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Abstract

The typical finding from research on metacomprelmns that accuracy is quite low.
However, recent studies have shown robust accuirapyovements when judgments
follow certain generation tasks (summarizing orwesd listing), but only when these
tasks are performed at a delay rather than immedgdiafter reading (Thiede & Anderson,
2003; Thiede, Anderson & Therriault, 2003). Theagled and immediate conditions in
these past studies confounded the delay betwedingeand generation tasks with other
task lags, such as the lag between multiple geparaasks and the lag between
generation tasks and judgments. The first two expnts disentangle these confounded
manipulations and provide clear evidence that thlaydbetween reading and keyword
generation is the only lag critical to improving ta@mprehension accuracy. The third
and fourth experiments show that not all delayesttsawill produce improvements and
suggest that delayed generative tasks provide d&igncues about comprehension that
are necessary for improving metacomprehension acgur

Models of self-regulated learning describe learniiga dynamic process in which a learner monitors
progress toward a learning goal and uses thisrimdtion to regulate study (e.g., Metcalfe & Korn203;
Nelson & Narens, 1990; Thiede & Dunlosky, 1999; Wir& Hadwin, 1998). To make effective decisions
about what to study or how long to study, the leamust accurately monitor his or her learning sdca
identify materials that will benefit most from radiy. This link between accurate monitoring andreay

has been empirically supported by recent reseanesa a variety of domains (for a review, see Dsiyjo
Hertzog, Kennedy, & Thiede, in press). In the pnégesearch, we focus in general on the accurficy o
people’s judgments of text learning—or metacompmelm accuracy—and in particular on why the
delayed generation of keywords improves accura€y. motivate our current approach to investigating
these issues, we first briefly review the standasthod and modal outcome from the metacomprehension
literature and then describe ttetayed-keyword effect.

To estimate the accuracy of people’s judgmentexifiearning, participants in a typical experimexatuld
read multiple texts, which range from about 20@® words each. Sometime after studying a givet te
a participant predicts how well he or she will penfi on a test over the content of the text. Afiétexts
have been read and judged, the participant takest @af comprehension for each text. Metacompraben
accuracy is then estimated by correlating eachiggaant's judgments with his or her own test
performance. Higher correlations are indicative better accuracy. In general, metacomprehension
accuracy is notoriously low, with mean accuracyarb.25 (for reviews, see Lin & Zabrucky, 1998; Mak
1998a). Recent studies have demonstrated dramatiaises in metacomprehension accuracy when
readers are asked to generate keywords (Thiedegrémal, & Therriault, 2003) or summaries (Thiede &
Anderson, 2003) following a delay after reading tiet. The source of the improvements due to delay
keyword generation is explored in detail in therent article.
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The Delayed-Keyword Effect

Thiede et al. (2003) demonstrated that metacompeétne accuracy could be dramatically increased by
having participants read texts and then generafe/dwels that captured the essence of each text fwior
judging comprehension for it. Importantly, theegff of generation on metacomprehension accuracy was
moderated by the timing of keyword generation. tTikaparticipants who read a text and immediately
generated keywords for that text were no more ateuimean accuracy = .23) than participants who di
not generate keywords (mean accuracy = .36). Byrast, participants who read all the texts and thee

by one generated keywords for each text after aydehd superior accuracy (mean accuracy = .70 Th
primary purpose of Thiede et al. was to empiricadistablish the link between metacomprehension
accuracy and reading comprehension. They showadirttproving metacomprehension accuracy led to
more effective regulation of study and enhanced prehension. However, they did not evaluate
alternative explanations for the delayed-keywor@af Thus, the question remains, Why does delayed
generation of keywords improve the accuracy of pEspnetacomprehension judgments?

To answer this question, one must first scrutitimedifferences in procedures for the immediatealarg
group and the delayed-keyword group. These grdiffsred on three factors (see Table 1). Firstyth
differed on the lag between when a text was reatl vahen keywords were generated (fReading-
Keyword or RK lag). For the immediate-keyword group, keywordsrevgenerated immediately after
reading a text. By contrast, for the delayed-keylgnoup, keywords for a text were generated wedlrat
had been read, because all texts were read pria@ayiword generation. That is, this longer RK ingdifor
each text of the delayed group was filled with irgdhe remaining texts and/or generating keywdods
the other texts. The RK lag was used to deriverilmmes of the groups in Thiede et al. (2003), but
importantly, this lag was not the only factor théfered between groups. Second, the immediatevkey
and delayed-keyword groups also differed in thebatyveen generating keywords for one text and anoth
(the Keyword-Keyword or KK lag). In particular, for the immediate-keywordgp, keyword generation
was spaced, because a text was read between theati@m of keywords for each of the texts. By cast,

for the delayed-keyword group, keyword generatmmefach text was successive. That is, after jygatits
had read all the texts, they generated keywordefiertext and then immediately generated themhfer t
next, and so forth, until keywords had been geedrédr all texts. Finally, the groups also difiérie the
lag between generating keywords and judging congmgibn (the<eyword-Judgment or KJ lag). For the
immediate-keyword group, the KJ lag was relativielyg, because all texts were read and all keywords
were generated before any of the judgments werenadhis case, the time between keyword generatio
and judging comprehension was filled by reading gaderating keywords for the remaining texts. Of
course, this lag was substantial for the earlystéxtthe list. By contrast, for the delayed-keysvgroup,
the KJ lag was relatively short. For this grougrstigipants generated keywords for each text (wiichk
relatively little time) and then made judgmentsdach text. Thus, the immediate group and delgyedp
differed on all three factors in Thiede et al., dmhce it is not clear which factor(s) were resjimador
the delayed-keyword effect.

In the present research, we systematically martiputhe factors above to estimate their relative
contribution to the delayed-keyword effect. Maspbrtant, identifying which factor(s) produce ttéeet

is critical for understanding why delayed generataf keywords boosts metacomprehension accuracy
because each factor is related to a specific ttieatenechanism. In the remainder of the Introgugtwe
discuss these mechanisms and how each is relatadgteen factor. Afterwards, we provide a brief
overview of all four experiments presented here laow they achieve our primary goal of understanding
the delayed-keyword effect.

Alter native Mechanisms of the Delayed-Keyword Effect
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Forgetting keyword-relevant information. This explanation points to the KJ lag as critfoa improving
metacomprehension accuracy. Generating keywordg im@rove metacomprehension accuracy by
producing cues that can be used to judge comprimen the cues produced during keyword generatio
are not accessible at the time judgments of congm&bn are made, then they could not influence
metacomprehension accuracy. Moreover, the grélagetime between generating keywords and making
judgments, the more likely it is that a person ialiget the cues produced during keyword generation
Thiede et al. (2003), the KJ lag was much longeittie immediate-keyword group than for the delayed-
keyword group, and it seems plausible that thigeddhce could be responsible for the differential
metacomprehension accuracy between these two grodgsording to this explanation, if the lag betwee
generating keywords and judging comprehension isimized, metacomprehension accuracy should
improve.

Relative comparison of keyword-relevant information. In Thiede et al. (2003), the KK lag may have
affected one’s ability to make relative judgmenior the delayed-keyword group, keyword generafioon
each text was successive. Generating keywordefts one after another may have prompted partitspa
in the delayed-keyword group to evaluate the lewyrof each text relative to the others, which could
subsequently support better discrimination betwéexts and in turn increase metacomprehension
accuracy. By contrast, for the immediate-keywamalig, keyword generation for any two texts was sgac
by the reading of one text, which may have incréabe likelihood that participants judged each text
individually. Spaced keyword generation would mélkdifficult to judge one text relative to anothénus
failing to provide information on relative undemstiing which is the benchmark for relative accurtet

has been the focus of metacomprehension reseanch fimilar argument concerning feeling-of-knowing
judgments, see Nelson & Narens, 1980). Accorttinthis explanation when the lag between generating
keywords for one text to another is minimized (atiew keyword generation is successive),
metacomprehension accuracy should improve.

Accessing the situation-model or long-term memory for text. This explanation is that the delay between
reading a text and generating keywords, the RKitagritical for improving metacomprehension accyra

A delayed generation task will produce cues thataore predictive because the processing involvele
delayed generation task and comprehension testimikar in two ways. First, as both tasks are yeda
they both require accessing the long-term memofM) text representation, whereas the immediate
generation task makes use of representations téadtidl active in short-term memory (STM) or warngi
memory (WM). Second, both tasks will tend to accis situation-model level of representation to a
greater extent than immediate generation. Seveéndinfys have suggested that delays after reading
decrease the accessibility of the exact words surefe ideas that are read, but increase accégsibithe
situation model (the conceptual gist of the tex, telations among its ideas, and what it implid&ntsch,
Welsch, Schmalhofer, and Zimny (1990) have showat tmemory for the lexical and textbase
representation of text decays more rapidly tham didhe situation model. They found a rapid detay
recognition accuracy for verbatim sentences, asrimédiate decay for paraphrased sentences, ang a ve
slow decay for plausible inferences based on thkatidn model of the text (see also Fletcher & Glawy
1990; Schmalhofer & Glavanov, 1986). Thus, whedetay is inserted between reading a text and
generating a list of keywords, it may decreaselittedihood that the reader uses their memory fa th
surface features or the textbase and increasehteces that they access their situation model teke
Likewise, performance on delayed comprehensionstesspecially assessments involving inference
verification, will be influenced by the same siioat models that readers accessed during delayed
generation.

According to both of these explanations for theagetl-keyword effect (access to the situation modéd
LTM), the delay after reading will produce diagrostues during keyword generation by affecting what
representation is accessed, which in turn is resiptnfor improvements in accuracy of judgmentsaof
delayed comprehension test.

Experimental Overview
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In the Experiments 1 and 2, we competitively evidddhe three explanations above (forgetting afvaht
information, relative comparison, and access taasibn model or LTM) by estimating the relative
contribution of the three factors to the delayegivkerd effect. Note, however, that the proposed
mechanisms are not exhaustive for a given fackar. instance, generating keywords successivelys(ger
spaced) may not only facilitate making relative goents, but it may also reduce forgetting of the
keywords. Accordingly, the abovementioned disaussif mechanisms was meant to identify potential
factors, which is necessary to narrow the fielgp@dsible mechanisms. To foreshadow, Experimeatsdl

2 suggests that the RK lag is the most criticaldiafor improving metacomprehension accuracy.

It is not possible to create a simple 3-way faetadiesign where each lag varies independentlyebthers
without confounding a whole new set of manipulagidd@tween groups. There are inherent constraiats th
stem from the fact that the three lags all oveitapne of their components (i.e., RK, KK, KJ), soya
manipulation could at best vary one lag indepenrdent the other two, while the other two remain
confounded. Isolating different lags across différgtudies allows for testing the importance ofhelag) in
producing improvements. For both Experiments 1 2nthe original immediate-keyword and delayed-
keyword conditions were included, plus each wasifigtto create two additional groups. In Experithen

1, the modifications were designed to isolate tlddg, and in Experiment 2, to isolate the RK laghird
experiment isolating the KK lag was not necesshpgause the obtained results of these experiments
provided clear evidence that only the RK lag affenetacomprehension accuracy.

Given the observed importance of delaying keywoehegation to improving metacomprehension
accuracy, another question arises: What featufetheo generating keywords task are necessary for
obtaining the effect? To provide a more compreiverasnalysis of the delayed-keyword effect, we exgpl
this issue in Experiments 3 and 4. In particuls,evaluate whetheyenerating keywords (versus thinking
about the text or merely reading keywords) is nemgs for demonstrating the effect of delay on the
metacomprehension accuracy.

Experiment 1

In this experiment, we manipulated the lag betweemerating keywords and judgments (KJ lag)
independently of the RK and KK lags. The origiriBhigde et al., 2003) immediate-keyword and delayed-
keyword conditions were retained, but a modifiedsien of each was added. In both cases, the
modification completely eliminated any KJ lag byals collecting judgments immediately following the
keyword generation for the respective text (sedélap This modification did not change the RK did
lags, thus they remained confounded as with thgirai conditions. For the sake of simplicity, camatis
will be referred to only by their RK and KJ lagheTRK-KK confound will be revisited in the discussi
of the findings. If the KJ lag is the critical fac, there should be a main effect of modificatemd
metacomprehension accuracy should be greater éatvth modified KJ-no lag groups than for the KJ-lag
groups. If the KJ lag does not affect metacomprsioenaccuracy, then these new conditions will palral
the original conditions and metacomprehension amyuwill be greater for both RK-delayed conditions,
with or without a KJ lag.

M ethod

Design and Subjects. The time between reading and generating keyw@R#s lag: immediate versus
delayed), and the time between generating keywardks making judgments (KJ lag: lag versus no lag)
were manipulated between subjects. The kind of@sstion (inference vs. detail) was manipulatétin
participants.

One hundred-thirty two students enrolled in a psi@yly course at the University of Illinois at Chima
participated as part of a subject pool and weréoarty assigned to four groups by order of appeaanc
Participants were treated in accordance with thecalt standards of the American Psychological
Association.

Materials. The texts and tests were the same as thoseimsduede et al. (2003). Texts were seven
expository texts adapted from encyclopedia artioleslifferent topics (i.e., communication stylesnaén
versus women, the effects of alcohol on sleep, exeatal design, stress, intelligence and IQ tddtsse
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settlements, and WWII naval warfare). The textggeal in length from 1118 words to 1595 words, and
ranged in Flesch-Kincaid readability scores froBt®.12.0. The 12 test questions per text cortistesix
guestions that required an inference to answerectiyrand six questions that required only memdry o
details about the text content (for an example & and test items see Appendix A).

Procedure and lag manipulation. An overview of the experimental procedure isspreed in Table 1. All
participants were instructed that they would remadst rate their comprehension for each, and thewer
test questions for each text. Participants wese aistructed that they would be asked to typestao
keywords that captured the essence of a text. eTimsgructions included an example of keywords, (fer

a text on the Titanic one might write: iceberg,psivieck, tragedy...), but there was no formal trainamg
how to generate keywords. To be consistent withedd et al. (2003), following the instructions,
participants were asked to make an ease-of-leaiti@d.) judgment for each text topicAfter making an
EOLs for each text, participants read the sample tated their comprehension of the text, and aned/
the sample questions. Participants were encourémesbk questions about the procedure during the
practice trial.

For the critical trials, the order of text preseiota was randomized anew for each participant. dHosix
texts, all participants performed the same taséading, generating keywords, judging comprehension,
completing comprehension tests. Texts were predeparagraph by paragraph, presentation time was
controlled by the participaht For the keyword generation task, participanteevweesented with the title of

a text and were instructed to type five keywords ttaptured the essence of the text. The compseiren
judgments were prompted with the title of the taixthe top of the screen and the query, "How welydu
think you understood the passage whose title iedigbove? 1 (very poorly) to 7 (very well)." &t
judging their comprehension of the last text, pgstints answered 12 4-alternative multiple-choice
qguestions for each text; six test questions weferémce questions designed to assess knowledge of a
person’s situation model (for a detailed descriptid various representations of texts and how sess
knowledge of these representations see KintsciB;108esser, Millis, & Zwaan, 1997) and six questio
were designed to assess memory of a text. Theeimfe questions were written so that informati@mfr
non-adjacent paragraphs were required to correatigwer questions. The texts were rated for
comprehension and tested in the same order asvitieypresented for reading.

For each group, after answering the last test quegparticipants were presented the number oftepres
they correctly answered over all six tests. Thathey received feedback regarding overall perémute,
but not text specific feedback.

The difference between groups was the proceduddraf the tasks creating a different pattern actbe
three types of lags (see Table 1). The RK-delayedips generated keywords only after reading all si
texts, whereas the RK-immediate groups generatgddeels immediately after reading the corresponding
text. The original groups with a KJ lag made adlithjudgments only after generating keywords fdrsid
texts, whereas the modified groups without a KInegle each judgment immediately following keyword
generation for that text.

The length of the delays or lags are defined bynim@ber of intervening reading and/or keyword tasks

The RK-delayed groups had five tasks between rgaalitext and generating keywords for that text, and
zero tasks between generating keywords for one degt the next. By contrast, the RK-immediate

conditions had zero tasks between reading and gémgrkeywords and one task between generating
keywords for one text and the next.

Orthogonal to these differences was the KJ lag. mbdified groups (KJ-no lag) had no tasks between
generating keywords and judging comprehension fdexd. The remaining two groups (KJ-lag, the
immediate-keyword and delayed-keyword groups inedibi et al.) had either 10 or 5 intervening tasks
between generating keywords and judging compreberfsir the first text. That is, the KJ lag for the
original immediate-keyword group was twice as |¢gh@ tasks) as the lag for the original delayed-keayiv
group (5 tasks). This differing size of the KJ lagconfounded with both other lags, so direct cargon
between these two groups is only interesting imseof replicating the original finding. The testtbé KJ
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lag effect is the comparison between these originalips and the new KJ-no lag groups that aredhees
in their RK and KK lags.

Results and Discussion

For each dependent variable, analyses consista® {(RK-delayed versus RK-immediate) X 2 (KJ-no lag
versus KJ lag) analysis of variance.

Test performance and metacomprehension judgments. Because metacomprehension accuracy describes the
relation between comprehension ratings and perfocaman a test of reading comprehension, descriptive
analyses of these variables are reported first. eBoh participant, we computed the median propoif
correct test response and comprehension ratingathe six texts. We used the median becausdheis
recommended measure of central tendency for smatdl &f scores where extreme scores may have an
undue influence on the mean (Gravetter & Walln®89). The mean of the medians was then computed
across participants for each group. Test perfoomand comprehension ratings (Table 2) did noediff
across groups. Neither the main effects nor therdction were significant for test performance [for
inference questions, af(1, 128)s < 1MSE = .02,p > .10; for detail questions, af(1, 128)s < IMSE =

.02,p > .10], or for comprehension judgments (L, 128)s < 1IMSE = 1.08,p > .10].

Metacomprehension accuracy. As in previous studies (e.g., Glenberg, Sandggstein, & Morris, 1987;
Maki & Serra, 1992; Thiede et al. 2003), metacorhprsion accuracy was operationalized as a Goodman-
Kruskal gamma correlation between a participantsmprehension judgments and test performance across
texts. For each participant, we computed two gancoraelations. We computed metacomprehension
accuracy separately for the six test questions rbatired inference and for the six test questitha
required memory of details. The mean of theseaiimdividual correlations was then computed across
participants for each group separately for eachd kihtest. No participants had indeterminate gamma
correlations.

When test performance was measured by inferencgiqos, metacomprehension accuracy (Figure 1) was
affected by the RK lag7(1, 128) = 12.86MSE = .16,p < .001, effect size = .09, but neither the effafct
the KJ lagF(1, 128) < 1p > .10, nor the interaction were significaR{l, 128) < 1p > .10. As evident
from inspecting Figure 1, accuracy was substaptlathher for both RK-delayed groups than for the-RK
immediate groups. The RK delay effect occurrechewben comparing the two modified groups that had
no KJ lags. Further, the KJ-no lag groups showedstime levels of metacomprehension accuracy as thei
respective KJ-lag groups.

When test performance was measured by detail gusstineither the RK lag nor the KJ lag affected
metacomprehension accuracy, and the interactionnwtsignificant, allF(1, 128)s < 1MSE = .23,p >
.10. Mean metacomprehension accuracy (and Starkttand of the Mean) for the RK-immediate-KJ lag,
RK-immediate-KJ-no lag, RK-delayed-KJ lag, RK-dedyKJ-no lag were respectively, .29 (.09), .37
(.10), .40 (.06), and .38 (.08). Thus, accuracypi@dicting memory of details was not affectedelither
manipulation.

These results replicate the delayed-keyword effgobrted by Thiede et al. (2003). More importaingy
implicate the RK lag manipulation as critical tagucing the difference in metacomprehension acgurac
By contrast, given that there were no differenaesnetacomprehension accuracy when the KJ lag was
longer versus shorter and that the RK-delayed gravgre more accurate regardless of KJ lag, thea$J |
seems to be neither necessary nor sufficient iactiffy metacomprehension accuracy. However, it is
important to recall that the RK lag and the KK iagre confounded in this design. Thus, although are c
rule out the influence of the KJ lag, we cannot ddode whether the observed improvements in
metacomprehension accuracy resulted directly frbin RK delay or from the successive keyword
generations. Thus, Experiment 2 was designed tdaemdependent effects of the KK and RK lags.

Experiment 2

K. THIEDE, J. DUNLOSKY, T. GRIFFIN & J. WILEY inTHE JOURNAL OF EXPERIMENTAL PSYCHOLOGY: LEARNING,
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In this experiment, we manipulated the delay betwaading and generating keywords independently of
the lag between each keyword generation task. mM\geé retained the original immediate-keyword and
delayed-keyword groups from Thiede et al. (2008)o Thodified versions of these conditions were @éat
by adding filler texts between each keyword gemenaisee Table 1). The modified groups each hagdon
KK lags than their respective original groups, witle modified immediate group having the longest KK
lag and the modified delayed group having an ingeliate KK lag equal to the original immediate group
Thus, if the KK lag is a critical factor, then thedification will reduce metacomprehension accuracy, and
the modified delayed group will have accuracy rdyggual to the original immediate group. In adutiti

to affecting the KK lag, the modification also irased the length of the RK delay. As a result, the
modified delayed group had the longest RK delay thiedmodified immediate group had an intermediate
RK delay. In contrast to the predicted effects i KK lag, if the RK delay is the critical factdnen
metacomprehension accuracy will improve even inntioglified delayed condition and may be higher for
the modified immediate group compared to the oabimmediate-keyword group.

Method

Design and Subjects. The time between reading and generating keyw@Ris lag: immediate versus
delayed), and the time between generating keywfimd®ne text and another (KK lag: no filler versus
added filler) were manipulated between subjectypeTof test was not manipulated in this experiment.
That is, only inference questions were used ingkfgeriment because the delayed-keyword effectroedu
only with inference tests and the purpose of tgstigation is to better understand this effect.

One hundred students enrolled in a psychology eoarshe University of lllinois at Chicago partiatpd
as part of a subject pool and were randomly asdigmdour groups by order of appearance. Partitgpa
were treated in accordance with the ethical stateaf the American Psychological Association.

Materials. The critical texts were the same as in Experimienin the KK-spaced groups, spacing between
keyword generation for one text and another waateteby inserting a filler text. The filler textgere
approximately 1,000 word expository texts on aetgrof unrelated topics.

Procedure and lag manipulation. An overview of the experimental procedure isspréed on the bottom of
Table 1. As in Experiment 1, all participants ieed the instructions and completed the procedoref
sample text. For the critical trials, the ordeteft presentation was randomized anew for eadicjpant.
Again, for all six texts, all participants perforchéhe same tasks: reading, generating keywordsgirjgd
comprehension, completing inference comprehensgisis.t All aspects of the experimental procedunme we
the same as in Experiment 1. The difference betvwggeups was the procedural order of the tasks and
presence or absence of filler texts between keywergrations.

Participants in the RK-delayed-KK-successive groampleted the same procedure as the RK-delayed-KJ-
lag group in Experiment 1, which also replicated tiriginal delayed-keyword group in Thiede et al.
(2003). They first read the six texts. After rimayg they were presented the title of a text andewe
instructed to type five keywords for the text. Yhgped keywords for each of the six texts, andhthe
judged their comprehension for each text. Aftedgjag their comprehension of the last text, they
answered six 4-alternative multiple-choice infeeemuestions for each text. Participants in the frextli
delayed group (RK-delayed-KK-spaced) followed altitds same procedure, except that just prior to
generating keywords for each text they read a fil&t on an unrelated topic.

Participants in the RK-immediate-KK-spaced groumpteted the same procedure as the RK-delayed-KJ-
lag group in Experiment 1, which also replicated triginal immediate-keyword group in Thiede et al.
(2003). They read a text. They were then showrtitle of a text and instructed to type keywordisthat
text. They read and immediately wrote keywordsdach text. After writing keywords for the lasktte
participants judged their comprehension of each tdsollowing the last comprehension judgment, they
answered six 4-alternative multiple-choice infeeertest questions for each text. Participants in the
modified immediate (RK-immediate-KK-double-spacegtpup followed almost this same procedure,
except that following each reading and just prioeach keyword generation task they read a fiigt on

an unrelated topic.
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As with Experiment 1, the length of the delays &gs were defined by the number of intervening iregad
and keyword generation tasks. The RK-delayed-KKcessive group had five tasks between the first
reading and first keyword generation task, but zasks between keyword generations. The RK-delayed-
KK-spaced group had six tasks between the firalingaand the first keyword generation task, and one
task between each keyword generation. The RK-imatediK-spaced group had zero tasks between each
reading and keyword generation task, but one tadlvden each keyword generation. Finally, the RK-
immediate-KK-double-spaced group had one task betveach reading and keyword generation task, and
two tasks between each keyword generation. It igomant to recognize that this modified immediate
group is not truly RK-immediate, but rather hashars one-task delay between reading and keyword
generation. If the RK delay is critical, this shodelay may show modest improvements in
metacomprehension accuracy, somewhere betweeruthartmediate and delayed groups.

Results and Discussion

For all dependent variables, analyses consisteal 2fRK-delayed versus RK-immediate) X 2(KK filler
texts versus no-KK-filler) analysis of variance.wver, since the addition of filler texts createdltiple
levels of RK delays and KK spacing, it was espéci@ahportant to also compare individual groups more
directly to evaluate the potentially conflictingflirences of KK and RK lags on metacomprehension
accuracy.

Test performance and metacomprehension judgments. Descriptives on test performance and
comprehension judgment are presented in Table &t fgerformance and comprehension ratings did not
differ across groups. Neither the main effectstherinteraction were significant for test perfonoe, all

F(1, 96)s < 1MSE = .02,p > .10, or for comprehension judgments,Fll, 96)s < 1IMSE = 1.40,p > .10.

Metacomprehension accuracy. Metacomprehension accuracy was operationalizeal @oodman-Kruskal
gamma correlation between a participant's comprgibenjudgments and test performance across texts.
The mean of the intra-individual correlations (beéw judgments and test performance) was then
computed across participants for each group. Micgzants had indeterminate gamma correlations.

Metacomprehension accuracy was affected by the &K ds indicated by a main effect of delay versus
immediate conditionsi-(1, 96) = 12.25MSE = .15,p = .001, effect size = .11. As shown in Figure 2,
accuracy was substantially higher for the groups ¢fenerated keywords after a delay than for theps
that generated keywords immediately after read®@antrary to the expected effect of the KK lag, the
presence of filler texts slightly improved metacoei®nsion accuracy overall, but this main effect wat
significant,F(1, 96) = 1.2MSE = .15,p > .10. The interaction approached significari€@d, 96) = 3.43,
MSE = .15,p = .07, which was due to the marginally improvedwsacy for adding filler texts to the RK-
immediate conditionfF(1, 48) = 3.38,p = .07. The RK-delayed-KK-successive and RK-dedak&-
spaced groups did not diffdf(1, 48) = 0.39p > .10. In addition, the two groups with identi¢& lags
but different RK lags (RK-delayed-KK-spaced and Ritnediate-KK-spaced) were significantly different,
F(1, 48) = 13.75p < .001, effect size = .52.

As in Experiment 1, these results revealed theyeelkeyword effect and implicate the longer RK ixtd

as critical to producing the difference in metacoshgnsion accuracy. The strongest evidence fer thi
conclusion is the superior metacomprehension acguoé the two RK-delayed groups versus the RK-
immediate groups. Even when comparing the two ggowjih identical KK lags, metacomprehension
accuracy was greater for the RK-delayed group fbathe RK-immediate group. In addition, the modest
increase in RK-immediate metacomprehension accudmaape KK double-spaced group over the original
KK spaced group provides further evidence thatRike lag is critical and direct evidence against any
negative influence due to longer a KK lag. Morecsfieally, in the present experiment, Experimentid
Thiede et al. (2003), the original delayed groujith Wigher accuracy always had a shorter KK lag and
longer RK delay than the original immediate groufisus, if the KK lag was responsible for this repted
effect, then shorter KK lags must somehow improveatomprehension accuracy. The RK-immediate
group with filler texts had double the KK spacisg, the observed greater accuracy for this groupjugs
the opposite of any expected KK lag influence. Hesve this KK-double spaced group also had a short,

K. THIEDE, J. DUNLOSKY, T. GRIFFIN & J. WILEY inTHE JOURNAL OF EXPERIMENTAL PSYCHOLOGY: LEARNING,
MEMORY AND COGNITION (2005) 8



This is an author-produced, peer-reviewed versfahis article. The final, definitive version dfis document can be found online at
Journal of Experimental Psychology: Learning, Meynand Cognition, published by The American Psyobiglal Association.
Copyright restrictions may apply. doi: 10.1037/82/893.31.6.1267

one task RK delay. Thus, the greater metacompréheraccuracy for this group over the true RK-
immediate group is consistent with theoreticallggicted and previously observed effects of an Rlidyde

Across Experiments 1 and 2, only the delay betweading and keyword generation showed a systematic
relationship to the observed differences in metgmeimension accuracy. Differences in the KJ lag were
neither necessary nor sufficient to produce difiees in metacomprehension accuracy in the first
experiment, and differences in the KK lag were hregithecessary nor sufficient to produce differerines
metacomprehension accuracy in the second experirBgntontrast, the RK delay was systematically
associated with improvements in metacomprehengioaracy. Even a short RK delay appeared to produce
a modest improvement, and the RK delay effect waseiwved regardless of whether the other two lags
were shorter, longer, or the same. Experimentsd34aattempted to further investigate what it is @bo
generating keywords that leads to more accuratetarony.

Experiment 3

Results from Experiments 1 and 2 demonstrate dbitying keyword generation and judgments after
reading (a longer RK interval) is critical for olsting the effect on metacomprehension accuracyis Th
particular conclusion gains particular importanceew contrasted with results from Maki (1998b), who
compared accuracy for metacomprehension judgmeate immediately after study versus for those made
after a delay. That is, some participants judgeshprehension immediately after reading each tegt, (i
immediate judgment), whereas others first read all the paglygs and then were provided with each text
titte to make the judgments (i.elelayed judgments). As delaying judgments of learning tassistently
improved monitoring accuracy in associative leagrtasks (e.g., Nelson & Dunlosky, 1991), the preaoiic
was that delaying comprehension judgments would iatlgprove metacomprehension accuracy. However,
in Maki’s study, mean metacomprehension accuracy e different from zero for participants who made
delayed judgments (mean gamma correlation = .IxYus, it seems that improved metacomprehension
accuracy does not result from delaying judgmerdaalsee also Dunlosky, Rawson, & Middleton, 2005).
What may be critical then in the present experimeéstthat improved metacomprehension accuracy was
seen as the result of delaygmheration tasks, in particular keyword generation. The presenceuch a task
may enhance the likelihood that the participantess a text representation from memory prior toingak

a metacomprehension judgment, and delaying judgreohe may not be enough to provide the reader
with diagnostic monitoring cues.

However, an alternative possibility is that theageld keyword generation tasks simply prompt more
extensive consideration of memory for texts. la tlase of delayed judgments alone, individualschlpi
take little time (e.g., 6 to 8 seconds) to genethédr metacomprehension judgments, suggesting dhey
driven by a shallow analysis of information abdwé text that can be readily accessed in the monpeiais

to making the judgment (Morris, 1990). By contrarticipants in Experiments 1 and 2 usually t86k
seconds or longer to generate keywords (Experithenvierall mean = 65.1, Experiment 2 overall mean
74.0 seconds) prior to making the metacompreherjabgments, which presumably would afford a more
thorough search of memory.

In the present experiment, we further explore taditions that support high levels of metacomprsiwn
accuracy by comparing two groups who made metaceingmsion judgments either immediately after
reading or after a delay. Participants were nk¢ds$o generate keywords. Instead, they wereuctstd to

use the time prior to making the judgment to thatout the essence of the text, which included ctfig

on the main points and details of the text. Theaithere is that if keywords solely encourage a more
thorough consideration of memory for the text, th@structing participants to do such an analysimal
will yield greater metacomprehension accuracy fdaged than immediate judgments.

Method

Subjects.  Fifty-four students enrolled in a psychology smuat the University of lllinois at Chicago
participated as part of a subject pool and weréoarty assigned to two groups by order of appearance
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Participants were treated in accordance with thHacat standards of the American Psychological
Association.

Materials and design. The texts were the same as in the previous erpats. The timing of when
participants were asked to think about each tex@ manipulated between subjects. That is, partitipa
were asked to think about a text either immediadédilgr reading it or after a delay. As in Expening,
only inference questions were used in this experime

Procedure. Participants were in one of two groups (thinlow@ba text immediately after reading versus
after a delay). An overview of the procedure isgg@nted in Table 3. Participants in the delayatkth
about-the-text group, read all the texts. Theyewben presented the title of a text and wereuntd to
“think about the essence of the text, includingnrideas and details.” They could think about e fis
long as they liked and signaled that they were dbimking about the text by typing the return keidter
thinking about the last text, they judge their coeffgnsion of each text. Following the judgmenttfar
last text, they answered six 4-alternative multigieice inference test questions for each texttidiaants

in the immediate-think-about-the-text group, reaex and were immediately instructed to think aitbe
text, the instructions were the same as for thayael group. After reading and thinking about eiott,
they judged their comprehension of each text. Tthey answered inference test questions for this.tex
Results and Discussion

Test performance and comprehension judgments. As before, descriptives on test performance and
comprehension judgments are provided first becauscomprehension accuracy describes the relation
between these variables. As reported on the botbrable 2, test performance and comprehension
ratings did not differ across groups, bt®R)s < 1.0p > .10.

Time to think about texts. For each participant, we computed the mediae spent generating keywords
across the six texts. The mean of the medianghesscomputed across participants for each groaplér
4). The mean time spent thinking about the teidsnot differ for the delayed group and the imméslia
group,t(52) < 1.0p > .10. Note, that as expected, participantsuiegtd to reflect upon the main ideas and
details of the text used quite a bit of time dosimg and much more so than participants typicaley (gs10
sec) to make either immediate or delayed metacdmpston judgments (Baker & Dunlosky, in press;
Morris, 1990).

Metacomprehension accuracy. As before, metacomprehension accuracy was opeadized as a
Goodman-Kruskal gamma correlation between a ppditis comprehension judgments and test
performance across texts. No participants hadténd@gnate gamma correlations. The mean gamma
correlation was not different for the delayed graumu the immediate grou{52) = .20,p > .10, see the
leftmost panel of Figure 3. Apparently, the extrae spent thinking about the texts after a deliayrobt
improve metacomprehension accuracy in an analog@amer to the delayed generation of keywords.

Experiment 4

Delaying metacomprehension judgments—even withiipaégstructions to consider the to-be-judged text
in depth—is evidently not sufficient to boost metaprehension accuracy, which implicates the keysiord
as an important factor for boosting the accuracgalfyed judgments. However, the instruction fakh
about the text is a vague direction for particisaniKeywords may act as more specific cues, and may
constrain the way readers reflect on their undeditey of the text. To test the possibility thabyiding
keywords guides participants’ metacomprehensiogmuehts, we employed a yoked design in which half
the participants generated keywords, while theroltizdf were asked to read the keywords that had bee
generated by others. If keywords act as specdifesdo help readers better reflect on their undedshg,
then metacomprehension accuracy should improve \wégwords are provided to readers prior to delayed
judgments as much as when keywords are generated.

M ethod
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Subjects.  Sixty students enrolled in a psychology courseth@ University of lllinois at Chicago
participated as part of a subject pool and werelaarty assigned to two groups by order of appearance
Participants were treated in accordance with thHacat standards of the American Psychological
Association.

Materials and design. The texts were the same as in the previous expets. Participants were in one of
two groups. Theenerate group generated a list of keywords as in ExperimeniThe read group read a
list of keywords that had been generated by a ygkeaticipant from the generate group. As in the/jones
experiment, only inference questions were usetigexperiment.

Procedure. Thegenerate group generated a list of keywords as in the delayedvieg group in Thiede et
al. (2003). That is, participants read all thetgexThey then generated keywords for each tekieyThen
judged their comprehension of texts and finally veered six 4-alternative multiple-choice inference
qguestions for each text. Thead group completed the same procedure as the generate,gesappt
instead of generating keywords, they read a ligtegfvords that had been generated by a yoked ipeaic
from the generate group. Participants were ingtuto study the keywords that were presentedhas t
keywords had been generated to capture the eseétioe text. The participants controlled the antoafin
time allocated to studying the keywords.

Results and Discussion

Test performance and comprehension judgments. As before, descriptives on test performance and
comprehension judgments are provided first becawsgcomprehension accuracy describes the relation
between these variables. As reported on the bottbifiable 2, test performance did not differ across
groups,t(58) < 1.0,p > .10. Comprehension judgments were significahiggher for the read group than
for the generate grouf{58) = 2.49p = 02, effect size = .10.

Time processing keywords. For each participant, we computed the mediage 8pent generating or reading
keywords across the six texts. The mean of theianedvas then computed across participants for each
group, as reported in the bottom of Table 4. tktdonger to generate keywords than it did read the
keywordst(58) = 7.3,p < .001, effect size = .48.

Metacomprehension accuracy. As before, metacomprehension accuracy was apeadived as in the
previous experiments. One participant in the gradip was not included in the analysis becauseatieah
indeterminate gamma due to invariance in comprebenstings. As shown in the rightmost panel of
Figure 3, the mean gamma correlation was signifigagreater for the generate group than for tharea
group,t(57) = 2.64p = .01, effect size = .11. These results sugdptthe act of generating keywords is
critical to improving metacomprehension accuracy.

The difference in the magnitude of comprehensialginents and the shorter keyword processing times in
the read keyword condition suggest that keywordegation is altering the processes that readerdaise
reflect on and evaluate their comprehension oftéixés. Only the generate condition may be prongptin
readers to move beyond a superficial reflectiomhentexts.

General Discussion

Until recently, the general conclusion to be drafnom metacomprehension research was that people
demonstrate only meager levels of accuracy at pgltfieir comprehension of recently read texts, tidc
particularly disheartening given that monitoringca@cy is positively related to learning (Thied699).
Moreover, attempts to improve accuracy have typigaloduced less than impressive results (for @&exev
see Maki, 1998b). However, recent research hasated that monitoring accuracy can be improvedgusin
delayed generation tasks (Thiede & Anderson, 2008ede et al., 2003). Even so, the delayed and
immediate conditions in these past studies confedrile delay between reading and generation taisks w
other task lags, such as the lag between multhegtion tasks and the lag between generatios task
judgments. The first two experiments disentangésé¢hconfounded manipulations.

Metacomprehension accuracy describes a personisyabi judge his or her understanding of one text
relative another. Therefore, contexts that fa#itrelative comparison of texts should improveusacy
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(Nelson & Narens, 1980). According to this accow®nerating keywords for texts successively (rathe
than spaced) should have facilitated a relativeparison of texts because the cues produced by afamger
keywords can be easily compared from one text ® miext. Yet, we demonstrated here that
metacomprehension accuracy was not influenced lacisp keyword generations. Once successive
keyword generation was unconfounded from RK detaygcessive generations were no longer associated
with improved metacomprehension accuracy. A secaltenative hypothesis was that shorter lags
between keyword generation and metacomprehensignijents might also be the source of improved
comprehension monitoring. The rationale behinds thrediction is that when a person makes a
metacomprehension judgment, one may be most aecutzgén one has easy access to relevant cues that
serve as bases of judgments. Perhaps surpridimgly metacomprehension accuracy was not affegted b
delaying judgments until well after keyword gengmat which presumably would have provided the cues
that boosts metacomprehension accuracy. Thus,noperiant contribution of the present research was i
establishing that these factors (KK lag and KJ k@) not responsible for improving metacompreheansio
accuracy, which disconfirms two plausible theowdtaccounts for the delayed-keyword effect.

The present research isolated the most criticabfador improving metacomprehension accuracy, whic
are thegeneration of keywords and thdelay between reading a text and generating keywores the RK
lag). The need for this combination of factors banexplained in terms of accessing a text reprasent
that will be critical for comprehension test perfance. The generation task may provide the negessa
framework to direct participants to retrieve a esgmtation of the text from memory, while the Rig la
allows for changes in the relative accessibilityeft representations. Delayed generation tasksatieit
relatively diagnostic cues for predicting test perfiance, either simply because they require regtiffom
LTM, or alternatively, because the delay allows fioe surface and text-base levels of representation
become less accessible, forcing readers to acdess gituation model which is more central to
comprehension. Thus, judgments will be more a¢euracause the reader has already tried to adoess t
text representation that constrains their perfomeasn a test. The process of delayed retrieval frdiv
may provide better feedback cues for predictingireitaccess to a LTM representation. In addition,
judgments may also be more accurate because tsegenerated during the keyword task are based more
on the situation model of the text, which wouldrbest diagnostic of inference test performance beiot
tests requiring conceptual understanding (e.g.,|@ky & Rawson, 2005; Rawson et al., 2000; Thiede &
Anderson, 2003; Wiley, Griffin & Thiede, in presspn the other hand, keyword generation immediately
after reading does not require retrieval from LTMiaan be performed using a highly accessible &seth
representation that is not diagnostic of perforneamic a delayed test of comprehension. The geitkral
here is that the combination afelay and keyword generation increases the likelihood that a text
representation that is diagnostic of future testquemance will be accessed, and that cues fromsaaug
this representation allow the reader to make mocarate metacomprehension judgments.

In Experiments 3 and 4, we found that the metacehgmsion accuracy of delayed judgments was
relatively low compared to keyword generation, Whiguggests that the improvements result from a
particular interaction between generating one’s dwaywords and performing this task at a delay.
Delaying comprehension judgments alone does notrawgp metacomprehension accuracy. This is
supported both by our data and previous findingvleki and Dunlosky (Maki, 1998b; Dunlosky et al.,
2005). Further, extending the amount of time iriclvta reader reflects on the text before judgmésd a
does not lead to improved metacomprehension acguraddoreover, delayed activities like vaguely
thinking about the text or reading other people&sywords does not require the same process and
representation access as delayed generation, tloes ot provide diagnostic feedback about
comprehension. Instead, what seems critical f@raving metacomprehension accuracy is the presaice
certain cognitive tasks, such as delayed keyworgigaion, that involve the kind of processing aodeas

to representations relevant to future comprehenséwformance.

At present it is impossible to distinguish the tieka contribution of these two possible factors.r®avork
is needed to discriminate between them and determimether it is LTM access or, more specifically,
situation model access that produces the cuesrtatigting delayed comprehension performance. Such
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future work will face methodological obstacles givahe construct overlap between LTM text
representations and situation model representatétbthe possibility that features of the situatioodel
are a major factor in determining LTM accessibility

Our goal in future investigations is to discoverhest interventions that may also improve
metacomprehension accuracy. In particular, weirgerested in finding tasks or reading strategies t
may require situation model use either without lagler even during the act of reading. Not onlyudo
such tasks aid in testing use of the situation hiodkependent of LTM access, but these kinds ofiroa-
tasks may be most useful in real classroom instmictFuture research focusing on the nature df saisks
and what they require or afford is likely to eith@ovide further support for the mechanism of gitra
model use or provide insights into alternative nagitms that might account for the delayed-keyword
effect.

In summary, discovering ways to improve metacomgmnslon accuracy is an important step to
understanding the processes involved in monitocmgprehension. The present research illuminateld su
processes by systematically ruling out factors tioatid have contributed to enhancing metacomprétiens
accuracy, and isolating the key factors (a germmatisk, and a delay between reading and geneyéaiian
are responsible for one of the largest and mostigbleffects on metacomprehension accuracy—the
delayed-keyword effect. Although our preferredast of this effect involves the role of monitoriag
the level of the situation model, further progressikely to be made when this account is compelsi
evaluated against other contenders. Perhaps mesiriant, by demonstrating the key factors as agll
the replicability of the delayed-keyword effect, agspect that such contenders will be forthcomivigch

in turn will promote further progress toward undensling the delayed-keyword effect in particulad an
metacomprehension in general.
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Appendix A
Sample Text and Test Questions

The testing of intelligence has a history goingkoiacthe turn of the century when Binet in Parigmipted to select
children who might profit from public education.in€e that time the notion of intelligence has b#ensubject of
considerable scrutiny, especially by Spearman igldid in the 1930s, and of much and often bittetrowversy.
Intelligence is defined as a general reasoningtalihich can be used to solve a wide variety atpems.

It is called general because it has been shownr&alpy that such an ability enters into a variefytasks.

In job selection, for example, the average cori@hatvith occupational success and intelligence destes

is 0.3. This is a good indication of how geneng¢lligence is, as an ability.

This general intelligence must be distinguishednfrother abilities, such as verbal ability, numdrica
ability, and perceptual speed. These are moreifgpabilities which, when combined with intelligee,
can produce very different results. A journalistla@ngineer may have similar general intelligenae b
would differ on verbal and spatial ability. Thétdrate scientist and innumerate arts studentvaeit-
known stereotypes illustrating this point.

Most of our knowledge of intelligence has come altbwough the development and use of intelligence
tests. In fact, intelligence is sometimes defimsdthat which intelligence tests measure. Thisoisas
circular as it might appear: what intelligence $aseasure is known from studies of those who duigtdy

and those who do not, and from studies of whatbeapredicted from intelligence test scores. Indéesl
very notion of intelligence as a general abilitymas about from investigations of intelligence testsl
other scores. Well-known tests of intelligence #rve Wechsler scales (for adults and children), the
Stanford-Binet test and the British Intelligenceal®c These are tests to be used with individusigll-
known group tests are Raven’s Matrices and Catt€liilture Fair test.

The 1Q (intelligence quotient) is a figure which kea any two scores immediately comparable. Saatres
each age group are scaled such that the mean isaddhe standard deviation is 15 in a normal
distribution. Thus a a score of 130 always mehas the individual is two standard deviations abthe
norm, that is, in the top 2 1/2 percent of the gqugaip.

Modern intelligence tests have been developed tirdbe use of factor analysis, a statistical metinad
can separate out dimensions underlying the obsetifstences of scores on different tests. Whes ith
applied to a large collection of measures, anligezice factor emerges which can be shown to rioutih
almost all tests. Factor loadings show to whagetxa test is related to a factor. Thus a tesboébulary
loads about 0.6, that is, it is correlated 0.6 wittelligence. Such loadings, of course, give @acl
indication of the nature of intelligence.

The results of one of the most technically adeqdiattor analyses, by Cattell, can be summarized as
follows. Intelligence breaks down into two compotse Fluid ability is the basic reasoning abilityhich
in Cattell's view is largely innate and dependsmffte neurological constitution of the brain. sltargely

independent of learning and can be tested bedehysiwhich do not need knowledge for their solution
Crystallized ability is fluid ability as it is used a culture. In Cattell's view, crystallized &tyi results
from the investment of fluid ability in the skil@lued by a culture. This involves the traditioaahdemic
disciplines, for example, physics, mathematicsssits, or languages.
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Many social class differences in intelligence tsires and educational attainment are easily epédn
terms of these factors especially if we remembat thany old-fashioned intelligence tests measure a
mixture of these two factors. Thus in middle-cléssnes, where family values and cultural values are
consonant, a child’s fluid intelligence becomesested in activities which the culture as a wholki@s
(verbal ability, for example). Performance in eahimn is thus close to the full ability, as measuby the
fluid ability of the child. In children from homeshere educational skills are not similarly encoec
there may be a considerable disparity betweentyhilind achievement. On intelligence tests where
crystallized ability is measured, social class etéhces are greater than on tests where fluidtyalisli
assessed.

Thus a summary view of intelligence based on tletofaanalysis of abilities is that it is made uptwb
components: one a general reasoning ability, lgrgelate, and the other a set of skills resultirarf
investing this ability in a particular way. Thes® the two most important abilities. Others aceptual
speed, visualization ability and speed of retridv@in memory--a factor which affects how fluent are in
our ideas and words.

We are now in a position to examine some crucilds in the are of intelligence and intelligencting,
issues which have often aroused considerable embtib have been dealt with from bases of ignorance
and prejudice rather than knowledge. Positionstlen controversial question of the heritability of
intelligence polarize unfortunately around politipasitions. Opponents of the hereditary hypothesire
heartened by the evidence (now generally accepbed)Sir Cyril Burt had manufactured his twin data
which supported this hypothesis. However, theeeotiner more persuasive data confirming this positt
data coming from biometric analyses.

First, what is the hereditary hypothesis? It ckatimat the variance in measured intelligence itaBriand
the USA is attributable about 70 percent to genfatitors and 30 percent to environmental factdtds
very important to note that this work refers toiaace within a particular population. If the emviment
were identical for individuals, variation due teetknvironment would be zero. This means that éigur
cannot be transported from culture to culture @mefrom historical period to period. This variameéers
to population variance; it does not state that @x@nt of the intelligence in any particular indival is
attributable to genetic factors. Finally, a crugaint is that interaction takes place with theismment;
there is no claim that all variation is geneticalgtermined.

These figures have been obtained from biometridyaisa which involve examining the relationship of
intelligence test scores of individuals of diffegimlegrees of relatedness. This allows variancbeto
attributed to within-family and between-family effe, as well as enabling the investigator to decide
whether, given the data, assortative mating, cgroenetic mechanisms can be implicated. Workviheyi
from this approach is difficult to discount.

The issue of racial differences in intelligenceeieen more controversial, with potentially devasitati
political implications. Some social scientists|fét this is a case where research should besthms
for example with certain branches of nuclear phy/sied genetic engineering. Whether suppressidimeof
truth or the search for it is ever justifiablea$ course, itself a moral dilemma.

The root of the problem lies in the inescapablé faat, in the USA, Blacks score lower on inteltige
tests than do any other group. Fascists and mendfeultra right-wing movements have immediately
interpreted this result as evidence of Black imfiéty. Opponents of this view have sought the eansa
variety of factors: that the tests are biased agditacks, because of the nature of their itemghe©
arguments are that Blacks are not motivated toedts tset by Whites; that the whole notion of testin
foreign to Black American culture; that the depeessonditions and poverty of Black families conitio

to their low scores; that the prejudice againstkdacreates a low level of self-esteem so that tweypot
perform as well as they might; and that verbal station in the Black home is less than in that dfitafs.
Jensen investigated the whole issue in great detdiny of these arguments were refuted by experiahe
evidence, especially the final point--for Blacks domparatively better on verbal than non-verbalstes
But to argue that this is innate or biologicallytetenined goes far beyond the evidence. Motivationa
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factors and attitudes are difficult to measure anay well play a part in depressing Black scoreshatis
clear, however, is that on intelligence tests, geoaip, American Blacks perform less well than otlagial
or cultural groups, while these tests still predhictividual success in professional, high-statusupations.

Intelligence as measured by tests is importantusea complex technologically advanced societiesa
good predictor of academic and occupational succédsat is why people attach great value to being
intelligent. For example, cross-cultural studidsatilities in Africa have shown that the notion of
intelligence is different from that in the west aisdhot there so highly regarded. Many skills ifri¢an
societies may require quite different abilitieshu$ as long as, in a society, it is evident thatwdable
contributes to success, that variable will be vdjwnd even though intelligence is but one of ¢hple of
personal attributes, there is, in the west, llitbpe that more reasoned attitudes to intelligeriigrevail.

Two further points remain to be made. First, thet that there is a considerable genetic compahess
not mean that the environment (family and educatitmnot affect intelligence test scores. It hesdy
been shown that even with 80 percent genetic dé@tatimn, environmental causes can produce variation
of up to 30 points. Finally, the rather abstraettistically defined concept of intelligence is nd&ing
intensively studied in cognitive experimental psylolgy in an attempt to describe precisely the mabfr
this ability.

Detail question

Which of the following tests is suitable for groagministration?
British Intelligence Scale

Raven’s Matrices*

Stanford-Binet test

Wechsler scales

oCow>

Inference question

What would be more helpful in scoring well on ahiagement test?
A. Crystalized ability*
B. Fluid ability
C. neither affects performance on achievemers test
D. they would affect performance on an achieverntesitequally
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Footnotes
1. These data are not needed to evaluate hypottedated to the delayed-keyword effect. Nonettgleg
analyzed EOL data. Across all four experimentsstv@ved that the mean magnitude of EOLs and thelegion
between EOL and test performance did not diffeosgigroups, afFs< 1.7,p > .10.
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2. These data are not needed to evaluate hypsthelsted to the delayed-keyword effect. Howewer,
analyzed reading time data to establish equivalérctme on task or engagement with the textsroas all four
experiments, we showed that the mean reading tiched differ across groups, &k< 1.2,p > .10.

Figure Captions

Figure 1. Metacomprehension Accuracy for Experiment 1. For the data presented comprehension was assegbed
inference test questions. On the horizontal arnédiate Keyword Generation is RK-immediate and
Delayed Keyword Generation is RK-delayed. In #gehd, No Keyword-Judgment Lag is KJ-no lag and
Keyword-Judgment Lag is KJ-lag. The error barstlagestandard errors of the means.

Figure 2. Metacomprehension Accuracy for Experiment 2. Comprehension was assessed with inference test
guestions. On the horizontal axis, the KK-spacedigs had generation of keywords for one text aed th
next filled with reading of one text. The KK-doetdpaced group had generation of keywords for exte t
and the next filled with reading of two texts. TKEK-successive group had no delay between generafio
keywords for one text and the next. In the legéine RK-immediate group generated keywords
immediately after reading a text. The RK-shoragledroup had a filler text between generation of
keywords for one text and the next. The RK-delayexlips had the delay between reading and gengratin
keywords filled with the reading of the remainiegts. The KK-spaced group, the rightmost bar,dad
filler text between generation of keywords for dext and the next. The error bars are the stanetaods
of the means.

Note: The " and 4" bars represent groups with filler texts.

Figure 3. Metacomprehension Accuracy for Experiments 3 and 4. For both experiments, comprehension was
assessed with inference test questions. The leargrare the standard errors of the means.
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Table 1 Overview of Proceduresfor Thiede et al. 2003, Experiments 1 and 2.

Thiede, et al. (2003): Immediate and Delayed Keyword Conditions

Delayed-Keyword R1, R2, R3...R6 K1, K2, K3...K6 J1,J2,J3... J6 T1, T2, T3...T6
Immediate-Keyword R1, K1; R2, K2; R3, K3...R6, K6 J1,J2,J3... J6 T1, T2, T3...T6
Experiment 1. Lag versus No-lag between Keywords and Judgments
*RK-delayed-KJ-lag R1, R2, R3...R6 K1, K2, K3...K6 Ji,J2,J3... J6 T1,T2,T3...T6
RK-delayed-KJ-no lag R1, R2, R3...R6 K1, J1; K2, J2; K3, J3... K6, J6 T1,T2,T3...T6
*RK-immediate-KJ-lag R1, K1; R2, K2; R3, K3...R6, K6 Ji1,J2,J3... J6 T1, T2, T3...T6
RK-immediate-KJ-no lag R1, K1, J1; R2, K2, J2; R3, K3, J3... R6, K6, J6 T1,T2,T3...T6
Experiment 2: Successive versus Spaced and Double-spaced Keyword Generations
*RK-delayed-KK-successive R1, R2, R3...R6 K1, K2, K3...K6 J1,J2,J3... J6 T1, T2, T3...T6
RK-delayed-KK-spaced R1, R2, R3...R6 F1, K1, F2, K2, F3...K6 Ji1,J2,J3... J6 T1, T2, T3...T6
*RK-immediate-KK-spaced R1, K1; R2, K2; R3, K3...R6, K6 J1,J2,J3... J6 T1, T2, T3...T6
RK-immediate-KK-dbl spaced R1, F1, K1; R2, F2, K2...R6, F6, K6 Ji,J2,J3... J6 T1, T2, T3...T6

Note. R1 = Participants read text 1... ; K1 = Participants generated a list of keywordd fior. teJ1 = Participants judged

their comprehension of text 1...; T1 = Participants took test on text 1...; F1 = Particgahfdler text 1..

* Indicates the condition replicates the original Delayed-Keyword condition ird&aeal. (2003).
** Indicates the condition replicates the original Immediate-Keyword condiidrhiede et al. (2003).
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Table 2. Mean Test Performance and Comprehension Ratings

Group Test Performance Comprehension Rating

Experiment 1

Inference Detail
RK-Delayed-KJ-lag .50 (.03) 52 (.02) 4.30 (.21)
RK-Delayed-KJ-no lag 46 (.03) 49 (.02) 4.21 (.16)
RK-Immediate-KJ-lag 46 (.02) 48 (.02) 4.30 (.19)
RK-Immediate-KJ-no lag 47 (.03) .52 (.03) 4.52 (.17)

Experiment 2

RK-Delayed-KK successive 46 (.03) 3.74 (.26)
RK-Delayed-KK spaced* 43 (.03) 4.00 (.24)

RK-Immediate-KK spaced 42 (.03) 4.02 (.24)
RK-Immediate-KK double spaced* .42 (.03) 4.24 (.21)

*These conditions contained filler texts
Experiment 3

Immediate-think about text .51 (.05) 3.74 (.31)

Delayed-think about text 49 (.05) 4.04 (.31)

Experiment 4
RK-Delayed-generate keywords 40 (.03) 3.58 (.19)

RK-Delayed-read keywords 42 (.02) 4.25 (.19)

Note. Entries are mean across individual’'s median test performance (proportiect)cand

median judgments. Values in parentheses are standard errors of the means.
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Table 3.0Overview of Procedures for Experiments 3 and 4.

Experiment 3: Delayed versus |mmediate Thinking-about-text Conditions
Delayed-Thinking R1, R2, R3...R6 Thi, Th2, Th3...Th6 J1,J2,J3... J6 T1,T2,T3...T6
Immediate-Thinking R1, Thl; R2, Th2; R3, Th3...R6, Th6 J1,J2,J3... J6 T1, T2, T3...T6

Experiment 4. Delayed Read versus Delayed Generate Keyword Conditions
Delayed-Reading R1, R2, R3...R6 RK1, RK2, RK3...RK6 Ji,J2,J3... J6 T1, T2, T3...T6
*Delayed-Generate R1, R2, R3...R6 GK1, GK2, GKGK6 J1,J2,J3... J6 T1, T2, T3...T6

Note. R1 = Participants read text 1... ; Thl= Participants was instructed to think about textl1=.Participants judged
their comprehension of text 1...; T1 = Participants took test on text 1...; RK1 = Partickpadhiseywords for text 1... ;
GK1 = Participants generated keywords for text 1...

* Indicates the condition replicates the original Delayed-Keyword condition ird&aeal. (2003).
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The Delayed Keyword Effect

Table 4. Mean Latency to Think about Texts, Generate and
Examine Keywords

Group Latencies

Experiment 3
Immediate-think about text 42.4 (5.2)

Delayed-think about text 50.2 (8.9)

Experiment 4

RK-Delayed-generate keywords 45.8 (3.7)

RK-Delayed-read keywords 14.6 (2.3)

Note. Entries are mean across individual's median latencies to

generate five keywords. Values in parentheses are standard errors

of the means.
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