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Weaver and Bryant (1995) proposed the optimum effort hypothesis, suggest-
ing that undergraduate students were better able to predict comprehension
when text materials matched their reading level (grade 12) as opposed to be-
ing too easy or too difficult (Weaver and Bryant did not assess the actual read-
ing level of their participants). In the study, we examined the reading level and
accuracy of performance prediction of both younger and older adults using
Weaver and Bryant’s materials. Regardless of our participants’ high reading
levels (grade 14 and above), they still predicted performance best when texts
were written at around the grade 12 level, failing to support the optimum ef-
fort hypothesis.

According to Baker and Brown (1984), metacognition consists of two
components: knowledge about cognition and regulation of cognition.
An individual’s knowledge about cognition is his or her accumulated
knowledge about general cognitive processes, tasks, and strategies. Reg-
ulation of cognition, on the other hand, is the ongoing tracking of
mental processing and use of regulatory strategies to facilitate cognitive
performance. These two metacognitive components are “somewhat sep-
arate phenomena,” (Baker & Brown, 1984, p. 353) with the former
being more stable than the latter. For example, a person who has knowl-
edge about comprehension processes and effective comprehension
strategies is likely to maintain the information and yet may not actually
apply the knowledge to evaluate comprehension during reading or use
strategies when needed.

Researchers examining metacognitive skills in comprehension (i.e.,
metacomprehension) investigate both the knowledge and regulation
components. Knowledge about comprehension often is assessed by
questionnaires that measure an individual’s self-reported knowledge
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about comprehension processes and effective reading techniques
(Moore, Zabrucky, & Commander, 1997a; 1997b). The regulation com-
ponent of comprehension examines the extent to which readers evalu-
ate understanding of texts and use strategies to regulate comprehen-
sion (Zabrucky & Moore, 1994). One research paradigm widely used to
study regulation of comprehension, called calibration of comprehen-
sion (Glenberg & Epstein, 1985), considers the accuracy with which
readers evaluate the final state of their comprehension without specifi-
cally examining their use of regulatory strategies during reading. The
procedure used in calibration of comprehension research is to have
participants read a text and assess how well they think they understand
the text or rate their confidence in their ability to answer questions
about the text just read. Calibration of comprehension is the ability to
accurately assess comprehension states and is determined by the rela-
tionship between confidence (or understanding level) and perfor-
mance.

In this type of research, understanding and confidence judgments
often are made on Likert scales. According to Nelson (1996), a predict-
ed numerical value on a Likert scale does not actually correspond to a
particular percentage of correct performance on the criterion test be-
cause of the ordinal nature of Likert scales. Thus, this type of measure
indicates relative accuracy of performance prediction rather than ab-
solute calibration because the latter refers to the absolute relationship
between the predicted value and actual performance value on the test.
Therefore, calibration of comprehension technically is a misnomer used by
Glenberg and Epstein (1985) and later researchers. To describe this type
of research more accurately, we will use the term relative calibration to
capture the research focus on the relative accuracy of predicting per-
formance and to distinguish this type of research from the study of
absolute calibration.

The study of relative calibration of comprehension, initiated more
than a decade ago by Glenberg and Epstein and their colleagues (Glen-
berg & Epstein, 1985; Glenberg, Wilkinson, & Epstein, 1982), has con-
tinued to attract research interest. Several participant, task, and text
variables appear to influence readers’ ability to predict comprehension
(see Lin & Zabrucky, 1998, for a review). For example, individual char-
acteristics such as readers’ domain knowledge and general ability (Glen-
berg & Epstein, 1987; Glover, 1989), metacognitive knowledge (Bouf-
fard-Bouchard, 1994), and motivational orientations (Kroll & Ford,
1992) can influence relative calibration accuracy, as can task variables
such as test formats (Glenberg, Sanocki, Epstein, & Morris, 1987; Maki
& Serra, 1992a), retention intervals (Glenberg & Epstein, 1985; Glen-
berg et al., 1987), and feedback and practice (Maki & Serra, 1992b;
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Walczyk & Hall, 1989). Although few text variables have been examined,
Weaver and colleagues have recently found that text difficulty is relat-
ed to relative calibration (Weaver & Bryant, 1995; Weaver, Bryant, &
Burns, 1995).

Results of early studies of relative calibration of comprehension (Glen-
berg & Epstein, 1985, 1987) suggested that readers were not able to
predict comprehension, as shown by low correlations between confi-
dence ratings (or understanding ratings) and test performance scores
(gamma correlations were never higher than .20).! These low correla-
tions often were a result of readers’ overestimation of how much had
been comprehended. This overconfidence was called illusion of know-
ing by Glenberg et al. (1982).

More recently, however, investigators have been able to show that
readers can reliably predict their comprehension, although correlations
between confidence and performance still tend to be low (e.g., mean
gammas of less than .35). Researchers in early studies often used a sin-
gle test item per text to assess comprehension (Glenberg & Epstein,
1985, 1987), a methodological flaw that clearly constrained readers’
comprehension evaluation ability. By constructing multiple questions for
each text, Maki, Foley, Kajer, Thompson, and Willert (1990) and Weav-
er (1990) were able to detect a significant increase in readers’ relative
calibration level, thus demonstrating that the measurement method
plays a role in the level of relative calibration accuracy demonstrated
by individuals.

As researchers continued to explore different variables that might
constrain readers’ ability to successfully evaluate comprehension, a high-
er than usual relative calibration level was recently reported by Weaver
and Bryant (1995), who showed that correlations of relative calibration
reached as high as .69 when some text variables were taken into con-
sideration. Weaver and Bryant (1995, Experiment 2) examined the role
of text difficulty in relative calibration of comprehension, using narra-
tive and expository texts at three readability levels. These levels were
“easy” (below grade 8), “standard” (around grade 12), and “difficult”
(around grade 16). The majority of students in the study consisted of
first- and second-year college students from introductory psychology
classes. Although Weaver and Bryant (1995) did not examine reading
ability directly, they assumed that the standard passages best matched
the reading ability of their participants.

Results of their study revealed an inverted U-shaped pattern of rela-
tive calibration accuracy as a function of text difficulty. Readers of stan-
dard passages were able to predict comprehension with high accuracy
(the gamma between understanding ratings and performance was .69).
However, students who read either easy or difficult texts were much less
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capable of predicting comprehension (G = .29 and .30, respectively).
Weaver and Bryant concluded that because the students were more like-
ly to read at a grade 12 level, they were able to evaluate comprehension
with the greatest accuracy when text materials matched their function-
al reading level.

Weaver and Bryant thus proposed the optimum effort hypothesis as
one explanation of their findings. They suggested that the greatest rel-
ative calibration ability should occur when one is reading texts at a lev-
el that necessitates an intermediate amount of cognitive effort. Fairly
easy materials, on the other hand, may direct readers to adopt an “au-
tomatic reading mode” (1995, p. 19) because of minimum demands on
cognitive resources, whereas the amount of cognitive effort needed to
process comparatively difficult texts may exceed an individual’s available
capacity, leaving no resources for adequate metacomprehension pro-
cessing. In sum, an optimum calibration level is not likely to occur when
too easy or too difficult texts are encountered relative to an individu-
al’s reading ability.

In the past, researchers studying relative calibration of comprehen-
sion often have used the texts developed by Glenberg and Epstein
(1985). Although most of these texts were written at beyond grade 16
reading levels, researchers generally examined calibration in beginning-
level college students, who were likely to read at a level lower than grade
16. The discrepancy between the difficulty of texts and students’ read-
ing ability might explain the low relative calibration levels often detected
in those early studies.

A primary purpose of the present study was to further examine Weav-
er and Bryant’s (1995) optimum effort hypothesis. Instead of college
students at the beginning level, only individuals with a graduate degree
or at least some graduate education were recruited to participate in our
study. Those participants were likely to have a functional reading level
of grade 16 or above (their actual reading level was determined by a
standardized reading test). In the study, we used the texts developed by
Weaver and Bryant (1995, Experiment 2), which were written at three
difficulty levels. The optimum effort hypothesis suggests that the great-
est relative calibration accuracy for our participants should occur when
reading Weaver and Bryant’s (1995) difficult texts rather than standard
texts because the texts presumably would match our participants’ func-
tional reading level in the same manner that the standard texts presum-
ably matched the reading level of Weaver and Bryant’s participants. In
our study, unlike that of Weaver and Bryant (1995), we directly exam-
ined participants’ reading ability by a standardized test.

Another purpose of the present study was to investigate whether
adults’ age influences their ability to evaluate comprehension. In near-
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ly all investigations of relative calibration of comprehension, participants
have been young adults with educational backgrounds at the beginning
college level. In the present study, we not only included an examina-
tion of relative calibration in more educated adults but also assessed
relative calibration in younger as well as older adults. Although the avail-
able evidence on age-related differences in adults’ metacomprehension
and metamemory ability suggests that older adults, in general, are as
accurate as young adults in metacognitive evaluation (Hertzog, Dixon,
& Hultsch, 1990; Olin & Zelinski, 1997; Zabrucky & Moore, 1994;
Zabrucky, Moore, & Schultz, 1993), very little research has been done
using the relative calibration paradigm. Thus, our study was designed
to reveal whether younger and older adults would exhibit similar meta-
cognitive skills using a relative calibration paradigm as they have for
other previously investigated paradigms.

EXPERIMENT

METHOD

Participants

Participants were 60 younger (mean age = 26.63 years, range = 23 to 35; mean
education = 17.73 years, range = 17 to 20) and 60 older (mean age = 70.32 years,
range = 61 to 84; mean education = 18.25 years, range = 17 to 20) adults with
graduate education or a graduate degree. Younger participants were graduate
students recruited from four universities in the southeast. Older participants
consisted of church members, university alumni, and students attending local
senior universities. Participants were given an honorarium for participating.

No significant differences were found for self-reported current health and
vision on 7-point scales (1 = poor and 7 = excellent) between younger (Ms = 6.20
and 6.20, respectively) and older participants (Ms = 6.09 and 5.99, respective-
ly). However, the older group had lower self-reported hearing acuity, t(117) =
2.07, p < .05 (M = 6.13 for younger adults; M = 5.71 for older adults).

Materials

Relative calibration of comprehension task. Twelve texts developed by Weaver
and Bryant (1995, Experiment 2) were used in the experiment. Weaver and
Bryant used the Flesch (1951) readability scale to determine text difficulty and
divided texts into three sets of four passages. The sets were easy (reading level
below grade 8), standard (reading level around grade 12), and difficult (read-
ing level around grade 16). In the present study, we used the same terms Weaver
and Bryant (1995) used to label the three sets of texts (i.e., easy, standard, and
difficult).

Each participant in our study read one of the three sets of passages; that is,
they read a set of either four easy, four standard, or four difficult passages. In
each set, there were two expository and two narrative passages.? In the easy set,
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narrative passages were “Old Sultan” and “The Wolf and Seven Young Kids,”
and expository passages were “The Universe” and “Euripides.” In the standard
set, expository passages included “The Martian Atmosphere” and “Symbiosis,”
and narrative passages were “Clever Answers” and “The Owl.” In the difficult
set, narrative passages included “The Queen Bee” and “Charley,” and exposi-
tory passages consisted of “The Heritage of Pharmacology” and “The Stock
Market.”

Each passage was divided into four paragraphs, with each paragraph contain-
ing approximately the same amount of reading material. The same set of multi-
ple-choice questions constructed by Weaver and Bryant (1995) was used in the
present study. Sixteen questions were generated from each passage; four ques-
tions were devised from each paragraph. Each participant answered a total of 64
questions across four passages. At the end of each passage, a 6-point Likert scale
was prepared for participants to judge how well they understood the passage.

Vocabulary task. We assessed younger and older adults’ vocabulary ability
with the vocabulary subscale of the Nelson-Denny Reading Test Form E (Brown,
Bennett, & Hanna, 1981). The vocabulary test contained 100 multiple-choice
items. Participants were asked to choose from five options the word that best
described the meaning of an underlined word in each opening statement. They
were given 15 minutes to work on the test.

Reading comprehension task. We assessed younger and older adults’ reading
comprehension ability with the comprehension subscale of the Nelson—-Denny
Reading Test Form E (Brown et al., 1981). There were eight passages in the com-
prehension test, with each passage followed by several multiple-choice questions
(a total of 36 questions was generated). Participants were asked to read com-
pletely through a passage and then answer the questions concerning the pas-
sage just read. Participants were allowed 20 minutes to work on the test.

Procedures

Participants were tested individually or in small groups of no more than four
people in each group. The experimental session consisted of two parts. In the
first half of the session, participants were asked to provide some demographic
information and rate their health, vision, and hearing on Likert scales. They
were then given the comprehension and vocabulary subscales of the Nelson—
Denny Reading Test Form E (Brown et al., 1981) along with two other timed
tasks not discussed in the present article. The order of tasks was randomized.

The relative calibration of comprehension task was administered in the sec-
ond half of the session (followed by another task not discussed in the present
article). Participants in each age group were randomly assigned to one of three
conditions (each consisting of 20 individuals) to read four easy, four standard,
or four difficult texts. Participants in all three conditions had equivalent read-
ing ability, as measured by the Nelson-Denny comprehension test. The raw
score means were M = 27.65, SE = .79 for readers of easy texts; M = 27.39, SE =
.81 for readers of standard texts; and M = 28.25, SE = .79 for readers of difficult
texts; maximum score = 36. Participants’ verbal ability, as measured by the
Nelson-Denny vocabulary test, was equivalent across text conditions and age
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groups. The raw score means were M = 91.88, SE = 1.29 for readers of easy texts;
M =91.73, SE = 1.29 for readers of standard texts; and M = 92.70, SE = 1.29 for
readers of difficult texts; M = 91.70, SE = 1.05 for younger adults; M = 92.50,
SE = 1.05 for older adults; maximum score = 100. Younger participants had
significantly better performance on the Nelson—-Denny comprehension test, M =
31.43, SE = .64, than older participants, M = 24.09, SE = .66. Raw scores on the
Nelson-Denny comprehension test were converted into grade-equivalent
scores. Younger adults had an average reading level of grade 16.4, and older
adults had a reading level of grade 13.7. Thus, the younger adults read at a
grade level that was closer to that of the difficult texts, whereas the older adults
read at a grade level that fell in between the standard and difficult texts.

On the relative calibration of comprehension task, participants were told that
they were to work through the passages at their own pace. They were encour-
aged to read carefully and to take as much time as needed. For consistency with
Weaver and Bryant’s (1995) study, participants were asked to read each passage
once for comprehension and were not informed about the comprehension test.
Immediately after reading each text, participants were asked to rate how well
they understood a passage on a 6-point Likert-type scale (1 = very poorly, 6 = very
well) and also provide two other ratings not discussed in the present article.
Presentation order of ratings was counterbalanced. Participants were not al-
lowed to make changes on the ratings once they started reading a new passage.

After participants read all four passages, they were asked to answer 64 mul-
tiple-choice questions derived from the just-read texts. For consistency with the
Weaver and Bryant (1995) study, participants were presented with 16 questions
on a specific passage as a set, with each set being titled (e.g., “You will now be
asked some questions over the passage titled . ..”). The order of the passages
read and the sets of questions answered were randomized, as were the ques-
tions within each set. Participants were not allowed to reexamine texts during
the comprehension test.

RESULTS

To examine relative calibration of comprehension on the Weaver—
Bryant passages and to be consistent with the Weaver—Bryant procedure,
we summed the four comprehension questions for each paragraph for
each passage so that each passage had four comprehension scores (one
for each paragraph). These four scores were then paired with the un-
derstanding ratings for each passage. Thus, each participant had four
pairs of comprehension scores and ratings for each passage, resulting
in a total of 16 data points across four passages. Gamma correlation
coefficients were computed for each participant, across all texts, to
determine the relationship between understanding ratings and compre-
hension performance on the multiple-choice questions. The mean gam-
ma correlation coefficients across participants were calculated as a func-
tion of text difficulty.
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A 2 (age) x 3 (text difficulty level) analysis of variance was conduct-
ed to investigate the effects of age and text difficulty on relative calibra-
tion accuracy. The results failed to show a main effect of age, F(1, 105) =
.30, p > .05, MSE = .17, or a significant interaction between adults’ age
and text difficulty, F(2, 105) = .29, p > .05, MSE = .17. Thus, older adults
were as able as younger adults to predict comprehension and were af-
fected by text difficulty in a way similar to younger adults.

The main effect of text difficulty was significant, F(2, 105) =17.11, p <
.0001, MSE = .17. Fisher’s least significant difference test revealed that
the relative calibration means were significantly different between text
conditions. The relative calibration mean was higher for the standard
condition, G = .47, SE = .07, N = 40, than either the easy, G = .19, SE =
.07, N = 34, or difficult, G = —.09, SE = .07, N = 37, conditions, with the
latter two gamma coefficients being different as well. The results thus
showed that readers’ relative calibration accuracy varied as a function
of text difficulty. Like Weaver and Bryant (1995), we found that read-
ers evaluated comprehension more accurately with the standard texts
than either the easy or difficult texts. However, we failed to find sup-
port for Weaver and Bryant’s optimum effort hypothesis. Younger read-
ers of difficult texts, whose functional reading level was most similar to
the reading level of the difficult texts, still evaluated comprehension
more accurately when reading the standard texts. Indeed, both young-
er and older adults, although having functional reading levels that were
higher than the reading level of the standard texts, evaluated compre-
hension more accurately when reading the standard texts than when
reading the difficult or the easy texts.

DISCUSSION

One major goal of the present study was to examine the effect of text
difficulty on readers’ ability to evaluate comprehension. Weaver and
Bryant (1995) proposed the optimum effort hypothesis, which suggests
that readers’ ability to predict comprehension depends on their read-
ing level relative to the difficulty of texts. Specifically, readers should be
able to predict their comprehension most accurately when the difficul-
ty level of the text matches their functional reading level. Results of the
study revealed an inverted U-shaped pattern of relative calibration ac-
curacy as a function of text difficulty. Accuracy of relative calibration was
higher for standard passages than for easy or difficult passages.

The average reading level of our younger participants was grade 16.
Weaver and Bryant’s (1995) difficult passages, which were written at about
the grade 16 level, most closely matched the reading level of the young-
er participants. Thus, according to the optimum effort hypothesis, young-
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er readers should have been best able to predict comprehension of the
difficult texts. However, they actually had poorer relative calibration for
the difficult passages than for either easy or standard passages, which
were written well below their reading level. Older participants, who had
an average reading level of grade 14, showed a pattern of relative cali-
bration of comprehension similar to that of younger participants. They
also predicted comprehension best on standard passages and worst on
difficult passages. However, in their case the standard passages were be-
low their reading level, whereas the difficult passages were above their
reading level. Thus, in the present study, a match between reading abil-
ity and text difficulty level did not guarantee optimal relative calibration
accuracy. Participants evaluated comprehension best on Weaver and
Bryant’s standard passages regardless of their reading level. Thus, Weav-
er and Bryant’s (1995) optimum effort hypothesis was not supported.

It may be the case that even very proficient readers might have trou-
ble evaluating their comprehension of difficult passages. As noted by
Weaver and Bryant (1995), the measure of readability used in their study
to assign difficulty levels was simplistic, and the definition of “difficult
texts” was not well established. Texts with high difficulty levels often
include the use of unfamiliar words, long, complicated sentences, nov-
el content, ambiguous causal relationships, and the use of abundant
inferences that may entail knowledge beyond that given in the text. Such
text characteristics may hinder even a skilled reader’s ability to evalu-
ate comprehension. For example, readers may not be able to judge
comprehension accurately when they encounter a text with unclear
cause—effect relationships that rely on extensive knowledge of a topic
that they do not possess. Given our failure to support Weaver and Bry-
ant’s (1995) optimum effort hypothesis, it seems important to determine
whether individuals of different reading levels continue to find an ad-
vantage for texts written at Weaver and Bryant’s “standard” level (i.e.,
around grade 12 level), using completely different materials than those
used by Weaver and Bryant.

Although our participants had problems judging their comprehen-
sion of the difficult texts, they comprehended all of the texts equally
well. Participants’ comprehension scores were equivalent across text
conditions (63%, 60%, and 60% accuracy rates for easy, standard, and
difficult texts, respectively). This finding differed from that of Weaver
and Bryant (1995), in which comprehension scores were higher for easy
passages than for either standard or difficult passages (61%, 49%, and
46% accuracy rates on easy, standard, and difficult texts, respectively).
Thus, compared with the less-skilled readers in Weaver and Bryant’s
(1995) study, our skilled readers had better comprehension for standard
and difficult texts.
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In the present study, we also examined age-related differences in rel-
ative calibration of comprehension. Studies of relative calibration have
focused almost exclusively on skills in younger adults, and ours is one
of the first studies to examine relative calibration skills in younger and
older adults. Results of our study indicate that older adults (at least those
who are highly educated) are as able as younger adults to evaluate com-
prehension. The presence of similar relative calibration accuracy for
younger and older adults found here is consistent with earlier studies
on age-related differences in adults’ ability to evaluate their understand-
ing during reading. For example, using an error detection paradigm we
found that older adults often are as able as younger adults to evaluate
their understanding of the texts they are reading (Zabrucky & Moore,
1994) as indicated by the detection of specific problems embedded in
texts. However, we also have found that older adults show problems in
some metacognitive activities during reading, most notably in regulat-
ing their understanding with strategies such as rereading. Thus, older
adults are as able to detect problems but do not selectively reread the
problems to the same extent as younger adults. The results of the
present study suggest that older adults’ relative calibration skills are
quite similar to those of younger adults and that their skills are in-
fluenced by text difficulty in similar ways as well.

Notes
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1. Relative calibration accuracy generally is calculated by computing the gam-
ma correlation between confidence ratings and comprehension performance.
Nelson (1984) has shown that the gamma correlation coefficient is the appro-
priate correlational statistic for comparing the accuracy of predicting perfor-
mance between two items. Data from all possible text pairs are examined when
a gamma coefficient is computed, revealing the probability that a text with a high-
er comprehension rating will also have a higher performance score. The gam-
ma statistic ranges from —1 (if higher ratings are always paired with lower per-
formance) to +1 (if higher ratings are always paired with higher performance).
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2. Although two types of texts (narrative and expository) were used, because
of an inadequate number of observations, we were not able to test the effect
of text genre on calibration of comprehension. Significantly more texts would
be needed in each text difficulty condition to examine the effect of genre.
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