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SUMMARY

Previouswork has suggested that adding illustrations to expository science texts can
decrease metacomprehension accuracy. Not only are students unable to take advantage of the
illustrations for informing thie self-assessments, it seems they can actually be hurt by them. One
hypothesis to account feinese findings is thallustrationsincrease the salience of cues not
based irrepresentatiamnof the text In turn, this may influenceeaders to base theirdgments on
these cuegather tharmore valid cues based in the quality of their situation modlel$est this
hypothesis the current study investigated whether providing students witheagaliation
instruction would help to improve their metacompretien accuracy for illustrated tex8elf-
explanation instructions were used because they havesheem toassist irmental model
constructiorand inference generatipwhich also leads to increased access to cues based in
reader s’ s iBendistofiselfaxplamatidneners seen in conditions where participants
read texts paired with conceptual imadas,these same benefits were not found when texts
were paired with decorative images or no images. An analysis of the cues participants reported
using to make their etacognitive judgments indicatétht participants were not usicges
based in theisituation modetepresentatianof the texin the neimage and decorative images
conditions.Instead, participants in thesenditions reported usingues such as their surface
memory for the textcharacteristics of the text, or information about the reader such as their
interest or prior knowledge in the topics to make their judgments rather than their comprehension
of the text.Future studies wilinvestigate if further benefits in metacomprehension accuracy can

be found when studen#se instructed how best to use ilmages during sekxplanation.

vii



I. INTRODUCTION

Beingabl e t o accur awndehrying plays a ctiticat roleimetféctsre
learning and studying behaviors (Thiede, Anderson, & Therriault, 2003). Specifically, it is
important that students are able to differentiate the material they have learned well from the
material they haveat learned well. Mny science topics are challenging, and for some domains
like geology, biology and chemistry, a popular way of supporting understanding is through
providing visualizations such as illustrations, photos, videos or animaBalhsgfka, 2995;

Mayer, 1994 Mayer & Gallini, 1990. Although there is a fairly large amount of research

looking at how and when providing visualizations may affect learning (Butcher, 2006; Hegarty

& Just, 1993; Moreno & Mayer, 1999), much less is known about hoprésence of
visualizations may affect st udemptelensiof udgement
monitoring accuracy

What is Monitoring Accuracy?

For the purpose of this research, comprehension monitoring accuracy or
metacomprehension accura@fers to the ability to predict how wahewill do on a set of
comprehension tests after reading a set of texts. Several measures of metacomprehension
compare metacognitive judgments with actual performance, but each orsodoesslightly
different manner. These measures include absolute accuracy, confidence bias, and relative
accuracy (Maki, 1998). Absolute accuracy is computed as the mean absolute deviation between
judged and actual performance. This measure is somataieesed to as calibration because it
gives an idea of how fframactad gerfoemante Confuencediasj u d g m
is a similar measure but actually concerns th

sometimes referred tas overunder confidenceThis neasure is computed as the signed



difference between mean judgments and mean performance. Finally, relative accuracy refers to a
participant s a c c ur a c yperformange oneodei texttrelativg to other texts (Glenberg &

Epstein, 1985; Maki & Berry, 1984). As recommended by Nelson (1984), relative monitoring
accuracyiscomputedasaniatrandi vi dual correl ation between r
for each text relative to the other texts, and their actual performance otesiacative to other

tests. Correlations can range freinto +1, with correlations near O or below representing chance

to poor accuracy. Correlations near +1 would indicate very dscdminationbetween texts

one hasunderstood well from thosmne fasnot.

While all three measures of metacomprehension accuracy offers insights into the
differences between judged and actual performance, absolute accuracy and confidence bias can
be influenced by factors that do not affect relative accuracy measueesicatly, absolute
accuracy and confidence bias are dependent upon mean performance levels. This can be
problematic because it can in turn allow for fmoatacognitive factors to influence the accuracy
scores obtained, for example by things such as texsodifficulty and amount of prior
knowledge. Because relative accuracy is less affected bynetacognitive factorst is this
measure that is mosbmmonly used in studies of metacomprehension accuracy and is also the
measure that will be employed the current study.

Even though relative accuracy is less affected bymetacognitive factors, typical intra
individual correlations between peopl es’ pred
actual test performance are generally only ara@idMaki (1998) reported this correlation
between comprehension judgments and test performance across 25 studies from her own lab.
Research from Dunlosky’s | aboratory noted the

different conditions (Dunlosky & ipko, 2007). In a recent review, Thiede, Griffin, Wiley and



Redford (2009) found the same figure for average correlations across all studies in the literature.
Yet, despite how poor monitoring from text tends to be, accurate monitoring matters besause it i
what allows students to differentiate what is necessary to restudy, which is in turn critical for
effective selfregulated learning (Thiede, Anderson, & Therriault, 2003).

A Basic Model of Metacomprehension Accuracy

As mentioned earlier, elacomprehensn accuracy is determined in part by the
judgments that are made by a reader. Koriat (1997) proposed théilaation account to
explain the accuracy of judgments of learning as a function of the cues that are used as the basis
for judgments. This accoi posits that people have a variety of cues that they can use to predict
their performance, and thiite accuracy of these predictions hinges upon whether the chosen
cues are consistent with the factors that will affect their performance on thattesuigh the
cueutilization account was originally formulated to explain predictions of performance in
pairedassociate learning paradigms, it is still useful in understanding the mechanisms that may
be underlying metacomprehension accuracy.

When askedo make judgments of their comprehension of a text, readers have access to
many cues that could affect how these judgments are made. Some cues, referred to as heuristic
cues, are available to the reader before, during, or after the text has been raas pand
directly related to the process of creating a mental model of the text. Some examples of heuristic
cues include topic interest, prior knowledge, fluency and mood. Other cues, referred to as
representatioiased, only become available during orraféading a text and develop from the
process of attempting to create a mental model or situation model level representation of that
text. Examples of this type of cue include how able the reader is to summarize or explain the

text, and how accessible asherent the representation of the text isffriJee, & Wiley,



2009).While surface memory for the texinalsoserve as representatichased cue,

comprehension requires that the reader create a mental representation of the ideas from the text
(Kintsch, 1998)thereforesituation modetepresentatiofrased cues tend to be more accurate
predictors of performance on comprehension tests. However, readers more commonly tend to
rely on heuristic cues, perhaps because they are more salient than repoedessatl cues, and
require less effort (Griffin, Jee, & Wiley, 2009), although they generally resultorepo
metacomprehension accuracy. Specifically, research conducted by Thiede, Griffin, Wiley, and
Anderson (2010) found that students tended to resomy five distinct cues to make their
judgments; their comprehension of the text, their memory for the text, their prior knowledge,

their interest, or surface features of the text. Results from their study indicated that, while the use
of comprehension @s was reported least often, those students who did report basing their
judgments on comprehension cues had the most accurate metacomprehension.

Despite peoples’ tendency to make inaccur a
text, several studies @ demonstrated that some specific contexts are more likely to invoke the
use ofsituation modetepresentatiofbased cues, which in turn have shown large improvements
in metacomprehension accuracy. This line of research is aimed at investigating niangula
that make cuelased in the situation model representation of thenexé accessible to readers.

For example, readers have been shown to be more accurate when they generate their judgments
following a delay between reading and judging. The iddana this phenomenon is that as time
passes, surface cues decay and become less accessible, forcing the readers to rely on situation
model cues (Thiede, Dunlosky, Wiley & Griffin, 2005). Additionally, having readers create
concept maps while reading haasged to increase accuracy, also by making situation model

cues more accessible than under normal circumstances (Redford, Thiede, Wiley & Griffin,



accepted). Another study conducted by Thiede, Wiley and Griffin (2011) demonstrated that
metacomprehension @wracy could be increased if participants knew what kind of test to expect.
Specifically, students who expected inference tests instead of memory tests generated more
accurate predictions for inference tests. Thiede et al. (2011) argue that this inaceasady is

due to the fact that the test expectancy manipulation is helpful in making the purpose for reading
more clear and therefore, once again, directs students to more helpful cues.

Another technique that has been shown to improve metacomprehaoswacy is self
explanation (Griffin, Wiley & Thiede, 2008). The term seplanation refers to the process of
generating explanations to one’s self while
of elaboration, but with the main goalibhg to make sense of what one is learniautper than
simply memorizing Chi, 2000).By prompting students to make connections and note relations
across sentences, to consider the meaning and relevance of each sentence, and to think about the
overall purpse or theme of the text, students are more likely to construct a mental model and to
make inferences to fill in gaps in the text which leads to better learning froCtaxbDe
Leeuw, Chiu, & LaVancher, 1994). In addition, becauseegifanation getseaders to focus on
their mental models, it also increases their accessds based in their situation model
representations of the textherefore, selexplaining can lead to readers making more accurate
judgments about their level of understandi@giffin, Wiley & Thiede, 2008).

How Could lllustrations Affect Metacomprehension?

Although research has supported the idea that illustrations can improve the
comprehension of expository text under certain circumstances, much less research has explored
how they may affect metacomprehension accuracy. From a theoretical perspective one could

argue that including illustrations or images alongside expository text could improve



metacomprehension accuracy. Ainsworth and Loizou (2003) conducted a study in which they
had participants learn about the circulatory system either through a diagram or from text alone
while selfexplaining. The results of this study showed that students in the diagram condition
performed significantly better on their pdests than studenits the text condition. More
importantly, they found that students in the diagram condition made moexpédhation
statements than students in the text condition, suggesting that illustrations were helping the
learners to create more coherent mentadei This increase in sadikplanation statements and
more coherent situation models could increase the salience of more appropriate representation
based cues. Based on this idea, one could hypothesize that adding conespayalii
illustrations to epository text could lead to more accurate metacomprehension judgments.
Alternatively, one could also hypothesize that including illustrations alongside expository
text could harm metacomprehension accuracy. A study conducted by Serra and Dunlosky (2010)
investigated whether people believed that learning from multimedia was more effective than
learning from text alone, and whether this perception would be reflected in their
metacomprehension judgments. To test this hypothesis they had participants filstea@mn
guestionnaire that assessed their beliefs about multimedia learning and its effectiveness.
Participants also read a text, either with diagrams of how lightning forms, with photographs of
lightning strikes, or without images at all, and made juddgeafter each paragraph which asked
them to estimate the likelihood that they would be able to answer questions about that paragraph.
After reading, they completed a comprehension test that was the same across all conditions.
Results from the multimediazeliefs questionnaire revealed that all participants strongly
endorsed the belief that multimedia presentations produce better learning than text alone.

Furthermore they found that people in the text only condition tended to make lower



comprehension judgmes than people in either image conditiaich were both high.
Although judgments did not differ for both image conditions, test performance did. Test
performance was only better in the diagrams condition. The photos did not improve test
performanceowe t he pl ain text condition. These resul
multimedia learning can affect their metacomprehension judgments. The higher judgments for
the two image conditions as compar ejudgnmeots t he p
are based at least in part on their beliefs about the superior learning effects of multimedia.
Additionally, the fact that judgments did not differ between the two image conditions, but
learning did, further supports the idea that people relyoome type omultimedia heuristi¢o
make their judgments rather than the actual experience of learning from thgheext.
indiscriminate use of this tgpof heuristic could redudéeeh e absol ute accuracy o0
judgments of text learning in multimeds@uations

Although the use of heuristicwould notnecessarilyaffect relative accuracy, the
presence of illustrations in expository text could still disrupt monitoring procédsegresace
of illustrations couldlecreaseelativeaccuracy because they may providaders with more
cues many of whichwould not be based in their representation of the textexample,
differentillustrations could cause readers to emnjdferenttexts more Harp & Mayer, 1997) or
perhapsnake cerin textsmore distincthan othergRoediger & Guynn, 1996), while not
increasing understanding of the main concepts or increasing the salience of more appropriate
representatioibased cues.

Results from an unpublished pilot study (Jaeger & Wiley, 28apport the hypothesis
that the presence of illustrations may actually harm metacomprehension ackutiaisystudy

studentgeadexpository texts that were either paired with no image, a condepiage, or a



decorative image and were asked to mak&owenprehension judgments following each text.
Results from this study indicated tlsatu d e nt s’ met acomprehensi on acc
affected across the three image conditions. T
metacomprehension accuracy betw#e neimage and conceptual image conditions. However,
students in the decorative condition had less accurate metacomprehension than students in the
no-image condition. Thus, in this study, students were unable to take advantage of the
illustrations inthe conceptual image condition, and were actually harmed by the presence of
images in the decorative condition.
Aims for the Current Study

In an attempt to increase monitoring accuracy for illustrated text we were interested in
extending and combining somaspect®f the work of Ainsworth and Loau (2003) and Griffin,
Wil ey and Thiede (2008). Specifically, the cu
performance and monitoring accuracy as a function of the type of image they saw while reading
an expaitory science text and whether or not they were instructed texgakin while reading.

Based on the previously mentioned research demonstrating increased metacognitive
accuracy for students who seltplain during reading, it was predicted that-gz[flaining
would lead to more accurate monitoring for students in all conditions because it would make
representatioibased cues more salient. Results from the pilot experiment showed that adding
decorative images to expository text resulted in less aecoranitoring judgments, but adding a
selfexplanation strategy could reverse this result. Further, by addingexpéhation
instruction, students’ met acompr ehecoudi on accu
improve beyond that of participantstire no image condition because it has been shown that

diagrams facilitate seléxplaining more so than text alone.



At the end of this study, students will also be asked tergptirt the cues they used as a
basis for their judgments. Based on Thiedd.2810) it is alsopredcted that students who
reportusing comprehension as a bdsistheir judgments wilhave the most accurate
metacomprehension because these cues are consistent with the type of information needed to
perform well on inference tes It is further predicted that because conceptual images provide an
additionalroute to developing a situation model representation of the processes being described
in the text, students in this condition will have more accurate metacomprehensiomdestsst
in the no image or decorative image conditions. Finally, it is also predicted that because self
explanation increases the salience of situation model represesitatied cues, all students
instructedto selfexplainwill have increased metacompreiseon accuracgs compared to those
not instructed to sekxplain. Havever based on Ainsworth and Loiz (2003), it is predicted
that this increase will be greatest in the conceptual image condition because diagrams have been
shown to facilitate the craah of more selexplanation statements.

[Il. METHOD
Participants

As partial fulfilment of a course requiremen€3lundergraduate college stude(td
male)were recruited from the Introductory Psychology Subject Pool at the University of lllinois
at ChicagoAny participants whdnad indeterminate judgmer(td=10), failed to comply with
task instructiongN=24), or who were not proficient English speakéh=6) were not retained
for the final analysedS hree participants were also removed as outliers for having completed a
very high number of college science courses (i.e. more thakvh@n participarghave no
variance in the judgments they kesacross the tds itis not possible to compute tineelative

accuracy scosg and therefore their data could not be udedrticipants werelassified as not
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following taskinstructions if the experimenter reported them as problematic during the
experimental sessidne.talking, cell phone use, sleeping) otht log files indicated thahey
did not read the task instructions or target tex@articipants were consideradnot proficient
in Englishif they were enrolled in a remedial English cowaséhe timeof the experiment

All analyses arperformedon the finalsample size o = 120 (48 malesMore detailed
demogaphicinformation of the analyzed sample can be foliadle 1
Design

The design was a 3nflage condition: no image, conceptumbge, decorative image) x 2
(Testtype: inference, memory) x 2n@truction condition: sekéxplain, no selexplain) mixed
design. Image condition and instruction condition walg crossedbetweenrsubjects variables.
There were a total of 20 parfents randomly assigned to each of these 6 condifl@ss type
wasawithin-subjects variable; all students completed both types of tests.
Materials

Texts.Participants reative explanatory texts that each described complex causal
phenomena from the twaal sciences (i.e., Biological evolution, Volcano formation and eruption,
Ice ages, Cheeseaking, and Lightning formation); see Appendix A for an examphe texts
were presented in size 12 font, varied in length fromBID words and had Fles&tincaid
grade levels of 112 and Flesch reading ease scores in the Difficult range-49 .34 sixth text
on the scientific method served as a pradeeé Participants read the texts on IB&mpatible
PC”s in Mozilla Firef oxnag@ilableto tihelparticipantedusngthe t o o |
experiment.

Images.In the decorative and conceptual image conditions, each text was paired with

only one image. Conceptual imagkspicteda process involved in each scientific phenomenon
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described by the texDecorative images were aesthetically pleasingreladedto topic ofthe
text, butthey did not offer any information aboamyprocessinderlyingthe phenomenon
described by the textA set of example images can be found in Appendix A

Judgments After reading each text, participants were instructed to make predictive
judgment s. The judgment specifically asked t
answer correctly on a test?” After responding
text Each participant made one judgment for each of the five texts they read.

Tests.For each text, two fiveéem, multiplechoice tests werereated One test
consisted of memorppased items, which referred to ideas that coulthken directly from the
text. An example ofamemofly a s e d iHowema niys ,of* t he worl d’ s vol c
on the perimeter of the Pacific Oc€ah b ecause the def i nsisenfercen i s f
from thetext “Mor e t han half of t he selaevdlentirsletlect i ve vo
Pacific Ocean tbform the circumP a c i f i ¢ ‘. Rliherrghgeoof diffiEuityrfoghe
memorybasedtems was 110 93 percent correct.

The othettest consisted of inferendmased items, which required the reader to make
connections between different parts of the text to generate the answers. An example of an
inferenceb a s e d iWhezens the geast likely place for a volcano to oecliihe answeto
this questions not explicitly statednh a single sentengéut carnbe inferred based on information
from thesetwo sentences fromthiextt V6| canoes are not randomly di
surface. Most are concentrated on the edges of continents, along island chains, or beneath the sea
forming long mountain rangé Of the twentyfive inferencatems, two required the reader to
makeaninference from a single sentence in the text, fifteen required the reader to make a

connection across two to three adjacent sentences within a paragraph, three items required an



12

inference across two sentences within the same paragraph that were not adjacent, and five items
required the connection of two sentences from sequential paragraphs presented on the same page.
Correct responses fowo of theitems werebased on negations dagements in the text.
Furthermore, of the twentive inference itemgwelve were related to spatial informatiofhe
range of difficulty fortheinferencebasedtems wasl4to 74 percentorrect.

The purpose for including these two types of teststwase a bl e t o assess b
surface levetepresentations of the text as well as teeguration model representations of the
texts.The memory items tested only therface level representation because they required
recalling verbatim facts fronihé textwhereas he i nf erence | sitwaian rel i ed
model representations of the tex#s.set ofmemory and inference test itemssancludedn
AppendixA. Test order followed the same order as readimgjjudgment Test type was
blocked, ad countetbalanced so that some participants received the set of five memory tests
first, and some participants received theoddive inference tests first.

Questionnaire.Each participant completed a paja@d-pencil questionnairevhich is
included as AppendiB. This questionnaire asked participants to report their gender, age, year in
school, intended major, the number of <coll ege
composite, math, and science ACT scores. Thisquaestonr e al so assessed whe
native language was, and if it was not English, how long they have been fluently speaking
English.

All participants were asked tate on a 47 Likert scale how interesting they felt the texts
were and how hard thegied on the taskParticipantsn thedecorativeand conceptual image
conditions were also asked to rate how interesting they felt the images they saw were, how often

they looked at them, and how helpful they were for their understanding of the text.
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Finally, studentsn all three conditionseceived two opeended questions at the end of
the questionnaire. The first asked studentietrribe the way in which they read the teXtse
second question asked the students to describe what informatiorsétewlien trying to decide
if a passage was given a high judgment rating or low judgment rating.
Spatial ability test. Each student completed a computerized version of the-falpgerg
test from theKit of Factor-Referenced Cognitive TegEkstrom, Frenlke, Harman, & Derman,
1976). This task was used to assess participa
each containing 10 items. Iltems were presented one at a time and answers had to be selected by
pressing the letter keys that correspehtb the figures. Measures were timed such that
participants had six minutes to complete the two portions of the task, allowing three minutes for
each portionP ar t i cscoesawere thé numberajrrectresporses An example of this task
can be founan AppendixC.
Procedure
A script of the full procedure can be found in ApperidiXPrior to beginning the
experiment, each participant completed an informed consent form. Participants cothgleted
main portion of the experiment on the compuidre experimenter instructed each participant to
click a link that allowed him or her to begin the task. This digplayedanintroductory
instructions page which stated,
“I'n this study, you wil/ be reading a seri
guestons you can get correct on a five item multipl®ice test, and then taking a
test to see how well you actually déhat is, you will read, predict, and test for

each text."”
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All conditions received the same setitfoductoryinstructions After readig the
introductory instructions all participantsadthe practice textwere asked to make a
metacognitive judgment following reading, and then vggvena practice inference tesith
five multiple choice items Once participants completed the practest theysawan additional
instructions page which stated,

“You wi || now read a set of five texts. Th

texts, you will read all of the texts one after another and predict your performance.

Then you will taketh¢ est s for all of the texts.”
After receiving this instruction students assigned to the neegplain condition went directly
into reading the first target text. Howevadditional instructions were given to participants
randomly assigned to tlselfexplanation condition. Taken from Griffin, Wiley, and Thiede
(2008), the selexplanation instruction stated,

“In addition as you read each text, you should try to explain to yourself the

meaning and relevance of each sentence or paragraph to tak pygrose of the

text. Ask yourself questions like

¢ What new information does this paragraph7add

e How does it relate to previous paragrephs

e Does it provide important insights into the major theme of th& text
e Does the paragraph raise new question®ur ynind?

Try your best to think about these issues and ask yourself these kinds of

guestions about each text as you read. As you finish each paragraph, before you

move on to the next paragraph, explain to yourself what that paragraph’meant.

Following these instructions, students in the s{plain conditiorreadthe first target text.
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After reading each texparticipantsmade theipredictive judgmentsOnce all
judgments were made, students completed the two sets of muahigilee testsBecause albf
the tests were administered in the same order that the texts were read, the time between reading a
text and taking the test on that text was the same across all five fofpezghe testseach
participant completethe questionnaire. Once the participants finished the questionnaire they
completed the paper folding task on the compiially, participants were given a debriefing
sheet which can be found iAppendixE, and thanked for their participatiofihe entire gssion
took approximately 90 minutes to complete.

[ll. RESULTS

The current study examined whether the type of image participants were exposed to (no
image, conceptual, decorative) while reading expository science texts and the type of instruction
they received (seHexplain, no selexplain)influenced the accuracy of their comprehension
judgments. To determine how these variables affected metacomprehension accuracy we
conducted a series of ANOVASs. To follow up significant interactions within these ANOVAs
orthogonal contrasts were conducted.
Metacognitive Judgments

The primary focus of this investigation is monitoring accuracy; however, as monitoring
accuracy is the relationship between metacognitive judgments and test performance, we first
report data o these variables.

For each participant, we computed the mean metacognitive judgment across the five
critical texts. The mean of the means was computed across participants in eachAgrebipwn
in Table | a3 (Image Condition: no image, decorative, conceptual)Instruction Type: self

explain, no selexplain) analysis of variang@NOVA) indicated that thenean metacognitive
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judgments did not differ across image conditions or instruction condaimhshee was no

interaction Fs < 1. Importantly, similar variance in judgments was seen across image and

instruction conditionsks < 1.

Table |. Demographic Measures addidgmentdy Image Condition and Instruction Type

No Self-Explain Self-Explain

No Image Conceptual Decorative No Image Conceptual Decorative
Gender (# males) 13 8 9 7 4 10
Native English 12 7 10 11 8 7
Undeclared Majors 7 7 7 3 5 8
Age 18.50 (.83) 18.90 (1.21) 1855(.69) 19.15(2.66) 19.15(1.76) 18.68 (.75
Year in School 1.20 (.52) 1.35 (.75) 1.30 (.47) 1.30 (.57) 1.40 (.75) 1.25 (.55)
Number of Science Courses  0.53 (1.02) 1.65 (2.89) 1.21 (1.13) 1.53 (1.68) 1.33 (1.46) 1.26 (1.24,
ACT Composite 23.58(3.04) 24.40(3.30) 23.25(4.10) 24.31(3.90) 24.35(3.39) 23.25(3.72
ACT Math 23.22 (4.60) 25.42(5.87) 24.42(4.75) 25.00(5.38) 25.05(4.54) 22.72(5.37
ACT Science 22.11 (4.57) 23.39(4.92) 23.11(4.20) 23.44 (4.20) 22.89(4.23) 22.44 (3.9€
Interest in Texts 5.25(2.10) 4.90(2.33) 5.00(2.34) 5.00(2.11) 4.90(2.15)  5.90 (2.00
Effort 5.70 (1.63)  4.85(2.06) 5.25(2.02) 5.94(1.22) 6.20(1.61)  5.95(1.54
Interest in Image 5.50 (2.50) 5.50 (2.95) 5.35 (2.25) 5.05 (2.72]
Looked at Image 5.85(2.62)  6.40 (2.68) 5.30 (2.70)  5.80 (2.98
Helpfulness of Image 5.60 (2.66) 3.25 (2.63) 4.85 (2.70) 4.40 (3.50
Judgments 2.52 (.68) 2.58(.83) 2.46 (.80) 2.64 (.75) 2.58 (.76) 2.51(.70)

Note.Gender, Native English, and Undeclared majors are shevirequencieghe number of students out of 20.
All other items are shown as means witmdtard deviations in parentheses
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Test Performance
For each text, we computed the mean memory and infetesicgerformancésee Table
II). Average test performance on the memory and inference ted¢®gesented ithe two

panels inFigure 1.

Table Il. Mean Memory and Inference Test Performance for Each Test Topic

Memory Inference
Test Topic M SD M SD
Evolution 2.63 1.22 2.42 1.33
Ice Ages 3.08 1.17 2.10 1.02
Cheese Making 2.62 1.29 2.85 1.24
Lightning 3.16 1.18 2.39 1.27
Volcanoes 1.76 1.01 1.79 0.99
Total 2.65 0.81 2.31 0.72

Note.All items are shown ameans with stadard deviations in parentheses
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Figure 1 Mean inference and memory test performance as a function of image condition and

instruction type. Error bars represent the standard errors.

The results o& 2 (Test type: memory, inference)3{Image conditionno image,
decorative conceptualX 2 (Instruction type: seléxplain, no selexplain)repeateemeasures
ANOVA showed a main effect for test type such that stugertsrmedbetter on memory tests
than inference testB(1, 114) =27.42 p<.001,n 2  =Therew8s nota main effect for image
condition,nor was there a main effect for seiplanationfs < 1. The threeway interaction
between test type, image condition, and-s&[flanation was not significari,< 1. Results als
indicated no tweway interaction between test type and-salplanatioror between image
condition and instruction typ&s < 1. However the interaction between test type and image
condition was significan&(2, 114) =460p< . 01, n2 = . 08.

To follow up this significant two way interactiome conducte@rthogonal contrasts
whichindicated that there was no significant difference between meamorynferenceest
performance in the conceptual image conditk(d, 38) = 1.57ns, but there were significant

differences between memory and infereriest performance in the decorati¥l, 38) = 5.28p
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< . 05, ,amd%o image corélitions(1, 38) =29.23p< . 00 1, Ingther words, 4 8
whenthe texts were paired wittonceptual images t u d iefarense’and memory test
performancavas equalBut, when the texts were paired with either no image or decorative
i mages student s’ memory test performankAe was
lack of any selexplanation or image condition effect on test performasdaportant forbeing
able to more clearly interpret theetacomprehension accuraegults Specifically, dack of
differences in test performance across conditions allows metacomprehensionyacesuls to
be less attributable to changes in test performance and more attributable to other factors that can
affect accuracyFinally, participants showed similar variance in their performance on the
inference tests both across instruction conditigth, 114) = 1.24ns and image conditiork <
1. Similarlyy when | ooki ng at the variance in particip
again there was no difference across instruction condfienl, or image conditiorf;(2, 114) =
1.82,ns
Monitoring Accuracy

The main analyses of interest are these on monitoring accésecgcommended by
Griffin, Jee, and Wiley2009, monitoring accuracy was operationalized as the-intlavidual
Pearson correlati on b e udgeeatmanditespperforsmanaeiossthenet ac o
five critical texts. Two Pearson correlations were computed for each participant, one between
judgments and performance on the memory {@s&amemoryand one between judgments and
performance on the inference tegteetacomprehension’\ mean Pearson correlation was then
computed across participants in each image condition by each instruction type, fi@seach

(memory and inference&)s shown irthe two panels dfigure 2
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Figure 2 Mean metamemory and metacomprehension accuracy as a function of image condition

and instruction type. Error barspresenthe standard errors.

A 2 (Test type memory,inferencg X 3 (Image condition: no image, conceptual,
seductive)X 2 (Instructiontype: selfexplain, no selexplain)repeated measures ANOVA
revealedhat there was no main effect fest typeF < 1. There was alsaota significant main
effect forinstructiontype, F(1, 114) = 1.55p = .22 There was however a main effect for image
condition,F(2, 114) =3.08p< . 05, Tn follow up th® rhain effect for image condition
we conductedrthogonal contrast®esults indicated that participants in the conceptual image
condition had more a&arate monitoring than participants in the no image condii¢h 114) =
5.54,p < .05, however there were no differences betvteerconceptual image conditiand the
decorative imageondition F(1, 114) = 3.42ns or between the decorative and no image

conditions F < 1.
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The threeway interaction betweeiest type image condition, and sedfxplanation was
not significantF(2, 114)= 2.0], p = .14 Results also indicated no tweay interaction between
test typeandimage conditionor between image condition and instruction fyp& s 1, however
the interaction betweetest typeandinstruction typevasmarginallysignificant,F(1, 114) =
3.35p= . 07, .Ag\Yuan see ih Figure 2, sedkplanatiortended ¢ increase
metamemory accuracy more than metacomprehension accuracy.

Even thoughhethreeway interaction between test type, image condition and instruction
type was nosignificant,to addressur a priori hypotheseabout metacomprehension accuracy
we examin@ whether seHexplanation led to improvements in any of the three image conditions
As shown inthe right panel oFigure 2 significant differences in metacomprehension accuracy
were found across image conditions when students were instructeléieégplain,F(2, 57) =
3.35,p < .05.0rthogonal contrasisdicated that participants in the conceptual image condition
had more accurate metacomprehension than either participants in the no image céidjtion,
57) =4.77p < .03 or the decorativamage conditiori(1, 57) = 6.54p < .01, which did not
differ. When students were not instructed to-gsiplain no differencesere foundacross the
three image condition§, < 1. This result suggests thatlsexplanation specifically improved
metacomprieension only for conceptually illustrated text.

SelfReports of Cue Use

Becauséhe results we obtained for monitoring accuraciicated that seléxplanation
improved metacomprehension only tmmceptuallyillustrated text and no differences were
found across image conditions when students were not instructed-éxgiaiin we wanted to
seeif differences in reported cue use might help to explain these findings research has

identified several diffeent categories of cues that readers report using to make their judgments
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however thisresearchhasn di cat ed that some cues are better
a text, whereas others are bettertett@®awsgnr edi ct
Dunlosky & Thiede, 2000; Thiede, Griffin, Wiley & Redford, 2009; Wiley, Griffin & Thiede,
2005).Specifically, when tests of comprehension tap the situation model of a text,
metacomprehension accuracy should increase if readers use cuagsothap into that situation
model when making judgments of their comprehension. Furthermore, if readers are using cues
other than those related to the situation model, their attempts at monitoring may be misdirected,
resulting in poorer metacomprehensamturacy.

Based on research by Thiede e{2010, we splitp a r t | cesporeses toghe open
ended question about the information they used to makgudgmentsanto 4 main categories
surface reader, memory andcomprehensionParticipants whoaported using qualities of the
textsuch as its lengtivere classified agsingsurfacecues Those who reported relying on their
interest or prior knowledge were classified as usaaglerbasedcues Participants who referred
to using their ability toecall the text, but not their comprehension were classifiediag
memorybasedcues Those who reported relying on their ability to understand or explain the text
were classified as usirgpmprehensiofbasedcues Additionally, several participants r@snded
with uninterpretable responsasdwere classified as oth@ = 7); these participants were
dropped from the following analyses

This coding scheme used a “best cue” appro
were used to guide the codir@ues based on information from the text should be more
predictive of monitoring accuracy than cues based on information not from the text such as
characteristics of the reader, therefore if participants made any mention of textual information,

even if thg also mentioned netextual information, they were classified by the type of textual
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information they reported usingurthermore, comprehensimased cues were expected to be
the most predictive of comprehension monitoring accuracy, mebasgd cues werexpected
to be the next most predictive because they are based on content from the text, surface cues were
expectedtobethethimdost predictive because they are rel
readerbased cues were expected to be the [@aslictive because they are not related to any
attempt at processing theteXth e “ b e s t technigué was usedibecguse it reflects
willingness to take any evidence we can findicating hat a participant may have a better
understandingf what it means to comprehertpecifically, this coding technigweas chosen
because iteflects the belief that even fior examplea participant reports basing their
judgments on both prior knowledge and how well they understood the text, the fact that they are
partially attributing their judgments to their comprehensioggests fundamental difference in
theirunderstanding as coraped to a participant that only reports using prior knowle@pe.
interrater reliabilitywa s cal cul ated using Kr i pgveendmr f ' s Al
coders who were blind to the conditjoeliability was quite highl{y=.91). In cases of
disageement, raters reached consermughe coding through discussion.

Cue Use as a Predictor of Metacomprehension Accuracy

Again following Thiede et al. (2010), we conducted a-oag ANOVA to see if reported
cue use was related to metacomprehension accuracy. As shown in Figure 3, results indicated that
there was a significant difference in metacomprehension accuracy aceasseqorofilest-(3,
109 = 4.27,p < .01.0rthogonal contrasts indicated that participants who based their judgments
on comprehension cues had more accurate metacomprehension than participants who used
surface cues;(1, 109) = 7.54p < .01, memory cue$;(1, 109) =5.92 p < .02 or readers cues,

F(1, 109) =11.9Q p < .001, which did not differ from each other.
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Figure 3 Mean metacomprehension accuracy as a function of cue use. Error bars represent the

standard errors.

Cue Use Profile Frequency

Although the previous results indicate that judgments based on comprehension cues are
the best predictor of metacomprehension accuracy as compared to memory, surface or reader
cues, studentsnly reported using them to make their comprehension judgrabots 9% of the
time (seeTablelll). Overall, comprehensiechased profiles were the least commhiIn=(10),
while memorybasedN = 44)and readebased profilesN = 44)were the most common

Due to small sample sizes in sevsqguaral c el

tests, were computed in order to investigate the conditions under which comprelassidn

S

cues were reported being used t stlookadlatehej ud g men

frequency of comprehensidrased cues compared to all other types of cues as a function of the

type of instruction participants received. This test revealed that the number of participants who
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reported using comprehensibased cues did ndiffer by instruction condition; the likelihood
of using comprehension cues when students were instructed-exglkin was 9% (5/57) as

well as when they were not instructed to-s{plain (5/56)p = .62.

Table Il . Judgment Profiles as a funatiof Image Condition and Instruction Type

No Image Conceptual Decorative Total
Instruction Type Judgment Profile N N N
No Self-Explain Comprehension 1 3 1 5
Memory 7 8 7 22
Surface 5 1 2 8
Reader 4 8 10 22
Self-Explain Comprehension 0 4 1 5
Memory 9 7 6 22
Surface 2 2 3 7
Reader 9 4 9 22

Asecondci s her ' swa&ooradacted to leok at the frequency of comprehension
based cues a®mmpared to all other cuesas$unction of the type of imag@articipants were
exposed to while readingecause the number of participants who reported using comprehension
cues in the no image and decorative image conditionsseesmall (one in the no image
condition and two in the decorative image conditidhng¢se two conditions were collapsed for

the pupose of this test. This test revealed that the number of participants who reported using
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comprehension cues did differ by image condition, suchthledtkelihood ofparticipants in the
conceptual image condition repiod using comprehension cuess 196 (7/37) whereas
participants in the decorative and no image conditoog had a 4% likelihood of using
comprehension cues (3/7@)= .01
IV. DISCUSSION

The current study sought to examine how
affected as &unction of the type of image they saw while reading expository text and whether or
not they were instructed to se@kplain while readingResults revealed that there weie
differences in metacomprehension accuracy across the three image comdieon®s selt
explanation instructions were giverhis indicates that without directing students to process the
text more deeply and attend to more valid cues such as througgxgkhation, theynaynot do
So on their own.

Howeverwhen instructed tself-explain while readingsignificant differences in
metacomprehension accuracy across image conditieresfound. Specificallyparticipantsn
the conceptual image condition had more accurecomprehensiahan participants in the
no image conditiomndthe decorative image conditiowhile our goal of instructing students to
self-explain was to increase access to representbtiead cues and ultimately lead to more
accurate metacomprehension across all image conditions, this result suggests tlaatahiy w
the case in the conceptual image conditidmese resultkiled to replicate earlier findings from
Griffin, Wiley and Thiede (2008) in which they showed increased metacomprehension-for non
illustrated text when readers were instructed toesghlain. Onepossibleexplanation for these
unexpected findings is that students in the conceptual image conddiphave beegelf

explaining the more relevant underlying process information in the text, while students in the no

st
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image and decorative imagendlitionsmay have beeself-explaining the less relevant details of
the text.

The results from the setéported cue use data lend support to this explanation.

Specifically most often participanteported usingheir memory for the text or readeased

information such as their interest in the text to make their judgments, while least aftgn us
information based on their comprehensodithe processes being described in the textther
comprehension cues vemost often reported by participantghe conceptual image condition

and these students also had the most accurate metacomprehension. These results replicate those
from Thiede et al. (2010) in which they also found that the use of comprehension beskzhdu

to the formation of the most accurate metacomprehension judgments.

The results of this study also indicated
judgments due to image condition. Average judgment ratings were the same regardless of the
type d image participants saw while reading the texts. This finding is inconsistent with previous
findings from Serra and Dunlosky (2010) in which they found higher judgment ratings for
illustrated text as compared to nitlstrated text.

Neither the image cdition nor the selexplanation effects can be attributed to effects on
test performance itself, because there were no differences in test performance across conditions.
The lack of an effect for image condition test performanas not surprisingPrior findings
have shown that images can decrease comprehension depentliege&avance of the
information depicted and also the individual characteristi¢ee learnersuch as working
memory capacitySanchez & Wiley, 2006As for the lack of a seléxplanation effect,he self
explanation instruction used here was not designed to impact test perforitagiostruction

did not involve any practice, feedback or training in how to construct quality explasavhich
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has been central to interventioresayned to increase comprehension itgelj., Chi, 2000
McNamara, 2004). Insteadhe selfexplanation instruction wastended to prompt readers to
attempt to make intertextuakganations, whichwould ncr eas e r emateevalld’ acces
cues, thezfore allowing them to make judgments based on the quality of their situation model
(Griffin, et al., 2008).

An important next steps exploring why selexplanation did not lead to stronger benefits
in metacomprehension in genefdbt only did Griffin et al. (2008) find increases in
metacomprehension accuracy when students were instructed-éaselh, but those benefits
were much greater than the highest levels achieved in the currentFituhe work will explore
why this hgher degree of benefit was not foundhe current study

A second important future direction is refining seXplanation instructions specifically
for illustrated text. Many studidgave investigated sedéfxplanation instructions imultimedia;
howeverthese studies have confined their instructions to the textual information only (Chi,
Bassok, Lewis, Reimann, & Glas&889) Research on seéixplanation in multimedia has
shown that itan facilitate integration across media (Aleven & Koedinger, 28068yak, Moore,

& Kirby, 1993) however other research has demonstrated shatentstend to bepoor at

attending only to relevant parts of diagramnsmagesand could be distracted by irrelevant
details (Sanchez & Wiley, 20D@Based on these ideas, piding students not only with
instrudions to seHexplain the textual information, but also instructiomshowto selfexplain

the pictorial information may lead to the highest levels of metacomprehension actinacge

of think aloud protocols in fute studies would help to provide further insight into what readers

are explaining across the texts and images.
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In sum, lBcause images are used so heavily in science domains in an attempt to increase
readers’ comprehensi on, atkindsof isiagesmgporhura nt t o un
comprehension and how they do sois Hlso important to understand how different types of
i mages can affect students’ jJjudgments of thei
their future studying behaviors. &lturrent results offer insight into not only how different
images may affect monitoring accuracy, but also howesgifanation can alter these effects.

While the current study did not find consistent benefits foresgilanation across all image

condiions, it did offer some further insights into the role that cue use plays in making accurate
metacognitive judgments.is important toacknowledgehat these results are limitedthat

were not collected in reatorld learning situations and therefaite notaccount for factors such

as motivation, which may play a r.dbwevei,n stude
understanding the conditions under which metacomprehension is more or less ascurate

important because it affects the way peoplelyg and restudy, which determines how well they

learn in the longerm (Thiede, Anderson, & Therriault, 2003hese issues become especially

important as more instruction occurs in multimedia contexts.
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Appendix AExample Text, Images and Tests
VOLCANOES

On May 18, 1980, Mount St. Helens Volcano in Washington exploded violekdlgarly &

March 31, seismographs began recording volcanic tremor, a type of continuous, rhythmic ground
shaking. Such continuous vibrations are thought to reflect subsurface movement of fluids, either
gas or magma, and suggested that magma and associated gasas tvermove within the

volcano. Early on May 18, following a magnituBlel earthquake about 1 mile beneath the

volcano, the bulged, unstable north flank of Mount St. Helens suddenly began to collapse,
producing the largest landslidikebris avalanche remted. Within seconds, eruptions began. The
sudden removal of the upper part of the volcano by the landslides triggered the almost
instantaneous expansion (explosion) of steam and gases within the volcano. The abrupt pressure
release uncorked the volcanostong, vertically directed explosion of ash and steam began

very shortly after the lateral blast and rose very quickly. In less than 10 minutes, the ash column
reached an altitude of more than 12 miles and began to expand into a mushapau ash

cloud

Volcanoes are not randomly distributed over the Earth's surface. Most are concentrated on the
edges of continents, along island chains, or beneath the sea forming long mountain ranges. More
than half of the world's active volcanoes above sea level enitieckeacific Ocean to form the
circum-Pacific "Ring of Fire." Plate tectonics tells us that the Earth's rigid outer shell is broken

into a dozen or so plates. These plates are riding on currents in the hot, mobile uppermost layer
of the mantle. When plagenteract at their margins, important geological processes take place,
such as the formation of mountain belts, volcanoes and most earthquakes.

Though hidden underwater, the global rokan ridge system is the most prominent

topographic feature on trseirface of our planet. In 1961, scientists began to theorize that mid
ocean ridges mark structurally weak zones where ocean plates were being ripped in two. New
magma from deep within the Earth rises easily through these weak zones and eventually erupts
along the crest of the ridges to create new oceanic crust. This process, called seafloor spreading,
has built the miebcean ridgesHenry Hess reasoned that the ocean basins were perpetually
being "recycled,” with the creation of new crust and the destruofiold oceanic lithosphere
occurring simultaneously. He suggested that new oceanic crust continuously spreads away from
the ridges in a conveyor beike motion. Many millions of years later, the oceanic crust

eventually descends into the oceanic therse- very deep, narrow canyons along the rim of the
Pacific Ocean basin.The amount of crust remains constavithen a divergence of plates

occurs in one area, a convergence of plates occurs in another.

There are 3 types of converging plate boundaf@xeanigOceanic, Oceani€ontinental and
ContinentalContinental. When an oceargontinental convergence occurs, one plate will most
commonly subduct beneath the other plate creating a trench. The oceanic plate is denser than the
continental plates, sthe oceanic plate is usually subducted. For example, the east edge of the
Juan de Fuca Plate is plunging beneath the North American Plate. As the oceanic crust is forced
deep into the Earth's interior beneath the continental plate, it encounters highatengs and
pressuresThe melting of the crust forms magma. Some of this newly formed magma rises



35

toward the Earth's surfacércs of volcanoes usually form above a subduction zone.
Earthquakes can also be caused by the collision of oceanic and ctattplates. In the

Philippines, the Java trench is associated with volcanic islands as well as earthquakes. Further,
the movement of magma in subduction zones can also trigger deep earthquakes.

An oceanieoceanic convergence often results in the foromatif an island arc system. As one

plate subducts it melts within the mantle. The magma rises to the surface of the ocean floor and
forms volcanoes. If the activity continues, the volcano may grow tall enough to create an island.
A continentalcontinentalconvergence generally does not involve subductinstead, the two

plates squeeze and deform each other, resulting in a mountain range such as the Himalayas.
Earthquakes are also associated with high mountain ranges where intense compression is taking
place.

Scientists have defined two major types of volcanoes: shield volcanoes and stratovolcanoes.
Shield volcanoes are the largest volcanoes on Earth. They are gently sloping, such as those in
Hawaii. Their lavas flow great distances from the active vétdasvaiian magmas have a low
viscosity, and gases can escape prior to an eruption. Like most oceanic volcanoes, their magma
comes from the melting of crust in the ocean plates. Hawaiian eruptions are noted for their non
explosive nature and approachability

Stratovolcanoes are typically located near convergent plate boundaries where subduction is
occurring, particularly around the Pacific basin. The magma produced by subduction is generally
high in viscosity. The high viscosity does not allow gas to headicape from the magma. When

the magma reaches the vent of the volcano, gas bubbles begin to form and to grow. The rapid
expansion of the gas tears the magma apart, and the volcano erupts violently, producing great
volumes of ashlif enough gas escapédblge volcano can produce a sticky, stawoving lava

flow. Flows travel only a short distance from the vent before they solidify. The volcano tends to
grow both vertically and laterally, resulting in a cone shape with steep slopes. Stratovolcanoes
are notas voluminous as shield volcanoes.

There are dramatic differences in eruptions of Hawaiian volcanoes like Kilauea and Mount St.
Helens. The different abundances of elements in magma, especially silica, exert the primary
control on the explosiveness of aruption. The viscosity of magma is greatly influenced by its
silica content. Magmas which are low in silica tend to be very flMdst rocks in Hawaii are

basalt. Basalts are characterized by a relatively low abundance of silica and high abundances of
iron and magnesium. In contrast, most volcanic rocks along continental margins are andesite or
dacite. Andesite or dacite are characterized by a relatively high abundance of silica and low
abundances of iron and magnesium. Because Hawaiian magma igdkidissolved in the

magma can escape prior to the eruption. In contrast, large amounts of gas is trapped inside
andesitic or dacitic magmas. The gas cannot escape until the magma enters the throat of the
volcano. When magma nears the vent, the gas &ibhbldeate and grow. The outward pressure
exerted by the bubbles is greater than the strength of the magma. The lava fragments and is
ejected violently at high velocity.
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Inference Test
Volcanoes Test

Whereis the least likely place for a volcano?
A. in the middle of a continent
B. at the edge of an ocean
C. onislands
D. under the ocean

What happens where plates diverge?
A. atrench forms that subducts oceanic crust
B. earthquakes
C. violent eruptions
D. new crust is formed

Which is true of converging oceanic and continental plates?
A. the oceanic plate is pushed deep into the mantle
B. they are generally free of earthquakes
C. continental plates are denser than oceanic plates
D. the two plates push up on each other and form mountains

What causes violent volcanic eruptions?
A. fluid magmas that are low in silica
B. magmas that come from melted continental plates
C. magmas that are high in basalt
D. magmas that come from melted oceanic plates

Which does not cause the creation of volcanoes?
oceaniecontinental plate convergence
oceanieoceanic plate convergence
continentalcontinental plate convergence
magma rising to the earth's surface

oOow>
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Memory Test:
Volcanoes Test

What magnitude earthquake accompanied the Mt. St. Helens eruption?
A. 23
B. 4.2
C. 5.1
D. 7.2

How many of the world's volcanoes are located on the perimeter of the Pacific Ocean?
none

about a third

over half

almost all

oowp

How many plates make up the earth's crust?
A 2
B. 7
C. 12
D. about 20

What is tue of shield volcanoes?
A. they have steep sides
B. they are the largest
C. they erupt violently
D. they are also known as stratovolcanoes

What is true of andesitic magma?

it contains low amounts of silica

it contains low amounts of sulfur

it contains high amounts magnesium
it contains high amounts of gas

oOow>
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AppendixB: Demographic Questionnaire

Age Sex (circle one) M F

Year in School Freshman Sophomore Junior Senior
Whatis your intended major:

Are you bilingual (or multilingual)? (circle one) YES NO
What is/are your native language(s)?
If English is not your first languag&T WHAT AGE did you start speaking English fluently?

Please answer thellowing to the best of your ability:
ACT COMPOSITE Score -3b) SAT VERBAL Score -8@0)

ACT MATH Score {86) SAT MATH Score -8(WD)
ACT SCIENCE Score (0-36)

How many college courses (if any) have you taken in science and what were they?

How interesting was the material in the texts?

1 2 3 4 5 6 7 8 9 10

Not at all interesting Very Interesting

How much did you look at the images provided with the texts?

1 2 3 4 5 6 7 8 9 10

Not at all Very Much

How interesting were the images?

1 2 3 4 5 6 7 8 9 10

Not at all interesting Very Interesting
How helpful were the images for your understanding of thes?ext

1 2 3 4 5 6 7 8 9 10
Unhelpful Very Helpful

Overall, how hard did youyrto learn the information in the texts? (please be honest)

1 2 3 4 5 6 7 8 9 10

Not at all Very Much
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Evolution
How interesting was the evolution image?

1 2 3 4 5 6 7 8 9 10

Not at all interesting Very Interesting
How much did you look at the image provided with the evolution text?

1 2 3 4 5 6 7 8 9 10
Not at all Very Much

How helpful was the image for your understanding of the evolution text?

1 2 3 4 5 6 7 8 9 10
Unhelpful Very Helpful

Ice Ages
How interesting was the ice ages image?

1 2 3 4 5 6 7 8 9 10

Not at all Very Much

How much did you look at the image provided with the ice ages text?

1 2 3 4 5 6 7 8 9 10

Not at all Very Much

How helpful was the image for your understandifithe ice ages text?

1 2 3 4 5 6 7 8 9 10
Unhelpful Very Helpful

Cheese Maling
How interesting was the cheese making image?

1 2 3 4 5 6 7 8 9 10

Not at all Very Much

How muchdid you look at the image provided with the cheese making text?

1 2 3 4 5 6 7 8 9 10

Not at all Very Much

How helpful was the image for your understanding of the cheese making text?

1 2 3 4 5 6 7 8 9 10
Unhelpful Very Helpful
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Lightning
How interesting was the lightning image?

1 2 3 4 5 6 7 8 9 10

Not at all Very Much

How much did you look at the image provided with the hgig text?

1 2 3 4 5 6 7 8 9 10

Not at all Very Much

How helpful was the image fyour understanding of the lightning text?

1 2 3 4 5 6 7 8 9 10
Unhelpful Very Helgul

Volcanoes
How interesting was the volcanoes image?

1 2 3 4 5 6 7 8 9 10

Not at all Very Much

How much did you look at the image provided with the volcanoes text?

1 2 3 4 5 6 7 8 9 10

Not at all Very Much

How helpful was the image for your understandifthe volcanoes text?

1 2 3 4 5 6 7 8 9 10
Unhelpful Very Helpful

Please gve short answer responses to the following questions:

1.) Describe the way that you tried to read the texts?

2.) You just rated your comprehension of five different passages. What did you use to decide

whether your comprehension of a passage was gitieghaating or a low rating?



———————
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AppendixC: Paper Folding Task

Paper Folding
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AppendixD: Complete Task Instructions
Instructions

In this study, you will be reading a series of texts, estimating how many questions you can get
correct on a five item multiplehoice test, and then taking a test to see how well you actually
do. That is, you will read, predict, and test for each text.

The literature suggests that people study differently depending on the kind of test they
expect. You will be taking tests that assess your ability to make connections between the
different parts of a text (i.e., link the parts of the text).

The first tex is provided to give you practice with these kinds of teBts. this text, you will get
the test right after you predict your performance.

The procedure is a little different for the last set of tekist those texts, you will read all the
texts onaafter another, then predict your performance on each text one after another, and then
take tests for all of the texts.

Do the best you canlhank you for participating in this study!!!

*

&
v

Students read practice text

*

&
v

You will take a tesbf the material you just read.

How many questions out of 5 do you think you can correctly answer?

Press to Submit Your Answ er and Proceed

*

&
v

Students complete set of practice inference items

*

&
v

You will now read a set of five texts.
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The procedure is a little differenEor these texts, you will read all the texts one after another
and predict your performance. Then you will take tests for all of the texts.

& &
v v

Task instructions diverge hergu8ients assigned to the no seiplain cadition go directly into
reading the first target text. However, additional instructiansgiven to participants randomly
assigned tahe selexplanation condition; see these instructions below.

& &
v v

In addition as you read each text, you should try téegxpo yourself the meaning and relevance
of each sentence or paragraph to the overall purpose of theAsktourself questions like:

e What new information does this paragraph add?

« How does it relate to previous paragraphs?

o Does it provide importanhsights into the major theme of the text?
e Does the paragraph raise new questions in your mind?

For example, take this paragraph about hail and s&®ne possible comments you could ask
yourself are in red:

Sleet are raindrops that freeze on their dayn.
Hailstones freeze in the cloud then start to fall.
| wonder what difference that could make?

Because ice balls are lighter than raindrops, the wind can blow hailstones back up into the
clouds.
What happens when hail goes back intodloeids?

Water freezes around hailstones again and again in the clouds, until they are heavy enough to
reach the ground.
So that would mean hailstones are usually larger than sleet.

If you look at sleet and hail, hail has many more layers of ice.
That makes sense if they freeze more than once

Try your best to think about these issues and ask yourself these kinds of questions about each
text as you read. As you finish each paragraph, before you move on to the next paragraph,
explain to yourselivhat that paragraph meant.

L 4
*
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Students randomly assigned to s={plain begin reading and judging the target texts. All
participants receive the same instructions following the completion of reading and judging all
target texts; see these instructionsdvel

*

&
v

Restudy Rankings

Imagine you had the opportunity tostudy each text again to try to maximize your performance
on the final tests. Please rank the order in which you would choosstiodsethe texts, from the
one that you think youeed to restudy the most (rank #1) to the one you think you need to re
study the least (rank #5). Please give each text a different ranking and rank all texts.

Evolution

. ' ' . {

1 2 3 4 5

Ice Ages

C1t 20 30 4t s
Cheese Making
172037 4" s
Lightning
r 1‘_' 1‘_' r r

1 2 3 4 5

Volcanoes

f‘— {.‘—- {.‘—- f . 1, .

1 2 3 4 5

Press to Submit Your Answ ers and Proceed ‘

*

&
v

ranks 6 ‘ volcitest ‘ /Allison/Masters/(

TESTS

You will now complete a series of tests on the texts you just read.

*

&
v

Students complete first set of tests (test type is counter balanced)

L 4
*
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You will now complete a second serieg@dts on the texts you just read.

*

&
v

Students completecondset of tests (test type is counter balanced)

L 4
*

END OF PART |

Please raise your hand and wait for the experimenter!
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Appendixe: Debriefing Form

Impact of Web Design on Reading and Learning

The experiment you participated in is looking at how different types of images affect the way
people understand text. In this experiment, students read texts that varied in the number and kind
of images provided. We are interested in whether thesedtiffes in design affect the way

people judge and learn from the texts.

We ask that you don’t discuss this experiment
Thank you for your participation in this project.

If you have any questions about your parttipn in this experiment, please contact Jennifer
Wiley at 9965591 or email ajwiley@uic.edu



mailto:jwiley@uic.edu
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Appendix: Spatial Ability Analyses

A vast body of research has focused on the role that spatial ability plays in mathematics
and science learning (Lubinski, 2010). Specifically, research has shown that high intellectual
orientation dominated by high mathematical and spatial abilities veelativerbal abilities, tend
to be salient characteristics of individuals with advanced educational credentials in STEM
(science, technology, engineering, and maémgers (Wail.ubinski, & Benbow, 2009)Because
of the long standing belief that spati&llls play a role in science learning we conducted several
exploratory analyses to examine the effects of spatial ability on monitoring accuracy.

It was predicted that spatial ability would positively correlate with inference and memory
test performance lsause, as previously mentioned, prior research has shown that students high
in spatial skillsalsotend to be high performers in math and science domBesrelationship
between spatial ability andetacomprehensioaccuracy is much less clear, butauldbe
arguel that being high irspatial skillswould help a reader to make more accurate
metacanprehensiopudgmentsResearch has shown that students high in science knowledge as
compared to those low in science knowledge attend to different aspeissad displays and
extract different information from these displaysn example from meteorology found that
novices were more I|ikely to focus on the weat
focused on the more thematically and casually egleinformation (Lowe, 1994 his attention
to more relevant cues should lead these high spatial students to also make more accurate
judgments of their comprehension.

To explore the relationship between spatial ahiisymeasured by the paper foldingkta
and other variables in our study we looletdorrelatiors betweerseveraldemogaphics

variables, test scores amétacomprehensio@ccuracy. As seen in TalM, the results for
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paper folding positivelgorrelatewith students selfeported ACT scoeand the number of

science classes takan well aperformance on both the memory and inference.testerms of
metacomprehension accuracy however, our hypothesis was not supported and no correlations
were found with spatial abilitfzurthermoreno wrrelations were found between paper folding
and metacomprehension accuracgach image conditiofconceptuat = -.02, decorative = -

.03 no image =-.04).

In terms of memory and inference test performance, several significant correlations were
observed. In the no imagendition there was a significant correlation between paper folding
and inference test performance=(.37,p < .05), however the correlation between paper folding
and memory test performance was marginal 28,p = .08).In the conceptual image condition
there was a significant correlation between paper folding and memory test performarngg, (

p < .05), however the correlation with inference test performance did not reach significance (
.24,ns). No significant correlaonswere foundoetween paper folding and test performance in
the decorative image condition.

Thesignificant correlations found here arensistent with previous work indicating that
students high in spatial skillertd to perform better in science telhareasuch adiology
(Koroghlanian & Klein, 2004and chemistry (Bodner & McMillen, 1986; Carter, LaRussa, &
Bodner, 1987; Pribyl & Bodner, 1987; Wu & Shah, 2004). Koroghlanian and Klein (2004)
showed that students high in spatial skills learned hoide students low in spatial skills on
illustrated texts about meiosis, while Bodner and collogues have demonstrated that spatial ability
is correlated with performance on chemistry exams. Finally, an importantly for this experiment,
spatial ability haslso been shown to be related to the understanding of earth science topics such

as geology (Black, 2005; Sibley, 2005).



Table IV. Correlation Matrix for Demographics, Test Performance, and Monitoring Accuracy
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Variable Paper Folding ACT comp ACT Math ACT science Sci Courses Memory Test Inference Test Metamemory Metacomp Average Judg
Paper Folding
ACT comp .34 —
ACT math A0 N i -—--
ACT science 29%* 78** .67**
Sci Courses .32 .34%* .34 A1 -
Memory Test .22*% A41x* 29** 43** 21* ———
Inference test .21* .36** .35** A0 .20* .56**
Metamemory -0.08 -0.14 -0.09 -0.15 0.05 -0.02 0.03
Metacomp 0.01 0.14 0.18 0.08 0.07 -0.03 0.11 0.06 -
Average Judge 0.05 -0.02 0.01 0.04 0.04 24** 0.16 -0.05 -0.01 -
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Jaeger, A., (2010, April)The Effects of Images on Comprehension and
Metacomprehension &cience TextJalk presented at the UIC Cognitive Brown
Bag Series, Chicago, IL.

Jaeger, A Moher, T., Wiley, J., Malcolm, P., Lop&lva, B. A., Gnoli, A. & Brown, J.
(2009).WallCology: Using Embedded Phenomena to Motivate Learning About
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Dynamic EcosystemPBaper presented at the American Educational Research
Association, San Diego, CA.

Jaeger, A., (2009, April)VallCology: Using Embedded Phenomena to Motivate
Learning About Dynamic Ecosysterialk presented at the UIC Cognitive
Brown Bay Series, Chicago, IL.

Jaeger, A., (2008ptrategizing to Overcome the Baseball FAN Effeoster presented
at the UIC Undergraduate Research Symposium, Chicago, IL.

Ricks, T., Jaeger, A., & Wiley, J. (2008he Effect of Baseball Knowledge on the\F
Effect Poster presented at the Association for Psychological Sciences, Chicago,
IL.

Academic Related Experience:
Graduate Teaching Assistant, August 28Xesent
Cognitive Division TA
Supervisor: Jennifer Wiley, Division Chair
Responsibilities: Updating Cognitive Division webpage, organizing weekly
brown bag meetings, organizing Cognitive Division visiting dagl recruitment

Graduate Research Assistant, August 20pliesent
IES Funded Project: Improving Metacomprehensam SekRegulated Learning
from Scientific Texts: Joint Pls Thomas Griffin, Keith Thiede, Jennifer Wiley
Responsibilities: Experimental design, data collection and analysis, supervision of
research assistants, literature review and manuscript preparation

Graduate Teaching Assistadtugust 2016- December 2010
Psychology 242: Research Methods
Supervisor: Thomas Griffin, Ph.D.
Responsibilities: Taught 2 weekly discussion sections, helped students with class
material, proctored and graded exams andjassents

Graduate Research Assistant, August 208@igust 2011
NSF Funded Projec8upporting Wholeclass Science Investigations with Spatial
Simulations: Tom Moher Pl and Jennifer Wiley-b
Responsibilities: Lesson and assessment design, data callecttbng and
analysis, manuscript preparation

Research Specialist, January 2608ugust 2009
NSF Funded Projec8upporting Wholeclass Science Investigations with Spatial
Simulations: Tom Moher Pl and Jennifer Wiley-Eb
Responsibilities: Lesson andsiessment design, data collection, coding and
analysis, manuscript preparation
Presented results at American Educational Research Association
Conference 2009
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Directed Research with Professor Wiley, Fall 2007
Research Assistant for projects investigatimg effects of domain knowledge on
memory
Responsibilities: Ran participants, coded and analyzed data
Presented results at Undergraduate research fair

Internship at the National Runaway Switch Board, August 20D&cember 2007
Certified youthcrisis counselor through 45 hour training
Weekly shifts as a telephone crisis counselor, provided referrals for many issues
including medical, legal, housing, addiction, and abuse, and also updated juvenile
court referral databases.

UIC In-TouchCrisis Hotline Volunteer, April 200% July 2008
Completed required paraprofessional training, PSCH 394
General supportive counseling, crisis intervention, and referrals for diverse
community members
Passed qualifications to counsel independeaantty supervise new trainees

Undergraduate Mentoring
Michelle Evans (F09, S10) Comprehension and Metacomprehension of Illustrated

Science Texts
Nicole Rivera (F10) Comprehension and Metacomprehension of Science Texts
Samantha Hicks (S10, F1Whole-class Science Investigations with Spatial
Simulations
Rick Leonard (S10) Wholelass Science Investigations with Spatial Simulations
Melissa Pasierb (S12) Comprehension and Metacomprehension of Science Texts
Stephanie Blakeslee (S1Qomprehension and Metacomprehension of Science Texts

Professional Organization Activities
Student Member, Society for Text and Discourse
Student Member, American Educational Research Association
Student Member, Cognitive Science Society
Student Membemidwestern Psychological Association

StudentMember of Organizing Committee, 2@nnual Meeting of the Society for
Text and Discourse, Chicago, August 2010

Conference Reviewer, 2Annual Meeting of the Society for Text and Discourse,
Poitiers, France, July 2011

Other Activities/Skills:
Working knowledge of NetLogo
German Language Study AbroatHumboldt University, Summer 2007
German language proficiency
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