
Journal of Applied Research in Memory and Cognition 7 (2018) 116–122

Contents lists available at ScienceDirect

Journal  of  Applied  Research  in  Memory  and  Cognition

j o ur na l ho me  page: www.elsev ier .com/ locate / ja rmac

The Effect of Question Placement on Learning from Textbook
Chapters

Oyku Uner∗, Henry L. Roediger III

Washington University in St. Louis, United States

Retrieval practice enhances learning of short passages, but its effectiveness for authentic educational materials such
as textbook chapters is not well established. In the current experiment, students studied a 40-page textbook chapter
on biology. Retrieval practice with correct-answer feedback was manipulated within subjects: some questions
appeared only after a chapter section, others only after the whole chapter, and yet others at both times. Two groups
served as controls: the reread group read the feedback presented in the retrieval practice condition, and the other
group simply read the chapter once. Students took a final test two days later. Practicing retrieval resulted in greater
recall relative to the two control groups. On the final test, the two single testing conditions produced comparable
benefits, but testing twice produced the greatest benefit. Retrieval practice is effective in learning from authentic
text material and placement of the initial test does not matter.

General  Audience  Summary
In educational settings, testing is typically used to assess knowledge of students; however, research has shown
that testing can be a powerful tool to enhance learning. This outcome is referred to as the retrieval practice
effect, or the testing effect. Most laboratory studies examining this effect use simple materials, but it is not clear
whether testing can be an effective study strategy when students read entire textbook chapters, which is the task
faced by many students in introductory courses. Because a textbook chapter is lengthy and complex, a critical
issue is where to place practice tests: after each section, after the whole chapter, or both? In the current study,
we asked students to study a biology textbook chapter and we tested them two days later with short-answer
questions from the chapter. One group of students read the chapter once, another group read the chapter and
then reread critical information from the chapter, and a final group read the chapter and answered practice
questions on it. The questions could occur after each section, after the entire chapter, or both. We found that
answering questions once while reading the chapter increased recall two days later relative to the two control
groups. Where the questions were placed did not matter on the final test; however, answering questions twice
increased recall more than answering questions once. When studying from textbook chapters, students can use
self-testing to improve their grades. Whether they test themselves during reading of the chapter or after reading
the chapter does not matter, so long as feedback is provided. To receive the greatest benefit, students should
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test themselves more than once.
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QUESTION PLACEMENT

In educational settings, testing is typically used to assess
nowledge but can also be a powerful tool to enhance learning
Roediger & Karpicke, 2006b). Roediger and Karpicke (2006a)
ave shown in the laboratory that practicing retrieval enhances
etention on tests delayed a few days or a week relative to
estudying the material. McDaniel, Roediger, and McDermott
2007) further showed that testing can boost performance in aca-
emic settings. In fact, a large body of research has shown that
esting is an effective technique in both the laboratory and the
lassroom (see Dunlosky, Rawson, Marsh, Nathan, & Willing-
am, 2013, for a review). Many educators are now familiar with
nd implement retrieval practice in their classes (Wooldridge,
ugg, McDaniel, & Liu, 2014).

The impetus for the present research is to examine how best
o use retrieval practice in learning of authentic educational
aterials. Many of the laboratory studies have used relatively

mpoverished materials such as paired associates (e.g., Carrier
 Pashler, 1992; Kuo & Hirshman, 1996). The usual technique

s to provide a test for some subjects or some materials after
tudy and then to measure how the initial testing affects per-
ormance on a later test. The oft-obtained finding is that initial
esting, especially with feedback, improves performance on the
nal test relative to either a restudy control condition or a control
ith only one study phase (see Karpicke, 2017, for a review).
Research with authentic educational materials is not entirely

acking. For example, some researchers have employed lectures
nd accompanying slides (Butler & Roediger, 2007; Szpunar,
han, & Schacter, 2013; Weinstein, Nunes, & Karpicke, 2016).
thers have used longer text passages to better simulate

he tasks students face when studying (Wissman & Rawson,
015; Wooldridge et al., 2014). Because most authentic edu-
ational materials are lengthy and complex, researchers have
lso explored the use of different testing schedules, interpolat-
ng questions during study, rather than testing at the end. Our
esearch focuses on whether interspersed testing during reading
f a chapter or testing concentrated after reading the text is more
eneficial for subsequent test performance.

Although questions are generally placed at the end of study,
ome prior research has also shown benefits of interspersed
esting. For instance, educational research on adjunct questions
i.e., questions provided within a text passage) has indicated that
nswering questions shortly after reading a relevant portion of

 passage enhances retention of tested information, relative to
nswering questions before, to restudying the passage, or to not
nswering any questions at all (e.g., Bruning, 1968; Hamaker,
986; Rothkopf, 1970). More recently, Szpunar et al. (2013)
howed that providing interpolated tests increased note-taking
nd reduced mind-wandering during learning and enhanced per-
ormance on a final test. Thus, adjunct or interpolated questions
ay not only aid retention of the tested material but may also

eep the focus on learning.
Few studies have compared the benefits of answering adjunct

r interpolated questions to answering questions at the end of

tudy. Duchastel and Nungester (1984) compared these condi-
ions relative to a restudy control. They found that the tested
roups performed better than the restudy group on a test two
eeks later, but that placement of the test did not matter on the

t
o
e
i

 LEARNING FROM TEXT 117

nitial and the delayed tests. The authors argued that the length
nd complexity of a passage may affect this comparison, as they
sed a 1700-word passage that was not college-level. They sug-
ested that the potential benefits of inserting questions within a
assage over placing them at the end might be observed when
he passage is lengthier and more complex.

More recently, Wissman and Rawson (2015) addressed the
ssue of question placement using relatively brief text passages.
ubjects studied passages ranging from 779 to 1333 words, and
ere asked to recall the passage after retention intervals ranging

rom 15 min to two days. Critically, some subjects were quizzed
fter each section of the passage and some were quizzed at the
nd of the passage. On the initial test, subjects performed better
t interpolated recall than recall at the end of the passage, but
he benefits of both placements were equivalent on recall on a
elayed test.

In the present experiment, we extended prior research
egarding placement of retrieval practice by employing length-
er and more complex materials much like a student’s typical
eading assignment, a textbook chapter. Dividing the study mate-
ial into smaller chunks might be beneficial in keeping students
ngaged with the material throughout study (Szpunar et al.,
013). In addition, waiting until the end of reading a chap-
er might decrease initial retrieval success, potentially reducing
ong-term benefits of testing unless feedback is given (Pyc &
awson, 2009; Rawson & Dunlosky, 2011). Although prior

esearch contrasted interpolated questions with questions pro-
ided after study, in the natural setting of reading a textbook
hapter, such an either/or arrangement need not be used. Stu-
ents may be best served answering questions both during
earning and after learning, because repeated retrieval boosts
he testing effect (Karpicke & Roediger, 2008; Pyc & Raw-
on, 2009). This issue represented another focus of the current
esearch.

In the current experiment, we asked how three schedules of
etrieval practice would affect learning of a biology textbook
hapter on evolution. We compared interpolated testing, end-of-
tudy testing, or testing on both occasions. We used a read-only
ondition and a read and restudy condition as controls, neither
f which included any tests until the final test. Briefly, sub-
ects studied a 40-page chapter with 18 sections in one of three
onditions. One group simply read the chapter (read-only con-
ition). A second group (the tested condition) read the chapter
hile answering questions under three schedules manipulated
ithin-subjects: questions were given either after each section
f the chapter, after the entire chapter, or on both occasions.
orrect-answer feedback was given after subjects provided each

esponse. A third group read the chapter and studied the correct
nswer statements that served as feedback to the questions for
he tested group (a reread condition that focused on the critical

aterial that would be tested rather than the whole chapter). All
ubjects returned two days later to take a final test.

We predicted that the tested group would perform better on

he final test compared to the two control groups due to benefits
f retrieval practice on long-term retention, the standard testing
ffect. The primary interest was in the three schedules of test-
ng. We predicted that repeated questions would result in better
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QUESTION PLACEMENT

erformance compared to the single testing conditions on the
nal test, due to increased benefits of repeated retrieval practice
ompared to one practice episode (Karpicke & Roediger, 2008;
yc & Rawson, 2009). We also predicted that the end-of-section
uestions during learning would result in better initial recall rela-
ive to end-of-chapter questions, replicating prior work. Because
eedback was given, however, we predicted that the two ques-
ion placement conditions would show no differential effect on
he final test. Weinstein et al. (2016) and Wissman and Raw-
on (2015) reported similar results while we were conducting
ur experiment; we discuss these studies after presenting our
esults.

Method

The experiment used three groups of subjects. The condi-
ion of most interest was the testing condition in which the
chedule of questions (within chapter, after chapter, both) was
anipulated within subjects, with correct-answer feedback on

ll questions. One control group read the chapter once and the
ther control group read the chapter and in addition read the feed-
ack statements given to the tested group on the same schedule.

ubjects

Eighty-one Washington University undergraduates from the
sychology subject pool participated in the study. The number of
ubjects was determined based on the number of subjects used in
ecent studies in our lab on the testing effect. Subjects received
ither 0.5 course credits or $5 per 30 min of participation. Five
ubjects who completed the first session of the experiment did
ot return for the second session or started the second session
ate. We included data of 81 subjects (28 in the tested condition)
n our analyses of recall in the first session. We had 76 subjects’
ata for the final test. The study was approved by Washington
niversity’s Institutional Review Board.

aterials

Subjects studied a 40-page chapter titled Evolution  and  Nat-
ral Selection  from a biology textbook (Phelan, 2009, chap. 8).
ighteen out of the original 21 sections were used for experi-
ental purposes; sections 3 and 5 were removed because they
ere not as biologically oriented as other sections and sections
3 and 14 were combined to make sections of similar length.
here were six short-answer questions corresponding to each
ection, resulting in a total of 108 questions for the chapter. Sam-
le questions are: “Evolution can result from many processes.
ame two of them” (answer: mutation, genetic drift, migration

nd natural selection) and “Penguins and dolphins have flippers
ut do not have a common ancestor. Their flippers are evidence
f what?” (answer: convergent evolution). These questions were

aken from the textbook’s accompanying database Prep-U  and
ad been used in a study by Wooldridge et al. (2014) that used the
ame chapter. Three questions were created by the first author
o provide equivalent numbers of questions per section.
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esign

Subjects attended two sessions that were two days apart, and
hey were randomly assigned to one of three between-subjects
onditions during the first session: read-only control (n  = 26),
ested (n  = 28) or reread control (n  = 27). The placement of
uestions was manipulated within-subjects for the tested group,
here a third of the questions were placed after sections (sec-

ion questions), another third occurred at the end of the chapter
chapter questions), and the final third were included both after
ections and at the end of the chapter (repeated questions). The
ependent measures were percentage of correct answers during
he first and the second sessions for the tested group (examin-
ng the three testing schedules) and the percentage of correct
nswers for all groups on the final criterial test that occurred
8 h after the first session.

rocedure

Session  1. Subjects were tested on computers in the labo-
atory in groups of up to six. They were told that they would
e reading a textbook chapter, that they might be asked short-
nswer questions at various times during their study, and that
orrect-answer feedback on the questions would be provided.
he chapter was presented on the screen one page at a time with
66–718 words on a page (less if it contained a picture, more
f there was no picture), in 12-point Bembo font. Each page
emained on the screen for at least 20 s, but subjects moved on
o the next one whenever they were finished reading the current
age on the screen. In the read-only control condition, subjects
ead the whole chapter with 2-min breaks between sections that
ere included to equate time with the other two conditions. In

hese unfilled breaks, subjects sat in front of the screen without
ngaging in any particular task and the next section appeared on
he screen once two minutes were over. This condition serves as

 baseline against which to measure rereading and testing.
Subjects in the tested condition read the chapter under the

ame conditions, but they answered questions after sections
nd after the chapter instead of taking 2-min breaks. Subjects
nswered four short-answer questions after each section, two of
hich were also repeated at the end of the chapter. After reading

he chapter, subjects answered 72 questions, half of which were
uestions they had answered after sections and half of which
ere new. This arrangement resulted in three different test place-
ent conditions with 36 questions per condition: after sections

section questions), after the chapter (chapter questions), and
epeated questions (occurring both after sections and after the
hapter). Test placement was counterbalanced such that each
uestion served in all three tested conditions an equal number
f times.

The questions were presented on the screen one at a time with
 response box underneath for subjects to type in an answer. Each
uestion remained on the screen for at least 10 s, but subjects

oved on to the next screen when they finished responding.
ubjects could move on if they did not type in an answer. Correct-
nswer feedback was presented on the screen after each question,
nd subjects could study the feedback as long as they wanted.
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SD = 13.10), which in turn outperformed the read-only con-
trol group (M  = 34.2, SD  = 11.52). A one-way between-subjects
ANOVA revealed a significant main effect of group on delayed
QUESTION PLACEMENT

In the reread control condition, instead of answering ques-
ions, subjects were presented the statements that served as
eedback for the tested group after sections and after the chap-
er. The design for the reread condition instantiated that for the
ested condition: Four statements were reread after each section,
wo of which were repeated after study of the chapter, and other
tatements were presented only at the end of the chapter. The
resentation of these statements was counterbalanced such that
ach statement was presented only after sections, after the chap-
er, or at both times an equal number of times. Thus, the reread
ontrol group’s exposure to the material was equated to that of
he tested group. Subjects studied the statements at their own
ace for at least 5 s. The first session took 94 min on average for
ll subjects to complete.

Session  2.  Subjects returned two days later and were tested
n the same computer. The second session was the same for
ll subjects. They answered all 108 short-answer questions that
he tested group had answered during the first session. Questions
ere presented in a random order and no feedback was provided
uring this session. After answering all questions, subjects were
hanked for their participation and were given a debriefing form.
he second session lasted 43 min on average.

coring

Answers were scored such that they were given either 0 points
incorrect answer), 1 point (partially correct answer), or 2 points
correct answer). All scores were converted to percentages for
urther analyses. Due to an error in the program, answers for one
uestion were not collected. Therefore, all analyses are based
n 107 questions instead of 108. Two raters, who were blind to
onditions, scored one-fourth of the answers from the second
ession (i.e., 107 questions for 19 subjects) and the inter-rater
eliability was calculated by correlating scores of each rater.
earson’s r  showed good agreement between the two raters
r = .85, p < .001), and therefore the remaining answers from the
econd session and all the answers from the first session were
cored by one rater, the first author.

Results

We first report initial test performance of the tested group
egarding the three question placements (section questions,
hapter questions, repeated questions). Then we report data from
he delayed test, first comparing retention of the three groups
read-only, tested, reread) and next comparing performance of
he tested group on the three types of questions. We last report
nalyses of time on task.

omparison  of  Testing  Schedules  on  the  Initial  Test

We examined the tested group’s initial performance on the
hree types of retrieval practice questions: questions after each
ection, after the whole chapter, and at both times. We expected

nitial test performance to replicate prior findings in showing
etter recall on end-of-section questions relative to end-of-
hapter questions provided for the first time. We thought that
uestions repeated at the end of the chapter would show a

F
g

igure 1. Mean percentage of correct answers of the tested group on the ini-
ial test regarding the three question placements. Error bars represent 95%
onfidence intervals.

enefit relative to the end-of-chapter questions tested for the
rst time, due to the earlier test with feedback. We report data
rom 28 subjects in the tested group who completed the first
ession. Figure 1 shows that recall in the learning phase was
est on the repeated questions (M  = 58.1, SD  = 12.23), which
as only slightly better than recall on the initial section ques-

ions (M  = 56.3, SD  = 12.54). Items in both these conditions were
ecalled better than those occurring for the first time after the
hapter (M  = 50.9, SD  = 11.62). A one-way repeated measures
NOVA revealed a significant main effect of question placement
n recall during the learning phase, F(2, 54) = 8.34, η2

p =  .24,
 = .001. Post hoc comparisons using a Bonferroni correction
howed significant differences between repeated questions and
nd-of-chapter questions, d  = .60, p  = .003, and between sec-
ion questions and first time end-of-chapter questions, d  = .45,

 = .042. These latter results replicate prior findings where inter-
olated recall is initially greater than recall at the end of study.

omparison  of  Groups  on  the  Delayed  Test

Next, we examined performance of the three groups (read-
nly, tested, reread) on the delayed test. We report data from
6 subjects who completed both sessions of the experiment.
igure 2 shows that the tested group performed best (M  = 61.5,
D = 13.71), followed by the reread control group (M  = 44.8,
igure 2. Mean percentage of correct answers on the final test for the three
roups. Error bars represent 95% confidence intervals.
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QUESTION PLACEMENT

est performance, F(2, 73) = 29.50, η2
p =  .45, p  < .001. Post

oc comparisons using a Bonferroni correction showed that
he tested group performed significantly better than the reread
d = 1.24) and read-only (d  = 2.16) control groups (p  < .001 for
oth comparisons) and that the reread control group performed
ignificantly better than the read-only control group (d  = .86,

 = .013). The results are standard in the retrieval practice lit-
rature, but confirm that retrieval practice enhances long-term
ecall of a complete textbook chapter.

omparison  of  Testing  Schedules  on  the  Delayed  Test

Of greater interest was the tested group’s performance on
he delayed test regarding the three types of retrieval practice
uestions (section questions, end-of-chapter questions, repeated
uestions). We had predicted better recall after repeated ques-
ions on the initial tests compared to the single testing conditions,
ut possibly similar performance on the section and chapter
uestions due to the provision of feedback. Two of the 28 sub-
ects in the tested group did not return for the second session,
herefore we report delayed recall data from 26 subjects.

Figure 3 shows that final recall was best for the repeated ques-
ions condition (M  = 65.4, SD  = 13.84) relative to the other two
onditions, and that the other two conditions did not differ much
rom one another (M  = 60.2, SD  = 15.65 for the after-section
uestion condition and M  = 58.8, SD  = 14.20 for the end-of-
hapter question condition). A one-way repeated measures
NOVA revealed a significant main effect of question place-
ent on the delayed test, F(2, 50) = 8.39, η2

p =  .25, p  = .001. As
redicted, post hoc comparisons using a Bonferroni correction
howed that recall on the repeated questions was significantly
etter than recall for both single testing conditions (d  = .35 and

 = .01 for the difference between repeated questions and sec-
ion questions, d  = .47 and p  = .001 for the difference between
epeated questions and chapter questions). There was no differ-
nce in performance on the section and the chapter questions.

ime  on  Task
The activities of studying the chapter, answering the ques-
ions (if presented) and studying the correct-answer statements
if presented) were self-paced and therefore time spent on the

igure 3. Mean percentage of correct answers of the tested group on the final test
egarding the three question placements. Error bars represent 95% confidence
ntervals.
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 LEARNING FROM TEXT 120

earning phase could affect performance on the delayed test. In
ur analysis, time spent on the learning phase consisted of read-
ng the text for all three groups along with additional activities
pecific to each group (unfilled breaks for the read-only group,
nswering questions and studying the correct-answer statements
or the tested group, and studying correct-answer statements
or the reread group). The tested group spent the most time
n the learning phase (M  = 120 min, SD  = 26 min), followed
y the read-only control group (M  = 84 min, SD  = 20 min),
hich was followed by the reread control group (M  = 78 min,
D = 16 min). A correlation between time spent on the first
ession and percentage of correct answers on the delayed test
as calculated and Pearson’s r showed a significant correlation,

(74) = .56, p < .001. We also calculated these correlations for
ach of the groups separately. The correlation between time on
ask and delayed test was significant only for the tested group,
(24) = .45, p  = .021.

In other studies, time spent on a task, per se, has been shown
ot to be a critical factor in subsequent memory performance
e.g., Callender & McDaniel, 2009; Rawson & Kintsch, 2005). It
eems unlikely that if we had required subjects to spend yet more
ime reading (but not being tested on) the chapter, they would
ave learned more. Taking tests and receiving feedback almost
ertainly were the active ingredients in the additional learning
see too Roediger & Karpicke, 2006b). We acknowledge that the
ifferences among the groups regarding the time spent during
he first session may be a limitation, but we believe that the self-
aced nature of our experiment better simulates how students
tudy. We are confident that testing, not time on task, is the
ritical factor producing our results.

Discussion

The primary outcome of our experiment is that placement of
uestions within or after a chapter does not differentially affect
etention on a delayed test. We also showed that the questions
ed to greater learning than control conditions in which subjects
ead the chapter once or read it once and then reread critical
arts that were to be tested later (i.e., the testing effect). Further,
e showed that taking two tests—one while reading the chapter

nd one after reading the chapter—led to better recall than single
ests on the final test.

Our findings complement and confirm prior research showing
enefits of retrieval practice using authentic educational mate-
ials, both with lectures and lecture slides (Butler & Roediger,
007; Szpunar et al., 2013; Weinstein et al., 2016) and long
assages (Wissman & Rawson, 2015; Wooldridge et al., 2014).
hus, testing can be an effective learning strategy for a student’s
ormal means of study: reading textbook chapters.

We compared retrieval practice to both a liberal control con-
ition (reading the chapter only once) and a more conservative
ontrol condition (reading the chapter and then rereading facts
hat were to be tested). Testing on the facts during reading

f the chapter, after reading it, or on both occasions revealed
enefits compared to both control groups. However, the reread
roup performed better than the read-only group on the crite-
ial test. Although previous research has shown that rereading
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QUESTION PLACEMENT

ntire chapters does not necessarily enhance learning above
nd beyond reading once (Callender & McDaniel, 2009), our
ndings suggest that selectively reading information that would

ater be tested provides a benefit over simply studying the mate-
ial once. A key difference in our procedure and that of other
esearchers is that they had students reread the entire chapter
hereas we had students read a set of targeted facts. Thus, no

onflict exists between the two sets of findings. Our control con-
ition is not one that could be used by students, because in
ducational settings teachers are unlikely to tell students exactly
hat information will be tested on an upcoming exam.
Our primary interest was in the most effective question place-

ent in reading a textbook chapter. We found that answering
uestions after reading each section and answering questions
fter reading the entire chapter provided equivalent benefits on
he final test. This outcome may seem counterintuitive because
f the greater recall on the initial test in the interspersed questions
han on the end-of-chapter questions. Typically, higher levels of
ecall lead to a greater testing effect on delayed tests than do
ower levels (see Roediger & Karpicke, 2006b, for a review).
owever, in our experiment, tests were followed by feedback

nd this doubtless played a role in equalizing the effects of a
ingle test on the final test. Feedback enables subjects to modify
heir incorrect answers on a subsequent test (Pashler, Cepeda,

ixted, & Rohrer, 2005) and reinforces their correct answers
ade with low confidence (Butler, Karpicke, & Roediger, 2008).
revious research has also shown roughly equal benefits from
uccessful retrieval as from failed retrieval with feedback on a
ater test (Kornell, Klein, & Rawson, 2015). In addition, other
esearchers have shown test-potentiated learning when feedback
s provided after an attempted retrieval (Arnold & McDermott,
013; Cho, Neely, Crocco, & Vitrano, 2017), relative to condi-
ions like our control in which subjects simply reread the relevant
acts.

Our findings regarding question placement replicate those
f two recent studies that were published as we conducted our
esearch (Weinstein et al., 2016; Wissman & Rawson, 2015).
s discussed earlier, the findings of Wissman and Rawson

2015) suggested that interpolated recall is initially better than
ecall at the end of study; however, both placements of recall
nhanced delayed recall equally well. In three experiments con-
ucted in a laboratory, online, and a classroom, Weinstein et al.
2016) also reported similar findings. In all their experiments,
nitial tests occurred interspersed throughout learning or after
earning, and feedback was provided. Even though performance
as initially higher on interspersed questions, the placement of
ractice tests did not make a difference on the final test that
ccurred a week (Experiments 1 and 2) or 19 days (Experiment
) later. The present findings replicate these results using the
uthentic educational experience of learning from a textbook
hapter.

The other major finding from the manipulation of tests is
hat facts tested both during reading of the chapter and after

eading it provided a greater boost to final recall than did a single
est. This result adds to prior research showing that repeated
esting aids later recall (e.g., Karpicke & Roediger, 2008; Pyc

 Rawson, 2009; Wheeler & Roediger, 1992), although our

B
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tudy was conducted with text materials rather than the simpler
aterials used in most prior research.
If students aim to achieve durable learning when studying

 textbook chapter, where they practice retrieval once does not
eem to matter, so long as feedback is provided during these
ests. In fact, students will retain more if they practice retrieval
oth during and after learning, relative to testing only once.

Take-Away  Message  for  Students

The practical advice we offer to students is to create questions
hile they read the text (a helpful procedure in its own right; see
ugg & McDaniel, 2012) and then stop at the end of sections
nd test themselves on their own questions. Then, when they
each the end of the chapter, they should review the questions
hey have generated and the ones that may be provided in the
extbook. An important piece of advice is that students should
rovide themselves with feedback by rereading the relevant sec-
ion of a chapter if they are uncertain as to whether they answered

 question correctly. Of course, this advice relies on students
aving accurate metacognitive awareness and college students
re often overly optimistic in their assessments of how com-
lete their answers are (Dunlosky & Rawson, 2012), so it would
e even safer to check all answers. Another tactic would be to
rite answers in a separate file to permit students giving them-

elves feedback. Although we have emphasized two practice
ests as being better than one, students should repeatedly review
mportant material or points at widely spaced intervals to keep
nowledge fresh (Karpicke & Bauernschmidt, 2011; Lindsey,
hroyer, Pashler, & Mozer, 2014) and to maintain an accu-
ate knowledge base (Rawson & Dunlosky, 2011). As shown in
esearch with simpler materials than textbook chapters, repeated
etrieval is the key to developing long-term knowledge that can
e retained well and easily accessed (Karpicke & Roediger,
007, 2008).
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