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One aspect of metacognition is the monitoring of memory or comprehension measured with retrospective
confidence judgments after test taking. The research questions of the present study were whether different mea-
sures for the accuracy of such confidence judgments are stable over learning time, whether they generalize over
two different tests, and whether they predict the learning outcome. In order to answer these questions, a study
was conducted in which university students (N = 113) learned about the basic concepts of operant condition-
ing for 30 min. Knowledge tests with confidence judgments presented after each item were obtained before
learning, after 10 min, and at the end of the learning session. Bias and absolute bias were calculated as absolute
measures of accuracy, and gamma, Pearson’s r, and d, were calculated as relative measures of accuracy. The
results showed that the absolute measures were stable, but that the relative measures were not. Furthermore,
absolute bias, gamma, and Pearson’s » obtained 10 min after the beginning of the learning process predicted
the learning outcome. The results are discussed with regard to research on different measures of accuracy for

confidence judgments.

Studies on metamemory (see, e.g., Sampaio & Brewer,
2009), metacomprehension (e.g., Maki, Jonas, & Kallod,
1994; Mengelkamp & Bannert, 2009), and test taking (e.g.,
Kleitman & Stankov, 2007) use confidence judgments and
calculate the accuracy of these judgments. Confidence
judgments are made after an item in a test has been an-
swered, in contrast with judgments about the ease of learn-
ing or judgments of knowing that are made before the items
are solved (Nelson & Narens, 1990). Accuracy of judg-
ments is interpreted as an indicator for metacognitive mon-
itoring, which, besides metacognitive control, is a crucial
process in research on metamemory (Nelson & Narens,
1990, 1992). In the present study, we examined whether the
accuracy of confidence judgments that is operationalized
by different measures is stable during learning and whether
it generalizes over two different tests. Moreover, the predic-
tive validity of different accuracy measures for learning
outcome was investigated. Although there are studies avail-
able that have examined stability or generality using post-
test confidence judgments (e.g., Jonsson & Allwood, 2003;
Thompson & Mason, 1996), they mostly report only one or
two measures of accuracy and do not compare the results of
different measures. Since the accuracy of confidence judg-
ments is widely used in current research on metamemory,

metacomprehension, and test taking, the stability, gener-
ality, and validity of different measures of accuracy are
important factors when findings are compared, and con-
sidering these factors may encourage further research. We
will first describe the measures of accuracy briefly. Then,
theory and studies concerning the stability, generality, and
validity of such measures will be summarized.

Measures of Accuracy

One fundamental distinction of the measures is drawn
between relative and absolute accuracy (Maki, 1998; Nel-
son, 1996; Nelson & Dunlosky, 1991). Measures of ab-
solute accuracy are based on the difference between the
judgment about an item and the actual performance for
the same item. The most common measure of the abso-
lute accuracy of judgments is bias. Bias is calculated as
the signed difference between the average of judgments
for a test and the average performance on this test (Yates,
1990), and therefore it allows the distinction between
persons who are overconfident versus persons who are
underconfident. A further measure of absolute accuracy
is calculated by ignoring the direction of the difference
between judgment and performance—for example, by av-
eraging the squares of the differences (Schraw, 2009). In
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the following, the term absolute bias is used for measures
that ignore the direction of the difference.

Measures of relative accuracy describe how accurately
a learner discriminates between the test performance on
correct and incorrect items. Relative measures of accuracy
correlate the judgments with the performances within each
person in the sample. If one accepts that judgments are on a
metric level of measurement, Pearson’s 7 can be calculated
as a correlation coefficient. Nelson (1984, 1996) advocated
the use of the nonparametric correlation gamma instead of
Pearson’s 7 because gamma does not require a metric but
requires an ordinal scale level. The calculation of gamma
is based on dyads of items; that is, to reach high accuracy,
the judgments about two items have to be in the same order
as the performances on these two items (see Gonzalez &
Nelson, 1996). Furthermore, gamma is unaffected by the
overall performance on the items and the magnitude of the
metacognitive judgments (Nelson, 1984). A recent Monte
Carlo study (Benjamin & Diaz, 2008) showed that d, from
signal detection theory is an equivalent or even a better
measure of relative accuracy than is gamma.

The decision for one measure of accuracy should be
guided by the nature of the data, especially of the data
level. Measures of absolute accuracy require the calcula-
tion of differences that are meaningful only in the case
of a metric data level. The same is true for the intra-
individual correlation Pearson’s 7 as a measure of rela-
tive accuracy. If the data are on an ordinal level, gamma
is an appropriate measure of relative accuracy (Nelson,
1984, 1996). Of course, gamma can be used for met-
ric data as well, since it is a more conservative measure
than r. Moreover, one could use Kim’s d,, when ties on
the judgments are not forced by the procedure of data
collection (Gonzalez & Nelson, 1996). Nevertheless, all
of the measures have been used in past research with con-
fidence judgments—for example, bias (see, e.g., Maki,
1998) and absolute bias (e.g., Nietfeld & Schraw, 2002)
as measures of absolute accuracy, and Pearson’s r (e.g.,
Glenberg, Sanocki, Epstein, & Morris, 1987), gamma
(e.g., Dunlosky, Rawson, & Middleton, 2005), and d
(e.g., Tobias & Everson, 2000) as measures of relative
accuracy. Measures of absolute accuracy in particular
are favored by researchers working in classroom settings
(see, e.g., Hacker, Bol, & Bahbahani, 2008; Nietfeld,
Cao, & Osborne, 2005). Our aim was not to limit our
results to one measure within each class of measures,
but to show that the results hold true, irrespective of the
measure used within each class. Therefore, we used a
finely graded percentage scale to meet the assumption
of metric data of the judgments.

Stability and Generality

What determines the stability or instability of the ac-
curacy of confidence judgments? In regard to this ques-
tion, Koriat’s (Koriat, 2007; Koriat, Nussinson, Bless, &
Shaked, 2008) work is essential. He proposed that judg-
ments are generated on the basis of cues, and he distin-
guished theory-based cues from experience-based cues.
Using theory-based cues, people judge items on the

basis of their theories or beliefs—for example, beliefs
about self-efficacy or about their own ability (Ehrlinger
& Dunning, 2003) or expertise (Glenberg & Epstein,
1987). Self-efficacy is at least moderately stable over a
period of 1 week (Lane & Lane, 2001), and the ability of
reading comprehension is at least moderately stable over
5 months, as well (Byrne, 1986). Moreover, self-efficacy
predicts academic learning outcome (Lane & Lane, 2001;
Lane, Lane, & Kyprianou, 2004). Therefore, it can be ex-
pected that some of the stable between-person variance of
self-efficacy will be found in the judgments, and some of
the stability of ability in reading comprehension will be
found in the learning outcome. Furthermore, self-efficacy
may influence all judgments to almost the same extent,
and ability may influence performance on test items to al-
most the same extent. Absolute measures of accuracy are
not independent of the magnitude of the underlying judg-
ments and performances (Nelson, 1984); thus, the stability
of judgments and performances is inherited by the mea-
sures of absolute accuracy. In contrast, relative accuracies
should not be affected by factors that influence the judg-
ments and/or performances evenly (cf. Nelson, 1984).

Besides theory-based cues, people use experience-based
cues to generate judgments. These cues arise from the in-
formation that they process when learning or answering
test items (Koriat, 2007; Koriat et al., 2008). In the case
of confidence judgments, such cues are, for example, the
time needed to retrieve information (Kelley & Lindsay,
1993; Nelson & Narens, 1990), the completeness of the
recall (Brewer, Sampaio, & Barlow, 2005), and the kind
of questions asked (Maki, 1995, Experiment 1). There-
fore, confidence judgments vary depending on factors
that are not stable characteristics of a person but that are
characteristics of the learning and testing situation. Thus,
judgments vary within a person across tests and over time.
Furthermore, if experience-based cues are not used in the
same manner by all persons, this results in the instability
of the accuracy of judgments in a sample of persons that is
reflected in both absolute and relative accuracy. To sum up
these deliberations, we may expect at least some stability
in judgments and some stability in the absolute accuracy
of judgments caused by theory-based cues. And, indeed,
some evidence for such stability has been found and will
be reported next.

Leonesio and Nelson (1990) found only small gamma
correlations between judgments of learning, judgments of
knowing, and feeling-of-knowing judgments. They sug-
gested that there were different bases—experience-based
cues, in the terminology of Koriat (2007)—for the judg-
ments made at different points in time during the learning
process. Another study (Kelemen, Frost, & Weaver, 2000)
used English word pairs, English—Swahili word pairs, gen-
eral knowledge questions, and narrative tests as materials.
In addition to different domains, they used different types
of judgments: ease of learning, judgments of learning,
feeling of knowing, and text comprehension. They found
distinctly higher Spearman correlations between the same
types of judgments in comparison with the low stabilities
found by Leonesio and Nelson between different kinds of



ACCURACY OF CONFIDENCE JUDGMENTS: STABILITY, GENERALITY, AND VALIDITY

443

judgments. Kelemen et al. reported not only correlations
between the judgments, but also correlations between the
accuracies. Using bias, they found some stability and gen-
erality, but hardly any stability or generality was found
for gamma. In the two studies cited so far (Kelemen et al.,
2000; Leonesio & Nelson, 1990), judgments were made
before the recognition test was taken, and stability was
investigated over a period of weeks. In addition, Kelemen
et al. used different domains and materials to investigate
the generality of judgments. In contrast, our present re-
search examined confidence judgments taken after four
tests, and the judgments were made within the same do-
main over a short period of approximately 1 h.

Results from studies on test taking (Jonsson & Allwood,
2003; Schraw, Dunkle, Bendixen, & DeBacker Roedel,
1995; Schraw & Nietfeld, 1998) revealed that bias gener-
alized over different tests to a considerable degree, since
almost all correlations between bias calculated from dif-
ferent tests were significant and reached at least medium
effect size (cf. Cohen, 1988). Moreover, bias showed at
least some stability over a period of 2 weeks (Jonsson &
Allwood, 2003). For absolute bias, the generality is lower
than that for bias, but most correlations between different
tests are still significant (Schraw & Nietfeld, 1998). Using
relative accuracy measured by gamma, no stability was
found for three different tasks administered at two times
within a period of 2 weeks (Thompson & Mason, 1996,
Experiments 1 and 2). Moreover, the split-half reliabilities
of the tests were not significant either, indicating a lack
of generality for gamma, even within the same test. This
result is in accordance with another study in which no evi-
dence was found for generality using gamma computed
from a comprehension test, an analogy test, and a test of
opposites (Pressley & Ghatala, 1988).

To sum up, there is some evidence for the stability and
generality of accuracy of confidence judgments if absolute
measures of accuracy are used, but there is no evidence
for relative accuracy measured by gamma. This conclu-
sion is somewhat limited, due to the fact that no study has
compared more than two measures of accuracy, and no
study compared an absolute with a relative measure. Fur-
thermore, the stability of confidence judgments has only
been investigated with regard to periods of weeks between
the tests. Thus, the question remains whether there is any
stability in shorter periods of time in the range of hours
or minutes. Relative accuracy might be more stable over
such short periods of time with less intervening study.

Validity

Why is the accuracy of monitoring important for learn-
ing processes and learning outcome? The judgments
themselves are crucial for the control of learning, espe-
cially for the allocation of study time (Metcalfe, 2002;
Son & Metcalfe, 2000; Thiede & Dunlosky, 1999). That
is, study time is allocated to items that are judged as “least
understood” (Dunlosky & Hertzog, 1998) or to items that
are in a region of proximal learning (Metcalfe, 2002). But
this allocation of study time is effective with regard to
learning outcome only if the judgment is accurate, be-

cause the control of the learning process will fail if the ac-
curacy is too low (Dunlosky, Hertzog, Kennedy, & Thiede,
2005). According to the transfer-appropriate monitoring
hypothesis, the accuracy of judgments is a predictor of the
learning outcome if the items used for the judgments are
the same as those used to measure the learning outcome
(see Dunlosky, Rawson, & McDonald, 2002, p. 86ff.). Ad-
ditionally, there is evidence that the accuracy of pretest
judgments even predicts the learning outcome for new
items if the items are constructed to measure the same
content (Thiede, Anderson, & Therriault, 2003).

Besides the cited study by Thiede et al. (2003), there
is also some evidence for the validity of the accuracy of
posttest confidence judgments. Accuracy measured by
gamma and performance on a comprehension test cor-
related significantly (see, e.g., Maki, 1998, p. 240; Maki,
et al., 1994). However, using bias as the absolute measure
of accuracy, no correlation was found between bias and
performance on the test (Maki, 1998). Nevertheless, the
results were correlational in nature; thus, other variables—
for example, general intelligence, reading ability, or prior
knowledge—may explain the correlation. General intel-
ligence was controlled in a classroom study (Nietfeld
et al. 2005) that used absolute bias as the measure of ac-
curacy. Thus, absolute bias was predicted by both general
intelligence and the performance on the test. In another
classroom study (Nietfeld, Cao, & Osborne, 2006), the
students’ prior knowledge was controlled. Path analyses
showed that the effect of prior knowledge on the final test
score was partially mediated by absolute bias. To sum up,
there is evidence for the validity of gamma and absolute
bias, and there is no evidence for bias being a valid predic-
tor for test performance.

Research Questions and Hypotheses

Our first research question was whether the accuracy of
confidence judgments is stable over time and whether it
generalizes over two different tests within the same learn-
ing domain. We argued that the beliefs and theories of a
person may cause some stability in judgments and the ab-
solute accuracy of those judgments. On the basis of these
thoughts and the evidence from the outlined studies, we
hypothesized (1) that measures of absolute accuracy are
stable over time, but measures of relative accuracy are not;
and (2) with regard to generality, we anticipated no gen-
erality of relative accuracy over two different tests within
the same knowledge domain. Since it is assumed that the
accuracy of monitoring is important for effective learning
(Dunlosky, Hertzog, et al., 2005), valid measures of the
accuracy of monitoring during learning should predict the
learning outcome; (3) hence, we expected the accuracy of
confidence judgments during the learning process to be
prognostic for the learning outcome.

METHOD

Participants
A total of 113 students from a German university participated in
the study; 86 (76%) were female. The mean age of the participants



444 MENGELKAMP AND BANNERT

was 23.6 years old (SD = 5.2). A total of 65 (58%) participants were
studying psychology; 39 (35%) were studying education, and 9 (8%)
were studying other social sciences. With a mean of 2.9 semesters—
1.5 years of study time—the participants were rather at the begin-
ning of their studies. The students received either €15 for participat-
ing in the study or a certificate needed for their studies.

Learning Material

By means of a hypermedia environment that was written in Ger-
man, the students learned the principles and the application of oper-
ant conditioning. The hypermedia environment has been used with
comparable samples and learning settings in previous studies (Ban-
nert, 2006), and its intermediate difficulty has been proven. The hy-
pertext consisted of 44 nodes with about 12,500 words, 19 pictures/
diagrams, and 240 links in total. The part that was relevant for the
learning task involved 9 nodes including 2,300 words, 3 pictures,
and 60 links. Navigation was possible by using the hierarchical navi-
gation menu, the forward and backward buttons on each node, and
the hotwords placed directly in the text.

Instruments

Knowledge tests. Three types of learning outcomes are distin-
guished using Bloom’s (Bloom, Engelhart, Furst, Hill, & Krathwohl,
1973) taxonomy of learning objectives as a framework to generate
items about operant conditioning:

1. Knowledge about facts: To answer these items, it was neces-
sary to remember the text base (see Graesser, Millis, & Zwaan,
1997, for levels of comprehension). The participants were usually
able to answer the questions without knowing the exact wording
that had been used in the learning material, and it was not neces-
sary to infer anything that was not written in the learning material.
The students had to select one out of four responses to solve the
items.

2. Comprehension: To answer these questions, it was necessary to
know at least two facts and to draw an inference from them, because
the right answers to these questions could not be found directly in
the text. According to Graesser et al. (1997), these questions mostly
refer to situational models; that is, a situational model was needed
or had to be constructed to solve the tasks. Again, an answer format
with three distractors was chosen.

3. Transfer: Questions concerning transfer required the appli-
cation of knowledge to a new situation that was not mentioned in
the learning material. Short texts were presented that described a
situation in which operant conditioning occurred. Here, the answer
format was open: The participants had to write one or two words to
indicate who was conditioned by whom, what the stimulus and what
the reaction were, and which principle of operant conditioning was
used. Answers were rated by two raters, independently.

No items were constructed for the three highest objectives in
Bloom et al.’s (1973) taxonomy because the learning goals did not
include analysis, synthesis, or evaluation objectives. Three tests that
were used at different times during the study were composed from
the items on knowledge about facts and comprehension. The pre-
test (PT) consisted of 10 items. The intermediate test (IT) consisted
of 20 new items. The final comprehension test (FCT) included the
10 items from the PT and 10 new items that had been used nei-
ther in the PT nor in the IT. Each item of the FCT corresponded to
an item of the IT; that is, they required the same information that
was given at the same node of the hypermedia. Additionally, a final
transfer test (FTT) with 11 transfer items followed. Examples for
the items from the comprehension tests and the FTT can be found
in the Appendix.

Retrospective confidence judgments. For each item on the
tests, the participants were asked retrospectively to judge their con-
fidence that their answers were correct. Following studies on test
taking (e.g., Kleitman & Stankov, 2001; Pallier et al., 2002; Stankov,
1998), percentage scales were used to assess the confidence judg-
ments. That is, the lowest possible percentage was 25% for the four-

alternative multiple choice test, ranging up to 100% as the highest
possible percentage. In the case of the transfer test with its open-
answer format, the scale ranged from 0% up to 100%.

Design and Procedure

First, the participants practiced navigating in the hypertext using
another chapter about educational psychology. After that, the PT
was filled in, and the participants began to study the chapter about
operant conditioning. The participants learned for 10 min; then, they
took the IT before learning again for another 20 min. After that, the
two final tests (FCT and FTT) took place, and the participants were
informed about the aims of the study and were offered feedback
about their performance.

Remarks on Statistical Analyses

All of the statistics were calculated using R. Two measures of
absolute accuracy and three measures of relative accuracy were cal-
culated. Bias and absolute bias were calculated for each person using
the two following formulas:

bias =

M-

(¢, _Pi)

I =

15
and

n

Z(Ci - pi)z >

abs.bias = |1
ni=1
where n = number of items; ¢; = confidence judgment about the
item i; and p; = performance on the item i.

In the case of the FTT with an open-answer format, no measures
of absolute accuracy were calculated. Although the FTT yielded an
objective and reliable score, those data were obtained on an interval
level of measurement instead of the ratio level of measurement ob-
tained by the multiple-choice tests. Therefore, the value of 0 is not
fixed on the performance scale, and calculating differences between
judgment and performance makes no sense.

As a first measure of relative accuracy, the nonparametric cor-
relation gamma between confidence judgments and performance
in the items was calculated within each person (see Gonzalez &
Nelson, 1996). Second, the within-person correlation Pearson’s »
was calculated as a relative measure. Third, d, was calculated as
proposed by Benjamin and Diaz (2008). Using their procedure, the
confidence judgments and items were recoded into four bins. Each
bin contained one quarter of the items, ordered from the items
judged lowest to the items judged highest. The first row contained
the number of correct answers, and the second row contained the
number of incorrect items. In cases in which a person had values
of 0 in one cell of the 2 X 4 data array—for example, no incor-
rect answer in the first bin—no value for d, could be calculated.
Furthermore, if a person had equal values for all judgments or had
solved all items correctly, no measures of relative accuracy could
be calculated. Thus, these participants were excluded from some
analyses.

RESULTS

Instruments

The statistics for the scales of the instruments used are
listed in Table 1. The alphas for the knowledge tests were
far from optimal but were sufficiently reliable for research
purposes. All of the alphas for the confidence judgments
were good or very good (D. H. Rost, 2005, p. 132). The
FTT, with its open-answer format, yielded intraclass coef-
ficients adjusted for systematic variance between raters
(ICC,) between .86 and .97, with a mean ICC, of .93 for
all 11 items. Thus, the rater reliability was rather good,
and the internal consistency of .79 was also good.
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Table 1
Descriptive Statistics of the Instruments (V= 113)
Number
ofltems M2 SD a
Knowledge
Pretest (PT) 10 58 21 55
Intermediate test (IT) 20 65 15 .62
Final comprehension test (FCT) 20 79 16 .73
Final comprehension test (repeated)® 10 80 .18 .56
Final transfer test (FTT)e 11 75 .09 .79
Confidence Judgmentsd
PT 10 560 .19 .89
1T 20 62 .16 .90
FCT 10 82 13 .89
FTTe 10 61 22 89

aProportion of items solved correctly or, for confidence judgments, esti-
mated by participants. Contains the same 10 items as the PT.  ¢Pro-
portion of points achieved (a maximum of 10 points per item was as-
signed). dScale from .25 up to 1.00. ¢Scale from 0 up to 1.00.

Descriptive statistics for the measures of accuracy can
be found in Table 2. For bias and absolute bias, a value
of 0 indicates perfect accuracy. For bias, the value of one
indicates a maximum of overconfidence, and a value of
—1 indicates a maximum of underconfidence. For the
relative-measures gamma and Pearson’s r, perfect accu-
racy is indicated by a value of 1, and 0 indicates no accu-
racy, whereas negative values indicate that a person judges
easier items as difficult, and vice versa. The value of d, is
bounded at 0 and oo, with zero indicating no accuracy.

Shapiro—Wilk normality tests indicated a significant
deviation from the normal distribution for the values of
some scales and measures of accuracy. But an inspection
of the histograms showed that the distributions violate
the assumption of normality only slightly. Nevertheless,
all further analyses were calculated using nonparametric
correlations.

Initial Analyses

Before we discuss the testing of our hypotheses, some
initial analyses concerning the performances, the judg-
ments, and the resulting accuracy measures are reported.
To inspect the data, we plotted calibration curves that
can be seen in Figure 1 (see Stankov, 1998, for calibra-
tion curves). The deviance of the calibration curve from
the dotted line indicates over- and underconfidence. In
all three tests, a slight amount of overconfidence for the
lower judgments and a marginal amount of underconfi-

dence for the upper judgments were found. Over- or un-
derconfidence was tested using two-tailed paired-sample
t tests to compare the actual performance with the judged
performance. Neither over- nor underconfidence was
found in the PT [bias = —.02, #(112) = —1.14, n.s.],
or in the IT [bias = —.02, #(112) = —1.59, n.s.]. But,
there was a small, statistically significant amount of over-
confidence in the FCT [bias = .03, #(112) = 2.58, p <
.05, »2 = .06]. Thus, the calibration curves and the ¢ tests
show that the participants were able to judge their perfor-
mance quite accurately.

Furthermore, the shape of the curves remained the
same over all three tests, but the distribution of judgments
changed over time, as can be seen from the frequencies of
the judgment categories.! That is, before learning, more
low judgments were made, and after learning, more high
judgments were given. According to a Monte Carlo study
by Weaver and Kelemen (1997), a shift to the end of the
distribution may alter the measure of relative accuracy,
even when there is no change in the genuine metacogni-
tive accuracy of the judgments. With this potential artifact
in mind, we analyzed the measures of relative accuracy.
All values for the three relative measures (gamma, Pear-
son’s 7, and d, ) in all tests reached values significantly dif-
ferent from 0, as can be seen in Table 3. Thus, for all tests,
the judgments were considerably accurate, indicating that
the participants were able to judge their knowledge at least
better than chance. However, the gain in accuracy from
the PT to the FCT and FTT may be at least partly due
to the artifact described by Weaver and Kelemen. Since
the increase in accuracy is of no interest for the calcula-
tion of correlations, we will not consider this problem any
further.

As was described earlier, the items in the IT and the
FCT were not the same, but one item from each test refers
to the same knowledge. We correlated all items between
all persons to each other. According to a two-tailed Welch
test for independent samples, the corresponding items
yielded a greater mean gamma correlation [M(y) = .44,
SD(y) = .25] than the noncorresponding items [M(y) =
.36, SD(y) = .23] [#(28) = 2.77, p < .01]. Thus, even
though the items in the two tests were not the same, we
have evidence that the items corresponded to each other.

Stability
The investigation of strict stability is not appropriate
in learning processes because it is inherent to learning

Table 2
Descriptive Statistics of the Measures of Accuracy
Final
Intermediate Comprehension Final
Measure of Pretest Test Test Transfer Test

Accuracy N M SD N M SD N M  SD N M  SD
Bias 113 -.02 .18 113 -—.02 .15 113 .03 .14 - - -
Absolute bias 113 47 11 113 45 .08 113 37 12 - - -
Gamma 101 37 .51 112 57 027 105 62 .38 110 .30 .33
Pearson’s 101 25 34 112 37 .20 105 39 .23 110 .30 31
d, 72 25 .55 62 54 38 52 .57 .38 - - -
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Figure 1. Calibration curves with the dotted line indicating perfectly accurate judgments. Frequencies are printed in parentheses.

that knowledge increases and is not on a stable level.
This is also the case in the present study. The partici-
pants’ knowledge increased during the learning process,
as was demonstrated by a comparison of the PT (M =
.58, SD = .21) with the repeated version of the FCT
(M = .80, SD = .18) (Wilcoxon z = 8.01, p < .001).
But, the investigation of monotonic stability is reason-
able; that is, the rank order of learners according to their
knowledge may be stable. The argument against the as-

sumption of strict stability is true for the accuracy of
the judgments as well as, since all measures of accuracy
were based on different tests with different difficulties
(see Table 1), and since test difficulty affects the value
of relative accuracy (Pressley & Ghatala, 1988). Further-
more, the length of the test also influences the relative
accuracy (Weaver, 1990, Experiment 2). Therefore, no
strict stability can be expected in the accuracy measures,
but correlations between measures of accuracy at differ-
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Table 3
Independent One-Sample ¢ Tests for Gamma, Pearson’s r, and d,
Gamma Pearson’s r d,
% t dr r t df  d, t df
PT 37 7.25"* 100 .25 734100 .25 379 71
IT 5722647 111 37 1943 111 54 1125 6l
FCT .62  1691™ 104 39 17.35"* 104 .57 1135 54
FIT .30 9.56™* 109 .30  10.09** 109 - - -

Note—PT, pretest; IT, intermediate test; FCT, final comprehension test; FTT, final

transfer test.  ***p < .001.

ent points in time can be calculated to test whether there
is any monotonic stability.

Before the stability of the accuracies is reported, the
stability of the underlying judgments and performances
will be described. In Table 4, the correlations between the
performances across all tests are listed in the second col-
umn. All correlations between tests at different points in
time were significant, indicating that despite the absolute
gain in knowledge, the participants’ rank order of knowl-
edge was at least partly stable over time. Furthermore,
Table 4 contains the correlations between judgments
across all tests in the third column. Descriptively speak-
ing, the correlations were consistently higher than those
for the performances, indicating an even higher stability
in the confidence judgments about knowledge than in the
knowledge itself.

To test our first hypothesis concerning the stability of
accuracies, gamma correlations were calculated between
the measures of accuracy derived before, during, and after
learning. Correlations between biases and absolute biases
are listed in Table 4, in columns four and five. All cor-
relations between biases were significant, and all correla-
tions between absolute biases were significant as well,
indicating some stability over time. For relative accuracy,
the gamma correlations are presented in the upper part
of Table 5. Most of these correlations were not signifi-
cantly greater than 0, indicating no stability at all. Two
correlations revealed significantly negative values that do
not support any stability, either. There was only one sig-
nificant positive correlation between the IT and the FCT
for gamma, indicating some stability over time. To sum
up, relative accuracy was not stable over time at all, but
absolute accuracy was.

Comparing the correlations for gamma and Pearson’s »
reveals few differences between the two measures of
relative accuracy. But for d, as a measure of relative ac-
curacy, the picture changes somewhat. Descriptively, the
correlation between d, in the PT and the IT was not 0 as
it was for gamma and r, but was negative. This result may
be due to the reduced sample. A comparison between
the 48 participants for which d, could be calculated and
the remaining 65 participants showed that the 48 partici-
pants had less knowledge (M = .22 vs. M = .36) in the
PT (Wilcoxon W = 1,100.5, p < .001). Furthermore,
they had less knowledge (M = .24 vs. M = .40) in the IT
(W = 828.0, p < .001); their judgments in the PT were
lower (M = .20 vs. M = .36) (W = 898.0, p < .001),
and their judgments in the IT were also lower (M = .23

vs. M = .39) (W = 865.5, p < .001). Accordingly, the
reduced sample differed from the remaining participants
in all four measures, and the reduced sample is not rep-
resentative of the whole sample. Furthermore, none of
the correlations between the values for d, reached sig-
nificance. This may also be due to the nonrepresentative-
ness of the sample. Additionally, the power of the tests is
reduced, since the Ns are clearly smaller than these for
gamma and Pearson’s . To support the explanation that
the different results for d, were caused by the reduced
sample, the three measures of relative accuracy were
correlated to each other for the PT. The PT was chosen
because the reduction of the sample was less than that in
the IT and the FT; that is, a d, value could be calculated
for 72 participants. Results revealed Spearman corre-
lations of .95 for all combinations of the three relative
measures. Therefore, one may expect very similar results
concerning stability and generality for all three relative
measures of accuracy if d, can be calculated for the com-
plete sample.

Generality

Before the hypothesis concerning the generality of ac-
curacies is addressed, the generality of the underlying two
final tests and the confidence judgments shall be consid-
ered. As can be seen in the lower part of Table 4, the corre-
lation between the FCT and the FTT was significant. This
indicates that the two tests at least partly measured the
same knowledge. Descriptively speaking, the correlation
between the judgments was even higher than the correla-
tion between the tests themselves.

In order to test our second hypothesis concerning gen-
erality, the relative accuracies in the two final tests were

Table 4
Gamma Correlations Across Tests for Performance, Judgments,
and Absolute Measures of Accuracy (NV = 113)

Tests Performance  Judgment Bias Absolute Bias
Stability
PT-IT AT 647 21 23
PT-FCT 53 53 20" 23
PT-FTT 34 36" - -
IT-FCT 50" 617 26 347
IT-FTT 417 AT - -
Generality
FCT-FTT AT 54 - -

Note—PT, pretest; IT, intermediate test; FCT, final comprehension test;
FTT, final transfer test. *p <.01. ***p <.001.
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Table 5
Gamma Correlations Across Tests
for Relative Measures of Accuracy

Gamma Pearson’s r d,
Tests N y N y N y
Stability
PT-IT 101 .06 101 —.02 48 -.17
PT-FCT 96 .03 96 —.04 40 .08
PT-FTIT 99 —.16" 99 —.14* - -
IT-FCT 105 15¢ 105 .09 37 17
IT-FTT 110 —.11 110 —.05 - -
Generality
FCT-FTT 103 15" 103 13" - -

Note—PT, pretest; IT, intermediate test; FCT, final comprehension test;
FTT, final transfer test. *p < .05.

correlated. The correlations can be found in the lower
part of Table 5. Correlations between relative accuracy
in the FCT and the FTT were significant for gamma as
well as for Pearson’s r. These correlations indicate some
generality of relative accuracy between the two tests. Note
that these tests measured comprehension and transfer on
the basis of the same learning material, but with differ-
ent items and different answer formats. Thus, relative ac-
curacy generalized at least partly between different tests
administered at the same time.

Predictive Validity

To avoid the methodological problem of part-whole
correlations mentioned by Hasselhorn and Hager (1989),
no performance was predicted with absolute measures
of accuracy that were derived from the same test. Thus,
the aim of the analyses was to predict the performance
in the FCT and FTT from measures of accuracy in the
IT—that is, from measures of accuracy during the learn-
ing process.

For absolute accuracy, the bivariate correlation between
bias in the IT and the FCT was »,(111) = —.18, n.s. For
absolute bias, the correlation was r(111) = —.42, p <
.001. Taking the FTT as a criterion changed the correla-
tions for bias [r,(111) = —.11, n.s.] and for absolute bias
[rs(111) = —.43, p < .001]. Thus, bias was not a valid
predictor for learning outcome, but absolute bias was. For
the relative measures of accuracy, the bivariate correlation
between gamma in the IT and the FCT was r,(110) = .20,
p < .05; for Pearson’s r the correlation was r(110) = .12,
n.s.; and for d,, the correlation was r,(60) = —.05, n.s. For
the FTT, the predictive validity for gamma was r,(110) =
.26, p < .01; for Pearson’s r, the validity was r(110) =
21, p < .05; and for d,, the validity was r(60) = —.11,
n.s. Thus, relative accuracy was a valid predictor for the
learning outcome for gamma and partly for Pearson’s 7,
but d, failed to show its predictive validity. As was argued
above, this may be due to the restricted sample that was
not representative of the whole sample.

DISCUSSION

In the present study, we analyzed whether different
measures for the accuracy of confidence judgments are

stable over learning time, whether they generalize over
different tests within the same domain, and whether they
predict the learning outcome. Concerning stability over
time, our results confirm our first hypothesis assuming
that absolute accuracies were considerably stable, since all
correlations were significant. In contrast, all three relative
accuracies were not stable over time, with the exception
of gamma correlating significantly between the IT and the
FCT. This finding is not due to the use of a specific mea-
sure within these two classes of accuracy measures.

Moreover, bias derived from predictive judgments has
some stability as well (Kelemen et al., 2000). One reason
for the stability of absolute accuracies could be that they
are not independent of the two underlying measures of
knowledge and confidence (see Nelson, 1984). That is,
variance in the performance test and variance in the con-
fidence judgments are part of the measures of absolute
accuracy, due to their calculation. Therefore, the stability
in absolute accuracy may purely reflect the stability of
the performance and the judgments. In accordance with
results from studies on test taking (see, e.g., Jonsson &
Allwood, 2003; Schraw & Nietfeld, 1998), the rank order
of judgments in this sample was even more stable than
the rank order of the performance itself. So far, there is
no method, to the authors’ knowledge, that solves the de-
scribed problem of the results potentially being a statisti-
cal artifact.

In contrast with absolute measures of accuracy, rela-
tive measures of accuracy do not suffer from the problem
of inherited variance, as was shown for gamma (Nelson,
1984). Thus, the findings for relative accuracy are not
artifacts but can be interpreted unrestrictedly. Almost no
evidence for the stability of relative accuracy was found,
either with retrospective judgments in the present study
or with predictive judgments and gamma in the study by
Kelemen et al. (2000). Instead, the accuracy of monitoring
seems to depend strongly on the situation. This is in ac-
cordance with our assumption that relative accuracy is de-
pendent on experience-based cues rather than on theory-
based cues, and it is true despite the considerable stability
of the judgments themselves. Low stability enables the
manipulation of relative accuracy, as was done in the study
by Thiede et al. (2003). Further interventions that increase
the accuracy of judgments have been reviewed recently
(Dunlosky & Lipko, 2007).

The second hypothesis stated that relative accuracy
does not generalize over different tests. Results showed
that there was a significant correlation between the gam-
mas and Pearson’s » for the FCT and the FTT. At first
glance, this result contradicts the findings with gamma
and retrospective judgments (Pressley & Ghatala, 1988),
as well as findings with predictive judgments (Glenberg
& Epstein, 1987; Kelemen et al., 2000). However, all of
these studies used tests of different knowledge domains
from which to calculate the gammas. Our interpretation
of the findings is that relative accuracy is domain spe-
cific; thus, relative accuracy generalizes over different
tests within a domain, but not between domains. This in-
terpretation is supported by findings about theory-based
monitoring (see Koriat, 2007), indicating that, among
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other sources, domain knowledge can be used to gener-
ate judgments. Our interpretation is supported further
by a metacomprehension study (Moore, Lin-Agler, &
Zabrucky, 2005) in which the retrospective judgments of
comprehension over three trials were influenced much
more by prior judgments than by the performance within
each trial. Moore et al. (2005, p. 261) concluded that the
judgments are based on “a general perception of oneself
as being a good or poor reader.”

The third hypothesis of the present study stated that
the accuracy measures should be predictive for learning
outcome. For bias, no significant bivariate correlations
between the accuracy in the IT and in the final tests were
found, but the correlations were significant for absolute
bias. The former result was also found in a laboratory
study (Maki, 1998). The latter result parallels findings
from classroom studies that showed predictive validity
for absolute bias (Nietfeld et al., 2005, 2006). One expla-
nation for the nonsignificance of bias is that bias reflects
over- and underconfidence. We based our assumption
of predictive validity on the model of effective learning
(Dunlosky, Hertzog, et al., 2005). The model does not
differentiate between over- and underconfidence; that is,
in both cases, monitoring is inaccurate, and the learning
process is not controlled effectively. Therefore, the model
does not predict the validity of bias, but the validity of
absolute bias; hence, the results in the present study are in
accordance with the hypotheses drawn from the model.

For relative accuracy, significant correlations between
gamma in the IT and in both final tests were found. For
Pearson’s 7, the correlation with the FCT was not signifi-
cant, but the correlation with the FTT was. The finding
that relative accuracy is a valid predictor for learning out-
come corresponds with results from metacomprehension
research, which also have shown significant correlations
for gamma (see, e.g., Maki, 1998; Maki et al., 1994), and
is in accordance with the model by Dunlosky, Hertzog,
et al. (2005). For d,, no significant correlation was found,
but this may be due to the smaller sample size.

A methodological problem concerning the stability,
generality, and validity of the measures of accuracy arises
from the confounding of these coefficients with the reli-
ability of the measures. That is, a correlation cannot ex-
ceed the minimum of the square roots of the reliabilities
(J. Rost, 2004, p. 389). Thus, for future research on sta-
bility, generality, and validity of accuracy measures, we
suggest using structural equation models to estimate the
accuracy at a latent level, thereby eliminating errors of
measurement (see Schilling, 2005). Doing this requires
at least four measures in time for each person and larger
samples than in the present study. Bias can be estimated
as a latent variable using models of true change (see, e.g.,
Little, Bovaird, & Slegers, 2006). To gain an estimation of
latent relative accuracy, we suggest obtaining two relative
accuracies at one point in time using two parallel tests.

Despite this statistical discussion, our present study
highlighted the role of different classes of measures of
accuracy. Apparently, absolute and relative measures of
accuracy produced different results concerning their sta-

bility, and this has not been investigated systematically
so far. That is, the absolute accuracy of confidence judg-
ments was stable, whereas the relative accuracy showed
no stability. In our view, it seems promising to investi-
gate the idea of theory-based versus experience-based
cues (Koriat, 2007) more deeply; for example, measures
of self-efficacy should be used to test our rationale that
theory-based cues cause stability in absolute accuracies.
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NOTE

1. The low frequencies for the middle category of judgments are due to
the construction of the categories. Participants tended to use judgments
such as 25%, 50%, or 75%. As the middle category reaches from 55%
up to 69%, neither 50% nor 75% is included in the interval; thus, the
frequencies are rather low.

APPENDIX

Example of an Item From the Comprehension Test

Positive reinforcement can be obtained with. ..

O a positive consequence, but not with the withdrawal of an aversive stimulus.

O the withdrawal of an aversive stimulus, but not with a positive consequence.

O a positive consequence as well as with the withdrawal of an aversive stimulus.”
O a positive consequence as well as with an aversive stimulus.

*Correct answer

Example of an Item From the Transfer Test

In many families, getting the children to bed is not easy. They get out of bed, want something to eat or drink,
want their parents to sing a song for them, etc. This scenario is repeated several times in one evening, and the
parents become annoyed. If the parents decide not to respond to the wishes of their children but do not do this
consistently, the children will behave in an even more bothersome manner.

Acting persons: parents influence

children

Influenced behavior:

getting out of bed, wanting something to drink, etc.

Stimulus: eating, drinking, hearing a song
Principle: variable interval periodic reinforcement

(The underlined passages had to be filled in by the participants.)

(Manuscript received May 28, 2009;
revision accepted for publication October 29, 2009.)
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