ques-
tion on their own, second-pass accuracy should be lower
on the questions where physicians withheld an initial
response compared to questions where they volunteered
one. Further, given potential differences in when people
withhold answers entirely versus request help (Undorf
etal., 2021, EL: 3), it would be useful to study when physi-
cians choose to consult an external resource and whether
these behaviors indeed improve their accuracy.

Determine how to create learner buy-in

Learners’ self-assessment of the potential benefits of a
longitudinal assessment system is unlikely to be wholly
accurate given the biases in self-assessment described
above. Further, merely instructing people on desirable
learning strategies—such as simply telling them that they
will learn more from longitudinal assessment—is gen-
erally insufficient enough to change beliefs or behavior
(McDaniel & Einstein, 2020: EL 2; Yan et al., 2016: EL 3).
To guide learners to truly recognize the value of longitu-
dinal assessment and create the most buy-in, more rig-
orous intervention may be needed to promote accurate
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self-assessment (Gordon, 1992: EL 2), such as presenting
differentiated feedback on performance under different
learning conditions (Benjamin, 2003, EL: 3; Tullis et al.,
2013, EL: 3; Yan et al., 2016, EL: 3).

Summary and conclusion

Metacognitive control of learning consists of two pro-
cesses: (a) monitoring of one’s own knowledge and
abilities and (b) control of learning and performance
strategies. Prior research supports that accurately self-
assessing (monitoring) one’s own abilities and knowledge
is important to guiding (controlling) one’s learning and
maintaining one’s expertise. For instance, self-assess-
ment is associated with the quality of learning strategies
an individual employs and consequently their learning
outcomes.

Learners do not appear to have direct access to the
strength of their skills or knowledge and instead have
only an “informed guess” These “informed guesses,
although partly accurate, are subject to systematic biases.
For example, information or skills that feel easier to
process in the moment can lead individuals to overcon-
fidence in how much they will remember in the future.
Thus, self-assessments of knowledge immediately after
learning tend to be less accurate than delayed judgments.
Relatedly, learners often stop studying too soon and
underestimate the requisite amount of practice needed to
adequately learn and retain target information. The ten-
dency to judge learning based on in-the-moment fluency
can also lead to choosing suboptimal learning strategies
because those strategies feel more fluent at the time of
study.

Another notable bias in the self-assessment literature is
the Dunning—Kruger effect, the robust finding—includ-
ing among physicians—that the poorest performers are
the least accurate in their self-assessments and tend to
overestimate their actual ability. Conversely, the top per-
formers tend to underestimate their ability, though this
bias is not as severe.

Although some preliminary evidence suggests that
experiencing different learning conditions with feedback
might improve self-assessment accuracy, merely instruct-
ing learners about the existence of these biases is not
enough to remediate them. Instead, externally guided
learning for physicians—including in a longitudinal
assessment program—is likely to be critical to retaining
and updating cognitive skills.
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Abstract

by physicians and other learners.

Although tests and assessments—such as those used to maintain a physician’s Board certification—are often viewed
merely as tools for decision-making about one’s performance level, strong evidence now indicates that the experi-
ence of being tested is a powerful learning experience in its own right: The act of retrieving targeted information
from memory strengthens the ability to use it again in the future, known as the testing effect. We review meta-
analytic evidence for the learning benefits of testing, including in the domain of medicine, and discuss theoretical
accounts of its mechanism(s). We also review key moderators—including the timing, frequency, order, and format

of testing and the content of feedback—and what they indicate about how to most effectively use testing for learn-
ing. We also identify open questions for the optimal use of testing, such as the timing of feedback and the sequenc-
ing of complex knowledge domains. Lastly, we consider how to facilitate adoption of this powerful study strategy
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Significance statement

In recent years, there has been a growing call for a greater
reliance upon testing as a studying and learning tool for
students in the health professions. Indeed, physicians
already complete some form of periodic testing in the
form of longitudinal assessment for continuing certifica-
tion. We present evidence that this call is justified insofar
as there is robust evidence that the experience of testing
can itself be a way to enhance learning and retention.
We also discuss what cognitive research implies about
how to optimally leverage testing, including longitudinal
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assessment, as a learning device. Lastly, we discuss how
the use case of longitudinal assessment highlights open
empirical and theoretical questions regarding the testing
effect.

Introduction

Physicians and other healthcare professionals are
tasked with acquiring and maintaining multiple forms
of knowledge and cognitive skills, including diagnosis,
treatment and management, clinical procedures, inter-
personal skills, and basic biological and anatomical
knowledge. In recent years, there has been a growing
call for a greater reliance upon testing as a studying and
learning tool in the health professions (Brown, 2017,
EL: 6; Cilliers, 2015, EL: 6; Chesluk et al., 2019; Fung
et al., 2019, EL: 6; Griffith et al., 2017; EL: 6; Kulasega-
ram & Rangachari, 2018, EL: 3; Piza et al,, 2019; EL: 5;
Rapp et al,, 2014, EL: 6; Richmond et al. 2019, EL: 6).
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Table 1 Evidence levels for in-text citations for empirical claims

Evidence level Type of work

1 Quantitative meta-analysis

2 Narrative review

3 Multiple original experiments/rand-
omized controlled trials (RCTs)

4 Single original experiment/RCT

5 Correlational or quasi-experimental study

6 Opinion paper

These calls typically promote testing in regularly spaced
intervals in contrast to “cramming” study behavior (an
issue we discuss in further detail below); the combina-
tion of testing and spacing over time has been termed
spaced repetition. Systematic review (Phillips et al,
2019: EL 2) provides evidence that spaced repetition
enhances practicing clinicians’ acquisition of knowl-
edge and their clinical behaviors.

Such spaced repetition could be incorporated into the
longitudinal assessment programs used in many medi-
cal professions. For instance, physicians certified by one
of the American Board of Medical Specialties (ABMS)
must periodically pass an examination to maintain their
certification. Historically, these exams have taken the
form of a point-in-time, multiple-choice assessment
every six to ten years. More recently, all 24 Boards have
announced programs that involve a shift toward more
frequent, lower-stakes assessments and test formats
that focus on reasoning rather than rote memorization
(for further review, see Rottman et al., 2022). One of
the primary motivations for this switch is so that these
more frequent lower-stakes tests can serve as learning
opportunities, rather than just assessment; unlike the
older tests, the new longitudinal assessments provide
physicians with feedback to promote learning.

In this paper, we examine how such testing can be used
to enhance learning and retention of medical expertise.
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We review the extensive literature on the cognitive ben-
efits of testing on learning and retention. We describe the
overall phenomenon as well as how it may be moderated
by a number of variables—a key one being feedback—and
that may thus constitute best practices for using testing.
We consider theoretical explanations for the cognitive
mechanisms that underlie the benefits of testing as well
whether learners can be trained to employ this helpful
learning strategy on their own. Lastly, we consider open
questions and future directions in test-enhanced learn-
ing. We focus on these principles as they pertain to phy-
sicians, as part of a broader collection of five articles in
this special issue focused on how physicians maintain
medical expertise across their careers, but many of the
principles we discuss would also be applicable to main-
taining expertise among other healthcare professionals,
such as nurses, dentists, or therapists.

This work takes the approach of a narrative review, not
systematic, because it covers a wide variety of topics. To
situate the strength of the evidence and claims made, we
attach evidence levels (EL) to in-text citations for empiri-
cal claims (see Table 1). Evidence levels range from 1 to 6,
with 1 being the strongest evidence (meta-analyses) and
6 being the weakest (opinion papers).

Overview and basic design

For over 100 years, psychologists have been aware of
the learning benefits of testing one’s own knowledge,
including the earliest psychological studies on memory
(Abott, 1909; EL: 4; Ebbinghaus, 1885, EL: 5). The basic
testing-effect experiment compares, at a minimum, two
groups to which individuals are randomly assigned: a
restudy group and a testing group (e.g., Carpenter et al.,
2008, EL: 4; Karpicke & Roediger, 2008, EL: 4; Roediger &
Karpicke, 2006a, EL: 3, 2006b, EL: 3). The restudy group
initially studies information and then has an additional
study opportunity later. The testing group initially studies

PHASE 1 PHASE 2 PHASE 3
Restudy
Initial Final
Study or Assessment
Learning
Random Testing
assignment

Fig. 1 Schematic design of the typical testing-effect study procedure
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information and, instead of restudying the material, is
tested on it. (Some experiments also include a third, con-
trol group that only initially studies information, e.g.,
LaPorte & Voss, 1975, EL: 4). The two groups then com-
plete some assessment of memory or performance (see
Fig. 1). Critically, by comparing testing to restudying
for the same period of time, this design controls for the
total time that each group spends engaging with the sub-
ject matter; as a result, any differences that emerge are
driven by testing itself and not by mere re-exposure to
information.

Meta-analytic reviews (Adesope et al, 2017, EL: 1;
Rowland, 2014, EL: 1; Yang et al., 2021: EL 1) provide
evidence for the benefits of testing over restudy for long-
term retention. This phenomenon is often referred to as
the testing effect, although it has also been referred to as
test-enhanced learning, retrieval practice, and retrieval-
based learning. The testing effect holds across a wide
variety of authentic educational domains (Yang et al,
2021: EL 1), including the natural sciences (Agarwal et al.,
2012, EL: 3; McDaniel et al., 2011, EL: 3; McDermott
et al., 2014, EL: 3), mathematics and statistics (Hopkins
et al,, 2016, EL: 4; Kang et al,, 2011a, 2011b, EL: 4; Lyle
& Crawford, 2011, EL: 4), geography and maps (Carpen-
ter & Pashler, 2007, EL: 4; Rohrer et al., 2010, EL: 3), psy-
chology (McDaniel et al., 2007, EL: 4; Wiklund-Hoérnqvist
et al,, 2014, EL: 4), and history (Agarwal et al.,, 2012, EL:
4; Carpenter et al,, 2009, EL: 4; McDermott et al., 2014,
EL: 3; Nungester & Duchastel, 1982, EL: 4; Roediger
et al., 2011, EL: 3). Most critically for our purposes, sev-
eral experiments have shown benefits of retrieval practice
for learning among medical students (LaDisa & Biesboer,
2017: EL 5; Raupach et al., 2016: EL 3) and medical resi-
dents (Larsen et al., 2009, EL: 4).

How beneficial is testing? Rowland’s (2014, EL: 1) meta-
analysis estimated the size of the testing effect as Hedges’
g=0.50; in other words, people randomly assigned to
testing scored half a standard deviation (0.50) better than
those assigned to restudy, constituting a medium effect
size. Adesope et al, (2017: EL 1)’s more recent meta-
analysis found an even larger Hedges’ g of 0.70. Further,
retrieval practice better enhances long-term retention
and comprehension than some other popular educational
techniques, such as concept mapping (Karpicke & Blunt,
2011, EL: 3). A general conclusion, then, is that being
tested is likely to be an effective way of enhancing physi-
cians’ long-term retention of medical expertise.

Moderators

Researchers have also varied the parameters of the
basic testing-effect design presented in Fig. 1 to explore
potential moderators of the testing effect, which we now
review.
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Retention interval and “cramming”
One important characteristic of any learning task is the
retention interval—the time between initial learning
(e.g., reading a document or taking a practice test) and
the final assessment. The benefits of testing for retention
remain even when assessed 8 to 24 months later (Agar-
wal et al., 2012, EL: 4; Kerfoot, 2009, EL: 4). In fact, the
benefits of testing relative to restudy are intensified with
a longer retention interval, a phenomenon known as
the test-delay interaction (e.g., Agarwal et al., 2012, EL:
4; Chan, 2010, EL: 4; Roediger & Karpicke, 2006a, EL:
3; Rowland, 2014, EL: 1; Runquist, 1983, EL: 3; Toppino
& Cohen, 2009, EL: 3; Wheeler et al., 2003, EL: 3; Yeo &
Fazio, 2019, EL: 3). For example, Rowland’s (2014, EL: 1)
meta-analysis found that the difference between testing
and restudy was larger when the retention interval was
longer than a day (Hedges’ g=0.69) than when the reten-
tion interval was less than a day (Hedges’ g=0.41). Put
another way, testing is particularly beneficial when mate-
rial must be retained for a long time; although cognitive
skills decline on the whole over a longer retention inter-
val (Rubin & Wenzel, 1996, EL: 2; Wixted, 2004, EL: 3),
this decline is smaller with testing relative to restudy.
However, there is one circumstance in which testing
is not more beneficial than restudy: when the final test
immediately follows practice. Under these circumstances
(i.e., “cramming” immediately before a test), restudy out-
performs retrieval practice (e.g., Roediger & Karpicke,
2006a, EL: 3; Toppino & Cohen, 2009, EL: 4; Wheeler
etal, 2003, EL: 3). In sum, in the very short term, restudy
may be better than testing, but testing quickly becomes
superior over the long term. Since physicians need to
retain information over years if not decades, periodic
testing should be more beneficial for retention than mere
restudy.

How much testing: frequency, length, repetition

Given that testing benefits long-term retention, one
might ask how much testing we can feasibly ask learn-
ers to do: How long should each test be, and is there a
point at which additional testing becomes harmful?
Some research suggests a list length effect whereby, as
the amount of material to be learned increases (i.e., a
longer practice test), the probability of learning any indi-
vidual item decreases (Cary & Reder, 2003, EL: 3; Gil-
lund & Shiffrin, 1984, EL: 4; Gronlund & Elam, 1994,
EL: 4; Ohrt & Gronlund, 1999, EL: 3; Ratcliff et al., 1990,
EL: 4; Strong, 1912, EL: 4). However, others have argued
that the list-length effect disappears when various con-
founders are carefully controlled (Dennis & Humphreys,
2001, EL: 3; Dennis et al., 2008, EL: 3; Kinnell & Dennis,
2011, EL: 3), and, at any rate, the total amount learned
is greater with longer lists (Murayama et al., 2016, EL: 3;
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Ward, 2002; EL: 4). In sum, there does not appear to be
any cognitive reason to avoid longer tests, and this deci-
sion can instead be made based on time and motivational
constraints.

A related question concerns sow many times learners
should be tested on the same material. The literature sug-
gests that the benefits of multiple tests are nuanced. On
the one hand, adding a second test—or even more—does
enhance retention above and beyond the first (Roediger
& Karpicke, 2006a, 2006b, EL: 3; Karpicke & Roediger,
2007, EL: 4; Pyc & Rawson, 2009, EL: 3; Wheeler & Roe-
diger, 1992, EL: 3; Yang et al., 2021: EL 1). Even if learners
answered correctly on the first test, further study can still
enhance long-term retention, a strategy known as over-
learning (e.g., Karpicke & Roediger, 2007, EL: 4; Karpicke,
2009, EL: 3; Kornell & Bjork, 2008, EL: 3; Postman, 1965,
EL: 4; Pyc & Rawson, 2011, EL: 4; Rawson & Dunlosky,
2011, EL: 3; Vaughn & Rawson, 2011, EL: 3). Overlearn-
ing is thought to benefit retention because it provides
further feedback and strengthens memory traces to
buffer against future forgetting (Driskell et al., 1992, EL:
1). Relative to the common strategy of dropping items
from testing once they have been answered correctly a
single time, overlearning has a medium to large benefit
on long-term retention, d=0.75 (Driskell et al., 1992,
EL: 1). On the other hand, the benefit from the first test
is much larger than the additional benefit from a second
test (or from a second episode of practice more generally;
Dunlosky & Hertzog, 1997, EL: 4; Koriat et al., 2002, EL:
3; Rawson & Dunlosky, 2011, EL: 3; Vaughn & Rawson,
2011, EL: 3; Yang et al., 2021: EL 1), such that additional
tests yield diminishing returns. In sum, there is some
moderate benefit to continuing to occasionally practice
even learned concepts, but many benefits from retrieval
practice could be realized with just one test.

Timing of tests: spaced learning

When should learners be tested? Cognitive scientists
have extensively studied the broader question of when
to schedule learning, whether in the form of restudy-
ing or testing. As we discussed above, practicing twice is
somewhat better than practicing once (Madigan, 1969,
EL: 4). Critically, a second learning session is particularly
beneficial when learning episodes are spaced over time
(distributed practice) rather than back-to-back (massed
practice; ie., cramming), even when controlling for
the total amount of time spent studying (Cepeda et al,,
2006, EL: 1; Crowder, 1976, EL: 3; Madigan, 1969, EL: 4;
c.f., Timer et al., 2020, EL: 4). This effect has been refer-
enced with varying terminology in the literature, includ-
ing the spacing effect, spaced education, spaced training,
and distributed practice (Versteeg et al.,, 2019, EL: 2). For
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the purposes of the current review, we will use the term
spaced learning.

Benefits of spaced learning cannot be attributed
merely to inattention or boredom with massed study,
since spaced learning is still better even when attention
is measured and tightly controlled (Zimmerman, 1975,
EL: 4). Rather, many contemporary theoretical accounts
propose that distributed practice potentiates memory
because each subsequent study episode reminds the
learner of the previous episode or episodes, re-activating
and strengthening them in memory (Benjamin & Tullis,
2010, EL: 4; Bjork & Bjork, 1992, EL: 3; Jacoby & Wahl-
heim, 2013, EL: 3; McKinley & Benjamin, 2020, EL: 3;
Tullis et al., 2014, EL: 3).

Further, even when using spaced learning, spacing
study episodes with longer gaps (lags) is generally bet-
ter than spaced learning with relatively short gaps, which
has been termed the lag effect (Cepeda et al., 2006, EL:
1; Crowder, 1976, EL: 3; Madigan, 1969, EL: 4; Melton,
1967, EL: 4). The spacing and lag effects extend to test-
ing such that, given multiple tests, a longer lag between
two tests leads to better retention (Pyc & Rawson, 2009,
EL: 3). However, extremely long lags may be harm-
ful (Cepeda et al., 2009, EL: 3; Cepeda et al., 2008, EL:
3). The optimal lag is likely to depend on the retention
interval: The longer that learners need to retain what they
have learned, the longer the ideal gap in spaced learn-
ing (Cepeda et al., 2008, EL: 3). Since physicians gener-
ally need to retain their expertise for years if not decades,
spacing practice over a long span of time—such as
through longitudinal assessment—is likely to result in the
most enduring medical knowledge.

Interventions in the health sciences have sometimes
combined the testing effect and spaced learning by hav-
ing learners answer test questions periodically over time,
a practice often termed spaced repetition. Systematic
review (Phillips et al., 2019: EL 2) indicates that spaced
repetition enhances healthcare professionals’ acquisi-
tion of knowledge and their clinical behaviors (as meas-
ured both via self-report and objective records). Further,
spaced repetition activities generally meet with accept-
ance and uptake; in the studies reviewed by Phillips et al.,
87% of participants in spaced-repetition interventions
indicate they would participate in future spaced-repeti-
tion activities, and completion rates were high. Not all of
the studies of healthcare professionals reviewed by Phil-
lips et al. (2019) involved physicians (e.g., some involved
nurses), and only some used randomized controlled tri-
als with experimental designs, indicating a need for more
high-quality studies specifically with physicians. Never-
theless, Phillips et al. (2019) concluded that spaced rep-
etition is “one of the few evidence-based pedagogies that
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can increase knowledge, promote retention of knowledge
[...] and positively affect clinical practice” (p. 899).

Test format and type of knowledge

Physicians are tasked with acquiring and maintaining
several different types of knowledge, such as basic fac-
tual knowledge, diagnosis and classification, medical
procedures and clinical behaviors. Could testing enhance
retention of each of these?

In general, testing indeed appears to be effective across
many testing formats and types of knowledge. Ben-
efits of testing for retrieval have been demonstrated for
most basic memory tasks: recognition tasks in which the
learner merely identifies a stimulus as previously encoun-
tered or not (e.g., multiple-choice or yes/no tests, or
deciding whether you recognize a person; Adesope et al.,
2017, EL: 1; Rowland, 2014, EL: 1; Yang et al., 2021: EL
1), cued recall tasks in which the learner supplies partial
information in response to a cue (e.g., a fill-in-the-blank
test, or answering a question asked by a patient; Ades-
ope et al, 2017, EL: 1; c.f,, Hinze & Wiley, 2011, EL: 4;
Rowland, 2014, EL: 1), and free recall tasks in which the
learner must bring to mind information without any
guide from the environment (e.g., an essay test; Adesope
et al,, 2017 EL: 1; Hinze & Wiley, 2011, EL: 4; Rowland,
2014, EL: 1). Adesope et al., (2017, EL: 1) formally exam-
ined test format in their meta-analysis and found a sig-
nificant benefit of testing over restudy for all test formats.
For this reason, the specific format of a test item is likely
of less importance than the presentational quality of the
question (e.g., clarity, readability, and veracity of text).

Some controversy has existed as to whether testing
benefits more complex knowledge types and tasks, such
as problem-solving (c.f., Karpicke & Aue, 2015, EL: 6;
Leahy et al.,, 2015, EL: 4; Rawson, 2015, EL: 2; van Gog &
Kester, 2012, EL: 4; van Gog et al,, 2015, EL: 4; van Gog
& Sweller, 2015, EL: 3). However, meta-analytic evidence
suggests testing does benefit complex problem-solving
tasks and other types of high-level conceptual knowledge
(Yang et al., 2021: EL 1), and several studies have found
benefits of testing specifically for clinical behaviors and
skills (Kromann et al., 2009, EL: 4; Larsen et al., 2009, EL:
4; Raupach et al., 2016, EL: 3). Another finding relevant to
medical expertise is that testing benefits laboratory clas-
sification tasks, such as learning to classify different fami-
lies of birds based on individual photo exemplars (Jacoby
et al,, 2010, EL: 4; Siler & Benjamin, 2019, EL: 3), some-
what analogous to diagnosing or classifying patients.

In sum, the testing effect appears to play out for many
different formats and types of knowledge—including
those relevant to longitudinal medical expertise, such as
classification, medical procedures, and the basic formats
used in standard computerized testing.
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Ordering of practice material

Given that the content to longitudinal assessments gener-
ally includes multiple concepts and items, a natural ques-
tion is whether there are better or worse ways to order
such material. The optimal ordering of learning material
has frequently studied in cognitive psychology, although
not always in the specific context of the testing effect.
Cognitive psychologists who have studied this issue more
broadly have often contrasted two extremes of schedul-
ing material for practice. We follow Brunmair and Rich-
ter (2019) by defining a blocked schedule as one in which
all problems or examples pertaining to one topic are pre-
sented before moving on to the next topic or concept—
similar to the organization of most textbooks or courses
in formal education. For instance, a physician may study
many examples of hyperthyroidism, then many examples
of diabetes. By comparison, an interleaved schedule is
defined as any ordering in which the to-be-practiced con-
cepts are intermixed such that examples of one category
are not fully exhausted before moving onto the next. For
example, a physician may review some hyperthyroidism
cases and some diabetes cases mixed together (in any
order), rather than grouped by diagnosis. Meta-analysis
(Brunmair & Richter, 2019, EL: 1; Firth et al.,, 2021, EL:
1) suggests that, for most materials, interleaving practice
results in superior learning than blocked practice, with a
medium effect size.

Of course, various intermediate schedules are also pos-
sible, such as beginning with blocked practice and then
transitioning to interleaved (Yan et al., 2017, EL: 5). Pre-
liminary evidence suggests that an intermediate degree of
interleaving is optimal in more complex domains, such as
when topics are arranged a hierarchical structure at mul-
tiple levels of organization (Yan & Sana, 2021: EL 4) or
when individual items can be cross-classified in multiple
topics (Abel et al., 2021: EL 3).

One reason that interleaving is thought to ben-
efit learning is that it calls attention to the differences
between concepts (Brunmair & Richter, 2019, EL: 1; Car-
valho & Goldstone, 2015, EL: 3; Carvalho & Goldstone,
2017, EL: 3; Kang & Pashler, 2012, EL: 3). For example,
learning to distinguish two potentially confusable patient
presentations (e.g., shortness of breath could reflect heart
problems or lung problems) requires understanding what
the two diagnoses have in common, but especially what
differentiates them. Likewise, learning to choose between
two treatments that could both be used in a given situ-
ation requires understanding why they could both be
used, but especially why there is a reason to choose one
over the other. Thus, one recommendation is that, when
there is a concern that two diagnoses or two treatments
may be confused (i.e., they may be subject to interfer-
ence; Caddick et al., 2022), it would likely be beneficial
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to interleave those concepts together on the same assess-
ment rather than blocked into different assessments. One
caveat is that much of the work on the interleaving bene-
fit has not been specific to retrieval practice (e.g., in some
studies, learners merely viewed the exemplars without
being tested) and it would be useful to confirm the ben-
efits of interleaving specifically in the context of retrieval
practice.

One other line of work has explored item sequencing
specifically in the context of test items and their diffi-
culty. This work is grounded in the more general princi-
ple of the peak-end rule: people tend to judge experiences
primarily as a function of (a) the affective peak (i.e., the
strongest positive or negative experience) and (b) their
ending experience (Diener et al., 2001, EL: 3; Do et al,
2008, EL: 3; Kahneman et al., 1993, EL: 4). In line with
this, laboratory studies have shown that adding easier
items, which are likely to engender a positive experience
of success, to the end of a test increases learners’ willing-
ness to engage in future testing, even when the additional
items extend the overall length of the test (Cho, 2021, EL:
4; Finn & Miele, 2016, EL: 3; Finn & Miele, 2021, EL: 3;
O’Day, 2022, EL: 3). Consequently, we suggest there may
be potential value in ending each longitudinal assess-
ment “on a high note” with a few relatively easy items
that are likely to encourage continued participation in the
program.

Transfer to untested material

Evidence suggests that retrieval practice can support
transfer: a benefit to learning not just on the exact tested
item, but on related items or material (Carpenter, 2012,
EL: 3; Pan & Rickard, 2018, EL: 1; Yang et al., 2021: EL
1). It is generally rare—if not impossible—to observe far
transfer, where training or practice in one domain also
confers benefits to other, wholly unrelated domains (Sala
& Gobet, 2017, EL: 1). However, the learning benefits of
the testing effect do appear to transfer to more closely
related material (near tranmsfer). For example, Kang
et al., (2007, EL: 4) found that retrieval practice transfers
between test formats: College students who practiced in
the form of multiple-choice questions also showed ben-
efits on a final short-answer test (relative to restudy or
no-review conditions), and vice versa (see also Lyle &
Crawford, 2011, EL: 4).

Retrieval practice can sometimes also transfer from
the practiced information to other, related informa-
tion. In a college neuroscience course, McDaniel et al.,
(2007, EL: 4) presented students with fill-in-the-blank
quiz questions, such as All preganglionic axons, whether
sympathetic or parasympathetic, release ___ as a neuro-
transmitter. Practice on these questions benefited subse-
quent exam performance even when students were tested
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on a different piece of information from the same state-
ment, such as All _____ axons, whether sympathetic or
parasympathetic, release acetylcholine as a neurotrans-
mitter. Similarly, the benefits of being tested on part of
a science text can sometimes generalize to other, related
facts from the text (Chan, 2010 EL: 4; Chan et al., 2006,
EL: 4), though this has not been observed in all studies
(Pan & Rickard, 2018, EL: 1; Woolridge et al., 2014, EL:
3).

Finally, retrieval practice can transfer between levels of
knowledge or analysis (Agarwal et al., 2013, EL: 4; But-
ler, 2010, EL: 3; Pan & Rickard, 2018, EL: 1; Rohrer et al.,
2010, EL: 3). For example, practicing the notion of com-
petition with a definition question (“What is the term for
when two or more organisms vie for limited environmen-
tal resources?”) also benefits application (e.g., “A group of
500 pandas are living in a reserve. Recent dry weather has
reduced the bamboo populations, which the pandas rely
on. The pandas are in what type of relationship?”), and
vice versa (Agarwal et al,, 2013, EL: 4).

These results imply that learners who use testing are
not just memorizing the answers to specific test items;
they are developing their understanding of the concept
more broadly. An implication for longitudinal assessment
of medical expertise is that being tested should improve
physicians’ retention not just of the specific tested mate-
rial, but of other, related material as well.

Individual differences

More recent work has begun to examine whether the
testing effect applies equally across groups of learners.
Meyer and Logan (2013, EL: 4) found that older adults
benefit from testing just as much as college-age learn-
ers. This finding is relevant to longitudinal assessment
of medical expertise because it suggests that testing may
be beneficial even for physicians more advanced in their
career and further removed from training.

One question of particular interest is how the test-
ing effect may be modulated by prior knowledge of the
tested domain. Several studies have examined whether
the degree of learners’ prior knowledge correlates with
the magnitude of the testing effect, with mixed results:
One study found that retrieval practice has a compen-
satory effect such that it is more beneficial for learners
with low existing topic knowledge (Cogliano et al., 2019,
EL: 5), another conversely found that retrieval prac-
tice is more beneficial for learners with high knowledge
(Carpenter et al.,, 2016, EL: 5), and others found test-
ing equally effective regardless of prior topic knowledge
(Glaser & Richter, 2022, EL: 5; Xiaofeng et al., 2016, EL:
5), although all of these studies are limited by their corre-
lational nature. More recently, in an experimental study,
Buchin and Mulligan (2023, EL: 4) manipulated learners’
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topic knowledge by having them study an academic topic
across multiple days of training before introducing a
retrieval-practice manipulation; this study found that the
testing effect equally benefited high-knowledge and low-
knowledge learners.

Other work has examined how the relevance of test-
ing may be modulated by more general academic apti-
tude or cognitive abilities. The boost provided by testing
may be especially helpful for students who would other-
wise struggle: A larger testing effect has sometimes been
observed for learners lower in the ability to hold infor-
mation in active memory (working memory capacity;
Agarwal et al,, 2017, EL: 5), in reading comprehension
(Callender & McDaniel, 2007, EL: 5), or in general intel-
ligence (Brewer & Unsworth, 2012, EL: 5). Because work-
ing memory typically declines with age (Park et al., 2002,
EL: 5), this may make testing particularly important for
older physicians. However, other studies have found test-
ing benefits to be equal regardless of working memory or
general intelligence (Bertilsson et al., 2021, EL: 5; Jonsson
et al,, 2021, EL: 5; Pan et al,, 2015, EL: 5; Wiklund-Hérn-
qvist et al,, 2014, EL: 5).

In general, then, there does not seem to be consist-
ent evidence that retrieval practice benefits only a select
group of learners, either in terms of prior knowledge or
general cognitive ability. Instead, Jonsson et al. (2021)
conclude that retrieval practice is “a learning method for
all” This means that physicians are likely to be among
those who benefit from the testing effect, and moreso
that testing could help physicians across a range of back-
grounds and knowledge.

Feedback after testing

When learners are tested—either during practice tests
or final assessments—most will answer some of the
items that they have studied or practiced correctly
but make errors on others. One concern sometimes
expressed by educators and learners is that these self-
generated errors may become (falsely) incorporated
into learners’ knowledge base, and so perhaps a more
didactic approach that prevents learners from making
mistakes would be better (e.g., errorless learning; for
further discussion, Metcalfe, 2017, EL: 3; Middleton &
Schwartz, 2012, EL: 2).

Evidence indicates that the benefits of testing for
long-term learning do indeed depend in part on how
well learners perform on the test (Rowland, 2014,
EL: 1). When no feedback is provided during testing,
individuals receive a positive memory boost for cor-
rectly recalled information (Kornell et al.,, 2011, EL: 3;
Rowland, 2014, EL: 1; Spellman & Bjork, 1992, EL: 6).
However, for the items with weak memory strength
that are not correctly recalled on the no-feedback
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test, no memory boost occurs. In this way, tests with-
out feedback may create an asymmetry or bifurcation
in learning dependent upon pretest memory strength
for individual pieces of information. In contrast, res-
tudy conditions provide a memory boost for all items
reviewed, but it is a weaker boost than received for cor-
rectly recalled items in the test condition.

However, this asymmetry can be alleviated by the addi-
tion of feedback after a retrieval practice attempt. Thus,
although testing is beneficial even without feedback, test-
ing with feedback is even better (Butler & Roediger, 2008,
EL: 4; Rowland, 2014, EL: 1; Yang et al., 2021: EL 1; c.f,
Adesope et al,, 2017, EL: 1). Indeed, as long as feedback
is given, errors generated by learners in practice testing
do not impair long-term performance (Butler et al., 2008,
EL: 3; Huelser & Metcalfe, 2012, EL: 3; Kang et al., 2011a,
2011b, EL: 3; Kornell et al., 2015, EL: 3; Kornell et al.,
2009, EL: 3; Kornell & Metcalfe, 2014, EL: 4; Metcalfe,
2017, EL: 3; Metcalfe & Kornell, 2007, EL: 4; Richland
et al., 2009 EL: 3; c.f., Knight et al,, 2012, EL: 3, for more
mixed results). In fact, testing with feedback is so pow-
erful that an unsuccessful retrieval attempt followed by
feedback is more beneficial than simply reading the cor-
rect information without attempting retrieval (Kornell
et al., 2009, EL: 4; Hays et al., 2013, EL: 4; Richland et al.,
2009 EL: 4). Thus, the concern that errors during learning
undermine long-term knowledge is unfounded so long as
feedback is given.

Further, because corrective feedback allows people to
learn even from difficult tests, feedback allows learners to
be presented with more challenging and demanding tests
(e.g., short answer rather than multiple choice) that lead
to better learning (Kang et al., 2007, EL: 3). Thus, training
that permits errors can be more effective than errorless
learning (Keith & Frese, 2008, EL: 1) because it allows
learners to capitalize on testing and practice effects.
These findings imply that tests will most benefit physi-
cians’ retention of medical expertise if (a) feedback is
given, especially for more difficult material, and (b) tests
are appropriately challenging.

How should feedback be given?

The form of feedback clearly matters: Simply stating
whether a response is correct or incorrect (verification
feedback) confers little or no benefit whereas presenting
the actual, correct answer benefits learning (Bangert-
Drowns et al., 1991, EL: 1; Fazio et al., 2010, EL: 3; Met-
calfe, 2017, EL: 3; Moreno, 2004, EL: 3; Pashler et al,
2005, EL: 4; Whyte et al., 1995, EL: 4) although this may
be qualified by the learner’s knowledge level (Hausmann
etal, 2013, EL: 5).
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Some studies have also examined additional elabora-
tions that can be provided beyond correct-answer feed-
back. One popular technique is to present an explanation
of why the correct answer is correct; however, most
studies have found that such explanatory feedback does
not yield gains over providing the correct answer alone
(Bangert et al., 1991, EL: 1; Corral & Carpenter, 2020,
EL: 4; Kulhavy et al., 1985, EL: 4; Mandernach, 2005, EL:
4; Smits et al., 2008, EL: 4; Whyte et al., 1995, EL: 4, but
see Butler et al., 2013, EL: 3, for somewhat more mixed
results). Indeed, providing additional feedback to read
may be less efficient overall (Kulhavy et al., 1985, EL:
4). On the other hand, one study suggests that provid-
ing examples of an incorrectly understood concept can
enhance learning beyond presenting the answer alone
(Finn et al., 2018, EL: 3), but, to date, there is not much
research on this approach. In sum, there is evidence that
feedback should include the correct answer, but further
explanation beyond that may be unnecessary.

Another relevant feature of feedback is its reliability
and validity. Gnepp et al.,, (2020, EL: 3) found that indi-
viduals may be skeptical of negative feedback when the
feedback provider’s accuracy or credentials are in ques-
tion. This study examined workplace feedback from a
manager, and it likely differs from the relative objectiv-
ity offered by an automated system providing feedback
about errors. Still, it suggests there may be value to cit-
ing information sources in feedback to add authority and
objectivity.

When should feedback be given?

Some work has also examined the timing of feedback,
generally contrasting immediate feedback with feedback
that is delayed to some degree. In controlled labora-
tory studies, feedback delayed by several hours or days
is often more effective (Butler & Roediger, 2008, EL: 4;
Kulik & Kulik, 1988, EL: 1; Schmidt & Bjork, 1992, EL: 3;
Schooler & Anderson, 1990, EL: 4), or at least no worse
(Kang et al.,, 2011a, 2011b, EL: 4; Metcalfe et al., 2009, EL:
4; Smits et al., 2008, EL: 4). Delayed feedback may bet-
ter potentiate long-term retention and learning because
it encourages learners to develop their own monitoring
and self-assessment skills, rather than relying exclusively
on external feedback (Schmidt et al.,, 1989, EL: 4). On
the other hand, in in vivo classroom studies, the reverse
seems to be true: immediate feedback is better than
delayed (Kulik & Kulik, 1988, EL: 1; Lemley et al., 2007,
EL: 4). This reversal has been attributed to the fact that,
in a busy classroom environment, students may not even
attend to feedback when it is delayed because their pri-
orities may have since shifted (Kulik & Kulik, 1988, EL: 1;
Metcalfe, 2017, EL: 3).
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What does this imply for longitudinal assessment of
medical expertise? Given that physicians are likely moti-
vated to attend to the feedback they receive, the litera-
ture suggests that delayed feedback may be superior, but
there is a need to test this specifically within the medical
domain. Some evidence does suggest that a particularly
effective strategy may be to interleave periods of testing
with periods of restudy so that learners can restudy mate-
rial they answered incorrectly (McDaniel et al., 2015, EL:
4; Metcalfe & Miele, 2014; EL: 4), then incorporate the
corrected information into their next retrieval attempt.

Why does feedback help?

Why is feedback so effective at ameliorating errors? One
possible mechanism, of course, is that feedback simply
presents another opportunity to encounter correct infor-
mation. This is supported by the fact that, as we reviewed
above, verification feedback alone is not particularly
helpful; the correct answer must be provided (Bangert
etal., 1991, EL: 1).

Another important factor may be that, when an error
is committed with high confidence, the resulting nega-
tive feedback can be especially memorable (the hyper-
correction effect; Butler et al,, 2011, EL: 4; Butterfield &
Metcalfe, 2001, EL: 5; Butterfield & Metcalfe, 2006, EL: 5;
Cyr & Anderson, 2012, EL: 5; Fazio & Marsh, 2009, EL: 5;
Fazio & Marsh, 2010, EL: 5; Iwaki et al., 2013, EL: 5; Met-
calfe, 2017, EL: 3; Metcalfe & Finn, 2011, EL: 5; Sitzman
et al., 2015, EL: 5). The importance of such hypercorrec-
tive feedback accords with multiple theoretical perspec-
tives in cognitive science, such as error-based learning
views, in which learning occurs to the degree that pre-
ceding expectations are incorrect (prediction error; e.g.,
Clark, 2013, EL: 3; Dell & Chang, 2014, EL: 3; Rumel-
hart & McClelland, 1986, EL: 3), and Bayesian views, in
which cognition can be viewed as updating a set of beliefs
in accordance with the experienced “data” or world (e.g.,
Frank & Goodman, 2012, EL: 4; Jacobs & Kruschke, 2010,
EL: 3; Tenenbaum et al, 2011, EL: 3). Thus, feedback
seems particularly effective at alleviating intrusions—the
false “recall” of incorrect information—rather than fail-
ures to recall anything at all (Butler & Roediger, 2008, EL:
4). In other words, it is especially important to give feed-
back when learners respond incorrectly rather than when
they decline to respond.

A related phenomenon, converse to the hypercorrec-
tion effect, is that if the learner is correct, but has low
confidence (e.g., a “lucky guess”), feedback increases the
probability that this correct response will be retained
later (Agarwal et al., 2012, EL: 4; Butler et al., 2008, EL:
3; Fazio et al,, 2010, EL: 3; c.f., Pashler et al., 2005, EL:
4). Thus, we recommend providing feedback for correct
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as well as incorrect responses. Although feedback may
be redundant when a learner is highly confident in their
response and correct, it is unlikely to negatively affect
learning (Hays et al., 2010, EL: 4; Karpicke & Roediger,
2008, EL: 4).

Finally, feedback can perhaps serve as a cue to forget
or inhibit incorrect information.! In general, when peo-
ple are explicitly told that some information is incorrect,
obsolete, or otherwise should now be forgotten, they can
favor retention of other, to-be-remembered informa-
tion (the phenomenon of directed forgetting; MacLeod,
1998; EL: 2; Sahakyan et al.,, 2013, EL: 2). Feedback that
one is incorrect or has performed poorly may be a cue
to initiate this directed forgetting process on erroneous
knowledge.

Training people to use retrieval practice

Most research on the testing effect has focused on test-
ing administered by educators and professional organi-
zations. However, learners can also choose to test
themselves as a learning strategy. Unfortunately, research
indicates that, on the whole, learners use this strategy
only rarely; students often prefer less efficacious strat-
egies, like re-reading (Karpicke et al., 2009, EL: 5; Kirk-
Johnson et al, 2019, EL: 5), including learners in the
health sciences (Coker et al., 2018; EL: 5; Jouhari et al.,
2016, EL: 5; Piza et al,, 2019, EL: 5). Further, even those
who do employ testing might do it for other reasons—
for instance, to assess what they have learned from other
study activities rather than as a learning activity in its
own right (Hartwig & Dunlosky, 2012, EL: 5; Kornell &
Son, 2009: EL 5).

Nevertheless, some learners do use testing to study, and
they appear to reap learning benefits from it. In labora-
tory studies, learners who choose to employ more testing
show better retention (Karpicke, 2009, EL: 5). Outside of
the laboratory, college students who report using more
retrieval practice in their own self-regulated learning
have higher GPA (Hartwig & Dunlosky, 2012, EL: 5). This
conclusion also extends to medical students: Students
who employ more practice testing perform better in the
first year of medical study (Baatar et al., 2017, EL: 5; West
& Sadoski, 2011, EL: 5) and on medical licensing exami-
nations (Burk-Rafel et al., 2017, EL: 5; Deng et al., 2015,
EL: 5); West and Sadoski (2011, EL: 5) and Burk-Rafel
et al, (2017, EL: 5) both found that the retrieval prac-
tice in self-directed study better predicts performance
than more general academic measures, such as MCAT
scores and undergraduate GPA. Although these studies
are correlational, when combined with the experimental

! We thank an anonymous reviewer for suggesting this possibility.
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evidence for the testing effect discussed above, the role
of retrieval practice in these students’ learning is likely
causal. In sum, the literature suggests that many learn-
ers, including medical students, do not often lever-
age retrieval practice, but those who do benefit in their
knowledge and academic performance.

Why don’t more learners engage in these useful study
behaviors? First, they may be aware of the benefits of
testing but do not implement it because of the required
time and effort and other costs (see also Nokes-Malach
etal., 2022). For example, Coker et al., (2018, EL: 5) found
that 90% of surveyed pharmacy students believed their
learning would benefit from regular retrieval practice,
but only 60% engage in it. Second, students may not have
been taught beneficial learning strategies to begin with:
Piza et al.,, (2019, EL: 5) found that the majority of the
health profession faculty they surveyed held misconcep-
tions about evidence-based study practices.

As a result, some researchers have examined whether
learners can be taught to use testing approaches for
learning. Some evidence suggests that individuals who
have more formal education in cognitive psychology
(McCabe, 2011, EL: 5) or who are assigned practice that
allows them to experience the testing effect (Ariel &
Karpicke, 2017, EL: 4; Einstein et al., 2012, EL: 5; Tullis
et al., 2013, EL: 4) come to appreciate the value of test-
ing and incorporate it into future study plans. A work-
shop specifically designed to teach retrieval practice as
a study strategy increased both college students’ inten-
tion to apply retrieval practice and their resulting exam
performance (Stanger-Hall et al.,, 2011, EL: 4). And after
implementing a supplemental spaced-repetition learn-
ing system with attendees at a continuing medical edu-
cation conference, Shaw et al., (2011, EL: 3) found that
97% of participants stated interest in participating in the
system again in the future. An implication for longitudi-
nal assessment of medical expertise, then, is that if phy-
sicians are guided to experience the learning benefits of
self-testing, they may also adopt more effective study and
learning procedures even beyond the assessment itself.

Mechanisms
Understanding how and why retrieval practice works is
important for applying it across situations: A strong theo-
retical account of the testing effect generates predictions
about when and where it can be used, rather than requir-
ing each new application (e.g., each new test format,
subject matter, or group of learners) to be tested afresh.
Further, a clear explanation of why retrieval practice
works can facilitate outreach to learners and educators.
The testing effect is consistent with several broad
principles of human cognition. The benefits of
practicing retrieval can be seen as an instance of
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transfer-appropriate processing: The activities that make
for the most effective learning are generally those that
match the way the material will be used later (Roediger &
Blaxton, 1987, EL: 3; Roediger & Butler, 2011, EL: 3). For
example, reading the driver’s manual would be ideal prac-
tice for taking a written driver’s exam, whereas behind-
the-wheel experience would be ideal practice for actually
driving. It follows from this principle that the best way
to potentiate later retrieval is to practice retrieval itself,
rather than to reread or perform other activities less
closely related to retrieval. Supporting this account,
Adesope et al,, (2017, EL: 1; c.f, Rowland, 2014, EL: 1)
found evidence in their meta-analysis that similarity of
initial and final test moderates the testing effect. When
practice tests and final tests use identical test formats,
a somewhat larger testing effect occurs (Hedges’ g=0.63),
compared to when practice tests and final tests differed
in format (Hedges’ g=0.53).

However, the value of testing may not always be obvi-
ous to learners (or educators). Although testing facilitates
long-term retention, it may require initial processing that
is more effortful or less accurate, as learners struggle with
practice questions and sometimes answer them errone-
ously or not at all. Thus, retrieval practice can be viewed
as a desirable difficulty: the principle that conditions that
facilitate retention, including practicing retrieval, are
often more difficult during initial acquisition (Schmidt
& Bjork, 1992, EL: 3). As we note above, for immediate
tests, testing is generally less effective than restudy, and
it is only over the long-term that the benefits of test-
ing emerge. More generally, performance during initial
learning is not necessarily a reliable index of long-term
learning (Soderstrom & Bjork, 2015, EL: 2).

This principle is counter-intuitive to many learners,
in part perhaps because many learners view retrieving
information from memory as a process distinct from
learning (Karpicke et al., 2009, EL: 5; Kornell & Bjork,
2007, EL: 5; Kornell & Son, 2009, EL: 5; Yan et al., 2014,
EL: 5). Intuitively, learners may view practicing retrieval
as a way to identify what one does and does not know, but
not as way to potentiate learning in and of itself. An anal-
ogy is that saving a computer file (“learning”) and open-
ing a file (“retrieval”) are distinct, independent processes.
However, the human brain does not operate exactly like a
computer, and this naive “storehouse” metaphor is incon-
sistent with another broad-standing principle of memory
(Karpicke, 2012, EL: 6): Retrieval is in fact a potent modi-
fier of memory (Anderson et al., 1994, EL: 4) such that
each retrieval event itself alters the state of the memory
system by making some information more accessible to
future retrieval. Psychological scientists have noted the
similarity of this phenomenon to the observer effect in
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physics, where the mere act of observing a particle can
alter its condition; similarly, the mere act of retrieving a
memory alters it as well (Roediger & Karpicke, 2006b;
Spellman & Bjork, 1992).

More recently, researchers have investigated the cog-
nitive mechanisms of testing in particular. One reason
that testing may benefit retention is that it increases the
number of ways that people can bring to mind the to-
be-remembered information (e.g., Bjork, 1975, EL: 3;
McDaniel & Masson, 1985, EL: 3; Pyc & Rawson, 2010,
EL: 4; Rowland & DeLosh, 2014, EL: 3). For example, it
may promote the development of mediators between the
retrieval environment and the to-be-retrieved material
(Pyc & Rawson, 2010, EL: 4). That is, given the need to
remember the stages of mitosis (the environment or cue),
one might remember PMAT (the mediator) in order to
retrieve protophase, metaphase, anaphase, telophase (the
to-be-retrieved targets). More generally, retrieval prac-
tice may lead learners to elaborate on the target material
by bringing to mind additional related information (Car-
penter, 2009, EL: 4), which is generally an effective learn-
ing technique (Anderson & Reder, 1979, EL: 3). Another,
possibly overlapping mechanism may be that retrieval
practice enhances the distinctiveness of individual learn-
ing episodes (Kuo & Hirshman, 1997, EL: 3; Lehman
et al, 2014, EL: 4; Peterson & Mulligan, 2013, EL: 3).
For example, the life cycle of the malaria parasite com-
prises multiple stages, including sporozoites and merozo-
ites, which learners can easily confuse; however, practice
retrieving them from memory makes them more distinct.

Although there remains work to be done to specify
the exact cognitive mechanism(s) that underlie the test-
ing effect, the extant literature already supports at least
one theoretical conclusion: The testing effect is not an
isolated phenomenon. Rather, it follows from broad prin-
ciples of memory and cognition (transfer-appropriate
processing, desirable difficulty, retrieval as a modifier of
memory) and can take effect through general cognitive
mechanisms (elaboration, distinctiveness, mediators).
Because the testing effect is linked to general psychologi-
cal principles, it is likely to be applicable across a vari-
ety of domains and populations, including retention of
medical expertise. Nevertheless, the principle of trans-
fer-appropriate processing also implies that testing and
retrieval practice will be most beneficial when it closely
resembles the desired outcome. For instance, retrieval
practice with basic factual knowledge alone is less likely
to have an impact on clinical behaviors. Rather, assess-
ments will contribute more to learning if they better
match the environments physicians encounter in their
practice—for instance, by incorporating simulated diag-
nosis or treatment scenarios.
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Future directions

Although there is robust evidence for the testing effect
in general and for several key moderators, we highlight
three open questions particularly relevant to the optimal
use of using testing in the context of longitudinal assess-
ment of physicians’ medical expertise.

Use and degree of interleaving

Although meta-analytic evidence indicates learn-
ing benefits from interleaving concepts, these studies
have employed a variety of learning activities, not only
retrieval practice (but see Dobson, 2011, EL: 4, for an
example employing retrieval practice). It would be valu-
able to confirm that the learning benefits of interleaving
obtain specifically in the case of testing. Further, most
classroom and laboratory studies comparing interleaved
and blocked schedules have used a relatively small num-
ber of categories or concepts (e.g., four different types
of mathematical solids). However, continuing certifica-
tion program assessments contain many more concepts.
Given the hypothesis that interleaving promotes learn-
ing by facilitating contrast between confusable concepts,
intermixing all concepts on continuing certification pro-
gram assessments may not be optimal because related
concepts are unlikely to be adjacent. Indeed, some
recent studies (Abel et al., 2021: EL 3; Yan et al., 2021:
EL 4) suggest that, in more complex domains, an inter-
mediate rather than maximal degree of interleaving may
be optimal precisely because it better facilitates such
discriminative contrast. However, this evidence is still
early. Thus, we propose comparing the learning benefits
of a fully random intermixing of topics versus an order
constructed so that potentially confusable topics appear
in close proximity. We hypothesize this latter schedule
would yield better long-term learning.

Type of explanation in feedback

Assessments often provide explanations of the correct
answer when providing feedback; however, we reviewed
evidence that such explanations do not necessarily ben-
efit the learner beyond simply receiving the correct
response. A study that manipulates the type of explana-
tions provided during feedback may offer insight into
how to improve feedback. One possible design would be
to compare later learning outcomes given (a) feedback
that uses concrete examples to illustrate a point in addi-
tion to providing a technical explanation of how the item
should be answered versus (b) only an explanation, but
no illustrative example.
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Presence of citations during feedback

Assessments often provide citations alongside evidence
for a claim. Some pertinent questions, then, are whether
citations benefit learners during feedback, and if so, why.
One possibility is that merely having citations builds
confidence in the evidence. Another possibility is that
the citations are only helpful if physicians actually read
the reference. If the testing interface allowed for users to
save and/or follow references, log data could be collected
to measure these behaviors. The extent to which users
engaged with references could be used to predict future
performance and provided insight into the value of cita-
tions within tests.

Summary and conclusion

The benefits of testing for learning have been known for
over a hundred years and are supported across many
domains by a robust literature. The act of retrieving
information from one’s memory enhances subsequent
retention and results in better learning than restudy, con-
cept mapping, and many other educational techniques.

Here, we considered the relevance of this testing effect
for the retention of medical expertise in light of the fact
that medical professionals often take periodic tests or
assessments as part of their career. For instance, to main-
tain certification by one of the Member Boards of the
American Board of Medical Specialties, physicians in the
USA must participate in periodic Maintenance of Certifi-
cation assessments. However, the principles we have out-
lined would apply to other professions within the health
science, such as nurses or dentists, as well.

The robust evidence for the testing effect implies that
such longitudinal assessments can be learning opportu-
nities (“assessment for learning”) as well as summative
assessments of a physician’s cognitive skills (“assess-
ment of learning”). A critical goal for any longitudinal
assessment program is that the benefits of testing extend
beyond future tests and include performance-related
outcomes in a medical practice. Fortunately, the reviewed
literature indicates that being on some tested informa-
tion can indeed also improve retention for different, but
related information.

The testing effect also generalizes across types of
knowledge and tests. A variety of test formats (e.g., short-
answer, multiple-choice, etc.) have all been shown to
benefit from testing. For this reason, the specific format
a test item uses is likely of less importance than the pres-
entational quality of the question (e.g., clarity, readabil-
ity, and veracity of text). Further, despite the presence of
some controversy as to whether the benefits of testing are
limited to simple knowledge types (e.g., rote memoriza-
tion of facts), evidence exists to support improvement in
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more complex tasks (e.g., problem-solving, clinical skills)
as well.

Lastly, although there are some conflicting findings, the
testing effect broadly seems to generalize across learners
with a range of prior knowledge or cognitive abilities.

The benefits of testing can be further strengthened
by leveraging several important moderator variables.
First, the positive effects of testing can be reinforced by
increasing the retention interval length. Although it is
challenging to determine exactly when a subsequent test
should occur, given that clinicians are expected to retain
their knowledge over the course of an entire career (i.e.,
several decades), longer retention intervals should be
prioritized over shorter intervals. Second, placing gaps
between testing sessions themselves maximizes learning
outcomes (i.e., spaced repetition). Having tests distrib-
uted over time, versus in a contiguous block, should be
a key feature to any longitudinal assessment program.
Third, switching topics from item to item (interleaving)
is likely to be more beneficial than many questions about
one topic in a row (blocking). Interleaving may be espe-
cially beneficial for easily confused topics, so we suggest
using interleaving to bolster cognitive skills and knowl-
edge for targeted areas within medicine (e.g., when two
distinct conditions share similar symptoms). Fourth,
multiple tests can further boost learning beyond the
baseline benefits of a single test, though with diminish-
ing returns. Fifth, ending an assessment “on a high note”
with a few relatively easy problems may increase learners’
willingness to engage in future testing by capitalizing on
the peak-end rule.

One particularly important moderator is feedback,
which enhances the learning benefits of testing and is
recommended for any longitudinal assessment frame-
work. Feedback can allay concerns over errors generated
during a test, and it is especially important when learners
respond wrongly (although feedback also allows learners
to improve when they decline to respond). An unsuccess-
ful retrieval attempt followed by feedback is more benefi-
cial than simply reading the correct information without
attempting retrieval. In instances where the learner is
correct, but has low confidence in their response (e.g.,
a “lucky guess”), feedback increases the likelihood that
the correct response will be later remembered. Further,
because corrective feedback allows learners to learn from
even difficult tests, learners can be presented with more
challenging and demanding tests. In providing feedback
to a learner, explanations for correct/incorrect responses
have not been reliably shown to aid learning beyond sim-
ply providing the correct answers; however, the use of
examples during feedback may be useful and is worth
further investigation. Citations for sources of informa-
tion and reference materials may also be beneficial.
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There remain open questions about when learners should
receive feedback; we found evidence that delayed feed-
back may be superior to immediate feedback, but due
to sparse evidence in applied domains, we believe this
should be tested within medicine.

A final benefit to a longitudinal assessment program is
that guiding practitioners to experience the learning ben-
efits of testing, and highlighting these benefits, may lead
them to adopt more effective study and learning habits
on their own.

Despite robust evidence for the testing effect in gen-
eral, relatively limited work has examined the efficacy of
retrieval practice in physicians, and more rigorous sci-
entific work is needed. The few studies that have been
done often involved designs that limit causal attribution
(e.g., cross-sectional, self-report, or correlational meth-
ods), although a few well-controlled studies do exist (e.g.,
Larsen et al.,, 2009). Further, only a relatively small sub-
set of studies in the medical domain have included par-
ticipants other than medical students or residents. Given
the growing emphasis on evidence-based studying prac-
tices, more research should be done to assess its efficacy
in medicine. Nevertheless, despite these valid limitations,
basic-science approaches provide a plethora of evidence
that testing should benefit cognitive skills in the domain
of medicine. By practicing retrieving information from
our memory, we strengthen our memories and increase
our knowledge.
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Abstract

We apply a motivational perspective to understand the implications of physicians'longitudinal assessment. We review
the literature on situated expectancy-value theory, achievement goals, mindsets, anxiety, and stereotype threat

in relation to testing and assessment. This review suggests several motivational benefits of testing as well as some
potential challenges and costs posed by high-stakes, standardized tests. Many of the motivational benefits for test-
ing can be understood from the equation of having the perceived benefits of the test outweigh the perceived costs
of preparing for and taking the assessment. Attention to instructional framing, test purposes and values, and longitu-
dinal assessment framewaorks provide vehicles to further enhance motivational benefits and reduce potential costs

of assessment.

Keywords Motivation, Learning, Assessment, Expectancy value, Achievement goals, Mindsets, Stereotype threat, Test

anxiety

Significance

Physicians in the USA are required to take continuing
education assessments at various points throughout their
careers. The medical boards that administer those assess-
ments are considering changes in their structure and
implementation, including a more longitudinal assess-
ment model. Understanding the role that motivation can
play for learners in both preparing for and taking contin-
ued education assessments can inform the assessments’
design, purpose, and the policies for giving them. We
take a motivational perspective on the potential benefits
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and costs of testing and the implications of longitudinal
assessment. We review prior research on motivation for
learning from cognitive, social, and educational psychol-
ogy, including studies from both laboratory and class-
room settings. This analysis reveals that perceived test
difficulty and expectations of success, instruction fram-
ing and feedback, alignment to the values of the learner,
and creating multiple lower-stakes assessment oppor-
tunities are critical issues to consider when redesigning
and implementing continued educational assessments to
enhance motivation, learning, and performance.

Introduction

Physicians in the USA are required to take continuing
education assessments at various points throughout
their careers. Currently, many of these assessments take
place every 5 to 10 years and can be viewed as summa-
tive assessments; however, many specialty boards are
considering transitioning to shorter, more longitudinal
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Table 1 Evidence levels for in-text citations for empirical claims

Evidence level Type of work

1 Quantitative meta-analysis

2 Narrative review

3 Multiple original experiments/rand-
omized controlled trials (RCTs)

4 Single original experiment (RCT)

5 Correlational or quasi-experimental study

6 Opinion paper

assessments that can also serve as learning opportuni-
ties. This change presents an opportunity to consider
some of the factors that could enhance the learning
value of these assessments or otherwise make them
more motivating for physicians.

In particular, for physicians to be motivated to par-
ticipate in longitudinal assessments and other learning
opportunities, they must view participation as having
relatively high value and low costs. One general approach
that can help us understand the role of value and costs in
learning is the expectancy-value theory from social and
educational psychology (Eccles & Wigfield, 2002, 2020;
Wigfield & Eccles, 2000; Wigfield et al., 2016). This theory
is widely used to explain, understand, and predict human
motivation in learning and in academic performance.
Expectancy-value theory posits that learners’ pursuit of
an educational goal (i.e., their motivation to learn) is a
function of the perceived benefits of pursuing the goal,
the perceived costs of pursuing it, and the chance of suc-
ceeding if they do pursue the goal (their expectancies), as
seen in Eq. 1 as follows:

Motivation to Learn = Expectancies * (Benefits — Cost)
(1)

Thus, all other things being equal, physicians—and
other learners—should be more motivated to study and
practice their skills when there is a clear benefit for doing
so (e.g., new knowledge, feedback on knowledge and
skills, continued certification), when the costs of doing
so are relatively minor (e.g., reasonable time and effort
required), and when there is an expectation of success.

In this paper—part of a collection of five articles in
this special issue focused on how physicians maintain
medical expertise across their careers—we describe a
motivational framework that builds on the expectancy-
value theory that also connects to several related motiva-
tional theories and ideas from research on achievement
goals, mindsets, stereotype threat, and test anxiety. We
adopt the approach of a narrative review, not systematic,
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because we cover a wide variety of topics. To situate the
strength of the evidence and claims made, we attach evi-
dence levels (EL) to in-text citations for empirical claims
(see Table 1). Evidence levels range from 1 to 6, with 1
being the strongest evidence (meta-analyses) and 6 being
the weakest (opinion papers).

Understanding motivation with situated
expectancy-value theory
The most recent articulation of the expectancy-value
theory has been called the situated expectancy-value the-
ory (Eccles & Wigfield, 2020). This version of the theory
accounts for both long-term trajectories in the develop-
ment of expectancies and values as well as the short-term
psychological processes engaged in task choice and per-
formance. This version of the theory strongly emphasizes
the situated nature of the factors that affect motivation,
which include not only the particular features of the
immediate situation and task but also the culture(s) an
individual resides in, personal characteristics (e.g., gen-
der, race / ethnicity, socioeconomic status, etc.), and past
personal experiences related to the achievement activ-
ity. Viewing features of the situation as integral to the
motivational processes and outcomes mirrors similar
approaches in the cognitive and learning sciences that
have also focused on the importance of the situation for
cognitive activity and for learning and transfer outcomes
(Greeno & MMAP, 1997, 1998; Lave, 1988; Lave & Weg-
ner, 1991). We believe that the situated perspective is
especially relevant to our present goal of understanding
motivation in a particular situation and context—in this
case, physicians’ engagement with continuing certifica-
tion assessments. There are several different features of
this context that are important to motivation, including
both the particular prior educational and assessment
experiences of physicians in the USA (e.g., attending
medical school, certification tests) as well as the stereo-
types associated with the profession (e.g., about who can
be a physician or what resources are required to succeed).
We expand certain components of the situated theory
of expectancy-value to accommodate relevant cognitive
research. For example, as we elaborate upon below, pre-
vious work has focused on expectancies of success, but
here we broaden the scope of the term and include other
expectancies, such as expectancies of being tested, which
also plays an important role in the cognitive literature on
memory and learning. We highlight where there are vari-
ations—conceptual broadening or narrowing—from the
situated expectancy-value concepts and features.



Nokes-Malach et al. Cognitive Research: Principles and Implications

(2023) 8:64

Mindsets

Growth vs. Fixed
Beliefs

Expectancies
¢ Of success on the test

* Of whether one has the
capabilities to perform
well

¢ Of how hard the test
will be

Perceived Benefits
Values

* Interest in the materials

¢ Usefulness of the test
(preparing, taking, and
passing)

¢ |Importance of the test

Stereotype
Threat

AN

Perceived Costs

¢ Task effort, outside effort,
loss of valued alternatives,
emotional

¢ Anxiety

Goals

mastery-approach

mastery-avoidance
performance-approach
performance-avoidance

<

-
.
.
.
.
.
.
3
»
.
0
0
Q

Motivation to Learn
& Prepare for a Test

Page 3 of 16

Fig. 1 Situated expectancy-value model of the motivation to learn and interrelations to mindsets, stereotype threat, and achievement goals. The
model is adapted from Eccles, Wigfield, and colleagues (Eccles & Wigfield, 2020; Wigfield & Eccles, 2000). Positive relations are denoted by the solid

arrows and negative relations are denoted by dashed arrows

Further, we review and include additional motivational
theories and ideas that we believe are of particular rel-
evance to the context of physicians maintaining their
expertise and completing continuing assessment. These
include achievement goals (given that medical train-
ing and performance contexts often have a strong focus
on mastery and performance), mindsets and stereotype
threat (given varying beliefs about the profession and
who can succeed), and test anxiety (given that we are
focusing on continued assessment that often takes the
form of high-stakes standardized tests).

Another reason to bring these different motivational
ideas together into a single framework is to help further
connect relevant motivational theories and ideas whose
relations are often not explicitly discussed in the litera-
ture but whose features and processes often overlap and
relate to one another. There have been many calls over
the years to integrate these different frameworks or to
compare and contrast them (e.g., Hattie et al, 2020).
Although our goal here is to review those that we view
as particularly relevant to physicians and the mainte-
nance of certification, by expanding the situated expec-
tancy-value framework to relevant cognitive research on
learning and testing, we connect these strands of prior

research back' together in the hope that future theorizing
will further integrate cognitive and motivational theories
of learning and performance.

In Fig. 1, we present a model in which we bring
together each of the motivational factors of interest,
their hypothesized interrelations, and the motivation to
learn. We begin by reviewing research on the effects of
one’s expectancy for passing the test and of self-efficacy
beliefs on engagement and learning outcomes. We then
review how learners perceive the benefits of testing and
explore the hypothesis that physicians will experience
stronger motivation and learning to the degree that the
assessment aligns with and confers value to them. We
then consider related research on mindsets, which in
the context of situated expectancy-value theory, can be
viewed as ability beliefs that can influence expectancies
and values. We also incorporate achievement goals as
both a factor affected by expectancies and values as well
as a mediator of the motivation to learn. Next, we dis-
cuss the potential perceived costs of testing, such as text

! Work on learning and motivation at the beginning of the twentieth cen-
tury by Thorndike, Hull, and Tolman, among others, closely connected
the processes of motivation and learning together within singular theories
(see Klein, 2019, for an overview). We hope that future work continues to
bring research on cognition and learning and motivation and learning back
together in integrated ways.



Nokes-Malach et al. Cognitive Research: Principles and Implications

anxiety and stereotype threat (i.e., a situation in which
one is concerned about potentially confirming a negative
stereotype related to an aspect of their identity), as well
as approaches to mitigate those costs. We end with a dis-
cussion of directions for future work in the areas of moti-
vation and the development of medical expertise.

Expectancies

Expectations of success affect how one studies

and performs

A learner’s beliefs about the likelihood of success on a
given task has important consequences for their learn-
ing activities. Such expectancy beliefs are theorized to
be informed by both beliefs related to task outcome suc-
cess (i.e., outcome expectancies) as well as beliefs about
one’s personal capabilities to perform the task (i.e., self-
efficacy; Bandura, 1997). In the situated expectancy-
value model, a learner’s beliefs about the likelihood of
success on a given task affects their motivation to learn.
For example, if a learner is given a task that they per-
ceive themselves as unlikely to succeed on (e.g., the test is
extremely difficult or insufficient time is given), then they
will be less likely to engage in that activity or to prepare
adequately because they expect that they will likely fail
anyway. Although high failure rates are not traditionally
a problem for continuing education programs, what con-
stitutes subjective perceptions of success and failure may
be defined differently for different physicians. Prior work
has shown that expectancy beliefs have a large impact on
academic performance (Meece et al.,, 1990, EL: 5; Penk
& Schipolowski, 2015, EL: 5; Priess-Groben & Hyde,
2017, EL: 5; Wigfield & Eccles, 2000, EL: 2), persistence
(Scheier & Carver, 1982, EL: 4), and choice (Bong, 2001,
EL: 5; Durik et al., 2006, EL: 5; Simpkins et al., 2006, EL:
5).

Conversely, high self-efficacy is associated with more
productive learning behaviors (Bouffard-Bouchard et al,,
1991, EL: 5; Parajes, 2008, EL: 2; Pintrich & De Groot,
1990, EL: 5; Schunk & Parajes, 2002, EL: 2). For exam-
ple, students who have high self-efficacy beliefs are more
likely to engage in self-regulated learning and to persist
in trying to learn even in the face of difficulties or chal-
lenges (Bandura, 1997, EL: 2; Schunk & Parajes, 2002, EL:
2). These beliefs predict student retention and academic
performance in school settings (Honicke & Broadbent,
2016, EL: 1) even after controlling for prior knowledge
(Bailey et al., 2017, EL: 5; Kalender et al., 2020, EL: 5). A
number of factors have been hypothesized to influence
the development of self-efficacy, including performance
feedback (e.g., test scores), observations of others, social
persuasion messages, and physiological states (Bandura,
1997, EL: 2; Britner, 2008, EL: 2; Britner & Parajes, 2006,
EL: 2; Usher & Pajares, 2008, EL: 2).
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This research on self-efficacy has several implica-
tions for continuing assessment of medical expertise.
First, an assessment must strike a balance of difficulty
in that it is perceived as challenging enough to motivate
constructive study activities to prepare for that test, but
not so difficult that there would be no possibility for suc-
cess. One way to communicate the level of difficulty is to
provide representative examples of the test items to prac-
tice and receive feedback on. Second, because self-effi-
cacy beliefs have a strong impact on how learners prepare
and engage with the study materials, continuing certifica-
tion programs have an opportunity to contribute to the
positive development of self-efficacy. That is, the results
of the assessment provide a form of performance feed-
back that could directly impact a physician’s self-efficacy
belief (e.g., getting a higher score and thereby increasing
self-efficacy). If continuing certification programs transi-
tion to more regularly spaced assessments, that provides
a further opportunity to develop self-efficacy by provid-
ing multiple pieces of feedback over time. Each piece of
feedback is an opportunity for an individual to adjust
their appraisal of self-efficacy to be more in line with
their performance (i.e., to move up or down depending
on performance). Providing repeated performance feed-
back creates an opportunity to determine whether such
feedback leads to more accurate self-assessment.

Expectations of test difficulty affect engagement

and performance

While the expectancies component of the situated expec-
tancy-value model focuses on expectancies for success
on a task, as we discuss above, we also consider here
how the expectation that one will be tested in the future
can itself create the opportunity to engage in produc-
tive study and learning activities. Although just knowing
about the existence of an upcoming assessment does not
necessarily promote learning (Hyde & Jenkins, 1973, EL:
4; Postman, 1964, EL: 3), an expectation of being tested in
a particular way or on certain types of material can lead
to better learning (McDaniel et al., 1994, EL: 3; Szpunar
et al.,, 2007, EL: 4). The anticipated difficulty of the test
matters, too. For example, laboratory researchers have
often examined test difficulty by contrasting a recall task,
in which learners must bring to mind the required infor-
mation (e.g., a fill-in-the-blank item or essay), with a rec-
ognition task, in which learners must merely identify the
information when it is presented (e.g., multiple-choice
or true—false items). All other things being equal, recall
is more difficult than recognition. Thus, people expect-
ing a difficult recall test learn and remember more than
people expecting an easier recognition test, regardless
of the type of test they actually receive (Balota & Neely,
1980, EL: 4; Connor, 1977, EL: 3; d'Ydewalle et al., 1983,
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EL: 4; Hall et al., 1976, EL: 3; Leonard & Whitten, 1983,
EL: 3; Maisto et al., 1977, EL: 4; Neely & Balota, 1981, EL:
4; Schmidt, 1988, EL: 4; c.f,, Finley & Benjamin, 2012, EL:
3).

What accounts for this test expectancy effect? Ben-
efits of intentional encoding (i.e., with the goal to learn)
appear to be driven largely by the activities that learn-
ers engage in when preparing for a test (Hyde & Jen-
kins, 1969, EL: 4; Hyde & Jenkins, 1973, EL: 4; c.f., Neely
& Balota, 1981, EL: 4). Learners expecting a more dif-
ficult test can engage in more effective study behaviors,
such as studying longer (d’Ydewalle et al.,, 1983, EL: 4;
Thiede, 1996, EL: 3), continuing to practice after an ini-
tial quiz (Szpunar et al.,, 2007, EL: 4), and/or engaging in
deeper, more meaningful practice (Hall et al., 1976, EL: 3;
Leonard & Whitten, 1983, EL: 3; Schmidt, 1988, EL: 4).
Conversely, even offering financial incentives does not
increase learning when learners are required to use inef-
fective learning strategies (Craik & Tulving, 1975, EL: 4).

The results reviewed above suggest that physicians
learn and retain more when they expect to be tested on
the knowledge and skills they are developing. This is
especially the case when the perceived difficulty of the
test is difficult enough? to engender deeper, more effec-
tive preparation and when the environment guides phy-
sicians to effective study behaviors and activities to
capitalize on their increased motivation.

Perceived benefits: what is the value of the test

to the learner?

In the situated expectancy-value model, the perceived
value of a given task or assessment plays a critical role
in motivation to prepare for and engage with it. Value
is hypothesized to consist of three distinct components,
each of which we review in turn (Wigfield et al., 2016).

Intrinsic task value

Intrinsic task value is interest in a task or assessment for
its own sake. Theories of interest typically discuss two dif-
ferent kinds: situational and individual (Hidi & Harack-
iewicz, 2000; Hidi & Renninger, 2006; Krapp, 1999;
Schiefele, 1991). Situational interest is hypothesized to be
a momentary experience that is driven by environmental
factors (e.g., a loud noise) and correlated with both cog-
nitive (e.g., attention) and affective (e.g., surprise) factors
(Hidi & Harackiewicz, 2000, EL: 2). Individual interest
is hypothesized to be a longer-lasting engagement and
is associated with one’s knowledge, values, and feelings
about the particular topic or task (Renninger, 2000, EL:

2 Of course, we discuss above, if the test is expected to be too difficult and
outcome expectations are consequently low, learners may instead disengage
from the task entirely.
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2). One perspective on how intrinsic task value emerges
is given by discrepancy theory, which posits that learn-
ers are motivated to increase a valued competency when
they perceive a discrepancy between their current skill
and a given goal or standard (Fox & Miner, 1999; see also
regulatory focus theory, Higgins, 1997, 2012). Laboratory
studies have confirmed that people are sensitive to gaps
between perceived and desired knowledge (Dunlosky &
Hertzog, 1998, EL: 5; Son & Metcalfe, 2000, EL: 3; Tullis
& Benjamin, 2010, EL: 2).

Much prior work has shown that individual interest
in the task can increase self-reported effort (Renninger
& Hidi, 2002, EL: 5), positive self-regulation (O’Keefe &
Linenbrink-Garcia, 2014, EL: 5; Renninger & Hidi, 2019,
EL: 2), and deep strategy use (Schiefele et al., 1995, EL: 5).
It is also associated with better grades in school (Harack-
iewicz et al, 2008, EL: 5; Schiefele et al., 1992, EL: 1).
Intrinsic task value may also be linked to achievement
goals for a particular task, as we elaborate upon below.
In the domain of medicine, medical students’ interests
and perceived competence have been shown to predict
important career choices, such as medical specialty deci-
sions (Williams et al., 1997, EL: 5). Other research has
shown that experimental interventions to increase intrin-
sic task value can facilitate interest and subsequent learn-
ing. For example, testing with feedback, in addition to
directly enhancing learning, can also increase the desire
to learn more about a topic (Abel & Biauml, 2020: EL 3).
This finding aligns with discrepancy theory in that learn-
ers need to become aware of (i.e., perceive) discrepancies
between actual and desired knowledge to become highly
motivated.

Interest and task performance can also be increased
by personalizing content (Bernacki & Walkington, 2018,
EL: 4; Walkington & Bernacki, 2018, EL: 2). This research
implies that the more the content of the test (e.g., top-
ics and patient scenarios) matches the interests of the
physician, the more motivated they will be to learn and
keep current. It would be desirable to collect infor-
mation on physicians’ medical interests and personal
practice to match those interests, or perhaps to allow
physicians some opportunities to select relevant topic
areas or problem scenarios to be tested on. Another tech-
nique to potentially help select material in a longitudinal
spaced-repetition paradigm would be to collect ratings of
relevance and use them to prioritize content which infor-
mation is re-presented.

Utility value

Another aspect of value is called utility value, or the
degree to which preparing for and taking the test is use-
ful for accomplishing some valued outcome; that is, as a
means to an end (Eccles, 2009; Wigfield & Eccles, 2002).
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Often, these valued outcomes are broader personal, edu-
cational, or professional goals. Correlational research
has shown that utility value is positively associated with
engagement, learning, and performance outcomes, such
as higher grades (Harackiewicz et al.,, 2016, EL: 2; Harack-
iewicz et al., 2014, EL: 2). Further, intervention studies
have shown that, when utility value increases, so does aca-
demic performance (Harackiewicz & Priniski, 2018, EL: 2;
Harackiewicz et al., 2016a, 2016b, EL: 4, Hulleman et al.,,
2010, EL: 4).

Utility value is relevant to longitudinal assessment of
medical expertise in at least two ways. The first concerns
the usefulness of preparing to take the assessment. That
is, does a physician view preparing for the assessment as
a helpful activity that contributes to their medical train-
ing and skill development more generally, or just some-
thing they do because they have to? The more a physician
sees connections between the activities of studying and
their broader professional goals (e.g., acquiring criti-
cal new knowledge), the more motivated they will be to
study. The second concerns the value ascribed to the test
itself. That is, does a physician view the test as useful to
achieving broader educational goals (e.g., staying cur-
rent) and professional goals (e.g., staying employed, being
promoted)?

Interviews with physicians preparing for and taking
high stakes tests show a range of perceptions of how
relevant and related the content is to their current prac-
tice (Chesluk et al., 2019a, 2019b, EL: 5). The work we
reviewed above implies that such variation in percep-
tions is likely to affect physicians’ motivation to learn.
If physicians see the activity of studying between longi-
tudinal assessment sessions as relevant to their broader
professional goals, they will be more motivated and more
deeply engaged with the material. Alternatively, if they
view the assessment as unrelated and disconnected, they
may engage only superficially. Fortunately, some evidence
suggests that utility value is amenable to intervention;
for instance, in academic settings, it can be improved
by having the learner briefly write about the usefulness
of the class or discipline to them (Harackiewicz & Prini-
ski, 2018, EL: 2). Feedback within an assessment can also
promote utility value. Some longitudinal assessment
platforms require the participant to rate each question’s
relevance to their medical practice. Periodically provid-
ing feedback (e.g., as summary feedback between assess-
ment sessions) regarding questions that a learner missed
but that they also rated as relevant to their practice may
provide additional motivation for them to review those
concepts.
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Attainment value

The third component of value is attainment value, or the
importance of doing well on a given task or assessment.
In the current context, attainment value would capture
how important it is to the individual to prepare for the
assessment and perform well on it. This judgment will
depend on the physician’s perception of what the assess-
ment measures (e.g., relevant medical knowledge and
skills), how accurately it measures those competences,
and the ramifications of passing or failing the assessment
(e.g., often required for preferred employment).

Attainment value is theorized to have implications for
one’s self-concept and identity (Eccles, 2009; Eccles &
Wigfield, 2020; Ryan & Deci, 2020). For example, self-
determination theory implies that performance out-
comes provide “data” that can be used to confirm or deny
aspects of one’s identity (La Guardia, 2009; Ryan & Deci,
2020), including three core needs of autonomy, related-
ness, and—most critical to our purposes—competence. If
one perceives the assessment as measuring critical medi-
cal competence and performs well, that result can be
interpreted as confirming one’s view of oneself as a com-
petent, expert physician. Alternatively, if one perceives
the assessment as important but performs poorly on it,
it could call into question either one’s view of oneself as
an expert, knowledgeable physician, or the validity and
accuracy of the test.

Attainment value has been shown to be positively
related to engagement (Putwain et al.,, 2019, EL: 5), effort
(Guo et al., 2016, EL: 5), self-concept (Arens et al., 2019,
EL: 5), and academic achievement (Trautwein et al., 2012,
EL: 5; Meyer et al, 2019; EL: 5). Laboratory research
on memory and learning also supports the relevance
of attainment value. In one lab paradigm, each to-be-
learned item is experimentally assigned a point value that
learners are awarded for successful retention, and learn-
ers are tasked with earning as many points as possible.
Learners consistently remember more of the high-value
items, demonstrating that value guides priorities for
learning and retention (Castel et al., 2002, EL: 3; Castel
et al,, 2011, EL: 4; Castel et al.,, 2013, EL: 3; Hennessee
etal, 2018, EL: 3; McGillivray & Castel, 2017, EL: 3).

This work implies that physicians’ perception of the
importance of the task and test affects their motivation to
learn. The more that physicians see the test as measuring
an important set of skills and knowledge, the more time
and effort they will invest in performing well on the test.
Further, if the assessment provides feedback relevant to
physicians’ self-concepts and identities (e.g., their iden-
tity as a skilled medical doctor), they will show higher
investment in developing their skills and performing
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well on the assessment. Lastly, longitudinal assessments
of medical expertise could encourage physicians to learn
and retain particular skills by assigning them higher value
or by apportioning more questions to these topics within
the assessment (as is often already done).

Growth mindsets promote motivation and learning
Another important motivational factor that can impact
how learners prepare for and engage with assessments is
their mindset and beliefs about ability. Mindset is a broad
term used to describe a set of beliefs that can impact
one’s expectations, meaning-making, and behaviors
(Dweck & Yeager, 2019, EL: 2).

One of the most powerful mindsets that has been
investigated is people’s beliefs about intelligence. Within
the situated expectancy-value model of Eccles and Wig-
field (2020), mindsets regarding intelligence are cap-
tured as part of the self-concept of one’s abilities that
can influence expectancies and values. Carol Dweck and
her colleagues have been some of the leading research-
ers on mindsets about intelligence and have focused
on two types of beliefs. The first is a belief that intel-
ligence is malleable and can change with experience in
a domain, which has been called a growth mindset. The
other is a belief that intelligence is inherited and cannot
be changed through experience, which has been called
a fixed mindset. Intelligence mindsets and ability beliefs
have been hypothesized to affect a learner’s expectan-
cies, values, and achievement goals, which in turn affect
the motivation to learn (Fig. 1). For example, a growth
mindset is hypothesized to lead to positive self-regulated
learning behaviors, such as effort in the context of chal-
lenge, which in turn lead to better learning and achieve-
ment outcomes (Blackwell et al., 2007, EL: 4&5).

A growth mindset predicts positive academic achieve-
ment (Costa & Faria, 2018, EL: 1; Blackwell et al., 2007,
EL: 4; Gunderson et al., 2013, EL: 5, Henderson & Dweck,
1990, EL: 2, Paunesku et al.,, 2015, EL: 4; cf. Li & Bates,
2019, EL: 4). Growth and fixed mindsets also relate to
students’ self-reported interest (Haimovitz et al., 2011,
EL: 5), effort (Blackwell et al., 2007, EL: 5; Miele et al.,
2011, EL: 5; Miele & Molden, 2010, EL: 3), and learning
goals (Blackwell et al., 2007, EL: 5; Haimovitz et al., 2011,
EL: 5). For example, at a correlational level, a growth
mindset during the middle-school years predicts learn-
ing goals (e.g., “An important reason why I do my school
work is because I like to learn new things”) and posi-
tive effort beliefs (e.g., “The harder you work at some-
thing, the better you will be at it”), which in turn predict
positive study strategies (e.g., “I would spend more time
studying for tests”) and performance (e.g., achievement
test scores) (Blackwell et al., 2007, EL: 5). There is some
evidence that the link between growth mindset and
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academic achievement is causal: Interventions designed
to promote growth mindsets, with messages that portray
intelligence as malleable with experience and training,
lead to positive changes in motivational and achievement
outcomes (Blackwell et al., 2007, Expt. 2, EL: 4; Mueller
& Dweck, 1998, EL: 4; Yeager, et al.,, 2016, EL: 4; c.f. Li &
Bates, 2019).

In sum, mindsets about intelligence can have power-
ful downstream effects on motivational and learning
outcomes and can directly impact expectancies, values,
and goals. Thus, physicians who believe their intelligence
and skills are malleable may be more likely to adopt good
learning behaviors and goals, which would further their
retention of cognitive skills. Physicians’ adoption of a
growth mindset may be fostered by the shift in continu-
ing certification toward more regular spaced testing,
which provides the opportunity to improve over time.

Achievement goals and the benefits of pursuing
mastery

Achievement goals are the reasons why people engage
in study and test activities. Achievement goals are
sometimes described and investigated separately from
expectancy-value theory, but sometimes are included
in an overarching model (Plante et al., 2013). In the
situated expectancy-value model of Eccles and Wig-
field (2020), long- and short-term goals are described as
factors that can influence expectancies for success and
subjective task values. Others have hypothesized the
converse: that expectancies and values affect the adop-
tion of achievement goals (Elliot, 1999; Greene et al.,
2004). Some empirical work supports this second view
by showing that expectancies and values have both
direct effects on motivation for learning and indirect
effects through achievement goals (Plante et al., 2013,
EL: 5). We incorporate this second view into our model
depicted in Fig. 1.

Achievement goals can either be mastery-oriented,
with a focus on improving and understanding the mate-
rial in comparison to one’s prior understanding, or per-
formance-oriented, with a focus on demonstrating ability
in comparison to others (Dweck, 1986; Elliot, 1999). Each
of these two goals can be approach-or avoidance-based
(Elliot, 1999). Approach-based goals are defined by striv-
ing toward a positive outcome, and avoidance-based
goals are defined by avoiding negative outcomes. Com-
bining these different dimensions results in four different
goals: a mastery-approach goal to learn as much as pos-
sible, a mastery-avoidance goal to avoid loss of knowl-
edge or skills, a performance-approach goal to perform
better than others, and a performance-avoidance goal not
to perform worse than others (Elliot & McGregor, 2001;
Elliot & Murayama, 2008). We thus view achievement
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goals as particularly relevant for the context of develop-
ing and maintaining medical expertise given the focus on
mastery and performance in training and assessment.

Although there has been little work specifically exam-
ining achievement goals in the context of practicing
physicians, many laboratory experiments and classroom
studies have examined these four achievement goals
in relation to engagement, learning, and performance
outcomes. This literature has consistently linked per-
formance-avoidance goals to negative outcomes, such
as poor performance (e.g., grades and tests), as well as
low self-efficacy, poor study habits, and procrastination
(Elliot & Church, 1997, EL: 5; Elliot & McGregor, 1999,
EL: 5; Elliot et al, 1999, EL: 5). In contrast, mastery-
approach goals have been consistently associated with
positive outcomes, such as self-reported interest and
engagement (Elliott & Dweck, 1988, EL: 4; Elliot et al.,
1999, EL: 5; Harackiewicz et al., 2002a, 2002b, EL: 5;
Harackiewicz et al., 2008, EL: 5) and learning and trans-
fer (Belenky & Nokes-Malach, 2012, 2013, EL: 5). The
fact that mastery-approach goals have been related to
knowledge transfer is promising for learning in medical
education contexts in that it may help physicians acquire
sought-after skills critical to adaptive medical expertise
(Mylopoulos et al., 2018, EL: 2).

Performance-approach goals correspond to a more
intermediate level of performance; they have been related
to some positive outcomes, such as better grades and
exam performance (Harackiewicz et al., 2002a, 2002b,
EL: 2; Linnenbrink-Garcia et al., 2008, EL: 2), but also
some negative outcomes, such as less effective self-
reported study behaviors (i.e., rote memorization) (Midg-
ley et al.,, 1996, EL: 5; Senko et al.,, 2011, EL: 2).

Lastly, mastery-avoidance goals have been the least
studied of the four goal types but may be particularly
relevant to certification boards as they pertain to avoid-
ing the loss of knowledge and skills that were previously
mastered. These goals have been associated with mixed
results (Hulleman et al., 2010, EL: 4; Linbrink et al., 2008,
EL: 2), including both positive outcomes, such as learn-
ing (Richey & Nokes-Malach, 2013, EL: 3), and negative
outcomes, such as self-reported test anxiety (Elliot &
McGregor, 2001, EL: 5).

How do learners come to adopt one type of achieve-
ment goal or another? A number of factors can influence
achievement goals (Ames, 1992, EL: 2). Prior experi-
mental and classroom work has shown that instructions
can affect the goals that learners adopt in the moment
(Elliot & Harackiewiz, 1996, EL: 3; Elliot & Dweck, 1988,
EL: 4; Graham & Golan, 1991, EL: 3). For example, tell-
ing students that the purpose for a given task is either to
“develop their ability or skill and learn from mistakes” or
conversely “to compare ability to others and to determine
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whether they are better or worse than others” can impact
learning outcomes and task engagement (Bereby-Meyer
& Kaplan, 2005, EL: 3; Elliot & Harackiewicz, 1996, EL:
3). Other work has shown that the type of task can also
impact the types of goals adopted. For example, a discov-
ery task, in which the learner aims to find a principle that
explains a data pattern, has been shown to promote the
adoption of mastery-approach goals relative to a task pre-
sented as direct instruction followed by practice (Belenky
& Nokes-Malach, 2012, EL: 4). The framing of the task is
particularly relevant for the continuing certification of
medical expertise because the instructions could easily
be written to facilitate the adoption of a mastery goal. For
example, physicians could be asked to focus on develop-
ing their understanding and trying to improve their score
over time—aiming to achieve their personal best.

Perceived costs of testing

General aspects of psychological cost

In the situated expectancy-value framework, an impor-
tant subcomponent of the motivation to learn is the
perceived cost of the study activity or test. This compo-
nent of the model has historically received less attention
than expectancy and other aspects of value® (i.e., intrin-
sic, utility, attainment); however, more recently, several
efforts have been made to develop measurement tools
that capture important aspects of cost (Conley, 2012;
Flake et al., 2015; Trautwein et al., 2012) and to better
understand its role in the expectancy-value framework
(Barron & Hulleman, 2015; Eccles & Wigfield, 2020).
Four aspects of cost have been identified (Flake et al.,
2015). Task effort refers to the amount of time and energy
of performing a task itself. Outside effort refers to the
amount of time and energy required for other tasks than
the focal task (e.g., family and work obligations), which
may result in the perception of not having enough time
to dedicate to the focal task. The loss of valued alterna-
tives refers to what one has to give up to prepare for the
task or test. For example, in the current context, a val-
ued alternative lost in preparing for continuing certifica-
tion program assessments may be leisure time or family
time (Galla et al., 2015: EL 5; Kurzban et al., 2013). The
last aspect is emotional cost, which refers to the potential
stress and worry caused by the task. For example, anxi-
ety in anticipation of a high-stakes test would increase
the perceived emotional cost of the test, as we discuss in
further detail below. In interviews with physicians about

3 In the situated expectancy-value framework, cost is considered a subcom-
ponent of value. Here, we represent cost separately from value in Fig. 1 to
highlight its role and to both build on the prior work on costs as well as
broaden the definition to consider other types of costs (e.g., financial costs
of taking the assessment).
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how they prepared for and took continuing certification
examinations, the lack of time available because of out-
side effort involved in studying and the loss of valued
alternatives emerged as important themes (Chesluk et al.,
2019a, 2019b, EL: 5).

In the situated expectancy-value model, the more of
these perceived costs, the less likely one is to be moti-
vated to learn and prepare for the test. Prior work has
shown that perceptions of cost predict additional varia-
tion in motivation and performance outcomes above and
beyond expectancies and values (Jiang et al., 2018; EL 5;
Perez et al.,, 2014; EL 5). In principle, then, the more that
perceived costs can be reduced, the stronger an individu-
al’s motivation to learn. A recent intervention that aimed
to reduce cost in an introductory physics course by focus-
ing on the normalization and temporary nature of effort
costs has shown some promising results in reducing sub-
sequent perceived costs and increased class performance
(Rosenzweig et al., 2020, EL: 4; c.f. Rosenzweig et al.,
2022, EL: 4). This work suggests that one way to mitigate
the perceived costs of testing would be to discuss those
costs in advance in an effort to normalize them.

Another aspect of continuing certification programs
that may impact one’s perceptions of cost are the mon-
etary costs associated with certification. There is no
research that we know of that has investigated the impact
of financial cost of tests on perceived costs within the
situated expectancy-value framework, but this could be a
useful direction for future work.

Test anxiety

As we discuss above, one form of cost in the situated
expectancy-value is emotional cost, which includes
anxiety. Indeed, there is a substantial literature specifi-
cally on test anxiety, which we review here because it
is relevant to the context of continued assessment. Test
anxiety is a multi-faceted construct consisting of physi-
ological, psychological (e.g., emotional, cognitive), and
behavioral components (Zeidner, 1998, 2009; von der
Embse, 2018). It is hypothesized to emerge as worries or
fear about a negative evaluation in relation to an evalua-
tive test. Several mechanistic models of test anxiety have
been proposed and tested over time, including interfer-
ence (Alpert & Haber, 1960, EL: 5; Liebert & Morris,
1967, EL: 5), deficit (Tobias, 1985, EL: 2), and transac-
tional models that incorporate components of the former
two (Spielberger & Vagg, 1995, EL: 2; see von der Embse,
2018, EL: 1 for a review). More recently, biopsychosocial
models have been proposed that focus on the interactive
relations between biological, psychological, and social/
environmental factors that trigger test anxiety in-the-
moment (Segool et al., 2014, EL: 5; Jamieson, 2017, EL:
2).
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Although some arousal may be good, many individu-
als approach standardized tests with levels of anxiety
that are high enough to impair performance (von der
Embse, 2018, EL: 1). Famously, the Yerkes-Dodson law
of arousal and performance states that a moderate level
of arousal leads to optimal performance (Yerkes & Dod-
son, 1908, EL: 3). This “inverted U” model predicts poor
performance at low levels of arousal because one is not
adequately alert or engaged with the task and at high
levels of arousal because one may experience anxiety
and worry that interfere with performance. High lev-
els of arousal, anxiety, and worry have been investigated
broadly across physical skills and performances as well
as intellectual and academic contexts (Alpert & Haber,
1960, EL: 5; Beilock & Carr, 2001, EL: 3; Beilock et al,,
2017, EL: 2; Mandler & Sarason, 1952, EL: 4; Sarason,
1980, EL: 2). Test anxiety, in particular, is associated with
poorer performance on classroom tests, GPA, IQ tests,
and standardized tests (Ackerman & Heggedstad, 1997,
EL: 1; Hembree, 1988, EL: 1; von der Embse, 2018, EL: 1).

One reason that high levels of anxiety may be harmful
to test-taking is that anxiety can reduce working memory
resources (Beilock, 2008, EL: 2; Beilock & Carr, 2005, EL:
4; Moran, 2016, EL: 1). Moran (2016, EL: 1) examined the
relationship between self-reported anxiety and working
memory capacity in a meta-analysis (N=22,061 partici-
pants) and found a small to moderate negative relation-
ship (Hedges’ g=— 0.33). However, there is still much
debate about the boundary conditions of the relations
and the exact mechanisms at play. One hypothesis is that
anxiety impairs performance via multiple routes: worries
impair verbal processing, and high arousal impairs spatial
storage (Moran, 2016, EL: 1).

The deleterious effects of anxiety may intensify in
response to high-pressure tests. Hinze and Rapp (2014,
EL: 3) found that the benefits of testing for learning were
diminished if there was significant performance pressure
during episodes of memory retrieval. These findings illus-
trate the importance of reducing pressure during testing
in order to maximize learning outcomes. One method
that Hinze and Rapp found could reduce pressure was
to weigh earlier retrieval-practice questions less than
later questions so that learners who do poorly early on
can identify areas of weakness and improve upon them.
Other work has found that practicing for an assessment
using retrieval practice can reduce test anxiety (Agarwal
et al., 2014, EL: 3). Thus, the development of a longitudi-
nal assessment focused on learning benefits may reduce
the perceived pressure of a one-time, high-stakes test.

Stereotype threat
In the situated expectancy-value framework, stereotypes
are described as operating in a broader cultural milieu
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that is theorized to impact subsequent self-perceptions
and task expectancies and values. Here, we elaborate on
these effects and connect them to the broader literature
on stereotype threat, another phenomenon that can be
triggered in high-stakes testing.

Stereotype threat refers to the diminished performance
that can occur when reminded of a negative stereotype in
a domain in which one otherwise identifies and has high
competence (Steele, 1997). It has been observed in vary-
ing populations and domains, including women in math,
Black Americans in higher education, White males in
sports, and older adults in their episodic memory (Bar-
ber & Mather, 2013: EL: 3, Bouazzaoui et al., 2020, EL:
5; Nguyen & Ryan, 2008, EL: 1; Rahhal et al., 2001: EL: 3;
Steele & Aronson, 1995, EL: 5; Stone et al., 1999, EL: 5).

Stereotype threat is thought to occur because actors of
a stereotyped group may exhibit poorer performance as a
consequence of not wanting to reinforce the stereotype.
Multiple mediating mechanisms have been proposed
for this underperformance, including the depletion of
working memory resources being consumed to suppress
negative thoughts, interference from attending to cogni-
tive processes that are typically automatic, and strategies
to protect one’s self-concept (e.g., self-handicapping),
among others (Spencer et al., 2016, EL: 2). Shewach et al,,
(2019, EL: 1) found that when motivational incentives,
such as a monetary reward, are present, stereotype threat
is much less pronounced than when they are absent
(Cohen’s ds 0.14 vs. 0.41, respectively), suggesting that
motivation plays an important role in stereotype threat.

Stereotype threat is likely to be applicable to physicians
in a continuing assessment given that this context meets
the criteria of a domain with which the learners identifies
and has high competence (Steele, 1997). Physicians are
likely to be highly identified with the medical domain and
view themselves as having high competence given their
extensive education and training; further, the context
of continuing assessment may be viewed as providing
results that bear on their evaluation of that competence.
However, there are also negative stereotypes associated
with particular medical subdisciplines regarding social
identities of gender (Fassiotto et al., 2018: EL: 5; Myers
et al., 2020: EL: 4) and race and ethnicity (Bullock et al.,
2020: EL: 5).

Given the evidence for stereotype threat in testing,
a few recommendations for longitudinal assessments
may be beneficial. First, stereotype threat is more likely
to occur when a test is more difficult (Nguyen & Ryan,
2008, EL: 1; Shewach et al, 2019, EL: 1). Thus, framing
any longitudinal assessment in terms of its learning ben-
efits may serve to lower anxiety and reduce perceptions
of a test as “high-stakes” (see “reconstrual interventions”
in Spencer et al., 2016; EL: 2). Second, in situations where
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demographic information must be collected, this should
occur after any testing or at some other time not directly
before the assessment to reduce potentially activating
negative stereotypes related to the individuals’ demo-
graphics. Third, testing materials should include a diverse
cast of characters and should be carefully reviewed so as
not to reinforce stereotypes through the testing content.

Relations between features of the model

The situated expectancy-value framework theorizes that
relations between expectancies and values have multi-
plicative effects on motivation and performance. That is,
these components are not just additive but interact with
one another. Some prior empirical work has found evi-
dence to support this view in that interactive effects of
measures of expectancy and value predicted additional
variance in motivation and performance above and
beyond expectancy and value alone (Nagengast et al,
2011: EL: 4; Trautwein et al., 2012: EL 4). However, much
remains to be discovered as to how expectancy and value
interact with one another and with cost.

Proposed studies and future directions

Measuring motivation

There is a lack of research on the effects of motivation in
longitudinal testing scenarios, including continuing cer-
tification programs. One reason for this may be that, to
measure motivation in this context, one must determine
not only what components of motivation to measure but
how to measure them.

There are many potential methods to measure aspects
of motivation, including self-report surveys, interviews,
behaviors (e.g., choice, time spent, errors, etc.), and
physiology, among others. We suggest beginning with
self-report surveys because researchers have developed
validated measures for many of the constructs that we
have discussed that can be used in a variety of educa-
tional contexts (e.g., self-efficacy, Bandura, 2006; Fencl
& Scheel, 2005; interest and value, Linnenbrink-Garcia
et al,, 2010; Pintrich et al., 1993; cost, Flake et al., 2015;
achievement goals, Elliot & Murayama, 2008; mindsets,
Dweck, 1999, 2006; test anxiety, Putwain et al., 2021).
Self-report surveys are also relatively easy to implement
in a longitudinal assessment context. A first step, then,
would be to adapt the items to the continuing certifica-
tion context and conduct validation studies with this new
domain and population.

Given such validated instruments, there are many
research questions that could then be investigated con-
cerning the role of motivation in longitudinal assess-
ments. We suggest that one place to start would be to
assess whether the motivational components reviewed
in this paper—expectancies, perceived values and costs,
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achievement goals, and mindsets—predict perfor-
mance in the assessments. Measuring these compo-
nents of motivation would contribute to basic science
by characterizing motivation in the medical field and,
more broadly, in an area where individuals have much
more expertise in a domain than more novice popula-
tions. Such data would be relevant to theory testing and
generalization and to understanding relations among
motivational constructs. They could also be extremely
informative in assessment design decisions and potential
interventions. For example, if self-reported utility value
strongly predicts performance in the continuing certifica-
tion context, then interventions (e.g., a brief writing task
or instructional framing) could be tested to increase per-
ceptions of utility value, as we elaborate upon below.

In this context, motivation would be relevant both as
a process as an outcome. Whether a particular motiva-
tional factor, such as utility value, predicts performance
in the assessment may shine light onto the specific
motivational processes at play when one is taking the
assessment. In addition, if it is determined that cer-
tain motivational components are particularly impor-
tant in this context, then measures of motivation could
also serve as outcomes or dependent measures for other
interventions and assessment changes.

The role of financial cost in a situated expectancy-value
framework

As we noted above, there is little or no work examining
how the financial cost of taking an assessment may affect
motivation, though from the learner’s perspective, these
may be an important consideration. Future work should
examine how financial costs relate to other cost percep-
tions and how they affect motivation and performance
outcomes.

Interventions to increase motivation and performance
Throughout our review, we identified multiple compo-
nents of our motivational framework for which past work
has developed successful interventions. Such interven-
tions can enhance aspects of value, facilitate productive
goals and mindsets, and mitigate potential costs. Here,
we describe five that may be particularly well suited to
the current context of longitudinal assessments.
Interventions that introduce choice and personaliza-
tion can increase intrinsic task value and performance
(Walkington & Bernacki, 2018, EL: 2; Patall et al., 2008,
EL: 1). Thus, allowing individuals some choice of areas
to be tested on could increase interest and engagement.
Similarly, we hypothesize that personalizing the test to
the individual taking it—matching test items to the con-
text or contents of interest—would increase engagement,
preparation, and performance outcomes. This would not
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require any choice within the assessment system itself;
the assessment system could automatically assign per-
sonalized test content based on an initial survey that the
physician would take about their clinical practice.

Second, it might also be possible for interventions to
increase the assessment’s perceived utility value. For
example, we would predict that motivation to learn could
be increased by a 10-min exercise in which individuals
write about how the preparation and assessment is rel-
evant to their educational and professional goals.

Third, building on interventions in the broader achieve-
ment goal literature (Elliot & Harackiewiz, 1996, EL: 3;
Elliot & Dweck, 1988, EL: 4; Graham & Golan, 1991, EL:
3), an assessment’s instructions and structure could help
individuals adopt a mastery achievement goal. For exam-
ple, instructions could emphasize understanding and
improvement. The shift toward longitudinal assessment
also allows for a focus on intrapersonal comparison; that
is, focus on how a physician can improve relative to their
past performance rather than other physicians.

Fourth, revising instructions may also provide an ave-
nue to reduce some aspects of perceived costs. Instruc-
tions that normalize aspects of the time and effort
required to successfully prepare and engage in the longi-
tudinal assessments may reduce perceived cost.

Lastly, discrepancy theory (Fox & Miner, 1999) offers
a method for measuring and instilling motivation that,
although originally proposed for other forms of continu-
ing medical education, can readily be adapted for longitu-
dinal assessment programs. First, physicians subjectively
rate aspects of their clinical competency (e.g., knowledge
of diabetes) and the desirability of those aspects (e.g.,
how important to you is it to have expert knowledge
about diabetes?). Then, they take an assessment of the
target competency. Finally, a discrepancy score between
perceived and actual competency is computed and pre-
sented. Physicians who value a particular target com-
petency, but who were unaware of a gap between their
perceived and actual ability, may gain an intrinsic desire
to improve—especially in the context of a longitudinal
assessment program, where they could focus on those
topics when studying for the next assessment.

Summary and conclusion

In this paper, we took a situated expectancy-value
approach to thinking about the role of motivation in con-
tinuing certification programs. We reviewed basic moti-
vational theory and empirical work from laboratory and
classroom settings, and we discussed their implications
and applications in the context of continuing certification
program assessments. This review suggests several moti-
vational benefits of testing as well as some potential chal-
lenges posed by high-stakes standardized tests.
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Many of the motivational benefits for testing can be
understood from the equation of having the perceived
benefits of a test outweigh the perceived costs of prepar-
ing for and taking it. We found that a sufficiently chal-
lenging test can increase both motivation to learn and
later performance as long as the test is not perceived as
too difficult; that is, if learners perceive that investing
effort is likely to increase success on the test. Two ways to
make clear the level of difficulty are to describe the spe-
cific task items used and to give representative problems
to practice and receive feedback on.

We also reviewed three components of value (intrinsic,
utility, and attainment) that should be attended to when
designing an assessment. The ideal assessment should be
perceived as relevant to the practitioner’s interests (e.g.,
in terms of the topics and scenarios). It should be use-
ful to furthering the practitioner’s educational and pro-
fessional goals, such as developing expertise and staying
current. And, it should be perceived as important; that is,
as an accurate measure of medical knowledge and skills
and as an opportunity to confirm a physician’s identity as
a skilled medical expert. These values can be highlighted
in the instructions and framing of the assessment and
potentially in preparatory activities that might further
reinforce them (e.g., a writing activity to discuss why this
assessment is helpful to one’s goals). Similarly, framing
the longitudinal assessment and feedback as an opportu-
nity to learn and develop can further facilitate the adop-
tion of mastery-approach goals and growth mindsets.

Complementing efforts to boost perceived value is an
effort to mitigate perceived costs. It would be helpful
to convey the task effort as reasonable and worthwhile.
High-stakes assessment can also carry an emotional cost
in the form of test anxiety, but the move to a longitudinal
assessment scheme of more frequent testing may reduce
test anxiety relative to less frequent, higher-stakes tests.
We also discussed the related phenomenon of stereo-
type threat, which can be mitigated by emphasizing the
assessment as an opportunity to improve (as opposed to
a high-stakes, evaluative test), highlighting the compo-
nents of value previously described, asking demographics
at the end of the assessment or at some other time not
right before the assessment, and including diverse demo-
graphic features in the testing clinical scenarios.

By considering how both motivational and cognitive
factors relate to the benefits and costs of longitudinal
assessment, future work can build theories that integrate
across these frameworks and a practical opportunity to
design multi-purpose assessments that are both engaging
and useful.
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