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The multiple-choice test is a staple of higher education 
because it provides an efficient and effective measure of 
student learning (McKeachie, 1999). The popularity of 
this highly objective testing format has increased over 
the years, partly due to improvements in technology that 
make grading multiple-choice tests quick and easy. The 
multiple-choice test is also highly reliable across scorers, 
unlike essay tests. For these reasons and others (Frederik-
sen, 1984), many educators consider the multiple-choice 
format an optimal method of testing.

Although tests are primarily used as means of assess-
ment, they also affect the knowledge they measure. Taking 
a test generally improves retention of the material tested—a 
result commonly referred as the testing effect (for a review, 
see Roediger & Karpicke, 2006a). Multiple-choice tests 
generally enhance learning as measured on later tests; how-
ever, the multiple-choice test presents a unique situation 
because it exposes students to erroneous information in 
the form of lure items. By endorsing (or even reading) lure 
items during the course of taking a multiple-choice test, 
students may acquire incorrect knowledge (see, e.g., But-
ler, Marsh, Goode, & Roediger, 2006; Roediger & Marsh, 
2005). As a result, the value of using multiple-choice test-
ing as a learning tool will be enhanced to the extent that the 
positive effects (increased retention) can be maximized and 
the negative effects (the acquisition of misinformation) can 
be minimized. Providing feedback after a multiple-choice 
test may promote optimal learning by helping students to 
maintain correct responses and correct errors (for a review, 
see Bangert-Drowns, Kulik, Kulik, & Morgan, 1991).

The present research sought to identify the circum-
stances under which multiple-choice testing is most ben-

eficial to learning. More specifically, we examined two 
factors that may influence the positive and negative ef-
fects of taking a multiple-choice test: the amount of study 
prior to the test and the number of lures on the multiple-
choice test. Considering the first factor, students vary 
considerably in their preparation for a test. Obviously, the 
lack of prior study will result in poor performance on the 
 multiple-choice test, decreasing the positive effects of test-
ing, because students must answer questions correctly in 
order to benefit from testing. Roediger and Marsh (2005; 
see too Butler et al., 2006) showed this effect, but they 
also showed that the negative effects of taking a multiple-
choice test were greater when students had studied less, 
which also makes sense. When students know little and 
guess, they select a lure, and then (if they are not cor-
rected with feedback) they may believe that they made a 
correct choice and provide the answer on a later test. The 
other factor of interest is the number of lures on the test. 
Instructors often prefer to use multiple lures (three or four 
lures in addition to the correct answer is typical) in order 
to drive down the probability of guessing correctly. How-
ever, increasing the number of lures produces the same 
negative effect of acquiring false knowledge, because stu-
dents are exposed to more erroneous information.

Instructors vary greatly in whether they give feedback 
on multiple-choice tests. Some do so as a matter of course, 
but others protect their test banks and do not give students 
feedback unless they make an appointment to see their 
exam in the instructor’s office. In the present experiment, 
we were interested in whether providing feedback would 
influence the magnitude of positive testing effects (we 
predicted they would) and at the same time overcome the 
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Schooler, Foster, and Loftus (1988) found an impairing 
effect of endorsing a lure even when the endorsed lure 
was not included on the final test, indicating that the nega-
tive effects of committing an error on a multiple-choice 
test are not completely due to a bias for maintaining the 
same response. In essence, the persistence of incorrect re-
sponses indicates that students are acquiring false knowl-
edge through multiple-choice testing—an outcome that is 
especially troubling given the power of testing to enhance 
retention (of incorrect facts, in this case).

A primary determinant of the magnitude of these negative 
effects is the level of performance on the multiple-choice 
test: As students commit more errors, the opportunities for 
acquiring false knowledge grow. One factor that influences 
the level of performance is test difficulty. Although test 
difficulty can be operationalized in many ways, a simple 
and systematic method for manipulating test difficulty is 
varying the number of multiple-choice alternatives. For ex-
ample, Roediger and Marsh (2005) had subjects read prose 
passages and then take a multiple-choice test that contained 
equal numbers of two-, four-, and six-alternative questions. 
As the number of alternatives on the initial multiple-choice 
test increased, the proportion of correct responses on the 
multiple-choice test decreased. Then, after a delay, subjects 
took a comprehensive cued recall test. Increasing the num-
ber of lures on the multiple-choice test led to a decrease in 
the proportion of correct responses and an increase in the 
proportion of lures produced on the later cued recall tests. 
As was noted previously, Roediger and Marsh showed that 
the amount of prior study affected performance on an initial 
multiple-choice test and, as a result, on the final cued recall 
test as well. When students were not given the opportunity 
to read the passages and took the initial test “cold,” they 
performed worse on both the initial multiple-choice test and 
the final cued recall test than they did when they studied 
the material.

Feedback Boosts Retention and Corrects Errors
One potential method for increasing the benefits of 

testing and reducing the negative effects of exposing stu-
dents to misinformation is to provide feedback after test-
ing. Feedback allows students to correct errors (Bangert-
Drowns, Kulik, Kulik, & Morgan, 1991) and maintain 
correct responses (Butler, Karpicke, & Roediger, in press), 
resulting in superior performance on a subsequent test in 
comparison with no feedback (McDaniel & Fisher, 1991). 
The type of feedback provided can range from a simple 
indication of whether the response is correct or incorrect 
(see, e.g., Schroth, 1977) to an elaborate explanation of 
why a certain response is correct (e.g., Tait, Hartley, & 
Anderson, 1973), to a full re-presentation of the original 
study materials that allows students to determine the ac-
curacy of their responses (Agarwal, Karpicke, Kang, Roe-
diger, & McDermott, in press). Perhaps the most critical 
piece of information in the feedback message is the cor-
rect response, which permits students to both evaluate the 
accuracy of their knowledge and encode the correct re-
sponse, if necessary. Consequently, providing the correct 
response is more effective than simply indicating whether 
the response is correct or incorrect (e.g., Gilman, 1969; 

negative effects of such tests (an issue in more doubt). In 
addition, we were interested in whether the timing of the 
feedback would have differential effects. Before describ-
ing our experiment, we will briefly summarize previous 
research relevant to this study.

Testing Benefits Retention
The act of retrieving information from memory serves 

to modify the memory trace and increase the probabil-
ity of future retrieval success (see, e.g., Carrier & Pash-
ler, 1992; McDaniel & Masson, 1985; Tulving, 1967; 
Wheeler & Roediger, 1992). Because of the mnemonic 
benefit conferred by retrieval, many researchers have 
argued that tests should be used as learning tools in the 
classroom (e.g., Bangert-Drowns, Kulik, & Kulik, 1991; 
Foos & Fisher, 1988; Glover, 1989; Jones, 1923–1924; 
Roediger & Karpicke, 2006b). Indeed, recent research 
suggests that testing produces long-lasting benefits for 
retention of complex, educationally relevant materials 
(Butler & Roediger, 2007; McDaniel, Anderson, Derbish, 
& Morrisette, 2007).

With respect to multiple-choice tests in particular, pre-
vious research has shown that taking an initial multiple-
choice test leads to superior performance on a subsequent 
test in comparison with not taking an initial test, regardless 
of whether the final test format is multiple-choice (see, 
e.g., Duchastel & Nungester, 1982; McDaniel et al., 2007) 
or cued recall (e.g., Butler & Roediger, 2007; McDaniel 
& Masson, 1985; Roediger & Marsh, 2005). For example, 
Butler, Karpicke, and Roediger (2007) had students study 
prose passages and then take an initial multiple-choice 
test that covered the material in the passages. On a subse-
quent cued recall test, subjects produced a higher propor-
tion of correct responses for previously tested items than 
for a subset of the items that were not tested on the initial 
multiple-choice test.

Exposing Students to Misinformation
Although testing generally enhances retention of the 

material, studies that utilize multiple-choice tests have also 
revealed negative consequences of exposing students to 
incorrect information. Taking a multiple-choice test leads 
subjects to assign higher “truth” values to false statements 
that appeared on the earlier multiple-choice test than to 
novel false statements (Toppino & Luipersbeck, 1993). 
Similarly, research has shown that exposure to incorrect 
spellings (Brown, 1988; Jacoby & Hollingshead, 1990) 
or false facts embedded within a passage (Marsh, Meade, 
& Roediger, 2003) can interfere with memory for cor-
rect spellings and facts, respectively. In addition, expo-
sure to incorrect information can have a negative effect 
on subsequent test performance, even when the exposure 
occurs after the initial test (see, e.g., Brown, Schilling, 
& Hockensmith, 1999). However, the most detrimental 
effect of multiple-choice testing probably occurs when 
students endorse a lure, believing it to be the correct re-
sponse. After selecting a lure on an initial multiple-choice 
test, students tend to produce that lure when prompted 
with the same question on a subsequent cued recall test 
(Butler et al., 2006; Roediger & Marsh, 2005). Moreover, 
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determined number of responses, generally resulting in 
the production of a large amount of incorrect informa-
tion (see, e.g., Roediger & Payne, 1985). In contrast, free 
report instructions allow subjects to volunteer or with-
hold responses, which often leads to enhanced memory 
accuracy in comparison with forced report (e.g., Koriat & 
Goldsmith, 1994, 1996). Thus, a manipulation of report 
option will help to gauge what people really know and 
what they will report on a test.

The Present Research
The present research examined the effects of three 

variables on learning from a multiple-choice test in hopes 
of finding situations that maximize positive effects of 
 multiple-choice testing while minimizing the negative ef-
fects. Students were randomly assigned to one of three 
initial study conditions: no exposure to the material (no 
study), a brief reading of the material (study), or a brief 
reading of the material combined with a rereading of the 
key sentences (restudy). The no-study and study condi-
tions were similar to those employed in previous research 
on this topic (e.g., Roediger & Marsh, 2005). The re-
study condition was designed to boost performance on 
the  multiple-choice test above that of the study condition. 
The rereading of the key sentences was intended to be 
analogous to students reading through their notes or re-
turning to the parts of the passage that they highlighted. 
Next, all subjects took a multiple-choice test with equal 
numbers of two-, four-, and six-alternative questions. For 
each response on the multiple-choice test, they received 
no feedback, immediate feedback, or delayed feedback. 
An additional subset of items was never tested to serve 
as a baseline for comparison with the testing conditions. 
Finally, after a 1-week delay, subjects returned for a 
comprehensive cued recall test. This final test used Kor-
iat and Goldsmith’s (1996) procedure in which a forced 
report phase that required guessing was followed by a 
free report phase in which the responses were judged for 
correctness.

On the basis of the testing-effect literature reviewed 
previously, we predicted an overall benefit in performance 
on the final cued recall test for items tested on the initial 
multiple-choice test relative to items not initially tested. 
However, we expected the magnitude of this testing ef-
fect to be determined by the amount of prior study and 
the number of multiple-choice alternatives. More spe-
cifically, a greater amount of prior study should lead to 
better performance on the initial multiple-choice test, re-
sulting in a higher proportion of correct responses and a 
lower proportion of intrusions (lure responses from the 
initial multiple-choice test) on the final cued recall test. 
Similarly, fewer multiple-choice alternatives should lead 
to better performance on the initial multiple-choice test, 
resulting in a higher proportion of correct responses and 
lower proportion of intrusions on the final cued recall test. 
Thus, performance on the initial multiple-choice test was 
expected to play a large role in determining performance 
on the subsequent cued recall test when feedback was not 
provided. We expected feedback to have positive effects 
on both correct and incorrect responses (perhaps elimi-

Pashler, Cepeda, Wixted, & Rohrer, 2005; for a meta-
 analysis see Bangert-Drowns, Kulik, Kulik, & Morgan, 
1991). The feedback message may also include other in-
formation, such as a re-presentation of the question and/
or the student’s prior response, both of which help to re-
establish the original context and permit the student to 
fully process the feedback. Such contextual reinstatement 
is especially critical when feedback is given after a delay.

Another important consideration is when to deliver the 
feedback to the student. In contrast with the general con-
sensus about the types of feedback that work best, there is 
substantial disagreement about the optimal timing of feed-
back (for a review, see Kulik & Kulik, 1988). Motivated 
by behavioral theories of reinforcement, some research-
ers have argued that feedback should be given as soon 
as possible after an error in order to eliminate incorrect 
responses (see, e.g., Skinner, 1954), a position supported 
by numerous studies that have conceptualized feedback as 
reinforcement (e.g., Angell, 1949; Bourne, 1957; Paige, 
1966; Sullivan, Schutz, & Baker, 1971). However, others 
have contended that feedback is functionally different from 
reinforcement and that delayed feedback is more effective 
because it gives errors a chance to dissipate, making the 
process of learning the correct response easier (e.g., Kul-
havy, 1977; Kulhavy & Anderson, 1972; Kulhavy & Stock, 
1989). Indeed, many studies have found delayed feedback 
to be more beneficial to the learning and retention of infor-
mation than immediate feedback (e.g., Brackbill, Bravos, 
& Starr, 1962; Butler et al., 2007; Sturges, 1969; Surber & 
Anderson, 1975). For the most part, these disparate results 
have yet to be reconciled, feeding the debate about the op-
timal timing of feedback.

Report Option: Responding  
and Belief in Correctness

In most testing situations in the classroom, students are 
not penalized for guessing on multiple-choice tests; rather, 
the instructor simply calculates the proportion of answers 
that are correct. A final interest in the present research 
was trying to assess both student responding and student 
belief in what answers were actually correct. If students 
acquire information from a multiple-choice test (whether 
correct or incorrect), do they believe that the information 
is correct? When students retrieve information on a test, 
they can assess various aspects of knowledge to deter-
mine its accuracy. In most metamemory situations, such 
monitoring processes lead to relatively accurate memory 
reports, because people control whether or not to report 
the information retrieved. However, educational testing is 
one area in which forced report dominates. On most class-
room tests, the potential for full or partial credit exists, and 
there is often no penalty for guessing. As a result, students 
are encouraged to answer every question regardless of the 
perceived accuracy of the candidate response, making it 
hard to ascertain whether or not they actually believe in 
the correctness of any given response.

An interesting way to assess students’ belief in the cor-
rectness of their knowledge is to manipulate the report 
option on the final test. Forced report instructions require 
subjects to respond to every question or to produce a pre-
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Design
The experiment used a 3 (amount of prior study: no study, study, 

restudy) 3 3 (number of multiple-choice alternatives: two, four, 
six) 3 3 (feedback condition: no feedback, immediate feedback, 
delayed feedback) 3 2 (report option: forced report and free report) 
mixed design. In addition, the experiment included a control condi-
tion in which no multiple-choice test was given on some material 
(no test). This condition could not be crossed with the number of 
multiple-choice alternatives factor and is therefore not fully incor-
porated into the main design (see the counterbalancing section). The 
number of multiple-choice alternatives and the feedback-condition 
variables were manipulated within subjects and between materi-
als. The amount-of-prior-study variable was manipulated between 
subjects. Report option was manipulated within subjects during the 
cued recall test on all items.

Materials and Counterbalancing
Stimuli consisted of a set of 12 prose passages covering a variety 

of historical topics (e.g., the Khmer Rouge). The passages were de-
veloped using information obtained from two online encyclopedias 
(www.encyclopedia.com and www.en.wikipedia.org). Each passage 
contained approximately 400 words arranged into four paragraphs. 
Four facts were identified in each passage, with each fact corre-
sponding to one of the four paragraphs. The “key sentences” that 
subjects in the restudy condition were given to reread consisted of 
the sentences from the passage that contained these facts. A ques-
tion was designed to test each fact from the passage using a fill-in-
the-blank format. The correct response to each question (henceforth 
referred to as the target) consisted of a short phrase between one 
and three words in length. For example, Many of the leaders of the 
Khmer Rouge were educated in _____ (target: France). For the pur-
poses of the multiple-choice test, five plausible lures were developed 
for each question for the six-alternative condition (the correct an-
swer plus five lures). Two lures were randomly removed to create the 
four-alternative condition, and four lures were randomly removed to 
create the two-alternative condition. No lure or target appeared as a 
potential answer to another question.

The experimental materials were counterbalanced in several ways. 
First, across subjects, each passage was used in each condition an 
equal number of times. In order to accomplish this, the materials were 
divided into four sets of three passages. The four sets were then ro-
tated through the three feedback conditions (no feedback, immediate 
feedback, delayed feedback) and the no-test control condition to cre-
ate four versions of the multiple-choice test. Then, within each ver-
sion, the three passages in each test condition were rotated through 
the number of multiple-choice alternative conditions (two, four, six) 
to create a total of 12 versions of the multiple-choice test. Second, 
for each of the 12 versions of the multiple-choice test, the target ap-
peared equally in each possible position in comparison with the lures 
across the items within each multiple-choice alternatives condition. 
For example, in the four-alternative condition, the target appeared 
three times in the first, second, third, and fourth positions.

Procedure
The entire experiment was conducted on PCs using E-Prime soft-

ware (Schneider, Eschman, & Zuccolotto, 2002) and involved two 
sessions that were spaced 1 week apart.

Session 1. Subjects began with a study phase in which treatment 
was given according to a randomly assigned condition: no study, 
study, or restudy. Those in the no-study condition did not read 
the passages and skipped ahead to the filler task (playing a Pac-
Man video game for 5 min) that separated the study phase from 
the  multiple-choice test. Each subject in the study condition read 
through all 12 passages in a different order, which was randomly 
determined by the computer at the start of the session. The passages 
were presented one half at a time (approximately 200 words), with 
each half appearing on the screen for 30 sec. Subjects in the restudy 
condition read through the full set of passages in the same manner 

nating the negative effects of multiple-choice testing). We 
anticipated that feedback would allow students to correct 
their errors, leading to a reduction of the proportion of 
intrusions produced on the cued recall test, and that feed-
back would help to maintain correct responses made on 
the initial multiple-choice test.

A primary purpose of the present experiment was to 
explore any novel interactions among the three variables 
of interest. Although each of the variables included has 
been investigated in previous research, no study has ma-
nipulated all three within a single experiment. As was 
described previously, the amount of prior study and the 
number of multiple-choice alternatives variables were ex-
pected to have separate and additive effects on cued recall 
test performance in the absence of feedback. However, it 
was less clear whether (and how) the pattern of cued recall 
test performance produced by these two variables would 
be altered when feedback was provided. There were at 
least two potential hypotheses about how feedback would 
interact with the amount of prior study and the number of 
multiple-choice alternatives variables. One possible out-
come was that the provision of feedback would increase 
the proportion of correct responses and reduce the propor-
tion of intrusions, but would leave the overall pattern of 
effects observed in the no-feedback condition intact (e.g., 
a smaller increase in production of lures on the final test 
as a function of number of alternatives on the prior test). 
Another possible outcome would be for feedback to com-
pletely eliminate the effects of prior study and the number 
of multiple-choice alternatives on final cued recall, bring-
ing performance in all conditions up to the same level. 
Similarly, several hypotheses could be generated about 
the optimal timing of feedback. However, we predicted 
that delayed feedback would lead to superior performance 
in comparison with immediate feedback because of the 
added benefits of allowing the incorrect response to dissi-
pate (see, e.g., Kulhavy & Anderson, 1972) and providing 
a spaced presentation of the material (see Dempster, 1989) 
in the case of delayed feedback.

We also manipulated report option on the final cued 
recall test. We expected that free report would reduce 
the overall proportion of intrusions in comparison with 
forced report. However, students’ ultimate success at re-
stricting their report to correct responses hinges upon 
their ability to differentiate between correct and incor-
rect responses. If students cannot effectively make such 
a distinction, then free report may result in the reduction 
of both correct and incorrect responses in comparison 
with forced report. Thus, manipulating report option per-
mits us to examine students’ metamemorial knowledge 
of their responding.

METhOD

Subjects
Seventy-two undergraduate psychology students at Washington 

University in St. Louis participated for course credit or pay ($20). 
They were treated in accordance with the “Ethical Principles of Psy-
chologists and Code of Conduct” (American Psychological Associa-
tion, 2002).
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Initial Multiple-Choice Test
Table 1 displays the proportion of correct responses on 

the initial multiple-choice test as a function of the number 
of multiple-choice alternatives and the amount of prior 
study (the data are collapsed across feedback condition 
because the manipulation had not yet been introduced). 
The data were analyzed by way of a 3 (amount of prior 
study) 3 3 (number of multiple-choice alternatives) re-
peated measures ANOVA. This analysis revealed two sig-
nificant main effects, both of which were expected. First, 
there was a main effect of prior study [F(2,69) 5 66.25, 
MSe 5 0.035, ηp

2 5 .66] in which the restudy condition 
produced a higher proportion of correct responses than 
did the study condition [t(46) 5 13.68, SED 5 0.026, 
d 5 1.29, prep 5 1.00 ( prep is an estimate of the probabil-
ity of replicating the direction of an effect; see Killeen, 
2005)], which in turn was higher than the no-study condi-
tion [t(46) 5 5.99, SED 5 0.031, d 5 1.20, prep 5 1.00]. 
Second, there was a main effect of the number of multiple-
choice alternatives in which the proportion of correct re-
sponses decreased as the number of alternatives increased. 
Both the linear [F(1,69) 5 73.76, MSe 5 0.022, ηp

2 5 .52] 
and quadratic [F(1,69) 5 7.05, MSe 5 0.018, ηp

2 5 .09] 
effects were significant. No other effects approached sig-
nificance. Our interest centered on how multiple-choice 
performance would affect the cued recall test that was 
given a week later.

Final Cued Recall Test: Forced Report
The data from the forced report phase of the cued re-

call test were analyzed first. There were three potential 
outcomes for each item in this phase: a correct response 
(correct), the production of a lure from the prior multiple-
choice test (intrusion), or an incorrect response that had 
not appeared previously as a lure (incorrect other).1

Correct responses. The upper portion of Table 2 
shows the proportion of correct responses as a function of 
the amount of prior study and feedback condition, with the 
no-test condition included for comparison purposes. The 
data are collapsed across the number of multiple-choice 
alternatives because this variable did not interact with any 
other variable of interest, as reported below (see the Ap-
pendix for the full data). The data were analyzed with a 3 
(amount of prior study) 3 3 (number of multiple-choice 
alternatives) 3 3 (feedback condition) repeated measures 
ANOVA. First, a main effect of feedback condition was 
observed [F(2,138) 5 66.79, MSe 5 0.051, ηp

2 5 .49] in 
which delayed feedback led to a higher proportion of cor-

as did those in the study condition. However, after reading the pas-
sages, they engaged in the filler task for 2 min and then reread the 
key sentences that contained information on the tests from each pas-
sage. The key sentences were grouped by passage, and each group of 
sentences was displayed for 30 sec. Again, the computer randomly 
determined a different presentation order for each subject.

Prior to taking the multiple-choice test, all subjects engaged in a 
filler task (Pac-Man) for 5 min. After the filler task, they received 
instructions about the multiple-choice test (those in the no-study 
condition were told that it was a general knowledge test). The test 
was self-paced and consisted of 42 questions. The first 6 questions 
were always filler items in order to ensure that subjects did not have 
information from the last passage in working memory. Subjects in 
the study and restudy conditions were told that these items were 
practice questions. The remaining 36 questions corresponded to the 
passages in the three feedback conditions (no feedback, immediate 
feedback, delayed feedback). With the exception of the filler ques-
tions, which were always presented first, the computer randomized 
the presentation of the questions so that each subject received a dif-
ferent order. Each question was presented at the top of the screen 
with the alternatives listed below. The position of the target in com-
parison with the lures was counterbalanced as described previously. 
Subjects were instructed to press the button corresponding to the 
position of the correct answer (e.g., press 1 for the alternative in 
position 1). The position number preceded each alternative to fa-
cilitate responding. Feedback was presented for 10 sec either im-
mediately after the response (immediate feedback) or at the end of 
the test (delayed feedback). In order to equate the amount of time 
spent on each question, a message (“Please wait for the next ques-
tion to load”) was displayed for 10 sec after items in the no-feedback 
condition. Feedback consisted of an indication of the accuracy of the 
response (correct–incorrect), a re-presentation of the question, the 
response selected, and the correct response. After students finished 
the multiple-choice test, they were reminded of the second session 
and dismissed.

Session 2. One week after the first session, subjects returned to 
take a final, comprehensive cued recall test that incorporated a pro-
cedure adopted from Koriat and Goldsmith (1994, 1996) in which 
a forced report phase is followed by a free report phase. The ques-
tions on the final cued recall test were exactly the same as those on 
the initial multiple-choice test (with the addition of the subset of 
untested items). Similar to the multiple-choice test, each fill-in-the-
blank question on the cued recall test was presented at the top of the 
screen (e.g., Many of the leaders of the Khmer Rouge were educated 
in _____). However, instead of choosing from a list of alternatives, 
subjects had to produce the response from memory and type it in 
by using the keyboard. The test was self-paced and consisted of two 
phases. In the forced report phase, subjects were given instructions 
to provide a response to every question, even if they had to guess. 
After each response, they were asked to rate their confidence in the 
response on a scale of 0 to 100. After answering all questions, stu-
dents proceeded to the free report stage, in which they were given 
the opportunity to go back through their responses from the forced 
report phase and to decide whether to keep or omit each response. 
They were shown the question and their response, but not their con-
fidence estimate. The stated goal was to keep as many correct and 
omit as many incorrect answers as possible. After the second session 
was complete, subjects were debriefed and dismissed.

RESulTS

All results deemed significant were reliable at the .05 
level of confidence unless otherwise noted. Pairwise com-
parisons were Bonferroni corrected to the .05 level. In the 
analysis of repeated measures, a Greenhouse–Geisser cor-
rection was used for violations of the sphericity assump-
tion (Geisser & Greenhouse, 1958).

Table 1 
Proportion Correct on the Initial Multiple-Choice Test As a 

Function of the Number of Multiple-Choice Alternatives 
and the Amount-of-Prior-Study Condition

Study Number of Alternatives

 Condition  Two  Four  Six  M  

No study .56 .34 .28 .39
Study .69 .56 .47 .57
Restudy .84 .72 .70 .75

 M  .69  .54  .48  .57  
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Intrusions. The upper portion of Table 3 displays the 
proportion of intrusions made on the cued recall test as 
a function of the amount-of-prior-study and feedback 
conditions, with the no-test condition included for com-
parison purposes (the data are again collapsed across 
the number of multiple-choice alternatives because this 
variable did not interact with any other variable of in-
terest, as reported below; see the Appendix). The data 
were again analyzed by a 3 (amount of prior study) 3 3 
(number of multiple-choice alternatives) 3 3 (feedback 
condition) repeated measures ANOVA. Several signifi-
cant effects emerged. First, there was a main effect of 
feedback condition [F(2,138) 5 22.62, MSe 5 0.031, 
ηp

2 5 .25] in which no feedback produced a significantly 
higher proportion of intrusions than did the immediate 
feedback [t(71) 5 5.90, SEM 5 0.018, d 5 .65, prep 5 
.99] and delayed feedback [t(71) 5 4.65, SEM 5 0.019, 
d 5 .81, prep 5 1.00]. Second, a main effect of prior study 
was observed [F(2,69) 5 3.07, MSe 5 0.034, ηp

2 5 .08] 
in which the no-study condition led to the production of 
more lures than did the restudy condition [t(46) 5 2.45, 
SEM 5 0.016, d 5 .35, prep 5 .95]. Third, there was a 
linear trend in the number of multiple-choice alterna-
tives [F(1,69) 5 5.30, MSe 5 0.039, ηp

2 5 .07] in which a 
greater number of alternatives led to a higher proportion 
of intrusions, as shown in the Appendix. Finally, there 
was an interaction between prior study and feedback 
condition [F(4,138) 5 5.88, MSe 5 0.031, ηp

2 5 .15]. 
Greater amount of prior study decreased the proportion 
of intrusions in the no-feedback condition (as in Roe-
diger & Marsh, 2005), but the amount of prior study 
was neutralized by feedback, which reduced the num-
ber of intrusions. No other effects reached significance. 
As before, the main analysis did not include the no-test 
condition, but an additional t test confirmed that the no-
feedback condition produced a higher proportion of in-
trusions than did the no test control condition in which 
no lures had been shown [t(71) 5 4.49, SEM 5 0.019, 
d 5 .65, prep 5 .99]. Feedback on the multiple-choice 
test reduced lure intrusions to this baseline level.

rect responses than did immediate feedback [t(71) 5 4.79, 
SEM 5 0.022, d 5 .56, prep 5 1.00] and immediate feed-
back was higher than no feedback [t(71) 5 6.40, SEM 5 
0.022, d 5 .69, prep 5 1.00]. Second, there was a margin-
ally significant main effect of prior study [F(2,69) 5 2.92, 
MSe 5 0.197, p 5 .06]. Pairwise comparisons showed 
only one significant difference: The restudy condition 
led to a higher proportion of correct responses than did 
the no-study condition [t(46) 5 3.02, SEM 5 0.035, d 5 
.75, prep 5 .98]. Finally, there was also a significant in-
teraction between the feedback condition and prior study 
[F(4,138) 5 5.77, MSe 5 0.051, ηp

2 5 .14]. The propor-
tion of correct responses increased substantially as the 
amount of prior study increased (i.e., going from no study 
to study to restudy) in the no-feedback condition, but not 
in the delayed-feedback condition. In fact, in the delayed-
feedback condition, it did not matter whether students 
had previously studied the material at all; performance 
was roughly the same in all three of the study conditions. 
Finally, the proportion of correct responses differed only 
slightly as a function of the number of multiple-choice 
alternatives (see the Appendix). There was a numerical 
trend in the no-feedback condition in which the proportion 
of correct responses decreased as the number of multiple-
choice alternatives increased. However, the linear trend 
did not reach significance when tested with an ANOVA 
conducted on the data from no-feedback condition alone 
[F(1,69) 5 2.60, MSe 5 0.048, p 5 .11]. Nevertheless, 
the numerical trend was in the right direction, and there 
may have been insufficient power to detect the effect (ob-
served power 5 .36). Other research making this compari-
son has found effects of roughly the same size as that seen 
in the present study (e.g., Roediger & Marsh, 2005). No 
other effects approached significance. Although the main 
analyses did not include the no-test control condition, an 
additional t test revealed that the no-feedback condition 
(which received a test) produced a significantly greater 
proportion of correct responses than did the no-test condi-
tion [t(71) 5 9.11, SEM 5 0.018, d 5 .97, prep 5 1.00], 
showing the basic testing effect.

Table 2 
Proportion Correct on the Final Cued Recall Test 

As a Function of Amount-Of-Prior-Study and Feedback 
Conditions (Including the No-Test Condition)

Feedback Condition

Study No No Immediate Delayed
Condition  Test  Feedback  Feedback  Feedback  M

Forced Report

No study .10 .18 .42 .57 .32
Study .11 .33 .43 .54 .35
Restudy .22 .41 .50 .57 .43

M .14 .31 .45 .56 .37

Free Report

No study .04 .12 .39 .52 .27
Study .06 .28 .38 .50 .31
Restudy .16 .35 .46 .52 .37

M .09 .25 .41 .51 .32

Note—Data have been collapsed across the number of initial multiple-
choice alternatives.

Table 3 
Proportion Intrusions on the Final Cued Recall Test 

As a Function of Amount-of-Prior-Study and Feedback 
Conditions (Including the No-Test Condition)

Feedback Condition

Study No No Immediate Delayed
Condition  Test  Feedback  Feedback  Feedback  M

Forced Report

No study .17 .32 .14 .13 .19
Study .16 .25 .18 .13 .18
Restudy .15 .16 .14 .15 .15

M .16 .24 .15 .14 .17

Free Report

No study .05 .19 .07 .07 .10
Study .06 .15 .08 .07 .09
Restudy .05 .08 .09 .07 .07

M .05 .14 .08 .07 .09

Note —Data have been collapsed across the number of initial multiple-
choice alternatives.
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confidence in each response on a scale of 0–100, in which 
“0” indicated no confidence (i.e., a pure guess) and “100” 
indicated that the response was definitely correct. Of in-
terest was whether any of the manipulated variables would 
influence the subjects’ ability to assess the accuracy of 
their knowledge. Feedback on the multiple-choice test in-
creased the subjects’ ability to assess the accuracy of their 
responses on the cued recall test, as indicated by the abso-
lute correspondence between proportion correct and con-
fidence estimate. The overall mean proportions correct for 
the delayed-feedback (M 5 .56) and immediate-feedback 
(M 5 .49) conditions were almost identical to the mean 
confidence estimate (means of 55 and 46, respectively). 
In contrast, the overall mean proportion correct in the no-
test (M 5 .14) and no-feedback (M 5 .31) conditions was 
lower than the mean confidence estimate (means of 23 
and 39, respectively), indicating overconfidence. The re-
lationship between performance and confidence did not 
differ as a function of any of the other variables.

Mean confidence estimates were also computed for the 
intrusions produced on the forced cued recall test. Numeri-
cally, there was little difference between the confidence es-
timates in the no-feedback (M 5 42), immediate- feedback 
(M 5 38), and delayed-feedback (M 5 38) conditions. 
However, subjects assigned greater confidence to intru-
sions produced in these three conditions (overall M 5 39) 
than to those in the no-test condition (M 5 26) [t(71) 5 
4.11, SEM 5 2.98, d 5 .56, prep 5 .99]. Thus, prior ex-
posure to lure items on the multiple-choice test seemed to 
increase confidence in the intrusion responses.

Conditional Analyses4

Conditional analyses were conducted to investigate 
the relationship between performance on the initial 
 multiple-choice test and on the final cued recall test. Of 
interest was how response outcome on the multiple-choice 
test (correct–incorrect) influenced the production of cor-
rect responses on the final cued recall test as a function 
of the amount-of-prior-study and testing conditions. One 
question was whether the overall pattern of results obtained 
in the main analyses (e.g., the superiority of delayed feed-
back) would hold for both items that were initially correct 
and those that were incorrect. For the purposes of these 
conditional analyses, the data were again collapsed across 
the number of multiple-choice alternatives.

Table 4 displays the proportion of correct responses 
on the cued recall test for items that were correctly and 
incorrectly answered on the initial multiple-choice test 
as a function of prior-study and feedback conditions. For 
items that were answered correctly on the multiple-choice 
test, delayed feedback led to a higher proportion of cor-
rect responses on the cued recall test than did immedi-
ate feedback, which in turn produced a higher proportion 
than did no feedback. For the most part, increases in the 
amount of prior study had little effect on the maintenance 
of correct responses from multiple choice to final cued 
recall. The only exception was the no-study–no-feedback 
condition, which produced a much lower proportion of 
correct responses than did the other prior-study conditions 
that did not receive feedback. For items that were initially 

Final Cued Recall Test: Free Report2

In the free report phase, subjects had the option of keep-
ing or omitting each response they made during the forced 
report phase. The subsequent analysis focuses on the re-
sponses that subjects chose to keep in order to examine 
the extent to which students believed that the information 
learned on the multiple-choice test was true. The free report 
phase follows the forced report phase and could be affected 
by the earlier phase, so the data and analysis presented 
below should be interpreted with this influence in mind.

Correct responses. The lower portion of Table 2 dis-
plays the proportion of correct responses kept during the 
free report phase as a function of prior study and feedback 
condition (including the no-test condition for compari-
son).3 A 3 (amount of prior study) 3 3 (feedback condition) 
repeated measures ANOVA was conducted, and it revealed 
the same effects as did the forced report analysis: a main 
effect of feedback condition [F(2,138) 5 77.634, MSe 5 
0.017, ηp

2 5 .53], a marginally significant main effect of 
prior study [F(2,69) 5 2.762, MSe 5 0.065, p 5 .07], and 
an interaction between the prior study and feedback condi-
tions [F(4,138) 5 6.053, MSe 5 0.0167, ηp

2 5 .15]. This 
interaction appears to be driven by the no-feedback condi-
tion in the same manner as that in the forced report data. 
The only difference between the forced and free results is 
that the proportion correct in each cell has decreased by 
between 3% and 6% in free report due to response with-
holding. When report option (forced, free) was entered into 
the analysis as a within-subjects variable, a main effect of 
report option did emerge [F(1,69) 5 82.67, MSe 5 0.004, 
ηp

2 5 .55], indicating that free report instructions led to a 
reduction in the proportion of correct responses. Report 
option did not interact with any of the other factors.

Intrusions. The lower portion of Table 3 displays the 
proportion of intrusions kept during the free report phase 
as a function of the prior-study and feedback conditions 
(including the no-test condition). A 3 (amount of prior 
study) 3 3 (feedback condition) repeated measures ANOVA 
revealed a main effect of feedback condition [F(2,138) 5 
16.65, MSe 5 0.007, ηp

2 5 .19] and an interaction between 
prior study and feedback condition [F(4,138) 5 4.352, 
MSe 5 0.007, ηp

2 5 .11]. This interaction probably repre-
sents the differential effect of the amount of prior study on 
the no-feedback condition. A greater amount of prior study 
decreased the proportion of intrusions in the no-feedback 
condition, but had no effect on any of the other feedback 
conditions. Overall, students managed to reduce the pro-
portion of intrusions relative to the forced report phase, 
and the magnitude of this reduction differed slightly across 
the feedback conditions. When report option (forced, free) 
was entered into the analysis, a main effect of report option 
emerged [F(1,69) 5 229.90, MSe 5 0.005, ηp

2 5 .77], in-
dicating that subjects were able to reduce the proportion of 
intrusions in free report as opposed to forced report. Report 
option did not interact with any of the other factors.

Final Cued Recall: Confidence
Performance on the final cued recall test was compared 

with the confidence estimate given by subjects during the 
forced report phase. The subjects were asked to rate their 
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feedback was not given, the pattern of performance on the 
cued recall test was largely determined by performance on 
the initial multiple-choice test. Greater amounts of prior 
study led to a higher proportion of correct responses in 
cued recall, but the number of multiple-choice alternatives 
did not have a significant effect on correct responses. Less 
prior study and a greater number of initial multiple-choice 
alternatives resulted in a higher proportion of intrusions, 
as in prior research (Butler et al., 2006; Roediger & Marsh, 
2005). Third, the initial predictions regarding the effect of 
feedback on performance were substantiated: Feedback 
on the multiple-choice test increased the proportion of 
correct responses on the final cued recall test, whereas 
the proportion of intrusions was sharply reduced. Delayed 
feedback led to a higher proportion of correct responses 
than did immediate feedback, but both feedback schedules 
were equally effective at reducing the amount of misinfor-
mation acquired. Finally, when given the option of free 
report, subjects succeeded in reducing the proportion of 
intrusions reported; however, they also eliminated many 
correct responses. These results are discussed further in 
the subsequent sections, focusing first on the learning and 
retention of correct responses and then on the acquisition 
of misinformation. After placing the results in the context 
of other studies, we will conclude by discussing the impli-
cations of this research for educational practice.

The learning and Retention 
of Correct Responses

We first consider performance in the no-feedback con-
dition, which was conceptually the most similar to previ-
ous studies (Butler et al., 2006; Roediger & Marsh, 2005). 
Just as in the initial multiple-choice test, the proportion 
of correct responses on the cued recall test was influ-
enced by both the amount of prior study and the num-
ber of  multiple-choice alternatives. A greater amount of 
prior study led to a higher proportion of correct responses, 
replicating Roediger and Marsh (2005), who included a 
study–no study manipulation. The restudy condition in 
our experiment extends their finding by showing that in-
creasing the amount of prior study (by selective restudy-
ing of facts) can enhance recall. Increasing the number of 
multiple-choice alternatives led to a lower proportion of 
correct responses on the cued recall test, but not signifi-
cantly so. Previous studies have found significant effects 
in which a greater number of alternatives led to a lower 
proportion of correct responses on a subsequent recall test 
(e.g., Butler et al., 2006; Roediger & Marsh, 2005; but see 
Whitten & Leonard, 1980). However, these effects tend to 
be relatively small in size, presumably because as more 
lures are included, the plausibility of each additional lure 
decreases. Nevertheless, the numerical trend was in the 
predicted direction in the present study, suggesting that 
greater power may have been needed to detect this effect.

When compared with the no-test condition, the no-
 feedback condition also shows the mnemonic benefit of 
taking a prior multiple-choice test. Retrieval of the cor-
rect response on the multiple-choice test helped students to 
learn and retain that response, which is no surprise because 
the testing effect is generally quite robust (see Roediger 

answered incorrectly, a similar overall pattern emerged 
among the testing conditions: Delayed feedback produced 
the highest proportion of correct responses, followed by 
immediate feedback and no feedback. The amount of prior 
study did not have clear overall effects on performance. 
However, the magnitude of the differences between the 
testing conditions appears to be attenuated as the amount 
of prior study increases.

Thus, the superiority of delayed feedback in compari-
son with immediate feedback that emerged in the main 
analyses held for both items that were initially correct and 
those that were incorrect on the multiple-choice test. The 
benefit of providing feedback (either delayed or immedi-
ate) as opposed to not providing feedback also held for 
both sets of items. The impact of increasing the amount 
of prior study was less clear, but this is probably because 
prior study increases correct performance and decreases 
errors on the initial test. Of course, conditional analy-
ses are always subject to item-selection artifacts, and 
the results presented previously should be interpreted 
with this caution in mind. Still, delayed feedback on the 
 multiple-choice test provided consistently better perfor-
mance on the final cued recall test whether or not the 
multiple-choice item was correctly answered.

DISCuSSION

The present experiment investigated the predictions 
that feedback on a multiple-choice test would enhance 
the testing effect for items answered correctly and reduce 
or eliminate negative effects on items answered incor-
rectly, as assessed on a cued recall test given a week later. 
Our findings confirmed these hypotheses. We replicated 
several previous findings within a single experiment and 
found novel interactions between two of the three variables 
being investigated. First, a testing effect emerged on the 
final cued recall test: Students performed better on items 
that were tested on the prior multiple-choice test than on 
items not initially tested, regardless of the amount of prior 
study or feedback. Second, when items were tested and 

Table 4 
Proportion of Correct Responses on the Final Cued Recall Test 
for Items That Were Correctly and Incorrectly Answered on the 
Initial Multiple-Choice (MC) Test As a Function of Amount-of-

Prior-Study Condition and Feedback Condition

Feedback Condition

Study No Immediate Delayed
Condition  Feedback  Feedback  Feedback  M

MC–Correct

No Study .35 .53 .61 .50
Study .56 .52 .64 .57
Restudy .52 .57 .62 .57

Mean .50 .55 .63 .56

MC–Incorrect

No Study .08 .35 .53 .31
Study .07 .27 .41 .24
Restudy .12 .30 .35 .25

Mean .08 .31 .46 .28

Note—All data are for performance under forced report instructions.
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Accordingly, delayed feedback is more effective because 
it allows incorrect responses to dissipate, making the cor-
rect response easier to learn. A second theory posits that 
delayed feedback leads to better subsequent recall because 
it provides an additional spaced presentation of the mate-
rial. The superiority of spaced (or distributed) study in 
comparison with massed study for enhancing the retention 
of verbal material has been well established (see Cepeda, 
Pashler, Vul, Wixted, & Rohrer, 2006, for a review). If a 
correct response to a test question is considered a study 
trial, then immediate feedback represents a massed study 
trial, and delayed feedback represents a spaced study trial. 
Thus, delayed feedback should be superior to immediate 
feedback for initially correct responses, but equally effec-
tive for initially incorrect responses for which both feed-
back timings would represent a spaced study trial (see, 
e.g., McConnell, Hunt, & Smith, 2006). However, delayed 
feedback led to a higher proportion of correct responses 
in the present study regardless of whether the initial re-
sponse was correct or incorrect. Importantly, these two 
theories are not mutually exclusive, because the spaced 
presentation and interference-perseveration theories focus 
on the effect of feedback timing after correct and incor-
rect responses, respectively. Therefore, a combination of 
the two theories provides a comprehensive account of the 
present results.

As a final consideration, feedback also helped stu-
dents to better gauge the accuracy of their responses on 
the final cued recall test. Students’ ability to differenti-
ate between correct and incorrect responses was explored 
through the absolute correspondence between the confi-
dence estimates and the proportion of correct responses. 
This analysis revealed that subjects were almost perfectly 
calibrated for items in the delayed-feedback condition and 
only slightly overconfident in the immediate-feedback 
condition. However, students were highly overconfident 
in the no-test and no-feedback conditions. Thus, testing 
with feedback also helps students to judge better what 
they know and what they do not know.

The Acquisition of Misinformation
Focusing first on the no-feedback condition, the pro-

portion of intrusions produced on the forced report phase 
of the cued recall test was heavily influenced by both the 
prior study and number of alternatives variables. Decreas-
ing the amount of prior study and/or increasing the num-
ber of alternatives led to a higher proportion of intrusions, 
replicating previous research (Butler et al., 2006; Roediger 
& Marsh, 2005). The overall pattern of intrusions closely 
resembled the incorrect response data from the multiple-
choice test, suggesting that performance on the multiple-
choice test mediated the influence of these two variables 
on the acquisition of misinformation. This conclusion is 
bolstered by the fact that 75% of the intrusions produced in 
the no-feedback condition were lures that had been (incor-
rectly) selected on the initial multiple-choice test (the other 
25% were initially correct responses that were subsequently 
switched to lures on the cued recall test; see Butler et al., 
in press). Interestingly, the amount of misinformation ac-
quired varied widely among the different conditions: Over 

& Karpicke, 2006a). However, a more stringent way of 
assessing the benefits of testing is to take into account any 
negative effect that occurs as a result of multiple-choice 
testing. When both correct responses and intrusions are 
considered, there is usually still a net benefit of testing 
(see, e.g., Roediger & Marsh, 2005). Thus, it is surprising 
to find that in the no-study–no-feedback condition of the 
present experiment, the proportion of intrusions produced 
(M 5 .32) was substantially greater than the proportion of 
correct responses (M 5 .18). Although the no-study–no-
test condition produced fewer correct responses (M 5 .10), 
it also produced fewer (spontaneous) intrusions (M 5 .17). 
In other words, if students had not studied the material, they 
would have been worse off if they were tested than if not 
tested. Although a net benefit of prior testing was obtained 
in the study and restudy conditions, this negative effect 
of testing in this one condition is particularly important, 
because it indicates that there is a point at which multiple-
choice testing ceases to be beneficial to students.

The testing effect observed in comparing the no-test and 
no-feedback conditions was enhanced by the provision of 
feedback. Both immediate and delayed feedback led to 
large gains in the proportion of correct responses on the 
cued recall test in comparison with the no-feedback con-
dition. The added benefit of feedback is likely due to the 
correction of errors (Butterfield & Metcalfe, 2001; Pashler 
et al., 2005) and the maintenance of correct responses that 
otherwise might have been forgotten or switched to an at-
tractive alternative (Butler et al., in press). Greater amounts 
of prior study led to a small increase in the proportion of 
correct responses in the immediate- feedback condition, 
but had no effect on the delayed-feedback condition (al-
though the interaction was not statistically significant; 
p 5 .11). Assuming the differential effect exists, a possible 
explanation derives from the interference- perseveration 
theory (Kulhavy, 1977; Kulhavy & Anderson, 1972; Kul-
havy & Stock, 1989). According to this theory, immediate 
feedback produces response competition when the correct 
response is presented immediately after an incorrect re-
sponse is made. With a greater amount of prior study, fewer 
incorrect responses are made; therefore, the potential for 
response competition to occur should decrease. In contrast, 
a delay in the presentation of feedback may allow incorrect 
responses to dissipate, making the correct response easier 
to learn and negating the impact of any differences in the 
number of incorrect responses made.

In accordance with this theory, the timing of feedback 
also had a large influence on the learning and retention of 
correct responses. Delayed feedback led to a higher pro-
portion of correct responses (overall M 5 .56) than did im-
mediate feedback (overall M 5 .45). The superiority of de-
layed feedback in the present results can best be explained 
by invoking two different—but compatible—theories. 
First, as was just noted, the interference-perseveration the-
ory offers an explanation for why delayed feedback might 
also benefit initially incorrect responses (Kulhavy, 1977; 
Kulhavy & Anderson, 1972; Kulhavy & Stock, 1989). As 
explained above, this theory revolves around the idea that 
immediate feedback produces competition between the 
incorrect response and the presented correct response. 
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and omit any responses they believed to be incorrect, they 
succeeded in reducing the proportion of intrusions, more 
than halving the number of lure items reported. However, 
this reduction in the proportion of intrusions was roughly 
equivalent across all the conditions, and the same overall 
pattern of effects that was obtained under forced report re-
mained. That is, the no-feedback condition still produced 
the highest proportion of intrusions in comparison with 
the other conditions, and this proportion increased as the 
amount of prior study decreased. Remarkably, even under 
free report, subjects in the no-study–no-feedback condi-
tion decided to keep a large proportion of intrusions (M 5 
.19). Overall, these results indicate that students strongly 
believed in the veracity of misinformation acquired dur-
ing the multiple-choice test.

Implications for Educational Practice
The present experiment demonstrates that students 

acquire both correct and incorrect information from 
 multiple-choice tests. Taking a multiple-choice test 
leads to a substantial benefit in retention of correct re-
sponses, but the exposure to misinformation in the form 
of  multiple-choice lure items can lead to the intrusion of 
these lures on a subsequent test, especially when the lure is 
(incorrectly) endorsed on the initial multiple-choice test. 
The magnitude of these positive and negative effects is 
greater with little prior study and with increasing numbers 
of lures on the multiple-choice test. If the material has not 
been sufficiently studied prior to taking a multiple-choice 
test, or a test is made more difficult by increasing the 
number of alternatives, students acquire a greater amount 
of misinformation. Although these two factors have been 
emphasized in the present study, any factor that negatively 
affects performance on a multiple-choice test (e.g., test 
anxiety, time restrictions, increasing the attractiveness of 
lures, etc.) will probably have the same effect.

A pragmatic solution to the possible negative effects of 
multiple-choice tests is to ensure that students always re-
ceive feedback after testing. Feedback enhances the posi-
tive effects of taking a test and helps students correct their 
errors, thereby reducing the acquisition of misinformation. 
The latter outcome is especially important when the same 
questions and alternatives from a first test are reused on a 
later test, because the production of misinformation often 
increases the chance that it will be produced again on a 
later test (Roediger, Jacoby, & McDermott, 1996; Roe-
diger, Wheeler, & Rajaram, 1993). One positive aspect of 
the present results is that feedback need not be given im-
mediately; a delay in the presentation of feedback seems 
to be beneficial to learning. Of course, in our conditions, 
what we are calling delayed feedback is what many in-
structors who cannot use computerized testing would see 
as immediate feedback; students in our delayed feedback 
condition were actually given feedback soon after taking 
the test (but not immediately after answering each item). 
Further research will be needed to determine if feedback 
may cease to be effective if it is delayed for too long. For 
example, in many classroom settings, feedback on a test 
is provided a week or two after the test is given, in order 
to permit time for grading the test. Would feedback under 

a third of the responses in the no-study–six- alternative 
condition were intrusions (M 5 .38), whereas only a rather 
small proportion in the restudy–two-alternative condition 
were intrustions (M 5 .14). Note that the latter propor-
tion was no greater than the overall mean in the no-test 
(M 5 .16) and feedback conditions (immediate feedback, 
M 5 .15; delayed feedback, M 5 .14). Theoretically, in-
trusions on the cued recall test likely result from lure re-
sponses blocking previously learned correct responses (or 
causing them to be unlearned), similar to the retroactive 
interference created in the misinformation paradigm (Lof-
tus, Miller, & Burns, 1978) or the in classic A–B, A–D 
interference paradigm (McGeoch, 1932). Alternatively, the 
correct response may never have been learned, and people 
may just have guessed and learned the wrong response as 
a result. However, research suggests that errors resulting 
from faulty reasoning are much more likely to persist than 
are guesses (Huelser & Marsh, 2006).

When feedback was provided after the multiple-choice 
test, a very different pattern of results emerged. First, the 
overall amount of misinformation acquired was sharply 
reduced. Second, the effects observed in the no-feedback 
condition were neutralized: Neither the amount of prior 
study nor the number of multiple-choice alternatives had 
an influence on the proportion of intrusions produced. 
Armed with knowledge about whether their response was 
correct or incorrect (as well as the correct answer), sub-
jects were able to correct many of their errors and refrain 
from producing the lures on the cued recall test. This re-
sult fits nicely with previous investigations that have dem-
onstrated the error-correcting function of feedback (e.g., 
Butterfield & Metcalfe, 2001; Pashler et al., 2005). Fur-
thermore, the timing of the feedback did not seem to mat-
ter: Immediate and delayed feedback were equally effec-
tive at reducing the amount of misinformation acquired. It 
might be argued that even with feedback, multiple-choice 
tests were harmful because a small but sizeable number 
of intrusions were produced (overall M 5 .15) even with 
feedback on the multiple-choice test. However, we believe 
that this implication is erroneous; if the proportion of in-
trusions spontaneously produced in the no-test condition 
(M 5 .16) is used as a baseline, then it is clear that taking 
a multiple-choice test with feedback is no more harmful 
than not taking a multiple-choice test at all.

Another goal of the experiment was to investigate the 
extent to which students believe that the misinformation 
acquired from the multiple-choice test is true. Students’ 
confidence estimates for intrusions indicated roughly the 
same level of confidence regardless of whether or not they 
had received feedback. This result indicates that feedback 
works in an all-or-none manner: If students do not success-
fully correct the error, then feedback does not diminish the 
potency of the misinformation. The only obvious differ-
ence in confidence estimates for intrusions was between 
the no-test condition (M 5 26) and the other three testing 
conditions (overall M 5 39), indicating that prior exposure 
to lures led to greater confidence in intrusions in com-
parison with intrusions that were spontaneously produced 
(presumably due to the familiarity of the lures). When stu-
dents were allowed to revisit their forced report responses 
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tests. Psychological Science, 16, 345-353.
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oriented approaches to memory assessment. Journal of Experimental 
Psychology: General, 123, 297-315.

Koriat, A., & Goldsmith, M. (1996). Monitoring and control processes 
in strategic regulation of memory accuracy. Psychological Review, 
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Kulhavy, R. W. (1977). Feedback in written instruction. Review of Edu-
cational Research, 47, 211-232.

Kulhavy, R. W., & Anderson, R. C. (1972). Delay-retention effect 
with multiple-choice tests. Journal of Educational Psychology, 63, 
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Kulhavy, R. W., & Stock, W. A. (1989). Feedback in written instruc-
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these conditions lose its effectiveness or be even more 
effective?

One final consideration involves the type of to-be-
learned information used in the present study. Although 
our test questions focused on relatively basic factual infor-
mation, the results of the present study probably extend to 
more complex conceptual information as well. The criti-
cal mechanism for promoting the retention of informa-
tion is the successful retrieval of that information. Thus, 
if a test leads students to successfully retrieve conceptual 
information, then the retention of that conceptual infor-
mation will be enhanced. Indeed, there is some evidence 
to suggest that testing on conceptual information leads to 
even bigger testing effects (Wildman & McDaniel, 2007). 
Marsh, Roediger, Bjork, and Bjork (2007) reported that 
both positive and negative effects of multiple-choice test-
ing were apparent in complex materials when no feed-
back was given. We expect that effects of feedback would 
diminish errors in these complex materials—as with our 
current factual materials—but testing this conjecture must 
await future research.

In summary, the present research highlights the impor-
tance for educators to provide (briefly) delayed feedback 
following multiple-choice tests in order to maintain correct 
answers and to correct erroneous answers. Even students 
who have not studied the material thoroughly will ben-
efit, at least for the information that is tested. Our results 
provide further evidence for the importance of judicious 
testing in order to enhance educational performance.
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APPENDIx 
Performance on the Cued Recall Test under Forced Report Instructions As a 

Function of Amount-of-Prior-Study Condition, the Number of Initial Multiple-Choice 
Alternatives, and Feedback Condition (Excluding the No-Test Condition)

Feedback Condition

Study No Feedback Immediate Feedback Delayed Feedback

Condition  DV  Two  Four  Six  Two  Four  Six  Two  Four  Six

No study Correct .21 .17 .16 .36 .43 .48 .52 .57 .60
Intrusions .23 .34 .38 .16 .14 .14 .10 .14 .14
Incorrect other .56 .49 .46 .48 .43 .38 .38 .29 .26

Study Correct .40 .29 .31 .41 .43 .45 .47 .56 .58
Intrusions .20 .28 .27 .16 .19 .20 .13 .10 .16
Incorrect other .40 .43 .42 .43 .39 .35 .40 .34 .26

Restudy Correct .43 .42 .38 .51 .50 .49 .57 .56 .56
Intrusions .14 .15 .21 .13 .17 .14 .15 .16 .16
Incorrect other .43 .43 .41 .36 .33 .37 .28 .28 .28

Mean Correct .35 .29 .28 .43 .45 .47 .52 .56 .58
Intrusions .19 .26 .29 .15 .17 .16 .13 .13 .15
Incorrect other .46 .45 .43 .42 .38 .37 .35 .30 .27

Note—The first dependent variable (DV) is the proportion of targets correctly recalled, the second is the proportion 
of intrusions, and the third is the proportion of incorrect other responses.
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