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Predicting performance on text:
Delayed versus immediate predictions and tests

RUTHH.MAKI
North Dakota State University, Fargo, North Dakota

Delayed judgments of learning for word pairs are more accurate than immediate judgments of learn
ing when the memory test is delayed. In the present experiment, I investigated a similar paradigm with
text. Participants predicted performance on texts either immediately after reading the texts or after a
delay following the reading of other texts, and tests were given either immediately or after a delay. Im
mediate ratings with an immediate test produced the most accurate predictions, and immediate ratings
with a delayed test produced less accurate predictions. Delaying both the ratings and the test did not
produce more accurate predictions than immediate predictions and a delayed test. The results for de
layed judgments of learning with text were different from those with word pairs.

A major aspect of metacognition is the ability to pre
dict future performance. Nelson and Dunlosky (1991)
reported that participants are very accurate at predicting fu
ture performance on word pairs tested after a delay ifpre
dictions are also made following a short delay. Participants
are much less accurate if predictions are made within a
few seconds after study. Nelson and Dunlosky coined the
term delayedjudgment oflearning (JOL) effect for the su
periority of delayed over immediate judgments. Dun
losky and Nelson (1992) offered two possible explanations
for the delayed-JOL effect. According to the two-store hy
pothesis, participants monitor both short-term (or a con
scious working memory buffer) and long-term memory in
the immediate prediction case, but they monitor long-term
memory alone in the delayed case. Monitoring from long
term memory is more appropriate than monitoring from
short-term memory because the memory tests are delayed.
The second explanation involves transfer-appropriate
monitoring (Dunlosky & Nelson, 1992). The conditions
ofretrieval must be similar to the conditions of the test for
accurate monitoring to occur. A study by Begg, Duft,
Lalonde, Melnick, and Sanvito (1989) supported the im
portance of transfer-appropriate processing for JOLs, but
a recent study by Dunlosky and Nelson (1997) revealed
that making JOLs to a stimulus-and-response pair did not
produce more accuracy in recognition than making JOLs
to the stimulus alone, although the pair was more similar
to the recognition test. Dunlosky and Nelson (1997) argued
that the transfer-appropriate monitoring hypothesis was not
supported by their results, although they allowed that other
retrieval monitoring hypotheses were viable.
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Although the Nelson and Dunlosky studies (1991; Dun
losky & Nelson, 1992, 1997) have shown very high ac
curacy when predictions for responses from word lists were
delayed, these results may not be relevant to a different
metacognitive situation-namely, monitoring learning
from text. Early research (Glenberg & Epstein, 1985; Glen
berg, Sanocki, Epstein, & Morris, 1987) suggested that
students cannot accurately predict future performance on
text, but more recent studies have shown that they can pre
dict with greater-than-chance accuracy (e.g., Maki, 1995;
Maki & Serra, 1992; Weaver & Bryant, 1995) when more
than one test item for each text is used (Weaver, 1990) to
increase test reliability.

Many studies ofpredictions with text have been based
on a paradigm that is similar to Nelson and Dunlosky's
(1991) immediate-JOL paradigm. In such studies, pre
diction ratings (Maki & Serra, 1992) or comprehension
ratings (Weaver & Bryant, 1995) are made immediately
after reading, but the tests are delayed until all texts have
been read. Although predictions are made immediately
after a short section oftext has been read, the time course
differs from that of JOLs for word pairs. Predictions for
individual text propositions are not made within a few sec
onds of study, as are immediate JOLs for word pairs.
However, the procedures with text parallel those with
immediate JOLs in that the delay between reading and
predictions is shorter than the delay between reading and
the test. In contrast, Glenberg and Epstein (1985; Glen
berg et aI., 1987) have often used a delayed procedure in
which both the predictions and the tests were delayed
(similar to Nelson & Dunlosky's, 1991, delayed-JOL
procedure). Glenberg et al. compared this delayed pro
cedure with an immediate procedure in their Experi
ments 1 and 2. In both experiments, half of the partici
pants read texts, made immediate predictions, and took
immediate tests. The other half of the participants read
all texts first and then predicted performance from each
text's title and immediately answered questions from each
text. In their Experiment 1, Glenberg et al. used single-
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Table 1
Sequence of Events in the Four Delay Conditions

Read Text I
Read Text 2
Read Text 3
[Read Texts 4-6)
Predict Text I
Test over Text I
Confidence, Text I
Predict Text 2
Test over Text 2
Confidence, Text 2
Predict Text 3
Test over Text 3
Confidence, Text 3

Read Text I
Predict Text I
Read Text 2
Predict Text 2
Read Text 3
Predict Text 3
[Read, Predict Texts 4-6)
Test over Text I
Confidence, Text I
Test over Text 2
Confidence, Text 2
Test over Text 3
Confidence, Text 3

Read Text I
Read Text 2
Read Text 3
[Read Texts 4-6)
Predict Text I
Predict Text 2
Predict Text 3
[Predict Texts 4-6)
Test over Text I
Confidence, Text I
Test over Text 2
Confidence, Text 2
Test over Text 3
Confidence, Text 3

[Read, Predict, Test, [Test, Confidence Texts 4-6) [Predict, Test, [Test, Confidence
Confidence Texts 4-6) Confidence Texts 4-6) Texts 4-6)

Read Text I
Predict Text I
Test over Text I
Confidence, Text I
Read Text 2
Predict Text 2
Test over Text 2
Confidence, Text 2
Read Text 3
Predict Text 3
Test over Text 3
Confidence, Text 3

Note-e-Pi'I}, immediate predictions, immediate tests; PiTd, immediate predictions, delayed tests; PdlTd, delayed predictions,
delayed intervening tests; PdNITi, delayed predictions, delayed nonintervening tests.

item verbatim recognition and inference tests, and in Ex
periment 2, they used four-item idea recognition tests. In
their Experiment I, there was no relation between predic
tions and performance, and delay had no effect. However,
in Experiment 2, the group that made immediate predic
tions followed by an immediate test showed a significant
correlation between predictions and performance, but
the group that made delayed predictions did not. This is
one of the few significant relationships found by Glen
berg and Epstein in their series of studies (Glenberg &
Epstein, 1985; Glenberg et aI., 1987). This unique find
ing may have occurred because the test for each text fea
tured multiple questions, a condition necessary for showing
accurate predictions (Weaver, 1990), and because the pre
dictions and the test occurred immediately after reading.

The results of Glenberg et al.'s (1987) Experiment 2
suggest that the timing of the study, predictions, and tests
over texts may be important, just as it is for word pairs. In
order to examine this variable, I manipulated the delay
between reading, predictions, and the test. In one condi
tion, a prediction rating was made immediately after a
short text had been studied and a multiple-choice test fol
lowed immediately (P;T;, designating immediate predic
tions and an immediate test). In a second condition, a pre
diction rating was made immediately after study, but the
test was delayed (P;Td ) . The P;Td condition differed from
the PiT; condition both in terms ofthe timing between pre
dictions and the test (immediate or delayed) and in terms
of the presence of intervening tests between predictions
(present for PiT; but not for P;Td ) . In order to investigate
the role of intervening tests while keeping timing con
stant, two delayed conditions were tested. In both of these,
all texts were read and then predictions were made on the
basis of text titles and short descriptions. The two delayed
conditions differed in that multiple-choice tests followed
each prediction in the delayed intervening tests condi
tion (PdlTd)' but the multiple-choice tests were not taken
until all predictions had been made in the delayed non-

intervening tests condition (PdNITd)' Table 1 shows the
procedures in these four conditions.

The P;Td condition was most similar to Nelson and
Dunlosky's (1991) immediate-JOL condition, and the
PdNITd condition was most similar to Nelson and Dun
losky's delayed-JOL condition. The PiT; condition was not
possible in Nelson and Dunlosky's study because an im
mediate test of a single word pair would surely produce
ceiling effects. However, Glenberg et al. (1987) found that
predictions for text were more accurate than chance in this
type of immediate condition, but predictions were not
more accurate than chance in other conditions.

I also investigated posttest confidence judgments. Such
posttest assessments ofthe accuracy of test performance
on multiple-choice tests are typically higher than predic
tions (e.g., Maki & Serra, 1992), probably because par
ticipants know the incorrect alternatives after the test but
not before. Posttest confidence judgments should not be
affected by the delay between study and predictions, as
long as the confidence judgments are made immediately
after the test questions have been answered. Delaying tests,
however, may produce lower judgment accuracy because
participants may be less able to assess the match between
the text representation and their selected answer.

METHOD

Participants
A total of96 volunteers from North Dakota State University par

ticipated for extra credit in introductory psychology classes. Twenty
four participants were randomly assigned to each of the four
groups. Eight of the original participants gave the same prediction
rating to all texts, so they were replaced. Four were in the PdITd con
dition; 2 were in the PdNITd condition; I was in the PiTi condition;
and I was in the PiTd condition.

Materials
Twelve 400-word texts of varying difficulty were taken from a

timed reading series (Spargo. 1989). Reading difficulties as mea
sured by the Flesch scale ranged from 42.2 to 77.0 with a mean of
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Table 2
Median Ratings and Ranges for the Four Delay Conditions

Predictions

Condition

Immediate predictions, immediate tests (PiT;)
Immediate predictions,delayedtests (PiTd)
Delayedpredictions, delayedintervening tests (PdlTd)
Delayedpredictions, delayednon intervening tests (PdNITd)

Median

4.00
4.00
3.50
3.75

Range

2.0-5.5
2.5-6.0
2.5-5.0
2.5-5.0

Confidence Judgments

Median Range

4.00 2.0-6.0
4.00 3.0-6.0
3.50 2.0-5.5
4.00 1.0-5.0

62.12 (100 is the easiest). An example of medium-difficulty text is
shown in the Appendix. The texts were divided into two sets, with
each participant reading either one set or the other. The titles of the
texts in each set are shown in the Appendix. Each text was divided
in half with about 200 words in each half. Five multiple-choice
questions that tapped the second half of each text were taken from
the reading series, although the three-alternative questions from the
series were modified so that each question had four, rather than
three, alternatives. Half of the questions tested recall of presented
facts and the other half were more integrative and designed to test
comprehension.

Procedure
All passages were presented individually to participants on mi

crocomputers that were programmed with Micro Experimental
Laboratory (MEL; Schneider, 1988). Participants read the texts at
their own pace by pressing the space bar to erase one sentence and
present the next sentence in the middle of the screen. Because the
texts in the first experiment were only about 200 words in length,
the texts in this experiment were divided in half for predictions. It
seemed possible that making immediate predictions over 400 words
might reduce accuracy relative to making predictions over 200
words because ofthe longer delay between the beginning ofthe text
and the prediction. Predictions over the first half of the text were
made in response to the query, "How well will you do on multiple
choice questions on the section that youjust read?" (I = very well; 6 =

very poorly). Then, all participants read the second half of the text.
Predictions concerning performance on the second halves were

either made immediately after reading or they were delayed until all
six texts had been read. In the PjT; condition, participants answered
the prediction question immediately after reading the second half of
each text. They then answered the five test questions for the text
and made the confidence judgment by responding to the question,
"How well do you think you did on the questions that you just an
swered?" on a scale ranging from I (very well) to 6 (very poorly).
This procedure was repeated until participants had read, predicted,
answered the test questions, and made confidence judgments for all
six texts. In the PjTd condition, participants read each text and made
predictions for the first and second halves. After they had read all
six texts, they answered the five questions for each text and gave a
confidence judgment following the questions for each text. In the
delayed rating conditions, participants read all texts and made pre
dictions on the first halves immediately after reading. However,
they did not make predictions on the second halves until they had
read all six texts. Then, the title of each text was given along with a
short one-sentence description of the topic (shown in the Appen
dix). Participants were asked to predict their performance over the
second half of the text using the same 6-point scale as in the im
mediate ratings conditions. In the PdITd condition, participants an
swered the five multiple-choice questions for each text immediately
following each prediction rating. In the PdNITd condition, all six
predictions were made first, followed by the multiple-choice ques
tions for each text. In all conditions, the confidence judgments were
made immediately following the five test questions for each text.

RESULTS

Proportion Correct
Mean proportions correct on the multiple-choice tests

were .76 (SE = .02) for the PiT; group, .71 (SE = .03) for
the P;Td group, .67 (SE = .04) for the PdNITd group, and
.69 for the PdITdgroup (SE= ,03). These differences were
not significant [F(3,92) = 1.54, MSe = .02, p > ,05 (the
significance level used for all analyses)]. Thus, the short
delays experienced by participants in this experiment did
not influence memory for the text as measured by the
multiple-choice questions.

Median Ratings
Ratings were converted in such a way that higher num

bers indicate more confidence, Median prediction ratings
and posttest confidence judgments for the four delaygroups
can be seen in Table 2. A Kruskal-Wallis test showed that
the groups' median predictionratings did not differ [X 2(3) =
3.30]. A Kruskal-Wallis test for the median posttest con
fidence judgments did not reach a conventional level of
significance, although it did indicate a trend [X 2(3) = 6.71,
p < .10]. The group that made delayed predictions with
intervening test experience tended to give lower ratings
than the other groups.

Rating and Performance Relationships
Each participant's prediction ratings and posttest con

fidence judgments for each text were correlated separately
with performance on the questions from each text. Con
tingency tables defined by predictions from I to 6 and
numbers correct from 0 to 5 were set up for prediction and
confidence judgments for each participant. The number
of texts falling into each of these cells was counted. Cor
relations were calculated from these contingency tables
using the Goodman-Kruskal (Goodman & Kruskal, 1954)
gamma, which is a nonparametric correlation coefficient
that can vary from -1.0 for a perfect negative relation
ship to +1.0 for a perfect positive relationship. Nelson
(1984) has argued that gamma is the appropriate corre
lation to use for discrete ordinal data such as the ratings
in this experiment. Participants who predict performance
accurately or who are accurate in making posttest confi
dence judgments should have high, positive gammas.

Mean gamma correlations between prediction ratings
and performance and between confidence judgments and
performance are presented in Figure 1. Single-sample t
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Figure 1. Mean prediction rating and posttest confidence gammas with SEMs for the four
delay conditions.

tests showed that prediction accuracy was significantly
greater than zero only in the PiTi condition. The mean
gammas in the PiTd condition and the two delay conditions
did not differ reliably from zero. In contrast, posttest con
fidence judgment accuracy was significantly greater than
zero in all conditions.

An analysis of variance (ANOVA) showed that the
prediction gammas for the four groups differed signifi
cantly [F(3,92) = 3.34, MSe = .307]. Post hoc pairwise
comparisons (both with and without a Tukey correction)
showed that the PiTi group made more accurate predic
tions than the PiTd 1 group and that the PiTi group pre
dicted more accurately than the PdNITdgroup. The PdITd
group fell between these two sets of means, but its mean
gamma was not different from that of the PiTi group or
from those of the two groups that had no intervening
tests (PiTd and PdNITd). An ANOVA of the posttest con
fidence gammas showed no differences among the
groups (F < 1).

DISCUSSION

The PiTi condition, in which participants made predic
tions after reading a short section of text and immedi
ately taking the multiple-choice test, yielded more accu
rate predictions than the delayed test conditions. When
the test was delayed, delayed predictions were not more
accurate than immediate predictions, as would be expected
if a delayed-JOl, effect (Nelson & Dunlosky, 1991) oc
curred with text. However, the definition of immediate
was defined differently here from that in the delayed
JOL paradigm. With word pairs, immediate judgments are
made within a few seconds of original study. With text,
only the last proposition can fall within the few-second
time period before the prediction is made. In the present
experiment, the time period between most of the propo-

sitions and the prediction was greater than 30 sec. Thus,
the timing in the text paradigm is such that a traditional
short-term memory buffer would not be involved in either
immediate or delayed predictions. In addition, retrieval
of short texts is much more complex than retrieval of a
single word. It would be unlikely that participants could
retrieve all of the propositions in a text when they make
a prediction rating.

Immediate predictions matched performance on im
mediate tests better than they matched performance on
delayed tests. In both the PiTi condition and the PjTd con
dition, predictions were made immediately after reading,
so the information accessed in making predictions should
have been similar. However, students in the pure imme
diate condition had test experience between predictions,
whereas students in the PiTd condition did not. It is not
possible to eliminate test experience from a pure imme
diate condition because delaying the test until all ratings
are made would transform the PiTi condition into the PiTd
condition. Thus, the presence of intervening test experi
ence was manipulated with delayed ratings that followed
the reading of all texts. The PdNITd condition produced
prediction accuracy at the same level as the PjTd condi
tion, and this delayed condition produced prediction ac
curacy that was significantly lower than that of the PiTj
condition. Accuracy in the delayed ratings condition with
test experience, however, was intermediate and not sig
nificantly different from accuracy in either the PjTj con
dition or the PiTd condition. Thus, test experience may
have played some role in the higher accuracy of the PjTj
condition relative to the PiTd condition.

In addition to test experience, the PiTi and the PiTd
conditions differed in terms of the timing of the test
either immediately after the ratings or after all texts had
been read and rated. There are several possible explana
tions for why immediate predictions with immediate tests



were the most accurate. One possibility, as pointed out by
Nelson (1996), is that the processes involved in acquisi
tion are maximally available immediately after learning.
Thus, students may have accessed information about the
difficulty of processing the text. However, students in
both the PiTi and the PjTd conditions would have been
equally able to access processing information. For this
explanation to be viable, assessments of processing dif
ficulty would need to correlate better with immediate than
with delayed tests.

Another possibility is that text propositions are re
trieved, an explanation that might take the form ofthe ac
cessibility model proposed by Koriat (1993) for feeling
of-knowing (FOK) judgments made when participants
predict recognition after a recall attempt. According to
Koriat's model, participants base their FOK judgments
on how much total information about an item can be re
trieved, with more confident judgments being given with
more retrieved information. Such retrieval-based accounts
are relevant to text: Morris (1990) found that the amount
of text retrieved on a speeded immediate test correlated
with predictions oflater memory performance. The total
amount retrieved may correlate better with an immediate
test than with a delayed test.

A variation on the retrieval account is similar to Dun
losky and Nelson's (1992) two-store hypothesis of the de
layed-JOL effect. Propositions from the recently created
text representation are probably activated in short-term
working memory, and they may also be activated in long
term working memory (Ericsson & Kintsch, 1995). The
context for the immediate test was very similar to the con
text available for immediate predictions. After a delay, the
context had changed and the immediate cues used
to predict performance may have been different from those
available on the delayed multiple-choice test. This trans
fer-appropriate monitoring interpretation predicts high ac
curacy not only for a PiTi condition, but also for conditions
in which both predictions and tests are delayed. Prediction
accuracy in the delayed prediction conditions (PdITd and
PdNITd) was generally low. However, delayed predictions
with text add difficulty in that the cues must be sufficient
for the participant to access the same knowledge about the
text that will be used on the multiple-choice tests. The pre
sent results suggest that the match between the text infor
mation retrieved by the cues and the informationused on the
test may not have been high in the PdITdand PdNITd condi
tions, making the correlations between predictions and test
performance low. Whether more complete cues would in
crease the prediction accuracy in delayed rating conditions
remains to be seen. The conclusion from this experiment,
however, is that under the present conditions, making im
mediate predictions followed by an immediate test pro-
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duces higher prediction accuracy than does delaying either
the predictions or the test.
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NOTE

I. The significant difference between the PjTj and the PjTd conditions
was replicated in two other experiments. In one, mean gammas for the
two groups, respectively, were.45 and .16 [F( I ,48} =4.75, MSe =0.14];
in the second experiment, the mean gammas were.48 and .24 [F( 1,135) =

6.68, MSe = 0.30].

(Continued on next page)
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APPENDIX

FIRST HALF OF THE
EXAMPLE TEXT "FOOD ADDITIVES"

USED IN EXPERIMENTS 2 AND 3

Food Additives
We can get along without food additives, but not very well.

Were it not for food additives, we would have to go back to the
old idea ofbakery freshness-good today,stale tomorrow. Many
adults remember when the cottage cheese separated, cookies
dried up in two days, any food with fat or oil in it became ran
cid, canned vegetables and fruits were soft and mushy, and
marshmallows got too hard to toast. Without additives, the va
riety and quality of foods would return to those familiar to
grandmother. The quantities available would definitely be less,
and quick foods would not exist. Some people have called these
additives poisonous chemicals. If all chemicals are poisonous,
then people should stop eating because all foods are chemicals.
Some common additives are pure chemicals, such as the potas
sium iodide in table salt and many familiar vitamins that are all
essential to man's health. Expressing foods in chemical terms
can be a lengthy job. For example, milk is made of water, fats,
proteins, lactose, salts, acids, pigments, enzymes, vitamins, and
gases. Milk is a wonderful chemical, but hardly poisonous.

SECOND HALF OF EXAMPLE TEXT

Food Additives
Many allowable food additives are taken directly from food

itself. For example, lecithin is found in all living things. It is ob
tained mostly from soybeans and is used as an emulsifier to
keep ingredients in processed foods from separating. A large
number of laboratory-created additives are also found naturally
in foods. Calcium and sodium propionate, for example, are
made during fermentation in the production of Swiss cheese.
The propionates help to prevent mold. They are used primarily
in baked goods. The vitamins used to improve the nutritive
value of many foods are identical to the vitamins found natu
rally in food. Actually, all foods and additives are chemicals,
and the body cannot tell the difference between them. The cost
of an additive does not increase the cost of a food. For exam
ple, enough calcium propionate to help protect 1,000 loaves of
bread from becoming moldy costs less than ten cents. In addi
tion to these additives, there are also incidental additives that
have no planned function in food but become a part of it dur
ing some phase ofprocessing, packaging, or storing. Good ex
amples are substances that might get into the food from a pack
aging material. The safety of incidental additives is scientifically
controlled as are the other additives. A food additive must be
of some benefit to a food or its production.

QUESTIONS FOR AN EXAMPLE TARGET TEXT

Fact Recall
According to the author, propionates prevent

A. mold formation +
B. thinning
C. mushiness
D. sourness

The author says that foods must be classified as
A. chemicals +
B. fuels
C. calories
D. organic

Comprehension Questions
For the most part, food additives are

A. inexpensive +
B. costly
C. unnecessary
D. essential

Incidental additives are
A. of no benefit to food +
B. put into food before processing
C. high in vitamin content
D. functional

The reader can conclude that
A. most additives are safe to eat +
B. most additives are organic by nature
C. several additives are toxic in large quantities
D. additives are unnatural

+ Correct alternative. Question alternatives were random
ized for each participant.

TITLES, BRIEF DESCRIPTIONS
OF THE TEXTS, AND FLESCH

READING SCORES (100 = EASIEST)

Set 1
Ice Cream Plants \ patterns of consumption on the range re

sulting from overpopulation (69.5)

The Kitchen: An Expensive Room \ the location and layout
of the essential parts of a kitchen (77.0)

Household Pests: Cracks, Crevices, and Crannies \ methods
ofpreventing the breeding of household pests (70.2)

Food Additives \ types and functions offood additives (64.3)

The Andersonville Horror \ the lives of federal soldiers jailed
in Andersonville, Southern prison during the Civil War (46.1)

Evaluation without Intimidation\ how employers can best eval
uate employees to help them improve their performance (55.4)

Set 2
The Virgin Islands \ the discovery and early settling ofvari

ous Caribbean Islands (67.1)

Tablets, Capsules, and Liquids \ the history of drugs from
centuries past to modern day uses (68.5)

Home Wine Making: Rose Hips and Dandelions \ the his
tory of and methods used in making homemade wine (69.9)

The Mystery of Migration \ theories behind why birds mi
grate (68.5)

Chocolate: The Magical Food \ the history and lesser-known
nutritional benefits of chocolate (42.2)

Problems of Recycling \ history of and current methods and
obstacles to recycling (46.8)

Note-s-The material in this Appendix is from Timed Readings
(3rd ed., Book 7, p. 19-20) by E. Spargo, 1989, Providence, RI:
Jamestown Publishers. Copyright 1989 by Jamestown Publish
ers. Reprinted with permission.

(Manuscript received May 30. 1996;
revision accepted June 27.1997.)




