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Abstract Young adults are more likely to correct an
initial higher confidence error than a lower confidence
error (Butterfield & Metcalfe, 2001). This hypercorrec-
tion effect has never been investigated among older
adults, although features of the standard paradigm (free
recall, metacognitive judgments) and prior evidence of
age-related error resolution deficits (see Clare & Jones,
2008) suggest that theymay not show this effect. In Study 1,
we used free recall and a 7-point confidence scale; in
Study 2, we used multiple-choice questions, and partic-
ipants indicated how many alternatives they had nar-
rowed their options down to prior to answering. In
both studies, younger and older adults showed a hyper-
correction effect, and this effect was equivalent between
groups in Study 2 when free recall and explicit confidence
ratings were not required. These results are consistent with our
previous work (Cyr & Anderson, 2012) showing that older
adults can successfully resolve learning errors when the learn-
ing context provides sufficient support.

Keywords Aging and memory

We routinely make errors when learning information in our
day-to-day lives, leading to memory errors that influence

our knowledge of the world. Although many errors are
harmless, others can have detrimental effects, such as low-
ering a score on an exam or altering our understanding of
important concepts. Finding ways to revise knowledge
through error correction is an important goal for educators
and for all of us in the service of our everyday memory.

When providing feedback about a mistake after a quiz, it
is common to hear reactions that vary from “I’ll never
remember that answer” to “Aha! I can’t forget that
one!”—suggesting that feedback resonates differently with
learners depending on internal factors. While it is intuitive to
assume that errors endorsed with higher confidence would
be strengthened and, therefore, more difficult to correct, the
opposite has been shown for younger adults (Butterfield &
Mangels, 2003; Butterfield & Metcalfe, 2001, 2006; Fazio
& Marsh, 2009; Finn & Metcalfe, 2010). This finding that
deeply entrenched errors are more easily corrected than are
loosely held errors is termed the hypercorrection effect
(Butterfield & Metcalfe, 2001). Butterfield and Metcalfe
(2001) asked participants to generate answers to general
knowledge questions and to rate their confidence in the
correctness of their answers, after which they were shown
the correct answer. When participants were later asked the
same questions, they were more likely to respond correctly
to the questions that had produced higher, rather than lower,
confidence errors.

To account for this counterintuitive finding, many have
suggested that feedback following higher confidence errors
captures attention more readily (Butterfield & Mangels,
2003; Butterfield & Metcalfe, 2001, 2006; Fazio & Marsh,
2009): Participants are surprised by the answer and rally
their resources to correct their misconception. Others have
suggested that the subject matter is more familiar for higher,
relative to lower, confidence errors (e.g., the capital of
Australia is Canberra vs. the capital of Congo is Kinchasa,
respectively), making it easier to encode the correct answer
(Butterfield & Metcalfe, 2006; Finn & Metcalfe, 2010).
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The effects of aging on hypercorrection have never been
examined, but it is unclear whether older adults can use
feedback to overcome errors as effectively as do their youn-
ger counterparts. Research stemming from the neuropsycho-
logical literature suggests that unlike younger adults, older
adults may not recover from errors with the same facility,
even in the presence of feedback (Anderson & Craik, 2006;
Baddeley & Wilson, 1994; Guild & Anderson, 2012;
Lubinsky, Rich, & Anderson, 2009; for an exception, see
Cyr & Anderson, 2012). Older adults may not harness feed-
back effectively and may fail to show hypercorrection. Our
primary goal in the studies reported here was to determine
whether or not older adults can hypercorrect their errors as
well as do younger adults.

The standard paradigm requires participants to freely
recall an answer to every item, even if they have to guess.
Two features of this paradigm may dampen older adults’
ability to hypercorrect their errors. First, tip-of-tongue
(TOT) states, defined as the temporary inability to retrieve
a word despite a persistent feeling of knowing it (Brown &
McNeill, 1966), are the most commonly reported memory
failure with age (Sunderland, Watts, Baddeley, & Harris,
1986) and have been shown in the laboratory (Brown,
1991; Brown & Nix, 1996). Furthermore, TOT states are
more common for proper nouns (Brown, 1991), which
constitute most of the answers to general knowledge ques-
tions (i.e., names of persons and places). Age-related
increases in TOT states would cause older adults to be
forced to generate more answers that they know are incor-
rect and that they would rate with lower confidence. Second,
it has been proposed that older adults show effective mon-
itoring of well-learned information but deficient monitoring
of recently learned information (Dodson, Bawa, & Krueger,
2007), both of which are encountered in a hypercorrection
paradigm (i.e., general knowledge is retrieved but also ac-
quired). Indeed, older adults show a weaker relationship
between confidence and accuracy in tasks of cued recall
(Dodson et al., 2007; Kelley & Sahakyan, 2003), source
identification (Dodson et al., 2007), and eyewitness memory
(Dodson & Krueger, 2006) for information shown earlier in
an experimental session, whereas they possess good calibra-
tion where general knowledge is concerned (Dahl, Allwood,
& Hagberg, 2009; Dodson et al., 2007; Pliske & Mutter,
1996). These two issues suggest that using free recall and
requiring explicit confidence ratings may exacerbate age-
related differences in the relationship between metacogni-
tion and error correction.

We report two studies. In Study 1, we sought to replicate
the finding that errors made with higher rather than lower
confidence are more easily corrected among young adults
and to determine whether the same effect is shown by older
adults. If confidence modulates the efficacy of feedback
processing for younger and older adults alike, we would

expect to see equivalent hypercorrection effects between age
groups. In Study 2, participants answered multiple-
choice questions and indicated how many options they
had ruled out prior to making their selection. The ap-
proach taken in the second study avoids free recall and explicit
confidence ratings and is arguably more aligned with how
general knowledge is tested in educational settings, where
multiple-choice test formats are increasingly utilized due to
large class sizes and ease of grading. Older adults also en-
counter multiple-choice testing in pursuit of continued educa-
tion and in routine driving tests. Students typically cross out
alternatives that they know are incorrect and narrow down
their options until they reach a satisfactory answer. It is a
reasonable assumption that students are more confident in
their answers to questions for which they can narrow the
choice to fewer alternatives (e.g., It’s A or B), as compared
with questions for which they are unable to rule out any
options; if this is true, the former should lead to greater error
correction.

Study 1

In Study 1, younger and older participants answered general
knowledge questions and rated their confidence, after which
they viewed corrective feedback. Following a brief delay, the
same questions were administered, and participants answered
them again.

Method

Participants

Twenty-two younger and 22 older adults volunteered to
participate; however, the data of one younger and four older
adults were not included in analyses because they made no
errors on the initial test. Therefore, the data from 21 younger
and 18 older adults are reported. Participants were initially
screened for major health conditions affecting cognition
(e.g., stroke, dementia, uncontrolled metabolic dysfunction).
Participants were recruited from volunteer research partici-
pant pools or responded to flyers posted at the University of
Toronto and at a Toronto retirement community and were
paid $20 for participating. The mean (standard deviation)
age was 69.64 years (4.21) for the older adults and 20.86
years (2.46) for the younger adults. The older and younger
groups did not differ in years of formal education, which
were 15.71 (1.57) and 15.09 (0.70), respectively, t(37) 0
1.60, p 0 .12, and younger adults scored higher on the Mini-
Mental Status Examination (MMSE), relative to older adults
(Folstein, Folstein, & McHugh, 1975) at 29.81 (.51) and
28.47 (1.70), respectively, t(37) 0 3.43, p < .01. Consistent
with prior aging research, vocabulary scores on the Shipley
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Institute of Living Scale (Shipley, 1940) were higher in
the older than in the younger group: 35.71 (4.24) and
31.52 (4.70), respectively, t(37) 0 2.19, p 0 .04.
Endorsements of anxiety symptoms from the Hospital
Anxiety and Depression Scale (HADS: Zigmond &
Snaith, 1983) did not differ between younger 6.52
(2.80) and older 7.86 (3.62) adults, t(37) 0 1.01, p 0 .32; older
adults endorsed more symptoms of depression than did youn-
ger adults: 6.57 (2.80) versus 2.19 (1.50), respectively, t(37) 0
4.14, p < .001, but no participant exceeded the cutoff of 8 for
mild depression.

Materials

One hundred fifity general knowledge questions were se-
lected from various sources, including the Nelson and
Narens (1980) norms and online trivia games. The questions
covered a broad range of topics, such as history, social and
natural sciences, and pop culture, and varied in difficulty.
The answers to each question were verified by other sources
(e.g., online encyclopedias). We piloted among both age
groups to ensure that the questions yielded a sufficient
number of errors and a distribution of responses on the
confidence scale.

Procedure

Following consent, participants were administered the
MMSE individually. Participants were then tested in groups
of 7–15 individuals of the same age group (piloting ensured
that this did not bias responding). Following a practice
phase, the questions were presented using Microsoft Power-
Point, and participants responded to each question individ-
ually in a provided booklet. They also rated how confident
they were in their answer to each question on a scale of 1–7,
where 1 indicated sure I’m wrong, 4 indicated unsure, and 7
indicated sure I’m right. Once everyone had answered, the
correct answer was shown for 2 s, and the next question
followed. Participants were told to guess if they did not
know the answer. Once all questions had been answered,
there was a 15-min break, and participants completed the
Shipley scale and the HADS. Afterward, participants were
given a test booklet containing all 150 questions in the same
order as that presented earlier. Like the study phase, the task
was self-paced, and guessing was encouraged when memo-
ry failed. Unlike the study phase, they did not rate confi-
dence or receive feedback. Finally, participants were
debriefed and compensated.

Results and discussion

A significance level of p < .05 was applied throughout.
All answers were scored by hand by a research assistant

and when an ambiguity was identified, the principal
investigator was consulted. Spelling errors did not affect
scoring. All results reported were unchanged when the
HADS depression score was included as a covariate,
with the exception of the age difference in gamma
correlations, noted below.

Initial and final test performance

To ensure that confidence and accuracy were well calibrat-
ed, we computed the gamma correlation between initial
confidence ratings and initial recall performance. Computed
on each participant and then averaged over participants, the
correlations were .80 (SE 0 .03) and .75 (SE 0 .03) for
younger and older adults, respectively, and both were signif-
icantly different from zero [younger, t(20) 0 30.38, p < .001;
older, t(17) 0 26.15, p < .001]. To determine whether both
groups used the scale similarly, a repeated measures ANOVA
was conducted on the number of errors at each confidence level.
As was expected, this revealed a significant main effect of
confidence, F(1, 37) 0 26.15, p < .001, ηp

2 0 .45. Importantly,
there was no main effect of age, F(1, 37) 0 1.88, p 0 .18, and no
interaction, F(1, 37) 0 1.47, p 0 .24.

We conducted a repeated measures ANOVA to determine
whether younger and older adults showed the same rate of
improvement from initial to final test. The age × test delay
interaction was significant, F(1, 37) 0 7.42, p 0 .01, ηp

2 0
.17, reflecting a greater increase in performance from initial
to final test among younger, relative to older, adults (see
Fig. 1). This is congruent with research showing age-related
declines in the ability to override errors (Anderson & Craik,
2006; Baddeley & Wilson, 1994).

The hypercorrection effect

Hypercorrection reflects that higher confidence errors are
more likely to be corrected than lower confidence errors. We
first report an age × confidence level repeated measures

Fig. 1 Mean accuracy on initial and final recall as a function of age in
Study 1. Error bars 0 SE
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ANOVA on final test accuracy. Final test accuracy was
higher in younger than in older adults, F(1, 37) 0 6.16,
p 0 .02, ηp

2 0 .21, and increased with confidence in errors
on the initial test, F(1, 37) 0 6.15, p < .001, ηp

2 0 .20, but
these effects did not interact, F(1, 37) < 1 (see Fig. 2).

However, given that not all participants made errors at
every confidence level, within-subjects measures of associ-
ation should be considered more trustworthy (Butterfield &
Metcalfe, 2001). The gamma correlation, based on the dif-
ference between concordant pairs and discordant pairs, is
most commonly reported. However, its shortcoming is that
it ignores pairs numerically tied on the predictor variable
(e.g., accuracy); therefore, gammas can overestimate the
strength of relationships (see Masson & Rotello, 2008).
The Somers’ d coefficient overcomes this issue because it
accounts for tied pairs while remaining otherwise identical
to gamma (Pannu & Kaszniak, 2005). Given this, we report
both measures.

The mean gamma correlations between confidence in
the original error and retest accuracy were .54 (SE 0

.08) for younger adults and .25 (SE 0 .08) for older
adults, both of which were significantly greater than
zero, t(20) 0 6.15, p < .001, and t(17) 0 3.02, p 0 .01,
respectively. The Somers’ d analysis yielded similar correla-
tions for younger (.52 [SE 0 .07]), and older (.24 [SE 0 .08])
adults, again significantly greater than zero, t(20) 0 7.50,
p < .001, and t(17) 0 3.01, p < .01, respectively. Although
both groups showed an effect, correlations were significantly
higher among younger than among older adults when both
gamma t(37) 0 2.42, p 0 .02, and Somers’ d, t(37) 0
2.62, p 0 .01, were used. This difference was marginally
significant when the HADS depression score was included as
a covariate for gamma (p 0 .07) but remained significant for
Somers’ d (p 0 .04). The fact that no participant came close to
meeting the cutoff for even mild depressive symptomatology
suggests that depression does not explain the age-related
reduction in the hypercorrection effect.

Why did older adults show a weaker hypercorrection
effect? One possibility is that their attention may not have
been as markedly captured by unexpected negative feedback

as it was for younger adults, consistent with evidence of an
age-related asymmetry in the processing of valence infor-
mation (Charles, Mather, & Carstensen, 2003; Mather &
Johnson, 2000). Another possibility is that errors were more
entrenched among older adults and, thus, more difficult to
correct. The latter interpretation does not hold up to an
analysis of repetitions of initial errors on the final test, where
we found no differences between younger (.24 [.20]) and
older (.30 [.17]) adults, t(37) 0 1.03, p 0 .31. Thus, errone-
ous responding on the final test was not driven by the
perseveration of errors per se.

In summary, the results of Study 1 successfully replicated
the finding of a hypercorrection effect among younger
adults and provided the first evidence of a smaller but
significant effect among older adults. However, as has been
discussed, age-related increases in TOT states and reduc-
tions in metacognitive skills related to episodic memory
may have contributed to this age-related reduction in the
hypercorrection effect.

Study 2

In Study 2, we sought to examine the relationship between
error correction and confidence, using a design that circum-
vents self-initiated retrieval of factual knowledge and ex-
plicit confidence ratings. Participants answered questions
similar to those in Study 1, but answers were presented in
a multiple-choice format. Furthermore, instead of rating
confidence, participants indicated how many answers they
had narrowed their choice down to prior to answering. We
predicted that incorrect answers on the initial test that were
narrowed down to fewer choices would be more likely to be
corrected on the final test and that this effect would be
comparable in younger and older adults.

Method

Participants

Twenty younger and 20 older adults volunteered to partici-
pate in this study; however, the data of 1 younger and 3
older adults were not included because they made no errors
on the initial test. Therefore, the data from 19 younger and
17 older adults are reported. Participants were screened for
major health conditions affecting cognition, as in Study 1,
and were recruited from volunteer research participant pools
or responded to flyers posted at the University of Toronto
and were paid $20 for their participation. The mean age was
70.52 years (3.27) for the older adults and 21.41 years (2.24)
for the younger adults. The groups did not differ in years of
formal education, 15.12 (1.00) and 15.00 (1.00), respective-
ly, t(34) 0 0.23, p 0 .82, and younger adults scored higher on

Fig. 2 Mean final recall accuracy as a function of confidence and age
in Study 1. Error bars 0 SE
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the MMSE (Folstein et al., 1975), 29.70 (0.77) and 28.95
(1.22), respectively, t(34) 0 2.19, p 0 .04. Vocabulary scores
on the Shipley Institute of Living Scale were higher in the
older than younger group, 36.26(2.05) and 31.59(4.26),
respectively, t(34) 0 4.27, p < .001. Scores on the HADS
did not differ between groups for the anxiety subscale, 5.41
(4.87) and 4.84 (3.27), respectively, t(34) 0 0.42, p 0 .68,
but older adults scored higher on the depression subscale
relative to younger adults, 3.16 (2.32) and 1.47 (2.37),
respectively, t(34) 0 2.16, p 0 .04, although both groups
are well below the cutoff for mild depression.

Materials

One hundred seventy questions, similar to those used in
Study 1, were selected. For each question, four probable
lures (i.e., wrong answers) were created. A lure was never a
correct answer to another question. Lures were selected to
be probable and familiar candidates so that they would
compete with the correct answer. A Latin square design
was applied to ensure that there was an equal number of
correct answers in positions 1–5 for each participant.

Procedure

Participants were tested individually using a computer, and
E-Prime software was used for stimuli presentation. The
order of the questions was randomized for each participant.
Participants saw a screen with a question centered at the top
(“What is the last name of the author of Canterbury Tales?”)
along with five answer alternatives numbered 1–5
(1,“Shakespeare”; 2, “Doyle”; 3, “Chaucer”; 4, “Austin”;
5, “Dickens”). Participants selected their answer by pressing
the number key corresponding to their choice. Following
their selection, their choice was underlined in red, and the
following question appeared on the same screen “How
many alternatives did you narrow it down to?”–along with
a scale ranging from 0 to 4. Participants made their selection
by pressing a number key. For example, if a participant was
torn between “Chaucer” and “Dickens” but opted for “Dick-
ens,” they would answer “2.” If, instead, a participant had
disqualified the alternative “Shakespeare” but had no idea
among the remaining alternatives, they would select “4” to
indicate that they had only narrowed it down to 4 out of 5. A
completely random guess would elicit the response “0” (did
not narrow it down or, put otherwise, narrowed it down to
0), and cases in which all but one option was disqualified
would yield the response “1.” Next, regardless of accuracy,
the correct answer was shown for 2 s. This sequence was
repeated for all 170 questions. Participants were instructed
to pay close attention to the feedback for a later test. Before
beginning the actual task, participants completed practice
questions to ensure proper use of the scale. Following study,

there was a 15-min break, during which participants com-
pleted the Shipley scale, the HADS, and the MMSE. For the
test phase, participants were shown the study questions on
the computer screen in the same order that they studied
them. For each question, participants typed in their answer
and pressed the Enter key to submit it and move to the next
question. Both the study and test sessions were self-paced.

Results and discussion

An alpha level of .05 was used. Conducting the same
analyses with the HADS depression score as a covariate
yielded the same results.

Initial and final test performance

The mean gamma correlation between initial confidence
ratings and initial recall performance, computed on each
participant and then averaged over participants, were .54
(SE 0 .04) and .54 (SE 0 .07) for younger and older adults,
respectively, demonstrating comparable calibration, and
both were significantly different from zero [younger, t(16) 0
13.05, p < .001; older, t(18) 0 7.78, p < .001]. A repeated
measures ANOVA on the number of errors committed at
each confidence level revealed a significant main effect of
confidence, F(1, 35) 0 4.38, p < .01, ηp

2 0 .16. Themain effect
of age was nonsignificant, F(1, 35) 0 1.57, p 0 .22, as was the
interaction, F(1, 35) 0 2.35, p 0 .14. As in Study 1, a repeated
measures ANOVA revealed a greater increase in performance
from initial to final test for younger, relative to older, adults
(see Fig. 3), F(1, 35) 0 30.18, p < .001, ηp

2 0 .46.

The hypercorrection effect

In Study 2, a hypercorrection effect would be evident if
errors made from a selection of fewer candidates were more
likely to be corrected on the final test than errors endorsed
from a greater number of candidates. To test this, we

Fig. 3 Mean accuracy on initial and final recall tests as a function of
age in Study 2. Error bars 0 SE
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rescaled the original responses to a scale of 1 (no alterna-
tives eliminated) through 5 (four alternatives eliminated).
The age × confidence level repeated measures ANOVA
showed a significant main effect of confidence in errors on
the initial test and final test accuracy, F(1, 35) 0 10.94,
p < .001, ηp

2 0 .26, no main effect of age, F(1, 35) 0 2.50,
p 0 .12, and a significant interaction, F(1, 35) 0 4.05,
p 0 .04, ηp

2 0 .12 (see Fig. 4). As was discussed earlier,
however, the within-subjects measures below are more
dependable.

The mean gamma correlations between confidence in the
original error and retest accuracy were .38 (SE 0 .09) for
younger and .33 (SE 0 .09) for older adults, both of which were
significantly greater than zero, t(16) 0 4.02, p 0 .001, and
t(18) 0 3.02, p < .01, respectively. The mean Somers’ d coef-
ficients were .36 (SE 0 .09) for younger and .32 (SE 0 .10) for
older adults, again significantly greater than zero, t(16) 0 4.01,
p 0 .001, and t(18) 0 3.39, p < .01, respectively. Gamma
correlations and Somers’ d coefficients, however, were not
significantly different between groups, t(33) 0 0.39, p 0 .70,
and t(33) 0 0.29, p 0 .77, respectively.

Replicating Study 1, both younger and older adults dis-
played a hypercorrection effect; however, these procedural
changes eliminated the age difference in its magnitude.
When TOT states were avoided and confidence was queried
in a way that bypassed explicit confidence ratings, younger
and older adults were equally able to correct higher confi-
dence errors. This suggests that age-related differences in
retrieval or metacognition may have accounted for the
weaker hypercorrection effect in Study 1 among older
adults.

General discussion

In two studies, we found that both younger and older adults
hypercorrect their errors. The way in which confidence was
queried in Study 2 is novel and likely taps confidence in a
different way than do explicit ratings of confidence. Indeed,
if asked what the capital of Australia is, a learner may

eliminate “Sydney,” “Perth,” and “Melbourne,” knowing
that the capital is a lesser known city, but then hold little
confidence over the remaining two options, “Canberra” and
“Queensland.” This would result in low confidence as mea-
sured on a traditional scale but higher confidence when oper-
ationalized as a process of elimination. To address this, we
looked at the distribution of confidence responses for errors
among younger and older adults in Studies 1 and 2. Typical
studies of this nature report more lower, relative to higher,
confidence errors, and indeed, this was found in Study 1 for
both younger and older adults, F(6, 126) 0 17.71, p < .001,
ηp

2 0 .87, and F(6, 96) 0 17.88, p < .001, ηp
2 0 .84, respec-

tively. However, this effect was not found in Study 2 among
either younger, F(4, 56) < 1, p 0 .45, or older, F(4, 40) < 1,
p 0 .12, adults, suggesting a different mnemonic process
altogether. Eliminating alternatives may reduce interference
with the correct answer. For instance, a learner may have little
confidence that his or her selection “Queensland,” is correct
over “Canberra,” but when shown the correct answer (“Can-
berra”) may find it easy to update his or her memory. By
contrast, if the learner has no knowledge of Australia and is
unable to eliminate any options, the four incorrect alternatives
are connected to the question with equivalent strength. This
explanation is reminiscent of the fan effect, which describes
increasing interference as a function of the number of concepts
associated with an item (Anderson & Reder, 1999). Regard-
less of the cognitive underpinnings of our results, the conclu-
sion is still warranted that errors are hypercorrected in the
multiple-choice paradigm.

To our knowledge, we are the first to use Somers’ d as an
alternative to gamma for examining hypercorrection. We
agree with others (Pannu & Kaszniak, 2005) that the statis-
tical features of Somers’ d make it more appropriate, since it
avoids artificially inflated correlations. Therefore, we rec-
ommend that this measure be adopted moving forward. We
maintain that within-subjects measures of association are
superior to analyses of variance for examining hypercorrec-
tion, since they account for variations in the number of
errors committed at each confidence level and potential
group differences in scale use.

In summary, our results suggest that older adults can
indeed learn from their mistakes when certain learning
parameters are met. This is the first demonstration of a
hypercorrection effect in aging and runs counter to a body
of neuropsychological literature that has cautioned against
errors for individuals with episodic memory declines
(Anderson & Craik, 2006; Baddeley & Wilson, 1994; Clare
& Jones, 2008). Rather, these findings are consistent with
the hypothesis that errors made in supportive, conceptually
relevant learning paradigms can be effectively overwritten
by older adults (Cyr & Anderson, 2012) and that the same
factors that mediate feedback processing in younger adults
are also at play as we age.

Fig. 4 Mean final recall accuracy as a function of rescaled confidence
and age in Study 2. Error bars 0 SE
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