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Testing within the science classroom is commonly used for both formative and summative assess-
ment purposes to let the student and the instructor gauge progress toward learning goals. Research 
within cognitive science suggests, however, that testing can also be a learning event. We present 
summaries of studies that suggest that repeated retrieval can enhance long-term learning in a lab-
oratory setting; various testing formats can promote learning; feedback enhances the benefits of 
testing; testing can potentiate further study; and benefits of testing are not limited to rote memory. 
Most of these studies were performed in a laboratory environment, so we also present summaries of 
experiments suggesting that the benefits of testing can extend to the classroom. Finally, we suggest 
opportunities that these observations raise for the classroom and for further research. 

Essay

students receive feedback for failed tests and can be ob-
served for both short-term and long-term retention. There is 
some evidence that testing not only improves student mem-
ory of the tested information but also ability to remember 
related information. Finally, testing appears to potentiate 
further study, allowing students to gain more from study 
periods that follow a test. Given the potential power of test-
ing as a tool to promote learning, we should consider how 
to incorporate tests into our courses not only to gauge stu-
dents’ learning, but also to promote that learning (Klionsky, 
2008).

We provide six observations about the effects of testing from 
the cognitive psychology literature, summarizing key studies 
that led to these conclusions (see Table 1). For the purposes of 
this essay, we have chosen to report studies performed with 
undergraduates learning educationally relevant materials 
(e.g., text passages as opposed to word pairs). We also suggest 
some ways these key observations can be incorporated into 
classroom practice to benefit students’ learning, and we note 
related research questions that could extend our understand-
ing of testing effects in the undergraduate biology classroom.

WHAT DO WE KNOW ABOUT THE EFFECTS  
OF TESTING?

Repeated Retrieval Enhances Long-Term Retention 
in a Laboratory Setting
The idea that active retrieval of information from memory 
improves memory is not a new one: William James proposed 
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Almost all science classes incorporate testing. Tests are most 
commonly used as summative assessment tools meant to 
gauge whether students have achieved the learning objec-
tives of the course. They are sometimes also used as forma-
tive assessment tools—often in the form of low-stakes week-
ly or daily quizzes—to give students and faculty members 
a sense of students’ progression toward those learning ob-
jectives. Occasionally, tests are also used as diagnostic tools, 
to determine students’ preexisting conceptions or skills 
relevant to an upcoming subject. Rarely, however, do we 
think of tests as learning tools. We may acknowledge that 
testing promotes student learning, but we often attribute 
this effect to the studying students do to prepare for the test. 
And yet, one of the most consistent findings in cognitive 
psychology is that testing leads to increased retention 
more than studying alone does (Roediger and Butler, 2011;  
Roediger and Pyc, 2012). This effect can be enhanced when 
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this idea in 1890, and Edwina Abbott and Arthur Gates 
provided support for this idea in the early part of the 20th 
century (James, 1890; Abbott, 1909; Gates, 1917). During the 
past decade, however, evidence of the benefits of testing has 
mounted. We summarize here three studies illustrating this 
effect in undergraduates learning educationally relevant ma-
terials in a laboratory setting.

Roediger and Karpicke (2006a) investigated the effects 
of single versus multiple testing events on long-term reten-
tion using educationally relevant conditions. Their goal was 
to determine whether any connection existed between the 
number of times students were tested and the size of the test-
ing effect. The investigators worked with undergraduates 
in a laboratory environment, asking them to read passages 
∼250 words long. The authors compared three conditions: 
students who studied the passages four times for 5 min each 
(SSSS group); students who studied the passages three times 
and completed one recall test in which they were given a 
blank sheet of paper and asked to recall as much of the pas-
sage as they could (SSST group); students who studied the 
passages one time and then performed the recall practice 
three times (STTT group) (see Figure 1). Student retention 
was then tested either 5 min or 1 wk later using the same 
type of recall test used for retrieval practice. Interestingly, 
results differed significantly depending on when the final 
test was performed. Students who took their final test very 
soon after their study period (i.e., 5 min) benefited from re-
peated studying, with the SSSS group performing best, the 
SSST group performing second best, and the STTT group 
performing least well. This result suggests that studying is 
more effective when the information being learned is only 
needed for a short time. However, when long-term retention 
is the goal, testing is more effective. The researchers found 
that, when the final test was delayed by a week, the results 
were reversed, with the STTT group performing ∼5% higher 
than the SSST group and ∼21% higher than the SSSS group. 
Testing had a greater impact on long-term retention than did 
repeated study, and the participants who were repeatedly 
tested had increased retention over those who were only 
tested once. This supports testing as a learning tool, because, 
in the laboratory setting, repeated testing facilitated long-
term retention more than repeated study.

Smith and Karpicke (2014) examined the effects of differ-
ent types of questions on student learning in a series of ex-
periments with undergraduate students in a laboratory envi-
ronment. By examining the effects of different question types 
in a laboratory setting, the authors sought to conclude which 
is most effective in facilitating learning. In one experiment, 
five groups of students were compared. Students read four 
texts, each ∼500 words long. After each reading, four groups 
of students then participated in different types of retrieval 
practice, while the fifth group was the no-retrieval control 
(see Figure 2). One week later, the students returned to the 
lab for a short-answer test on each of the reading passages. 
Confirming other studies, students who had participated in 
some type of retrieval practice performed much better on the 
final assessment, getting approximately twice as many ques-
tions correct as those who did not have any retrieval prac-
tice. This was true for both questions that were directly taken 
from information in the texts and questions that required in-
ference from the text. Interestingly, there was no significant 
difference in the benefits conferred by the different types of 
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retrieval practice; multiple-choice, short-answer, and hybrid 
questions following the reading were equally effective at en-
hancing the students’ learning. Other experiments in the se-
ries essentially replicated these results, although one experi-
ment did find a slight advantage for hybrid retrieval practice 
(short answer plus multiple choice) in preparing students for 
short-answer tests consisting of verbatim questions on short 
reading passages. These results suggest that the benefits of 
testing are not tied to a specific type of retrieval practice but 
rather to retrieval practice in general.

Karpicke and Blunt sought to evaluate the impact of re-
trieval practice on students’ learning of undergraduate-level 
science concepts, comparing the effects of retrieval prac-
tice to the elaborative study technique of concept mapping 
(Karpicke and Blunt, 2011). In one experiment, students 
studied a science text and were then divided into one of 
four conditions: a study-once condition, in which they did 
not interact further with the concepts in the text; a repeat-

ed-study condition, in which they studied the text four ad-
ditional times; an elaborative-study condition, in which they 
studied the text one additional time, were trained in concept 
mapping, and produced a concept map of the concepts in the 
text; a retrieval-practice condition, in which they completed 
a free-recall test, followed by an additional study period and 
recall test. All students were asked to complete a self-assess-
ment predicting their recall within 1 wk; students in the re-
peated-study group predicted better recall than students in 
any of the other groups. Students then returned a week later 
for a short-answer test consisting of questions that could be 
answered verbatim from the text and questions that required 
inferences from the text. Students in the retrieval-practice 
condition performed significantly better on both the verba-
tim questions and the inference questions than students in 
any other group. The authors then asked whether these re-
sults would be observed when different types of texts were 
used (e.g., those with enumeration structures and those with 

Figure 1. Design of Roediger and Karpicke (2006a) experiment examining testing effect.

Figure 2. Design of Smith and Karpicke (2014) 
experiment examining effect of question for-
mat on testing effect.
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The students then returned 48 h later for a cued-recall test 
consisting of questions that targeted both previously tested 
and related but previously untested information. Interest-
ingly, the authors observed that both the multiple-choice 
and cued-recall tests improved recall over the no-test control 
for tested information, but only the multiple-choice test im-
proved recall for information that was not included on initial 
tests.

Together, these and other studies suggest that multiple 
question formats can provide the benefit associated with test-
ing. It appears that the context may determine which ques-
tion type provides the greatest benefit, with free-recall ques-
tions, multiple-choice, hybrid free-recall/multiple-choice, 
and cued-recall questions all providing significant benefit 
over study alone. The most influential studies in the field 
suggest that free recall provides greater benefit than other 
question types (see Pyc et al., 2014), but the results described 
here reveal an incompletely answered question.

Feedback Enhances the Benefits of Testing
Considerable work has been done to examine the role of 
feedback on the testing effect. Butler and Roediger (2008) 
designed an experiment in which undergraduates studied 12 
historical passages and then took multiple-choice tests in a 
lab setting. The students either received no feedback, imme-
diate feedback (i.e., following each question), or delayed 
feedback (i.e., following completion of the 42-item test). 
One week later, the students returned for a comprehensive 
cued-recall test. While simply completing multiple-choice 
questions after reading the passages did improve perfor-
mance on the final test, corresponding to other reports on 
the testing effect, feedback provided an additional benefit. 
Interestingly, delayed feedback resulted in better final per-
formance than did immediate feedback, although both con-
ditions showed benefit over no feedback.

In a follow-up study, Butler, Karpicke, and Roediger 
demonstrated that feedback can provide a particular ben-
efit by strengthening student recall of correct but low-con-
fidence responses (Butler et al., 2008). Working with un-
dergraduates in a laboratory setting, they asked students 
multiple-choice items about general knowledge (e.g., What 
is the longest river in the world?), following each item with 
a prompt to determine confidence in the answer (i.e., 1 = 
guess, 4 = high confidence). Students then received feed-
back for some of the multiple-choice items but no feed-
back for others. After a 5-min delay, students completed a 
cued-recall test. While a testing effect was observed even in 
the absence of feedback, feedback strongly improved final 
performance, approximately doubling student performance 
over testing without feedback. This result was true both for 
questions students had answered correctly and questions 
they had answered incorrectly on the initial multiple-choice 
test, but was most pronounced for low-confidence correct 
answers.

Thus, feedback on both low-confidence correct answers 
and incorrect answers may further enhance the testing ef-
fect, allowing students to solidify their understanding of 
concepts about which they are unclear. These results are con-
sistent with observations that student learning from in-class 
concept questions is enhanced by instructor explanations 
(Smith et al., 2011).

sequence structures); whether the results would differ for 
specific students; and whether the advantage of retrieval 
practice would persist if the final test consisted of a con-
cept-mapping exercise. The authors observed that retrieval 
practice produced better performance than did elaborative 
study using concept mapping for both types of texts (enu-
meration texts and sequence texts) and on both types of final 
tests (short answer and concept mapping). When they exam-
ined the effects on individual learners, they found that 84% 
(101/120) students performed better on the final tests when 
they used retrieval practice as a study strategy rather than 
concept mapping.

Thus, these studies provide evidence that testing can pro-
mote learning of educationally relevant materials in labo-
ratory environments. In these examples alone, multiple as-
pects of the effectiveness for testing as a learning tool were 
explored. The laboratory environment allowed researchers 
to determine which method of testing, whether it be type of 
question or type of information, facilitate the best learning 
and the most long-term retention. This setting also was used 
to compare the testing effects seen with other commonly 
used learning tools, that is, repeated study and concept 
maps. These summaries provide only an introduction to 
the rich literature on the testing effect; several recent review 
articles provide a thorough overview of the work in this area 
(Roediger and Karpicke, 2006b; Roediger and Butler, 2011; 
Roediger et al., 2011).

Various Testing Formats Can Enhance Learning
As the study by Smith and Karpicke suggests, multiple test-
ing formats can enhance learning. As noted earlier, they ob-
served that free-recall, multiple-choice, and hybrid testing 
formats generally provided equivalent benefits, with greater 
benefits observed for hybrid tests under specific conditions 
(Smith and Karpicke, 2014). Like Smith and Karpicke, others 
have studied different question types and their efficacy in 
increasing short-term and long-term retention.

Kang, McDermott, and Roediger examined the effects of 
multiple-choice questions and short-answer questions on 
undergraduate students’ ability to recall information from 
short articles after a 3-d delay (Kang et al., 2007). In the fi-
nal test, they used both short-answer and multiple-choice 
questions. The authors observed that, when students an-
swered either short-answer or multiple-choice questions 
after reading the article, they recalled more information on 
the final test, whether the questions on the final test were 
multiple choice or short answer. When feedback (i.e., the 
correct answer to the question) was given on the postread-
ing test, short-answer questions provided slightly more 
benefit than did multiple-choice questions. However, when 
feedback was not provided, initial multiple-choice questions 
provided the greater benefit. The authors speculate that the 
greater retrieval demands of a short-answer question may 
lead “to more thorough encoding of feedback” (Kang et al., 
2007, p. 547).

Little and Bjork (2012) examined the effects of multi-
ple-choice and cued-recall tests on recall of tested informa-
tion and untested, related information in undergraduates in 
a laboratory setting. After reading three passages, each stu-
dent took a cued-recall test for one passage, a multiple-choice 
test for a second passage, and no test for the third passage. 
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compared with restudy. In this experiment, the students 
were explicitly told that the information they had studied 
could be used to answer the questions on the final test, alert-
ing them to the need to use information that might other-
wise seem unrelated. Nonetheless, students needed to be 
able to recall the relevant information and see how it could 
apply within a new context, and testing enhanced this abil-
ity in comparison with studying alone. Butler draws on the 
work of others to provide potential explanations for this ef-
fect, suggesting that retrieving information from memory 
may lead to the elaboration of existing retrieval routes or 
the development of additional retrieval routes (Bjork, 1975; 
McDaniel and Masson, 1985, cited in Butler, 2010).

Testing Potentiates Further Study
Elizabeth Ligon Bjork and colleagues have reported results 
that raise the intriguing possibility that testing can potenti-
ate further study through experiments that demonstrate that 
pre-testing improves recall. Little and Bjork examined the 
effects of multiple-choice pretests on recall of tested infor-
mation and related, untested information in undergraduates 
in a laboratory setting. Students read two texts, one of which 
was preceded by a 10-question multiple-choice test. After a 
5-min retention interval, students took a cued-recall test con-
sisting of questions covered on the pretest and questions that 
were previously untested (Little and Bjork, 2011). This result 
suggests that the very act of pretesting may enhance stu-
dents’ later learning, perhaps by cuing students to focus on 
key ideas and common distracters during subsequent study.

Wissman, Rawson, and Pyc have reported work that sug-
gests retrieval practice over one set of material may facilitate 
learning of later material that may be related or unrelated 
(Wissman et al., 2011). Specifically, they investigated the use 
of “interim tests.” Undergraduate students were asked to 
read three sections of a text. In the interim test group, they 
were tested after reading each of the first two sections, spe-
cifically by typing everything they could remember about 
the text. After completing the interim test, they were ad-
vanced to the next section of material. The “no interim test” 
group read all three sections with no tests in between. Both 
groups were tested on section 3 after reading it. Interestingly, 
the group that had completed interim tests on sections 1 and 
2 recalled about twice as many “idea units” from section 3 as 
the students who did not take interim tests. This result was 
observed both when sections 1, 2, and 3 were about different 
topics and when they were about related topics. Thus, testing 
may have benefits that extend beyond the target material.

Other studies that used less educationally relevant materi-
als (e.g., word pairs) provide further support to a conclusion 
that testing can potentiate further study (Hays et al., 2013; 
see also Soderstrom and Bjork, 2014, and references therein).

The Benefits of Testing Appear to Extend to the 
Classroom
All of the reports described earlier focused on experiments 
performed in a laboratory setting. In addition, there are sev-
eral studies that suggest the benefits of testing may also ex-
tend to the classroom.

In 2002, Leeming used an “exam-a-day” approach to 
teaching an introductory psychology course (Leeming, 
2002). He found that students who completed an exam every 

Learning Is Not Limited to Rote Memory
One concern that instructors may have with regard to us-
ing testing as a teaching and learning strategy is that it may 
promote rote memory. While most instructors recognize that 
memory plays a role in allowing students to perform well 
within their academic domain, they want their students to 
be able to do more than simply remember and understand 
facts, but instead to achieve higher cognitive outcomes 
(Bloom, 1956). Some studies address this concern and report 
results suggesting that testing provides benefits beyond im-
proving simple recall. For example, the studies by Karpicke 
and Blunt (2011) and Smith and Karpicke (2014) described 
earlier determined the effects of testing on students’ recall 
of specific facts from reading passages and on their ability 
to answer questions that required inference. In these stud-
ies, the authors defined “inference” as drawing conclusions 
that were not directly stated within the passages but could 
be drawn by synthesizing from multiple facts within the pas-
sage. In both studies, the investigators observed that testing 
following reading improved students’ ability to answer both 
types of questions on a delayed test, thereby providing evi-
dence that benefits of testing are not limited to answers that 
require only rote memory.

Butler (2010) also examined whether test-enhanced learning 
can be used to promote transfer, or the ability to use facts and 
concepts from one domain in a different knowledge domain. 
In one experiment, undergraduates studied six passages and 
then restudied two passages, repeatedly took the same test on 
two passages, and repeatedly took different tests on two pas-
sages. The tests were cued recall, and after students responded, 
feedback was provided. One week later, students returned for 
a cued-recall test. The test consisted of questions that required 
factual or conceptual recall and inferential questions that re-
quired application of the same fact or concept within the same 
knowledge domain (Bloom, 1956). As observed by Karpicke 
and colleagues, testing improved students’ ability to answer 
both recall and inferential questions.

In a follow-up experiment described in the same report, 
Butler (2010) examined the effects of testing on students’ 
ability to transfer knowledge to a different domain, again 
comparing the effects of testing to restudy. Butler provides 
the following example to illustrate the “far transfer” effect 
the experiment targeted:

The following concept was tested on the initial test 
… : “A bat has a very different wing structure from a 
bird. What is the wing structure of a bat like relative 
to that of a bird?” (Answer: “A bird’s wing has fairly 
rigid bone structure that is efficient at providing lift, 
whereas a bat has a much more flexible wing structure 
that allows for greater maneuverability.”) The related 
inferential question about a different domain was the 
following: “The U.S. Military is looking at bat wings 
for inspiration in developing a new type of aircraft. 
How would this new type of aircraft differ from tradi-
tional aircrafts like fighter jets?” (Answer: “Traditional 
aircrafts are modeled after bird wings, which are rigid 
and good for providing lift. Bat wings are more flexi-
ble, and thus an aircraft modeled on bat wings would 
have greater maneuverability.”)

Butler observed that repeated testing improved students’ 
ability to transfer knowledge to different domains when 
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attended several workshop sessions, one of which focused 
on retrieval practice as a study tool. In this self-testing exer-
cise, students were asked to individually recall and draw a 
diagram drawn in class the previous week. As a group, stu-
dents were then asked to generate a table of the structures, 
structural characteristics, and processes that should have 
been included in the diagram. At the end of this collective-re-
call process, students were again asked to draw the diagram 
individually. To measure the effect of this intervention, the 
researchers compared the performance of workshop partic-
ipants and nonparticipants on final exam questions related 
to the topic covered in the self-testing exercise. Generally, 
workshop participants’ performance was higher on these 
questions, although the difference was significant for only 
three of seven questions, including one of two questions that 
required higher-level thinking (defined as Bloom’s applica-
tion level or above). This difference was particularly notable, 
because overall performance on the exam was not different 
between the two groups.

WHAT ARE COMMON FEATURES OF “TESTS” 
THAT PROMOTE TEST-ENHANCED LEARNING?

The term “testing” evokes a certain response from most of 
us: the person being tested is being evaluated on his or her 
knowledge or understanding of a particular area and will be 
judged right or wrong, adequate or inadequate, based on the 
performance given. This implicit definition does not reflect 
the settings in which the benefits of “test-enhanced learning” 
have been established. In the experiments done in cognitive 
science laboratories, the “testing” was simply a learning 
activity for the students; in the language of the classroom, 
it could be considered a “no-stakes” formative assessment 
with which students could evaluate their memory of a par-
ticular subject. In most of the studies from classrooms, the 
testing was either no-stakes recall practice (Larsen et al. 2009; 
Lyle and Crawford, 2011; Stanger-Hall et al., 2011) or low-
stakes quizzes (McDaniel et al., 2012; Orr and Foster, 2013). 
Thus, the term “retrieval practice” may be a more accurate 
description of the activity that promoted students’ learning. 
Implementing approaches to test-enhanced learning in a 
class should therefore involve no-stakes or low-stakes sce-
narios in which students are engaged in a recall activity to 
promote their learning rather than being repeatedly subject-
ed to high-stakes testing situations. This point may be em-
phasized by findings from Leight et al. (2012). In this study, 
students took a collaborative test immediately following a 
high-stakes individual test in an introductory biology class. 
The researchers examined the effects on students’ retention 
of the tested content later in the semester and found that the 
individual test/collaborative test combination did not have 
a significant effect, highlighting a potential limitation of the 
testing effect in a classroom setting.

The distinction between high-stakes and low-/no-stakes 
testing is particularly important because of the consequences 
that high-stakes evaluation scenarios can have on identi-
ty-threatened groups. Stereotype threat is a phenomenon in 
which individuals in a stereotyped group underperform on 
high-stakes evaluations (Steele, 2010). In essence, social cues 
that activate a stereotype in an identity-threatened group 
generate anxiety about fulfilling the stereotype, producing 

day rather than exams that covered large blocks of material 
scored significantly higher on a retention test administered 
at the end of the semester.

Larsen, Butler, and Roediger asked whether a testing effect 
was observed for medical residents’ learning about status 
epilepticus and myasthenia gravis, two neurological disor-
ders, at a didactic conference (Larsen et al., 2009). Specifi-
cally, residents participated in an interactive teaching session 
on the two topics and then were randomly divided into two 
groups. One group studied a review sheet on myasthenia 
gravis and took a test on status epilepticus, while the other 
group took a test on myasthenia gravis and studied a review 
sheet on status epilepticus. Six months later, the residents 
completed a test on both topics. The authors observed that 
the testing condition produced final test scores that averaged 
13% higher than the study condition.

Lyle and Crawford (2011) examined the effects of retrieval 
practice on student learning in an undergraduate statistics 
class. In one section of the course, students were instructed 
to spend the final 5–10 min of each class period answering 
two to four questions that required them to retrieve infor-
mation about the day’s lecture from memory. The students 
in this section of the course performed ∼8% higher on exams 
over the course of the semester than students in sections that 
did not use the retrieval-practice method, a statistically sig-
nificant difference.

McDaniel, Wildman, and Anderson examined the effects 
of unsupervised online quizzing on student performance 
in a Web-based undergraduate Brain and Behavior class 
(McDaniel et al., 2012). The goal was to compare the effects 
of multiple-choice quiz questions, short-answer quiz ques-
tions, and targeted study of facts on students’ performance 
on a unit exam corresponding to about 3 wk worth of class 
material. Students read textbook chapters weekly and took 
weekly online quizzes. Some facts were targeted on the on-
line quiz through multiple-choice questions, some were tar-
geted through short-answer questions, some were targeted 
through representation of the target fact, and some were not 
represented on the weekly quizzes. The authors observed 
that both types of quiz questions improved student perfor-
mance on the unit exam in comparison with facts that were 
not targeted on the weekly quizzes, both on questions that 
were identical on the unit exam and the weekly quizzes and 
on questions that were related but not identical.

Orr and Foster (2013) did a similar study in an introduc-
tory biology course for majors, examining the effects of fre-
quent quizzing on student test performance. Using the Mas-
teringBiology platform, Orr and Foster assigned 10 quizzes, 
each with 10 questions to students over the course of the se-
mester. They then compared exam performance of students 
who took all or none of the quizzes, finding that students 
who took all of the quizzes performed significantly better 
than those who took none of the quizzes. Importantly, this 
trend was observed both for high-, middle-, and low-per-
forming students, suggesting that frequent quizzing can pro-
vide benefit for students across a range of academic abilities 
(an observation that is consistent with results from Karpicke 
and Blunt, 2011).

Kathrin Stanger-Hall and colleagues used testing as 
a learning event in a workshop designed to teach study 
techniques to students in an introductory biology class 
(Stanger-Hall et al., 2011). Student volunteers from the class 
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• Incorporating frequent quizzes into a class’s structure 
may promote student learning. These quizzes can consist 
of short-answer or multiple-choice questions and can be 
administered online or face-to-face. The studies summa-
rized earlier suggest that providing students the oppor-
tunity for retrieval practice—and, ideally, providing feed-
back for the responses—will increase learning of targeted 
as well as related material.

• Providing “summary points” during a class to encourage 
students to recall and articulate key elements of the class. 
Lyle and Crawford’s study examined the effects of ask-
ing students to write the main points of the day’s class 
during the last few minutes of a class meeting, and they 
observed a significant effect on student recall at the end 
of the semester (Lyle and Crawford, 2011). Setting aside 
the last few minutes of a class to ask students to recall, ar-
ticulate, and organize their memory of the content of the 
day’s class may provide significant benefits to their later 
memory of these topics. Whether this exercise is called a 
minute paper or the PUREMEM (pure memory, or prac-
ticing unassisted retrieval to enhance memory for essen-
tial material) approach, it may benefit student learning.

• Perhaps most exciting, Bjork and colleagues have reported 
results suggesting that pretesting students’ knowledge of 
a subject may prime them for learning. By pretesting stu-
dents before a unit or even a day of instruction, an instruc-
tor may help alert students both to the types of questions 
that they need to be able to answer and the key concepts 
and facts they need to be alert to during study and instruc-
tion.

• Finally, instructors may be able to aid their students’ 
metacognitive abilities by sharing a synopsis of these ob-
servations. Telling students that frequent quizzing helps 
learning—and that effective quizzing can take a variety 
of forms—can give them a particularly helpful tool to add 
to their learning tool kit (Stanger-Hall et al., 2011). Adding 
the potential benefits of pretesting may further empower 
students to take control of their own learning, such as by 
using example exams as primers for their learning rather 
than simply as pre-exam checks on their knowledge.

As noted above, when considering ways to use testing 
to promote learning in a class, it may be important to use 
no- or low-stakes testing scenarios. This approach may al-
low the testing to serve as a learning event for the students 
with minimal potential for provoking anxiety or other per-
formance-inhibiting responses. Pulfrey, Buchs, and Butera 
provide evidence that instructor feedback can be particu-
larly valuable for student study behavior when the feedback 
is not accompanied by a grade, suggesting that multiple as-
pects of a testing-for-learning scenario may have maximum 
benefit under these conditions (Pulfrey et al., 2011).

It is important to note that incorporating testing—or recall 
practice—as a learning tool in a class should be done in con-
junction with other evidence-based teaching practices, such 
as sharing learning objectives with students, carefully align-
ing learning objectives with assessments and learning activ-
ities, and offering opportunities to practice important skills. 
When considered through that lens, using retrieval practice 
as a learning tool may be a particularly valuable opportunity 
to both strengthen memory and to promote students’ meta-
cognition (Tanner, 2012).

a cognitive load that significantly impedes performance on 
the assessment. This phenomenon has been demonstrated 
for women in math, African Americans in higher educa-
tion, white males in sports competitions, and a variety of 
other groups that are negatively stereotyped in a particu-
lar domain. Importantly, the effect is particularly potent in 
high-achieving individuals within that domain—for exam-
ple, women who are high achievers in math are more likely 
to see a decline in their test performance if they are reminded 
of the stereotype that women are not good at math (Steele, 
2010). In science classrooms, it may therefore be particularly 
important to consider approaches to test-enhanced learning 
that are no- or low-stakes and are articulated as learning op-
portunities, thereby minimizing the potential for stereotype 
threat. The potential for stereotype threat may be further 
minimized by teaching strategies that indicate that stereo-
types are not believed in the class (Cohen et al., 2006; Miyake 
et al., 2010).

WHY IS IT EFFECTIVE?

Several hypotheses have been proposed to explain the effects 
of testing. The retrieval effort hypothesis suggests that the ef-
fort involved in retrieval provides testing benefits (Gardiner 
et al., 1973). This hypothesis predicts that tests that require 
production of an answer, rather than recognition of an an-
swer, would provide greater benefit, a result that has been 
observed in some studies (Butler and Roediger, 2007; Pyc 
and Rawson, 2009) but not others (Little and Bjork, 2012; 
some experiments in Smith and Karpicke, 2014; some exper-
iments in Kang et al., 2007).

Bjork and Bjork’s new theory of disuse provides an alter-
native hypothesis to explain the benefits of testing (Bjork 
and Bjork, 1992). This theory posits that memory has two 
components: storage strength and retrieval strength. Re-
trieval events improve storage strength, enhancing overall 
memory, and the effects are most pronounced at the point 
of forgetting—that is, retrieval at the point of forgetting has 
a greater impact on memory than repeated retrieval when 
retrieval strength is high. This theory aligns with exper-
iments demonstrating that study is as or more effective as 
testing when the delay before a final test is very short (see, 
e.g., Roediger and Karpicke, 2006a), because the very short 
delay between study and the final test means that retrieval 
strength is very high—an experience many students can ver-
ify from their own experience cramming. At a greater delay, 
however, experiences that build retrieval strength (e.g., test-
ing) confer greater benefit than studying.

More recently, Bjork, Bjork, and colleagues found that 
multiple-choice tests can confer a benefit by stabilizing ac-
cess to marginal knowledge (Cantor et al., 2015). This theory 
supports the use of retrieval practice, because the authors 
posit that marginal knowledge can be reactivated, and one 
way to do this is through multiple-choice testing.

WHAT ARE OPPORTUNITIES FOR 
IMPLEMENTATION IN THE CLASSROOM?

These results point to several possible implementations 
within the classroom.
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indicating that retrieval practice enhances long-term reten-
tion; multiple question types can be effective; feedback en-
hances the benefits of testing; the testing effect is not limited 
to enhancing rote memory; and testing potentiates further 
study. A limited number of studies have suggested that 
test-enhanced learning may be achieved in the college class-
room through incorporation of low- or no-stakes retrieval 
practice. A variety of questions about the parameters and 
limitations of test-enhanced learning in the undergraduate 
biology classroom remain unanswered, providing a rich av-
enue for future inquiry.

WHAT ARE THE OPPORTUNITIES FOR 
RESEARCH?

Although each of the opportunities for the classroom is con-
sistent with results observed in a psychology lab, and these 
practices have been supported in some classroom-based ex-
periments, we believe that the testing effect has not been in-
vestigated extensively in college biology classrooms. Thus, 
research questions are abundant: Are frequent quizzes in 
an undergraduate biology class effective at promoting re-
call on a later test? Do they help prepare students to answer 
questions that require higher-level cognitive functions? 
Is there a quizzing regimen that is particularly effective? 
What delay between study and quizzing is most effective? 
Are particular types of quiz questions more effective than 
others? Does regular quizzing impact student study behav-
ior? Are testing effects observed that are independent of/
additive with such behavioral changes? Do pretests have 
a measurable effect on student learning? If so, what are the 
parameters of this effect? Is the testing effect observed for 
all students, or does it have particular benefits or harms for 
certain groups of students? The questions that can be asked 
about the role of testing in students’ biology learning are 
important and largely unanswered and a rich source for 
new investigations.

One particularly rich opportunity for research relates to 
the type of learning outcomes that testing can promote. Rel-
atively little work has been done on the degree to which the 
testing effect can impact lower- versus higher-order cogni-
tive outcomes. While some studies have addressed the im-
pact of retrieval practice on students’ ability to answer ques-
tions requiring inference, and one study has examined the 
effects of retrieval practice on students’ ability to construct 
concept maps, these experiments involved relatively limited 
assessments of learning outcomes (Butler, 2010; Karpicke 
and Blunt, 2011; Smith and Karpicke, 2014). Experiments per-
formed in a class examining a range of cognitive outcomes, 
such as the research described by Stanger-Hall et al. (2011), 
would provide a more robust evaluation of the testing effect.

Pretesting may also provide a particularly interesting op-
portunity within the biology classroom. Most studies that 
have demonstrated test-enhanced learning have relied on 
retrieval practice, thereby strengthening students’ ability to 
recall key information. In these studies, the retrieval practice 
may have also given students the opportunity to process the 
retrieved information and link it to other phenomena, but it 
did not explicitly alert students to the types of cognitive out-
comes they should expect to achieve. Pretesting, on the other 
hand, has the potential to do exactly that (Little and Bjork, 
2011), priming students to focus on key information and cog-
nitive activities encountered during study. In this way, pre-
testing may serve to produce “a time for telling,” as Schwartz 
and Bransford (1998) observed when they had students’ com-
pare conflicting data sets before reading and lecture. Investi-
gating this possibility may be a particularly fruitful avenue 
for biology education researchers.

SUMMARY

The testing effect has a rich history in the cognitive psychol-
ogy literature, with results from laboratory experiments 
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