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Abstract

The studyreported heréess a model that includeseveral factors thought to
contribute to the comprehensionsthticmultimedia learning materials (i.e. background
knowledge, working memory, attention to components as measured with eye movement
measures). The adel examines the effeat$ working memory capacitylomain
specific (biology) and related domain (geoscier@gkgound knowledge on thasual
attention o static multimedia textand their collective influence on reading
comprehension. A similar moldeas been tested with a previous cohort of students, and
has been found toavea good fit to the data (Fitzhugh, Cromley, Newcombe, Perez and
Wills, 2010). The present study tests the efficacyistial cues (signaling)n the
comprehension of multimétextsandthe effects of signaling on the relationships
between cognitive factors amisual attention Analysis of Covariance indicatedat
signalinginteract with background knowledgeSignaling also changes the distribution
of attention to varyig components of the multimedia pliay. The patimodéd shows
that signaling alterthe relationship betweatomain specifibackground knowledge
(biology) and comprehensioms well as that of related background knowledge
(geoscience) on comprehension. The nature of the relationships indicathe that
characteristics of the reading material influence the type of background knowledge that
contributes to comprehension. Reswre discussed in terms of their application to a

classroom setting.
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CHAPTER1 - RATIONALE

Description of the tady
The research described in the following manuscteig a model that includes
several factors thought to contribute to the comprehension of multimedia learning
materialg(i.e. background knowledge, working memory, attention to components as
measured with eye movement measur@g)e model examines the effeofsworking
memory capacity andomainbackground knowledg®n the amount ofisual attention
to text and accompanying diagramasd their collective influence on reading
comprehension. A similanodel has been tested wilprevious cohorf studentgrom
the same long term research gramd has been found bavea goodfit to the data
(Fitzhugh Cromley, Newcombe, Perez and Wi§)10). In the studgescribed here, the
previous model is modifiedith the addition ofx signaling manipulatiofor guiding text
and diagram integratigmhought to vary in efficacy withndividual characteristics of the
student Bartholome& Bromme, 2009).
The study reported heseeks tog) examine the datafarh e pr esence of
as determined by the combiimat of working memory and background knowledge
scoresb) confirmthat the preliminarynodel hol&din a new sample of participantg; ¢
attemptto understand the way in whisignalinginfluences the visual attentido
multimedia components, and subsequeEmprehension of materials
The presence of Agroupso based on wor ki
was tested using clusteraysis to determine if there wepeofiles of students based on

the scores of these two measuiidse fit of path model wassed to determing the



modelreplicates with aew group of students from the same school as the preliminary
model. In addition, the fit of the model for both signaled andsignaled groups was
tested to determine if the relationships between variai#es the same across
experimental manipulations.

The signalingnanipulationrmimics that oBartholomeand Bromme (2009 who
tested the efficacy of two differesignaling conditiongn undergraduataon-biology
majorslearning about plant classificatiohe two cues used as signaisre static
numbered cues in running text and corresponding diagrams (or diagram components)
andhyperlink cuesin which aportionof hyperlinkedtext highlighted the corresponding
diagam portion when clickedThenumberedormatlead to deeper understanding and
thus higher scores on a classification of flora téeep processingand he hyperlink
conditionwas found to be detriment performancen the same taskBased orsubject
seltreported confidence and ease in learning the matdhalswuthors hypothesized a
shallower processing effeict the hyperlink conditioforought about by thperceived
lack of effort needed to coordinatxtual and diagram components

An dternative to thea u t hhgpotkesis proposed here is that segmentation of the
diagram in the hyperlink conditiaiiue to the highlighting of specific diagram portions
leads to less global processimgcomparisons between diagram components than does
thenumbered condition.The numbered condition, while providing signals, forces the
learner to visually segment the diagram themselves, leading to more comparisons
between diagram portiong.o answer this question, eye tracking data will be examined
for switches made from one portion of the diagram to another portion of the same

diagram, a behavior which indicates relatidretween diagram parts were examined



In the following sectionghe need for researdm improving comprehension of
science texts exaninedand the selection of vabées for the patimodel under
examinations discussed First the Science, Technology, Engineering and Mathematics
(S.T.E.M.) crisis is outlined. This includes a discussion oféheing materials used in
typical American classrooms and the cognitive processes thought to contribute to their
successful use.

Science Literacy in the United States.

A report published by the Program for International Student Assessment (PISA)
examinng science literacy in 15 yeaid studentscross 57 countrieshowed that
overallthe U.S. haallen to below avexge rankingrange 24 to 35 of 57y science
literacy worldwide(Baldi, Jin, Skemer, Green, & Herget, 200%).addition, U.S.
students are statistically ove¥presented in the lowest 2 levels of science literacy (below
level 1 and level 1) and undegpresented in the average levels oérsce literacy (levels
3 & 4). Generally, students ithe United Statekave rudimentary to functional
knowledge of scientific principles, but lack the ability to reason and problem solve using
the principles of scientific exploration. This means that contributions from the United
States to the scientific community in terofsesearch and development nisgylimited.

In addition to overall levels of understanding and applications of science, the
PISA also exanmmes efficacy in 3 content are&grth and Space systems, Living Systems
(Biology/Chemistry) and Physical Systenhysics). While the United States scored
above average on Eh and Space systems, scores ve¢rar below average for living
and physical system®espite low scoreghildrenin the United Statelsave an above

average awareness of environmental isssigsh as ozone depletion and habitat



destructionAttention toinstruction andearning in ology can help American students
acquire the knowledgeeeded to act upon th&nvironmental awareness, encouraging
environmentally aware individuals to becomentributing members to the field of
environmental technology. A greater understandingvofd systems in conjunction with
heightened awareness is a formula for innovative change in the technology and
management of living systems of the Earth

Therecurrently exists a small body oésearch in the comprehensionlhifstrated
science textand the results have been informative. Howetber participants consist
primarily of undergraduate nestience majrs whichis problematic for tweeasons.
First, the PISAreport(2006)highlights the level of understanding of scientific principles
needed for pursuit afareersn sciencglevels 5 and 6is lackingat age 15and unlikely
to reach proficiency levels by the end of high school (age T8)s,examination of the
effects of multimedia learning on college undergraduates does not address the question of
how to help k12 students improve in scienceefiicy. Second, there isampling
problem in that undergraduates have-selected to attend itfiwtions of higher learning
and were selected for academic competency by the standards of the institution. Thus the
results of these studies may not generalizdds® selective populations suchcagddren
attending public schoalsMore research neetts be done wittmiddle and high school
agedstudents in science classrooms in order to address the prohieacimhgscientific
competency.

The reviewof the existing literaturbeginsin the next sectiowith a brief
discussiorof theConstruction Inegraton Theory (Kintsch, 1995as a framework for

how background knowledge aids in the formation of stedpeesentations from reading.



The Model of Integrated Multimedia Comprehension (Schnotz, 280f&sed on
Ki nt €ldahedrysand discusses how g memory aids in the construction of stable
representations from text and visual informatidollowing the theoretical review, a
brief review of eye tracking as it relates to cognition is presented.
The Constructiofintegration Model

The @nstriction-Integration (Cl) nodel presentedy Walter Kintsch(Kintsch
and van Dijk, 1978is a connectionist modelf comprehensiowith two phasesa
constructionphase where all associations among stimuli are activateldanntegration
phase by which onlthe relevant associations are kept and proce<sethprehension in
this context is defined as occurring fAwhen
achieve a stable state in which the majority of the elements are meaningfully related to
one anther and other elements that do not fit the pattern of the myajora r € suppr ess
(Kintsch, 1998pg 4). Specifically Kintsch distinguishes between the vernacular
Aperceivedo as an isolated instance of perc
involves the relationship between a concept or object and its context. The model as
espoused by Kintsch can apply to cognition as a whole; however for the purpose of this
review, will be discussed in terms of text comprehension.

Ki nt schos ndoaticeding taeorgPaimice X971)s correct and that
information is encoded as a modality specific representational unit, with the simultaneous
processing of related information for a particular stimulus forming cross modal
associationdn the first phasef text comprehension, reading a word activates the word,
all of its meanings (vocabauly), all semantically related words (background knowledge)

and any images associated with the word or associatidns process can be relatively



simple when backgraw knowledge (experience) is low; not many associations will be
activated. However, this can become extremely problematic when background
knowledge is high and associations are mdngegration is the process by which the
context helps determine the oeet meaning of the word presented in the text.

To demonstrate the constructioriegration procesdet us turn to an example. A
participant is presentiewith asentence The eart hquake destroyed
the town except the mint ( K i 1998;spg 96) At first read, alimeanings of the
d e c 0 d e dninw (placd to $tore money, making money or coins, flavoring added to
lamb and chocolatedre activated. Increased background knowledge results in more
nodes being activated and thus pregadnore opportunity for the construction of
meaning. However, with all meanings ahintactivated, the representation is garbled a
incoherent. This is where the integration portion of the model becomes critical.

In ourexamplesentencemint has seval possibleneanings, which are all
suppressed by the contextezrthquakeandbuilding, except one (place to store money)
These words act azonstraing by activatinghe semantically related meanings ofint
and suppressing tteemantically unrelatesheanings. This producasmore stable
representation of the meaning of the textwhat is termed the text base; a propositional
representation derived directly from the text. It has been shown that while the text base
formation is relatively automatithe text base enables only the answering of factoid type
guestions and is not a stabterh of knowledge (Kintsch, Britton, Fletcher & Kintsch,
1993. The more stable form of knowledge, one that enables inferences and elaboration

of the text is called #nsituation model.



The situation model is defined as the complete structure of the text to be stored in
long term memory, incorporating text derived propositions and propostgiangntal
modelsfrom long term memoryKintsch, 1998) Understanding or ecoprehension of the
text resides in the situation mogtle formation of which relies heavily on Background
Knowledge Thus the model predicts that those with low levels of background
knowledge will have fewer associations active in their network andhnesless
opportunity for integrationforming atext baseand situation model that are very similar.
Those with high background knowledge form a richer situation model which leads to
better understanding, moetaboration and more inferences (for stadiapporting the
model sedritton & Gulgoz, 1991; Wiley & Voss, 1998cNamaag, Kintsch, Songer
and Kintsch, 1996Grasser, Kassler, Krouoz & McLa#llen, 1998; E. Kintsch, 1990;
Mannes & Kintsch, 1987; MaNamara, 2001; Otero & Campanario, 1990; Singer &
Halderson, 199680tero & Kintsch, 1992; Schmalhofer, McDaniel, & Keefe, 2002; Singer
& Halldorson ,1996; Singer & Kintsch, 2001).

In the next sectiarthe Integrated Model of Text and Picture Comprehension
proposed by Schnotz (2005) is a theory thaendsK i n t €lahedrysto
comprehension of illustrated texts. This theacgounts for some of the individual
differences found in the comprehension of multimedia displays. While much of the
research focuses on the use of animations, the generapfascan be applied to static
representations as well.

Integrated Model of Text and Pictuf@omprehension.
Schnotz (2005) proposed the Integrated Model of Text and Diagram

comprehension which shar es(sembigusell dikepect s wi



May e r 0 sof Mulandedid Comprehension (Mayer, 200B)formation is presented to

both modalities (verbal and visual selected for processing and enters working

memory. The Integrated Mdel of Text and Picture Comprehension distinguishes the

sensoy channel from the representational channel. Like dual coding theory, &zrsot

theory proposes that each sensory channel creates a different representational form for the

information.

Long Term Memory
Prior Knowledge

Long-Term Memory

Integrated
Representation

Propositional Mental Model

Representations Working Memory
Auditive Working Visual Working
Memory Memory
i

Ear Eyes Sensory Register

Auditive Register Visual Begister
l - .
Words Pictures Multimedia

Presentation

Schematic representation of Mayer’sTheory of Multimedia Learning. Integration occurs after two stable models,
propositional and mental schematic model are created separately for each type of stimuli. Information from Long term
memoryisused in the formation of the integrated model.

Figure 17 Schematic Representation of the Iméegd Model of Text and Picture
Comprehension (Schnotz, 2005)
Text and descriptive information, whether in auditory (spoken) or visual format,
form symbolic representations which bear no physical resemblance to their referent (i.e.

the word bird does noesembles an actual bjrdSymbolic representations geemarily



responsible for the coding of abstract knowledgke descriptiorof what a bird of prey

may eat (i.e. mammals or small reptilesrompasssa large range of animals with

similar charactestics (sizestructuregetc.). Howeverthe pictorial representation is

iconic in nature, that is, it is tied to the referent by similarity or other structural
commonalities (see Figurg.2While the dgiction is only able to show andividual

food item (mouse), it provides information not included in the text such as size and shape
of the prey animal, size and shape of the hunter (or parts such as talons, beak etc.) and

other spatial relationships which are useful in making infe®ifikosslyn, 1994).

Figure 900- This owl uses
echolocation and keen eyesigh
to catch prey. Owls eat small
mammals, reptiles and even

insects.

Figure 2i Example diagram showing iconic and symbolic representation

Schnotz(2005)proposes integration occurs in tfleemationof the verbal model
(or propositional representations) and the mental model (schematic visual

representations). Thus relevant portions of the visual material will be used in the

9



construction of the propositiohanodel andelevant portions of the verbal material will
be included in the mental modeThe information from the two models is then integrated
further with information from long term memory. Thus although $e@paratenodels are
createdthey are cread withintegratedinformation rather than domain specific
information. Thisviewix onsi st ent with Paiviods dual <co
representational formats are activated simultaneously for stimuli (when presented
simultaneously).

The process isbught to bewutomaticihowever, the level of automaticity is
altered by background knowledge. Thus for those with low background knowledge the
process is more effortful, thus occupying much of their working memory resources.
Those with higher backgrodrknowledge have moraternalstructure (i.e. event
schemas, mental models, vocabulary, eit) which to build their knowledge and thus
construct more elaborate and more accurate inferences.

Coherence, or the idea that words and pictures should batseatig related in
order for them to contribute to the same mental model, has been shown to be a necessary
conditionfor text and picture integration to ocdtior evidence see Mayer, Bowe,
Bryman, Mars and Tapangco, 1996; Harp and Mayer, , 18833 Moreno and Mayer,
1998; Mayer, Heiser and Lonn, 200JAdditionally, prior knowledge has beshown to
bea leading factor in determining the success of use of MERs. Poor readers (i.e. those
with low background knowledge) often have limited sourcesdostuction of mental
models (situation models), thus adding a picture to the text provides another resource for
that construction (Cooney and Swansb®87 Levie and Lentz, 1982; Mastropieri and

Schruggs, 1989). In addition, those with low backgrourahkedge have difficulty

10



forming accurate mental moddiem visual representationgithout accompanying text
information (Kalyuga, Chandler and Sweller, 2000); however, those with high
background knowledge can actually benefit from it

Research in thisraa is in its infancy. Thus while behavioral studies have been
able to uncover individual differences in the comprehension of illustrated science text,
the mechanisms of these differences remain largely unknown. The addition of eye
tracking measures ails for the moment to moment monitoring of the attention process,
allowing researchers to relate the number, duration and patterns of fixations with
outcomes. These types of analysis help elucidate the process by which students learning
from illustrated t&t construct meaning out of the materials presented. This is important
for designing interventions and teacher aides which address the components of the
comprehension process in the dose and sequence which promote understanding. In the
following sectionthe relationship of eye movements to cognitive processes is reviewed
and measures used for the study proposed here are defined.
Review of Eye Movements and Cognitive processes

The basic two characteristics of eye movements are saccades (the actual moving
of the eyes from one place to another) and fixations (a pause on an object of interest).
Saccades generally last-80ms (Abrams, Meyer & Kornblum, 1989) and can vary
greatly in size depending on the task (Rayner, 1998). The longer a saccade, ttieefaster
eye tends to move (saccadic velocityghoff and Radach, 1998 The length of saccades
is an indicator of difficulty of processing. However, since no new information is encoded

during saccades (Rayner, 1998) they are often not a focus of analysis.
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Cumulative fixation duratiors a measure of the total time spent fixating an
object and indicates the total visual attention an object received. Itis a course grained
measure and is often succeeded by finer grained meastixasion durationis the
duration of any single fixation on an object, and is indicative of the time spent encoding
that objeci(Antes, Chang, & Lenzeri985 Irwin, 1998;Goldberg & Kotval, 1999
Longer fixation durations indicate difficulty encoding an object and asrevith less
frequentwords(Jacobroon & Dodwell, 1979longerwords(Rayner and Pollatsek, 1982
and complexity of the obje¢Rayner, 1998

Number of Fixationgndicates the number of times a particular object was fixated.
More fixations on an area of interest indicate that area received a lot of visual attention.
Interpretation of this increased attention is also dependent on behavioral performance or
comparisons witlother measures of eye movements. Typically, the distribution of
fixations tends to be more informativé&he Proportion of Fixatiogon a region both
indicates the distribution of fixations across a stimulus display and allows for direct
comparisons betvem groups that make different overall numbers of fixations.

Eye movements have been shown to be directly related to cognitive opeirations
that they reflect the moment to moment processing of symbols when the referent is
visible (Just and Carpenter, 197)89. Thus the locus of a fixation indicates what is
currently being processed and the order of fixations indicates the order of the processing.
More recent research has shown that in the absence of a referent, such as in imagery
tasks eye movementseflect the spatial content of the imagined scene (Brandt and Stark,

1997).

12



In addition to reflecting cognitive processes, studies have shown that eye
movements can aid in cognitive operations. Grant and Spivey (2003) studied eye
movements during a prolstesolving task (tumor problem). They found a specific
pattern ofeye movements was correlated wsticcessful solutions. They also found that
highlighting the conceptually relevant portions of the diagram increased accurate
solutions. In a study of guadl eye movements, Thomas (2003) found that guiding eye
movements with a cue in a manner consistent with a problem solving solution resulted in
faster and more accurate solutions than randomly guided eye movements.

The following section will brieflydescribe the main findings tife preliminary
study conducted for this reporiThe study incorporated cognitive measures of
background knowledge, working memory and eye movement measures of attention to
text and diagram components to test a model of cehgmsion of illustratedstructional
texts. This preliminary modewas the basis for the dissertati@search, and for the
modificationsmade in this report
Building onthe preliminary study.

The Coherence Formation Model of lllustrated Text Compreioba was testeih
an attempto account fohow coherence formation occurs when reading illustrated
science text.The data for the preliminary study were from Cohort | (Spring 2009)
participants from the same 3 year research project as the data préserte The data
were not included in this analysis due to modifications in the comprehension paradigm
from year 1 to year 2 of the study.

The peliminary study(see Fitzhugh et al. 2010 for more dejagistablished that

the Coherence Formatidodel oflllustrated Text ComprehensiofCF Model)was a

13



good fit to the dataWorking memory and background knowledge were found to have
direct positive effects on comprehension, and significant reciprocal relationships with
attention to textual element$ the multimedia display. Increases in either working
memory or background knowledge resulted in less attention to the ltextiever,
background knowledge was found to have a significant and positive relationship with
attention to the diagram (the retatship between WM and time in diagrams was-non
significant).

The CF model was altered slightly from the preliminary study based on the results
of the larger intervention studylt was hypothesized that vistgpatial working memory
would be more predtive of comprehension requiring the interpretation of diagram
materials This only visuespatial working memory was collected and was entered as an
observed independent variable in the path model.

In addition the effect of a signaling mgulation presnted in Cohort llivas
tested. The manipulation involvedo different types of signaling, hyperlink and
numbered sequence. The manipulation has been shown to lead to differences in scores
on aplant classificatiortask, with numbered sequence partioigahaving higher scores
(Bartalome & Bromme, 2009)The modeilvasmodified to include the effects of the
signaling manipulatioly testing the fit o two group modekith Cohort Il as the
control group and Cohort Il as the signaled groBptter fitof the two group model
indicates the groups are different and the signaling manipulation alters relationships in

the model.
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The Present Study.

There is a dire need for research on the comprehension of science text by middle
and highschool studentsThis study seeks to examine some of the relationships
established with undergraduate research and test their relationships in a high school
sample. As such this studised a data set from NSF REESE Diagrammatic Reasoning
study to examine the relationshipstween working memory, background knowledge,
attention taext, andattention tadiagrams to comprehension of typical biology
textbooks. This study capitalizes on data using ecologically valid stimulus materials in a
natural school environment to teswhthese variables relate in a Rlatoratory setting.

The research questions are:

1. Are there Agroupso of I earners with

Background Knowledge?
a. How many of these groups are there?
b. Does the classification dhese groupsapture the interactions
between working memory and background knowledge?

2. Which measures of eye movements are foestxamiring the effects of

attention tallustrated texion comprehension?

3. How does signaling effect the time spent on text and time spetiigrams?

4. Does the signaling manipulation interact with any of the predictor variables?

5. Using anew sampledoes the Coherence Formatioodé! oflllustrated Text

ComprehensiofCF Model)fit the data well?
6. Which predictors have the largest effectadiention to text and diagrams as

measured with eye movements?

15
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a. Is the relabnship the same between the groups identfied

7. What is the relationship between attention to differing parts of a multimedia

display and comprehension of textbook materials?

The following chapteoutlines the literature supporting the Coherence Formation
Model, followed by ann depth review of the statistical method, including definitions of
terms and conventions of notation. Each path in the model is then supported by a
literature review of studies supporting the direction of the eff@tapterll details the
method=f data collectiorfor the sample used heaead the statistical procedunesed in
the analysis. Chaptéy presents the results of tharrentstudy, and Chapte/

discusses the results in terms of the research questions.

16



CHAPTER 21 REVIEW OF THE LITERATURE

Raising the level of scientific understhng in our youth is an undertaking that
involves understanding many aspeutshe learning environmensg¢hool SES, parental
education level, etc.) as Was those of the learner (eapgnitive, emotionaland
motivational) To that end this study focuses on understanding how various cognitive
factorsof the learnemteract to produce comprehensionlbfstratedscience text.This
chapter reviews the relevant literature on multimedia science text comprehension and the
factors that have been shown to effect comprehension of text and diagram materials.

First discussed are the requirementPathModelsincluding terminology and
conventions of representations. Next the selection of variables is discussed and variables
are defined. Then the Coherence Formation Model of lllustrated Text comprehension is
presentd along with the corresponding patlagkam Finally, review of the literature

supporting each of the paths in the model is presented

PathModels

Path analysis is a technique for estimating the presumed causal relagonship
between observed variables. However, the analysis is based on thara®vatructure of
the observed variableg€ssentially the model specified must attempt to explain why X
and Y are correlated, including theoretically based assumptions of causation, as well as
any known spurious relationships between variables.

An accetable model fit does not mean the model is correct. Tomahso

conclude that X causes, ¥everal challenging qualifications must be met. Firstis

temporal precedence; X must precede Y in time. In experimental research with cross

17



sectional measuremenhis requirementannot banet, as datarecollected
concurrently. Thudhe determination of causal pathsaipathmodel must have a
substantive rational&econd the direction of the effect must be correctly specified.
Misspecification 6thedirection of the effect (Xause Y when actually Y causes X) can
greatly affect model fit; as can exclusion of a common causal variable (A causes X and
Y). The omission of a common causal variable is the most common problem associated
with modeling techigues but is easily detected with the presence of correlated
exogenous variablesThird, the relationship between X and Y variables must not
disappear with the inclusion of covariates. That is to say, the relationship between X and
Y must not be a spwus one.

Identification A model is identified when it is theoretically possible to derive
unique estimates for every parameter in the model; that is to sai that @he Bumber

of free parameters in the model is determined by the number of obsesvalihe
number of observatiorequals——, wherev is the number of observed variablés.

model withdf = Ois saidto be justidentified; howeer a justidentified models a unique
solution andwill always fit the data perfectly. An ow@tentified model(df > 0) on the
other hand, will not perfectly reproduce the data. Therefore, model testing for over
identified models analyzes the difference in model fit of alternatively specified models to
determine which accounts best for the relationsimiplseinput covariance matrix

Path models have a set of notation practices for construction of path diagrams.
Manifest(observedyariables are represented by rectangles error variances of these
variables are repreatedwith circles (See Figure)3 Double headed arrows between

variables represent the covariance between the two variables. Double headed arrows

18



from a variable back to itself indicate the variance of the variable. Straight single headed
arrows represent the direction of sality. For example in Figure, ¥ariableX1 is said
to causevariablesy1, Y2. An absence of symbols between two variables indicates the

variables have no hypothesized association.

® ()

Yl
X1

Y2 Z1
X2

Y3

Figure 3. Example Path Diagram

Selection and definitions of variables

A review of the literature on comprehension generally, and multimedia
comprehension specifically, yielded 4 variables thought to be associated with
comprehensionEach will be discussed briefly and defined.

Background KnowledgeBackground knowledge isefined aghetext relevant

knowledge a reader possess based on prior experiences, either through reading or other

19



experiences. Readers can form connections between these experiences and the current
text. Background knowledge is usually measured fordin@ain in which the learning
material is situated (e.g. biology, mathematics).

Working memoryWorking memory is a complex system of storage and
processing components which is responsible for the coordination of processing activities
during complex actities suchas reading (Daneman and Carpenter, 1880 problem
solving Kane et al., 2004).Working memory is typically measured with a class of tasks
known as complex span tasks. This class of tasks consists of a processing task,
interleaved with menmy items and has been shown to be related to measures of general
intelligence (KangHambrick, Tuholski, Wilhelm, Payne & Engl2004).

Attention to text Attention to text is defined as visugttention to the textual
materials ananeasured by both nurar of fixations and amount of time spent viewing
the particular text.The number of fixations can be analyzed spatially to determine
distribution across the display; or they can be analyzed temporally to determine the time
course of the visual inspection text. Fixation durations can be analyzed individually or
aggregated by sequences or areas of interest (AOIs; Just and Carpenter M&7TP).
studies examine attention to text in both fizas and time in order twiangulatethe
locus of processing

Attention to diagrams.Attention to diagrams is defined as visual inspection of
the visualspatial materials and is measured by both number of fixations and amount of
time spent viewing the particular representation. The number of fixations can be
analyzed spatially to determine distribution across the display; or they can be analyzed

temporally to determine the time course of the visual inspection of the displation
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durations can be analyzed individually or aggregated by sequences or antéaesif
(AOls; Just and Carpenter, 1976 Many studies examine attention to diagrams in both
fixations and time in order to better triangulate the locus of processing.

ComprehensionComprehension is defined as the ability to understand the
meaningor importance of somethingComprehension of text is disguished from
retention, which is the ability to recall specific propositions of the texeawgnize the
main idea of the proposition. Retention is associated with a stableatextwhile
conmprehension is associated with a stable situation model. Comprehension is usually
assessed with open ended questions or with complex questions which require inference.
Similar to BK, comprehension is typically measured in the domain of interest.

Signaling Signaling refers to the addition of cues to a stimulus which draw
attention to the components to which the cue is attached. Signaling can be accomplished
through numberingBartholome& Bromme, 2009, coloring Boucheix & Guinard,

2005 Ozelik, ArslearAri, & Cagiltay, 2010 and arrowsBoucheix & Lowe, 201pto
name a few. For the purge of this analysis, signaling was tested through the grouping
of participants into groups and group differences were evaluated in the. model

The CoherencBormation Model of lllustrated Text Compeegtsion

Coherence formatiqras stated in the last section, is the process by which images
or pictures are semantically related to the text with which they are presehied.
Coherence Formation Model of lllmated TextComprehensiors an attenpt to
synthesize a patchwork césearch on multimedia comprehensiath the goal of
understanding how coherence formation occltgesented below is a schematic of the

CF modé&of comprehension (seadtre 4. The model predicts that working memory

21



has a direct effect on comprehension and direct effects on both the attention to text and
the attention to diagrams. There are also hypothesized indirect effects of working
memory through the two attention valied The model predicts similar effects for
background knowledge. The model also predicts that attention to text and attention to
diagrams have direct effects on the comprehension of the materials.

Path 1Background KowledggBK) effects. In the Coheence Formatiomodel
of comprehension proposed here, Background Knowledge is thought to affect
comprehension both directly and indirectly through its effects on attention to components
of multimedia displays, i.e. text and diagrafath 1a from BKo comprehension will be
discussedirst, followed by Pathlbfrom BK to attention to text, and Path from BK to

attention to diagrams.

BIO 1o
lc ATT
la -
2b .
WM = COMP
Ib !
_ : ATD
k. GEO 1

Figure4i TheCoherence Formation Model of lllustrated T&amprehension
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Path 1a Background Knowledge ono@prehensionBackground knowledge
has been studied in the context of comprehension of colarémhcoherent text.
McNamaraKintsch, Songer and Kintsch (1996) showed that high background
knowledgeresulted in better learning from incoherastopposed to coherent texiow
knowledge learners have considerable trouble with incoherent text, as they lack the
necessary components to infer the macro structure of the text (Kintsch, 1995).
Conversely,ldh background knowledge all ows for
statements which help construct a stable representation.

Overall, research has shown a facilitative effect of background knowledge on
comprehension dfiustratedscience tex(Munze, Seufert and Brunken, 2009)he
inclusion ofdiagramsamproves the quality of mental modeksit high kiowledge
participants construehore complete and accurate mental models compared to those with
low background knowledg@utcher, 2006). The typd oepresentation added has been
shown to interaatvith background knowledgenimationgend to benefitow BK
participants ovehigh BK participantgOllerenshaw, Aidman &idd, 1997 Boucheix&
Guignard 2005. However, interactions in the opposite directi@ve been reportddr
animated diagrams (Kriz &egarty,2007)and graphs (Kalug2007)

Path 1b Background Knowledge éiiention to Text.There is precious little
research in the area of backgroundwieaige effects on attention to components of
multimedia displays. Schwonke, Berthold and Renkl (2009) report that attention to
textual components of multimedia displays is positively related to comprehension for
those with high and low levels of backgrauknowledge.Vauras, Hyona and Niemi

(1992) examined eye movements while reading cohgseirticoherent text and found
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that the latter attracted the most visual attentidn.addition they found that difficulty
comprehending the incoherent text slowieavn the reading process. While the study

did not examine levels of background knowledge, the poor comprehension scores with
incoherent text suggest prior knowledge was low.

Verbal protocols and participant constructed diagrams have shown differences in
reported components of the workings of complex systehseen experts and novices
Experts(High BK) tend to report and produce more integrated representations, often
incorporating structural, functional and behavioral elements of the system, awites
(Low BK) tended to report and draw perceptually availabd¢ic components of the
system(Hmelo-Silver and Pfeffer, 2004)Direct support for attention to varying portions
has been shown with eye trackimghich directly measuregsual attention; igher
background knowledge resulted in more time spent on relgsantelevant portios of
the displayCanham & Hegarty, 2010)

The small number of studies reviewed here highlighgdack ofresearch being
conducted in this area. The differentiadings from reported studies highlight the
importance ofinderstanding why and how background knowledge affects attention to
components of multimedia displays.

Path 1c: Background Knowledge on Attention t@@rams Pictures are not
perfectrepresentations, nor are theygg#o understand (Benson, 199%ndit is often
unclear what portion of the visual representaitoto be examineth the absence of
relevant background knowledg@dding @ptions to photographs can incretise
amount ofattention on relevant portions of the diagré®ozzerArghendi, 2004)

Background knowledge functions much in the same way by guiding the learner to the
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appropriate portionsf the display.Low background knowledge participants select

salient featuressaopposed to thematically relevant materiatswve, 1999), but can
benefitfrom additional time on graphical overviewkthe material¢Salmeron, Baccino,
Canas, Madrid and Fajardo, 2009here isevidence that learners use prior knowledge

to selectelevant information, with those higher in background knowledge selecting more
relevant information from the provided graphi¢€ook, Krajick & Vardas, 2006;

Jarodzka, Scheiter, Gerjects and van Gog, 2010).

The selection of relevant information can ghgancrease the chance for a correct
inference. Grassear, Lu, Olde, Coepge & Whitten (2005) presented participants with
diagrams of mechanical systems (lock, dishwasher). The diagrams included text
explaining the basics of how the system functionEldey induced cognitive
di sequilibrium by the introduction of a

d o e s n o Those partieigants higher in technical knowledge fixated the

a

appropriate Afault o rfaulgregomaeaaftmechdmioalh e c hanc

breakdown that could cause the fail statement to be titl@number, percentagand
total time of fixations on the fault regions were positively datsgl with comprehension
scores anderbal think aloud protocols indicatenore inferences were generated by
those high in technical knowledg&chwonke, Berthold and Renkl (2009) reported
similar results with multiple representational displaiespite decreased attentiontoe
diagrams as compared to low prior knowledge paeiais, #ention tothetree diagrams
was related to higher outcome scores for high background knowledge participlaists.
is consistent with the hypothesis that only relevant areas were inspected by high

background knowledge participants.
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Path 2: Workilg Memory effects on Comprehensi@imilar to Background
knowledge, working memory is hypothesized to have a direct effect on comprehension of
science text (Path 2a) and direct effects on attention to text (Path 2b) and diagrams (Path
2C).

Path 2a:Working Memoryn ComprehensianGenerally the role ofworking
memory during reading comprehension can be thought of as the selection of information
for processing and formation of storage cues for retrieval in LTNe construction
integration model o€Eomprehension outlined in previous sections, assumes a large role
for working memoryin the comprehension of texEricsson and Kintsch (1995) argue
that the storage components of the memory system are much too limited to carry out
complex tasks such @soblem solving and reading. They introduce a Long Term
Working memory componeigt T-WM), which is a storage space for retrieval cues for
information in long term memoryThe cues stored in this space are more stable than
information in STM and thus dmhrequire immediate sustained attention.

Support for LFWM comes from studies of interrupted reading, where
participants reading a passage are interrupted for a span of time, sometimes with
intervening taskslf stable retrieval cues were not availagldemprehension from the
point of interruption would be impairedStudies have shown that comprehension is not
impaired after interruption, or interruption with additional task (Fischer & Glanzner,
1986; Glanzner et al., 1981). The only effect of thermiption was an increase in
reading time for the first sentence after interruption of about 450 ms, which was similar
to the time course of retrieval from LT{pproximately 400 ms; Ericsson & Kintsch,

1995.
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In text only comprehension, it may be assumed that verbal working memory is
predominantly responsible for success. Howeavéigs been showthat,in multimedia
comprehension, both verbal and visgpatial working memory systems are needed for
construding a stable situation model (Glyselinkamet, & Dubois2009 Kintsch, 1995;
Danemar& Carpenter,1980) The research on multimedia comprehension is discussed
in the next two sections. First the role of working memory on the attention spent on text
is discussed, followed by a discussion of the role of working memory in attention to
visual materials.

Path 2b: Working memomn Attention to &xt.Differences in working memory
capacity have been shown to be related to differences in complex processing tasks such
as problensolving Kane at al., 200dandreadingcomprehensiofDaneman &

Carpenter, 1980 Eye tracking has enabled researchers totdipe attention processes

to help understand these differences. Kaakinen, HyomhKeenan (2003) studied
perspective effects on reading times for high and low WMC individpaispective

effect: memory for a text is specific to the perspective oféader) The perspective
effectwas greatefor low WMC individuals than for high WMC individualghusthe
introduction of a perspective results in the concentration of attention resources to relevant
materials onlyfor those with lower WMC

In general, those with lower WMC have difficulty selecting relevant materials
when cues are not provideth one of the few studies of multhedia comprehension in
middle school students, Hannus and Hyona (1999) examined the differeatesiion
toillustrated science texts. There were no group differences in the time spent inspecting

illustrations. High WMC students trended for longer reading times and more time spent
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in relevant portions of the textn another study, think aloud protocols weddlected
while participants read perspective texts. Question asking in the think aloud data
corresponded with longer first pass fixations on the sen{&aakinen & Hyona, 2005)
The authors conclude that deepescessingas reflected by questionirandinference
was coupled with increaséithe spenprocessindghe sentence.

Path 2c: Working Memory ofittention to Dagrams. Overall, low WMC
individuals, like those with lower background knowledge, have trouble attending to the
relevant and most farmative parts of the diagranWorking memory studies of
attention to diagrams have shown similar patterns of eye movements as with text.
Hannus & Hyona (1999) studied eye movements of middle school studading
textbook materials and found no overall difference in viewing times on illustrations
between those of high and low WMC. However, the distribution of fixations on relevant
and irrelevant parts of the display differed; high ability participantstspere time on
the relevant portions of the images while low WMC participants spent more time fixating
irrelevant areas (blank white spaces between diagrams).

Hegarty (1992) used a sentence verification task to examine how people inspect
static diagramsf mechanical systemsope andpulley). Learners spent the most time
looking at the referent of the sentence, followed by those nodes preceding it in the causal
chain. This pattermdicates that learners infer the motion of the pulley system from a
series of inferences made on the causal chain of the apparatus.

The seductive details effect of multimedia learning states that students are
distracted by photographs and other visual representations, and that these distracting

representations impair ogorehension of the textresented This effect is greater for
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those of low WM capacity (Sanchez and Wil2@06) andis consistent with the

executive controliteories of working memory (Karet al, 2009. Given the prevalence

of these types of repredations in standard high school textbooks (Pozzer & Roth, 2003)
the opportunity of distraction is high and is magnified for those of lower working
memory capacity.

Path 3 Attention to Text on @nprehension.Reading is a complex skill that is
influenced by a variety of factors such as working memory, word fluency and
background knowledgand thustie relationship betweeattention devoted to the textual
elements of a multimedia displapd comprehension is a complicated one. Each of these
factas influences the amount of time it takes to encode and process the text under
consideration. Textual factors also influence the time spent on the text such as syntactic
and coreptual complexity (Rayner, 199&ndcoherencéKintsch, 199%.

Despite theecomplexities, studies have found positive effects of attention to
textual elements ocomprehension of learning materigtéannus & Hyona, 1999;

Kintsch, 1995; Pozzeirdenghi, 2004; Pozzer & Roth, 2003 a study of perspective
effects on readingomprehensiorgeeper processing, as evidenced by questioning in
think aloud protocols, was coupled wititreased time spent readitige sentence
(Kaakinen & Hyona; 2005)Finally, in a study of the effects of background knowledge
on MERs instructional aterials, participants spent more time on text than on the two
other representations (tree diagram and equation) and time spent on the text was
positively related to learning outcomes (Schwonke et al., 208@nestudies of

attention to different parts snultimedia displays have not found this positive

relationship between time on text dedrning success. Jarodzoka et al. (2010) found
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thatdespite differenceis the attentiordevotedo textual elementsetween high and low
WMC participantsthis att&tion was not related to learning success.

Individual differencein attention to textual elementften correspond with
distributional difference in the allocation of attention to varying parts of the MERSs.
Briefly summarized, those with higher levelsbackgroundknowledge(Schwonke et al.,
2009 Canham & Hegarty, 20)@&nd/or working memor{Hyona & Keenan2003)
allocate more visual attention to relevant portions of the disglais study will examine
total time on all elements and time @evant information onlyo examine the effects of
individual differences on measures of eye movements

Research on eye tracking and comprehension has been mixedti9égthe
eye movementecord suggests something (e.g. detection of error) baeg dot get
reported by the individual. Results such as these call into question the interpretation of
the eye movements ditheir meaning. Thi&vo paths from time spent on text and time
spent on diagrams twmprehensiowill hopefully help to elucidatsome of the
conflicting evidence regarding the interpretation of eye movements in terms of working
memory and background knowledge.

Path 4 Attention to Dagrams on @mprehension.Despite the relatively small
body of researchn the attentiongentod i agr ams i n MERG6s, some i
have emerged. Generally speaking, fixations on visual representations elicit longer
fixation dusations than does reading t€Rayner, Portello, Stewart, Keir and Dulffy,

2001). However, he visualattention tadiagrams can be different based on individual
cognitive characteristics such as background kndgdeand working memory.

Schwonkeet al., (2009) found that attention to diagrams was positively related to
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learning outcomes, but only for students with hpgior knowledge scoresGraesser, Lu,

Olde, CoopeiPye and Whitten (200%pund that background knowledge influenced the
number of fixations on the Afawktt o regions
regardless of levels of background knowleddkthree measures of attentionftodf a ul t 0
regions(number of fixations, percentage of fixations and total time) were significantly

related to device comprehension scores.

Sgnaling on Attention to Text and Diagraniearners can have trouble selecting
relevant information for processing when presented with multimedia learning materials.
Several studies have examined the efficacy of adding signals to the display inglirect
the attention of the learner to the relevant stimulus matémialsimated diglays The
addition ofcolor coding or highlighting of naming labdldzcelik, AslaAri & Cagiltay,

2010) and of color codedrrows Boucheix and Lowe, 2010) increasadual attention
to relevant parts of the display

With respect to static displaythe research is even more limit&hrtholomeand
Bromme (2009) studied the effects of two types of signaling manipulations, numerical
labels vs. hypertext, on the identification and classification of plants. The learning
environment was computerizeddaconsisted of a diagram of a plant with accompanying
text. The text contained either numbered cues (number in a circle) or was highlighted
and underlined to signify a hyperlink. In the numbered condition, the text number
corresponded to a number on ghetion of the diagram described by the text. In the
hyperlink version, clicking the hyperlink highlighted the corresponding portion of the
diagram in yellow. The numbered version resulted in better learning for classification

(the transfer tagkthandid the hyperlink condition.It wasargued that the hyperlink
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condition produced shallower processing by removing the need to visually segment the
diagram. An alternative hypothesis is that the hyperlink condition, by virtue of the
segmentation of theelevant portions, reducing global processing of the diagram, which
may have impaired the performance on the classification task.

We expect that the effects of the signaling manipulation will manifest in a
increaseof attention tahe signaled portionsf the text and corresponding signaled
portions of the diagramsReaders of illustrated text rely heavily on the text to guide their
learning, attending to text firsHegarty& Just,1993)and spending more time on it as
compared to the diagram (Schmitfieigand et al. 2010). Signaling learners to focus on
portions of the diagram should result in more looks on the diagram compared to no
cueing. The effects on the time spent looking at the diagram may vary according to
which manipulation was received. &hyperlink condition may result in fixations on the
diagram, but at lesser durations than the numbered condition.

The literature reviewed in this chapter led to the formation and testing of the CF
model with Cohort | data from the same school as thee wtd for this study. The
model proved to be a good fit to the data. The question of how the model would fit with
the inclusion of a signaling manipulation prompted the present study. The following
chapters first describe the procedures and matesals$ in the data collection phase of
the study, followed by the methods of data screeunsggl to determine the variables for
use in the fitted model. Chapter V details the results of the exploratory analyses, group

differences and finally the testing dfet CF model.
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CHAPTER3 - METHODS

Participants
Data for the study were cotieed from an urban school in Philadelphia,
Pennsylvaniauring two waves of data collectiovithin a larger study on Diagrammatic
Reasoning The school itself is K-12 quastpublic school for high achieving students
from single parent households in tiiestatearea. This study focuses on #dire
population ofLd" grade biology studenfsr two cohorts of students (Gort Il data
collectedspring201Q Cahort Il data collectedall 2010). Both cohorts of students were
composed of sty-three participarg taken from 4 intact biology classrooms, afie
whichwasan honorglass Themean agevasbetweerl5-16 years of ag€Cohort 11=
15.5 Cohort lll= 15.5) The distribution of gendas 55-60% female. The distribution
of raceis 85-88% AfricarrAmerican, with the remainder of the students divided among
White, Asian, Hispanic, an@ther/mixed race. Soeconomicstatuswasestimated from
educationévels of the custodial paremind is considered relatively low. For example,
53% of mothers had graduated frbigh school or less and 85% of fathers had graduated
from high school or lesgaveraged across both yefsswhich data wereollected)
Theacademic demograplsaresimilar to state and city averages for percentage
of advanced students and percentaigeasic level studentbjgher for percentagef
proficient levelstudentsand lower for percentagé below basicstudents The 8" grade
state mandated higbstakes test scores f@ohortll and 11l students were distributed as
follows: 36% at theAdvanced level (vs. a mean of 46% in the state and 21% in the city),

50% at the Proficient levdls. a mean of 29% in the state and 28% in ttyg, di2% at
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the Basic level (vs. a mean of 13fthe state and 21% in the city), a2fb at the Below
Basic level (vs. a mean of 12% in tstateand 30% in the city). Thuthe sampleavas
selectedrom a socieeconomically disadvantaged sample iBaelatively high
achieving compared to the city and mediaahieving compared to the state.
Research Design.

The data set used for this study was collecte¢dercontext of a larger study
examining the efficacy of a diagrammatic reasoning intervemiimed at improving
studentsd6 ability to use donssgdofasesieseff f ecti v
workbookpages, created fromthestade s 6 cur rent t eontebtionsk, whi
of diagrams (use of colorsa of symbols etc), and eitreif-explanation (explanation of
thetexttoa ficonf usedod wGohdth)mroeskiderchnatructed tisgmrams
(students completing partial diagran@ohort Il) depending on the experimental group

To examine possiblprocess kbangedor Cohat Il think aloud data were
collected during the eye tracking measure for both pre and post testinghinkhaloud
data will not be analyzed for this studwithin the larger study, participants are assigned
to a diagrammatic reasoning intervention by their inclusion in a particular ¢hass.
addition to the intervention, a signaling manipulation was included in the pre/post
comprehension measui@ Cohort Il. Participants wereandomly assigned to a
prompting conditioras they entered the ptest areaindependently of their intervention
condition
Materials and Measures

The data for this study were obtained wittoanbination of researcheleveloped

and existing measures. Pestsweregiven in regular classrooms during a single biology
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class meeting in lieu of standardized test preparatidlhmeasures given in the ptest
aredescribed here. Those included in the analysis for #penaredescribed first and in
greater detail, additional measusgsdescribed briefly.

Spatialworking memory.For assessment of spatial working memory wel ule
automated version of the Symme8pgan taskUnsworth et al, 2005 The task belongs
toaclasof test known as 0 oipgofaptocessing cempenant t as k s
and a storage tagireformed concurrentlyThe automated version provides three
practice blocks, one for each part of the teearatelyfprocessing and storage) and one
to practice performing th&asksconcurreniy. For thesymmetry judgmenportion
(processing)participants werpresented witla matrix array andavereinstructed to
decide whether the array is symmetrical along the vertical &aaction time for each
trial wasrecorded and an average time for solutiosyshmetry judgmentvascomputed,
and stored for use as the presentation speed of the actual test trials.

In thememoryportion of the practice participants are presented avith4
matrix of squares, @of which is colored red f@00ms. Thenumbers of matrices
presented werketween 4 and 12ach with one red square indicatdarticipants are
asked to remember tipositions of the red squaresthe order thg werepresented for
later recall. Redbof positionswas assessed at the end of the setaificesby ablank
4x4 matrix; @rticipants were required to click on tpesitionscolored redn the order
they were presented. Accuracy scores were
out forfpracdice trials only
The combined task interleaved the two tasks previously described sutirethat

symmetry matrix was presented for presiag for the average time for solution on the
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practice versionfollowed immediately by the answer screerfteAanswering the
symmetry judgmenta memorymatrix with one red colored squaneas presented for
800ms. Te sequence was between 4 andhietleaved trials with recall assessed at the
end of the set. Recall pbsitionswas assessed &#efore but at the end of the sequence
Ifpar t i cesporesetims @ the processing task exceeded 2 standard deviations from
than th& average respongeme on thepractice portion, the trial was terminaiaod
scored as an error. Thsprogrammed into the task amdsdone to prevent verbal
rehearsal during the processing task. In addition, participants were instructed to keep
their accuracy for thprocessing tastt 85% or above to prevent participants from
Ai gnoringo the processing task in favor of
approxmately 20 minutes to complete (see Figbffer examplesequence)

Prior knowledge To assess prior knowledgethre topic area of biology, a 25
item, 8minute reseatter developed assessment was used. The measungaised
| anguage, and ledgeftconsepts ddictogythatare linked tasthe
diagrams in the biology diagrammatic reasoning meaSineemeasure has been shown
to have good reliabilityGr on b ac h 683). Al pha =

To assess prior knowdge in the topic area of geoscience, atéth, 4minute
researber developed assessment was used. The measunglaisddnguage, and test
st ud e n tedg® of comcepts of geoscience that are linked to the diagrams in the
geoscience diagrammatic reasoning transfer meatheemeasure has been shown to

have good reliabilityCr onb ac h 68) Al pha =
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Was that symmetrical?

Yes

Clear

Reset Next

Figure 517 Schematic of the Automated Working Memory Test (Unsworth et al., 2005)

Comprehension Measurd.o assess studecomprehension of the reading
materials, an experimenter developed test of diagram and text compreheasiosed.
The test hatbeen used in previous studi€stzhugh et al., 200)0and is comprised of
scanned pages of the student sadledstilol ogy t ex
diagram. Students weasked to read the page as if reading for homework, then answer 3
guestions]) text based question (can be answered from the information found in the
text), 2) Diagram based question (can be answieoed the information found in the
diagram), 3) Integration question (requires the integration of textual and diagram
information toanswver correctly). Participants wenastructed to respond to questions

verbally. All participant responses werecordedon a digital voice recorde¢hen
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transcribed and coded for accuracy offsite (see coding section for details of coding
procedure).
Eye tracking Eye movement measures weeeorded during the completion of
the comprehension measure described above using the Tobii T60 remote eye tracker
(described in detail in the next secfiofhe eye tracking dataere analyzedbr the
following first order imlependentariables: number of fixations, fixation duration,
cumulative fixation duratiorreaction timeand transitoeb et ween t y.pes of AC
Think Aloud ProtocolsParticipants in Cohort INvere also asked to think aloud
while they learned from the materials presented to them. The instructions were given at
the start of the comprehension measure as part of the regular instructions for the
experi ment . Participanthouwdnt e ot avlhd | teh ate atd
important for learning andhat the research teanere interested in these thoughthe
instructions were repeated as verbal prompts by the experimenter when a period of
silence of 5 seconds was encountered. Think alootdqwls have been shown to slow
the pace of reading (Rayner, 1988\us the control group may have different reaction
time and reading time as compared to the two signaled groups.
Diagrammatic reasoningBiology Diagrammatic Reasoning a25-item, 20-
minute researcheateveloped masure of diagrammatic reasoning. eliheasure consisted
of diagrams scanned from high school biology textbooks. Diagrams were chosen by the
researchers based on several criteria; a) maintaining the distribution of diagram
component type (i.e. line drawing, photograph, etc.) found in textbook; b) the conventio
of diagrams to which the diagram applied; c) the content area from which the diagram

was taken. Questions were devised to assess the level of ability to reason with diagrams
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from verbatim reportingf facts(at the lower levelsjo inference generatig@at the
higher levels) The measure has showaod internal consistengseliability and
concurrent validityinternal consistency reliability =78 correlation with background
knowledger (289) = 62 with undergraduate student@tomley, Snyder, Luciw, &
Tanaka, 200y

Geoscience Diagrammatic Reasoning measure consistialgrams scanned
from high school biology textbooks. Diagrams were chosen by the researchers based on
several criteria; a) maintaining the distribution of diagram component typenee. |
drawing, photograph, etc.) found in textbook; b) the convention of diagrams to which the
diagram applied; c) the content area from which the diagram was taken. Questions were
devised to assess the level of ability to reason with diagrams from verbpbming of
facts(at the lower levelsjo inference generatigat the higher levels). The measure has
showngood internal consistencseliability and concurrent validityinternal consistency
reliability = .80, correlation with background knowledg@89) = .57 with
undergraduate studentromley, Snyder, Luciw, & Tanaka, 2007

Spatial ability The Hidden Figures Teand the Mental Rotations Test (Form A,
Peters, 1995)ere administeredscovariates for the larger study but scores are not
analyzedn this study. Please see (Cromley et al, year) for details.

EquipmentPaper and pencil measureswere e s e nt e dringbmdefis6 t hr ee
with tabs separating the measures. The diagrammatic reasoningesgasaogy and
geoscience) wenaresented in color with the remaining measures presented in black and

white. All responses are recorded®cantroranswersheets and scored electronically
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with the exception of the spatial tests, for which answers were recorded directly on the
sheet.

All computer based measureswpre e sent ed on a standard 1
Prime 2.0 software (Psychology Software B@&009). The laptop display was split and
wasdisplayed to participants on a Tobii T60 remote eye tracker. The Tobii T60 has a
refreshrate of60Hzand a 170 monitor. During eye tra
comprehensn measure) the Tobii T60 samples the pupil and peadionof the
participants at sate of60 Hzwith and error of .5 degrees of visual angle. Head

movement is tolerateid the rage o#i4 x 22 x 30 cm

Procedure.

Paper and pencil measur@aper and pencil measurgsreadministered in intact
classes during a 48 minute class period ofdgglinstruction. Participants wegéven a
booklet of test materials andSgantrorsheet prenumbered witha subject number.
Students werasked to record their names osegparate paper attached to Stantron
After data ent r (e attaclkaed papecsjengeranmved @nd stoaethe s
sepaate from the data. Students wéren given verbal instructions for each test and a
time limit for completion. Tests wergiven in the following order: 1) Biology
Background knowledge (8 min), 2) geoscience background knowledge (5 min), 3)
Biology Diagrammatic Reasoning (18 min), 4) Geilence Digrammnatic Reasoning (6

min) 5) Embedde&igures Test (1&in), 6) Mental Rotation Test ForivA (3 min).

! Previous research by the Principal Investigator of the larger study had shown scores to drop
significantly when students had to transfer answers on the spatial tests to Scantron sheets. Thus
participants wrote directly on the forms for these tests agylwlere entered onto Scantron sheets for
scoring by the research team.
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Computer based measur€omputer based measurgsreadministered
individually in a separate room in the school building. Participaateasked to
volunteer in the beginning of each biology class as permitted by instructional demands
(i.e. not during testing or lab activities). Participanéseled to thetesting room and
seated in frondbf the computer screen. Participawesre therpresented with a letter of
informed assent and asked to read and sign the letter to indicate they would like to
continue.

Thereading comprehension measur@sadministered individually by computer
in a dedicated room in the high scho#ll participantswerepresented with scanned
pages of their current biology textbooks selected from later chapters of the book which
had notbeen covered at the time of gesting(See Appendix F)Theprompting
interventionwas included in the comprehensioeasure for Cohort Il onlyParticipants
from Cohort lllwere additionallypresented with either numbered text prompts which
correspond to numbered diagram pénsmbered condition, see Appendix, @) they
werepresented with hyperlinked text portionkish highlighedthe corresponding
diagram portion when clickehyperlink condition, see Appendix HYhe number and
hyperlinks occurred at the same point in the text in both conditidih$ext materials
wereidentical with the exception of the pronmg condition thus Cohort Il will serve as
the control condition for examination of signaling effedgarticipants answed
comprehension questions verbally and these answeerecorded on digital recorders
with a small personal microphone. Eye moestswere recorded as they read and

answered questions.
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The working memory assessma&rdsadministered individually on computer
using a program developed by Unsworth anlieagues (Automated Symmetry Span;
Unsworth, Heitz, Schrock, and Engle, 2D0Raticipantsweregiven verbal mstructions
anda verbalexplanation othe working memory measure. After an opportunity for
guestios, the working memory measure vwaaministeregdand instructions were
reissued via the E Prime experimental pgram beforeractice blocks begaThe
experimentestayedseated at a separate table in the room to monitor performance and
answer any questiomslating to navigation through the programs

Upon completion of the working memory assessment the partic\@zagiven a
verbal description of the compreh@rsmeasure. The participant wiagn asked to sit
approximately 60 cm from the screamdahe Tobii T60 waadjusted for calibration
using the guidelines in the Tobii T60 manuadrsion 3, 200P The calibraion
procedure is automated and uses 9 pointalifration. The participant wascalibrated
if any of the 9 calibration points wagssed or the error fetlutside the calibration point
radius

Once successfully calibratetthe participant wastted with a personia
microphone clipped to the cotlaf the shirt. To test thmicrophonend identify their
transcript the participantwaa s ked t o say AThis is particip
participantnumber out loud intthe microphone, which activatadvoice based tape
recorder. Once the audio test wamnpleted, participants begthe comprehension/eye
traking measure. Participants weéhenpresented with written instruction on how to
bring up the questian(press 1, 2 or 3 on the kewndfor examplé and advanag the

page (click the left mouse buttonyhey werethenpresented with a practi¢eal to
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familiarize themwith the keystroke requirements and verbal answering gusee The
experimenter remaineskated at a separate table inrtt@n to answer any procedural
guestions buinstructed participants that they wouldt answer any content related

guestions.The entre computer based measure lastpdroximately 45 minutes.

Scoringand Coding
The data set used in the present study is comprised-tégirdatdrom a larger

study examining the efficacy of and intervention designed to instruct high school students
in diagram comprehensiorAll behavioral measures were collected prior to the
intervention as was eye movement data from Cohort lll. Eye Movement data for Cohort
Il was collected concurrent to the implementation of the intervention due to scheduling
constraints at the school where the sample was taken. ddysaf exposure to the
intervention was recorded as the number of calendar days the intervention had been
implementedht the time of eye tracking data collectiowhile workbooks were not done
every day, they were done several times a week and thus this is a good approximation
how much exposure was received. This variable was then entered into a regression for
each variablaffected (e.g. all eye tracking measures and the comprehension measure)
and unstandardizedsiduals were saved. Adinalysis of variance and analysis
covariance tests weperformed orthese residual

The data used for this study is a subset of the data collected for the larger study.
The scores for Diagrammatic Reasoning, Paper Folding, Mental Rotations Test and
Embedded Figures Test were notmxaed and thuare not discussed herelfa

discussion of these variabl€somley et al, 2010
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Comprehension Measurd he comprehension questions are answered verbally
onto audio tapes, which are then transcribed by the experimenter. After transctifaio
data is coded using a rubric developed by the research team. The rubric assigns a score
for each response based on the correctness and completeness of the answer (i.e. 0 =
incorrect, 1 = Partial credit, 2 = correct). Partial credit is assignedamplete
responses such as only answering 1 part of a 2 part question, or correct for one portion
but not the other. No response due to unintelligible or absent answer was scored as a 9
andcoded as a missing valu€odingwascompleted independently8 members of the
research teanf\ll disputes regarding coding weresolved with a group discussion
Interrater reliability for the coding schermeas88% (see Appendix | for coding rubric)

In previous research using this method, there has been ddrestddents to
answer questionequiringinferencewi t h il donét knowd and t hu
Most of the questionsequiring inferencare text and diagram integration questiars]
thus were more difficult. The tendency to not attemptaarsber resultedin very little
variability for the scores of that question type. Thus we have found that adjusting scores
for the difficulty levelby weighting them by the total possible poipteduces a better
distribution of scoresAll scoreswereweighted to correct for theendency to not attempt
of the question using the following formula:

ey 1o, P
WY [ ZUN—
i 7¢

whereWS= the weighted scors,= the score for that item, and 2 is the total score

possible for each item. €liormula weights the correct score of questions such that more
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credit is given to correctlgnsweredlifficult questions than is given to correctly
answered, verbatim questions. Weighted socosrethen entered into data analysis.

Intraclass correlatiomdex wascomputed for the comprehension measure. The
index is a composite measure of both wrer (systematic) and intrater (non
systematic) reliability. Typically correlations greater than .70 are considered acceptable
The Cr onb a cladrass all frigistarsd questions types was within acceptable
parameters)(=.79).

Background KnowledgeScoring for the biology and geasnce background
knowledgemeasuresvere scored in the same manner and so will be discussed together.
Thetests are multiple choice tests each with one discrete correct answer choice out of
four possibilities (A, B, C, and D). Answers are recorded on Scantron sheets and
processed through Temple Universityoés Meas
convertel to electronic format in the form of a text document, which is imported into
SPSS. Answer choices are reported and assigned a 1 if correct and a O for incorrect.
Correct answers are summed for each subject and percentages are computed by dividing
thesbbj ect 6s tot al c o 24 pomnts forBiology and 10tpantsdor p o s s i
Geoscience).

Visuaspatial Working MemoryThe automated program produces two scores.

The liberal scoring methoalvards one point for each matrix positiecalled in is
correct serial position. Thus a participant can earn a scorbyofetalling 2 of the 4
matrix positiongn the correct serial location. The second or conservative scardsa
point only if all locationsare recalled in the correct serial positioThus in the previous

example, although 2 of the 4 items were correctly recalled, the trial would be scored as
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incorrect because not all locatiomsre recalled correctly. The liberal scoring method is
often used for examining errors such as seriatipas primacy andeencyeffects. We
will use the conservative score as it has been shown to be more discriminating and a
better predictor of generadtelligence measures (Unsworth, 20p7a

Reaction TimeReaction Time, the time from the start of the trial until the subject
pressed the key to terminate the trial, was calculated automatically by the computer
program running the comprehension measure.

Fixation Duration.The average fixation duration was@ahted by averaging the
duration of each valid fixation, across trials and across AOI types.

Number of Fixations.The total number of fixations was calculated by summing
the number o¥alid fixations for each trial.

Proportion of Fixations on Relea n t  Xd&ld fi&adians werecoded for
whether the fixation was on a portion of the display relevant to the queRaavance
was determined a prioriThe total number of fixations aelevant areas was then
summedand divided by the total numbef fixations made.

Switching Across AOI Typ&\ switch was identified as a fixation on one AOI
type followed by a fixation on a different AOI typ®ata were coded for 10 different
types of switches to account thedisplag wi t ches
Number ofacross AOI typeswitches was thesummed across trials

Switching Within AOI TypeA within AOI type switch was identified as a
fixation on one AOI type followed by a fixation on the same AOI type. For example, a

fixation on thediagmamfollowed by a fixation on another portion of the diagram, without
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moving out of the AOWas considered a switch within AOI typ&/ithin type switching

was coded for each of the four AOI types. These data were then summed across trials.
Proportion Data.In addition to the previous first order statistics, a series of

second order statistics was calculat@degach first order variable. v@rall

Comprehension score and Reaction Time vpamitioned into subscales by the type of

guestion (i.e. text, diagram and integratioRjxation DurationNumber of Fxations

Proportion ofFixationsonRe | e vant A €&RAdossAOlI TyweandcStvitches

Within AOI Typewere divided into proporti®on each type of AOI (i.e. text, diagram,

signal, and question). These data thus erploe distribution of eye movemerisross

di fferent types of AOI 6s to examine possib

groups. These data also correct fdfedences in absolute time and number due to

extraneous variablgse. strategies or reading spedtils naking group comparisons

possible.
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CHAPTER4 - RESULTS

Descriptives

Means and standard deviatiomsrecalculated for all variableg raw form(see
Table ). All dependent and independent variablesescreened for univariate
normality and homogeneity of varianceBhe eye data for Cohort Il was collected while
the intervention was implemented due to scheduling constraints of the schos). Thu
Days Exposure to the intervention was recorded for each participant at the time of data
collection. This variable was removed from all eye daiag regressianCohort Il
students6é data was coll ected pysiExposurd o t he
for this group was evaluated at a value of zéJastandardized regression residuals were
saved as variables and analysis proceeded on these values. Descriptives fdatdnare
presented in Table. 2
First OrderVariables

Behavioral Meastes. Means and standadgviationswere calculated for all
behavioral measure\ll behavioral measure scores were normally distributed
(Comprehension, Biology Background, Geology Backgroand, WorkingMemory).
The Geoscience Background scores indtat@ossible violationfdiomogeneity of
variance. Avariarce ratio test othe ratio of the highest variance group to the lowest
variance group was below the cutoff and thus within acceptable limits. No
transformation of the vable was performed.

Eye Movement DatdReaction TiméRT): The unstandardized residuals
reaction time with days exposure removed exhibited a positive skew, which is common in

reaction time data. Thus a squanet transformation was applied to the raw RT for each
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trial, and the unstandardized residuals computed from the transformed variable. The
resulting variable was normaltistributed and homogeneity of variance between groups
was established.

Number ofFixations.Means and standard deviations were calculated for average
number of fixations across trials (see Table 1). There were no violations of normality and
the homogeneity of variance assumption was satisfied.

Fixation Duration Means and standard deviaticare presented in Table 1.

There were no violations of normality for the unstandardized residuals of average fixation
duration on the display. The variance was homogeneous between groups. Thus no
transformations were required.

Proportion of FixationsofiR e | e v a n MeaAs@hd&tandard deviations are
presented in Table 1. No violations of univariate normality were found and variance was
equivalent across groups.

Across AOI Typ&witches Means and standard deviations are presented in Table
2. No violations of univariate normality were found. A significant Levene statistic
indicated a possible violation of the homogeneity of variance assumption. Thus a
variance ratio test was conducted ®WTYPE and the ratio of the largest variance group
to the smallest variance group was found to be within acceptable limits (<5). Thus no

transformations were made on this variable.
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Table 1i Descriptives for Raw Variables

Variable Mean (SD) Skew Kurt Mean (SD) Skew Kurt Mean (SD) Skew Kurt
Control Group N=63 Numbered Signals N=33 Hyperlink Signals N=30

Working 27.00(7.85) 0.42 0.34 27.66(6.21) 0.22 0.89 27.13(6.95) 049 0.01

Memory

Biology

Background 5.41(1.55) 0.05 0.03 6.57(2.86) 0.72 0.59 6.34(2.99) 0.13 044
Knowledge

Geoscience
Background 7.25(2.04) 0.27 -052 4.39(1.71) -0.06 -0.19 3.58(1.76) 0.89 0.43
Knowledge

Comprehensior 9.79(4.22) 0.30 -0.08 9.78(3.27) -0.23 -0.49 8.86(2.87) 0.15 -0.59

Reaction Time 3.56(1.63) -0.91 0.67 5.32(1.38) 0.68 0.08 5.39(1.38) 0.69 -0.50

Duration 1.62(0.58) 1.45 3.39 1.55(0.39) 051 -0.39  1.81(1.33) 243 5.8

Fixations 98.37(36.64) 0.59 0.17 141.33(65.5) -0.15 0.21  147.15(65.5) -0.41 -0.8

SwitchesAcross

Type 36.53(14.96) 0.299 -0.26 69.45(25.22) 0.63 1.19 72.93(30.01) -0.29 -0.68

SwitchedNithin

Type 61.70(25.87) 1.07 1.67 71.88(25.50) -0.17 -0.22 74.22(39.48) 0.00 -0.80
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Table 1i continued

. Mean (SD) Skew Kurt Mean (SD) Skew Kurt Mean (SD)  Skew Kurt
Variable
Control Group N=63 Numbered Signals N=33 Hyperlink Signals N=30
E.e'e."a”t 0.65(0.16) -0.76 135 0.56(0.09) -062 -0.03 051(0.08) 013 1.15
ixations
Comprehensior
Score(Texty  162074) <101 017  143(49) 049 -0.85 119(040) 026 -0.53
Comprehensior
Score 1.51(0.73) -0.66 -0.33 1.01(0.52) 041 -0.63  1.09(0.55) -0.09 -0.39
(Diagram)
Comprehensior
Score 1.46(0.93) -0.04 -1.05 1.04(051) -0.16 -0.37 0.84(0.58) 0.22 -0.63
Integration
Rea‘;t.';’;t“me 240(1.15) 0.16 021 0.79(0.34) 061 021  068(0.40) 141 1.88
_Reaction 2.42(1.19) 0.08 0.24 083(0.37) 1.28 3.00 0.650.41) 159 3.66
Time Diagram
F'Xaﬁé’;‘fo“ 0.35(00.15) 0.44 -0.07 0.37(0.12) 036 -0.53 0.27(0.08) 0.63 1.17
Fhationson 435014y .007 -0.44 039(0.13) -0.16 048  032(0.10) -041 -0.10
Diagrams
Fixations on - - - 0.02(0.03) 155 1.80  0.28(0.12) -0.25 -1.12
Signals
Fhationson 456012y 098 240 020006) 053 041  0350.07) 114 2.19
Questions
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Table 1i continued

Control Group N=63

Numbered Signals N=33

Hyperlink Signals N=30

Mean (SD) Skew Kurt

Variable
Duration on

Text 0.37(0.16)

-0.16 -0.58

Duration on

Diagrams 0.26(0.12)

0.05 -0.63

Duration on
Signals

Duration on

Questions  0-32(0.13)

0.17 -0.05

Switches
Between Text
and Diagrams

0.26(0.12) 0.73 1.29

Switches
Between Text - - -
and Signals

Switches
Between Text
and Questions

0.24(0.15) 1.07 2.17

Switches
Between
Diagrams and
Signals

Switches
Between
Diagrams and
Questions

0.32(0.17) 0.58 0.08

Switches
Between Signal - - -
and Questions

Mean(SD)

0.45(0.14)

0.26(0.12)

0.01(0.01)

0.28(0.09)

0.34(0.11)

0.06(0.07)

0.25(0.10)

0.01(0.02)

0.22(0.11)

0.01(0.02)

52

Skew  Kurt
-0.41 0.23
0.78 1.10
441 22.13
-0.12 -0.70
-0.02 -0.63
1.37 0.82
0.63 0.22
1.37 0.52
-0.05 -0.90
3.14 932

Mean (SD)

0.35(0.16)

0.24(0.08)

0.01(0.01)

0.39(0.14)

0.22(0.08)

0.10(0.07)

0.25(0.10)

0.02(0.02)

0.28(0.10)

0.02(0.02)

Skew  Kurt
0.02 -0.39
0.11 -1.03
0.75 0.21
0.61 -0.44
0.45 0.54
-0.23 -1.44
1.16 2.09
0.57 -0.73
0.62 0.70
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Table 1i continued

Control Group N=63

Numbered Signals N=33

Hyperlink Signals N=30

Variable Mean (SD)

Switches Withir

the Text 0.38(0.19)

Switches Withir

the Diagram 0.32(0.18)

Proportion of
Relevant Text 0.22(0.14)
Fixations

Proportion of
Relevant
Diagram
Fixations

0.18(0.11)

Proportion of
Releveant --
Signals Fixated

Proportion of
Relevant
Question
Fixations

0.25(0.12)

Skew Kurt
0.33 -0.54
0.12 -0.59
0.54 -0.52
0.74 0.12
0.87 3.22

Mean (SD)

0.37(0.19)

0.47(0.20)

0.17(0.07)

0.18(0.09)

0.01(0.02)

0.20(0.06)

53

Skew  Kurt
0.33 -0.64
-0.27 -0.21
0.27 -0.82
021 -0.34
187 3.79
0.65 0.46

Mean (SD)

0.22(0.13)

0.36(0.17)

0.15(0.08)

0.15(0.07)

0.02(0.02)

0.19(0.08)

Skew  Kurt
0.90 1.34
-0.45 -0.19
0.16 0.09
-0.24 -0.08
042 -0.94
0.71 -0.29



Table 2i Descriptives ofUnstandardized Residuals

Variable

Mean (SD)

Skew

Kurt

Mean (SD)

Skew

Kurt

Mean (SD)

Skew

Kurt

Control Group N=63

Numbered Signals N=33

Hyperlink Signals N=30

Comprehension
Score

ReactionTime

Duration

Fixations

Switches Across
Type

Switches Within
Type

Number of
Relevant
Fixations

Comprehension
Text Questions

Comprehension
on Diagram
Questions

Comprehension
on Intergration
Question

0.11(0.46)

-0.39(1.74)

0.01(0.58)

10.17(39.99)

-7.58(19.13)

-2.66(26.20)

0.02(0.16)

0.07(0.59)

0.11(0.62)

0.14(0.81)

-0.53

-0.87

1.44

0.65

0.00

1.14

-0.92

-1.04

-0.48

-0.23

0.50

0.41

3.29

0.12

0.02

1.70

2.11

0.38

0.53

-0.39

-0.05(0.39)

0.32(1.37)

-0.12(0.39)

6.54(45.56)

5.26(25.22)

1.34(25.50)

0.00(0.09)

0.04(0.55)

-0.13(0.54)

-0.06(0.55)

54

-0.72

0.73

0.51

-0.15

0.63

-0.17

-0.62

-0.61

0.26

-0.19

0.89

0.11

-0.39

0.21

1.19

-0.22

-0.03

-0.37

-0.60

-0.59

-0.15(0.37)

0.40(1.32)

0.13(1.33)

12.35(65.53)

8.73(30.01)

3.68(39.48)

-0.05(0.08)

-0.18(0.45)

-0.06(0.58)

-0.21(0.59)

-0.39

0.74

2.43

-0.41

-0.30

0.00

0.13

-0.25

-0.12

0.25

0.83

-0.41

5.88

-0.84

-0.68

-0.80

1.15

0.36

-0.49

-0.68



Table 2i continued

Variable

Mean (SD)

Skew

Kurt

Mean (SD)

Skew

Kurt

Mean (SD)

Skew

Kurt

Control Group N=63

Numbered Signals N=33

Hyperlink Signals N=30

Reaction Time

Text

Reaction Time

Diagram

Reaction Time

Integration

Fixations on
Text

Fixation on
Diagram

Fixations on
Signals

Fixations on
Questions

Duration on
Text

Duration on
Diagrams

Duration on
Signals

0.30(1.21)

0.31(1.31)

0.16(0.99)

-0.01(0.15)

-0.01(0.14)

0.01(0.12)

-0.01(0.16)

0.00(0.12)

0.23

-0.18

-0.51

0.36

-0.08

1.03

-0.15

0.06

-0.04

-0.50

-0.49

-0.27

-0.49

2.76

-0.63

-0.63

-0.21(0.34)

-0.20(0.38)

-0.54(0.54)

0.05(0.12)

0.040.13)

0.00(0.03)

-0.08(0.06)

0.05(0.14)

0.01(0.12)

0.00(0.01)

55

0.66

1.23

1.57

0.36

-0.16

1.55

0.53

-0.41

0.78

4.41

0.26

2.80

3.27

-0.53

0.48

1.80

0.41

0.23

1.10

22.13

-0.33(0.40)

-0.40(0.42)

0.14(1.15)

-0.05(0.08)

-0.03(0.10)

0.02(0.03)

0.07(0.07)

-0.05(0.16)

-0.01(0.08)

0.01(0.01)

1.40

1.49

1.40

-0.63

-0.41

-0.25

1.14

0.02

0.11

0.75

1.88

3.39

3.31

1.17

-0.10

-1.12

2.19

-0.39

-1.03

0.21



Table 2i continued

Variable

Mean (SD)

Skew

Kurt

Mean (SD)

Skew

Kurt

Mean (SD)

Skew

Kurt

Control Group N=63

Numbered Signals N=33

Hyperlink Signals N=30

Duration on
Questions

Switches
Between Text
andDiagrams

Switches
Between Text
and Signals

Switches
Between Text
and Questions

Switches
Between
Diagrams and
Signals

Switches
Between
Diagrams and
Questions

Switches
Between Signals
and Questions

0.01(0.13)

-0.01(0.12)

-0.01(0.15)

0.03(0.17)

0.32

0.73

1.06

0.60

0.12

1.28

2.06

0.08

-0.05(0.09)

0.07(0.11)

0.00(0.07)

0.01(0.10)

0.00(0.02)

-0.06(0.11)

0.00(0.02)

56

-0.12

-0.02

1.37

0.63

1.37

-0.05

3.14

-0.70

-0.63

0.82

0.22

0.53

-0.90

9.32

0.06(0.14)

-0.05(0.08)

0.04(0.07)

0.01(0.10)

0.01(0.02)

0.00(0.10)

0.01(0.02)

0.61

0.45

-0.23

1.16

0.57

0.62

1.25

-0.44

0.54

-1.44

2.09

-0.73

0.70

1.31



Within AOITypeSwitching Means and standard dations are presented in
Table 1 No violations of univariate normalityere found. A significant Levene statistic
indicated the possibility of a violation of homogeneity of variance. A variance ratio test
was conductednd the ratiof the largest variance group to the smallest variance group
was found to be within acceptabimits (<5). Thus no transformations were made on
this variable.

Second Order Data.

Comprehension Score&cores on the comprehension measure were divided into
scores for each type of question presented. The resulting tmiables (COMPTXt,
COMPDia, COMRNt) were screened for normality. Sewgrolations ofkurtosis were
found for the COMPTxt and COMMa variables. Examination of the distribution
revealed a ceiling effect for both types of questidhsvas possible to correctly answer
thesetwo types of questions with very little or no inference. Therefore all that was
required was for the student to locate the appropriate text phrase or diagram gdré&on.
COMPInt was normally distributed and exhibited no violations of homogeneity of
variance. The main focus of this analysis is to investigate the efficacyofi d e nt s 6
comprehension of science text. As such the integration question requires the most
comprehension as it cannot be answered verbatim from the text or diagram. Thus the
comprehension data for the text and diagram questions were removed from analysis. All
further analysis included@MPInt only.

Proportions ofReactionTime. Average reaction timacross the triavasparsed
into average reaction time for each type of question (RTRKkDia,and RTIn}. Similar

to theRT data, the vaables exhibited a pdasie skew but also showed violations of
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kurtosis. A squareoot transformation of the raw data, with days exposure then removed,
corrected the distributions for RTTxt and RTDia, but did not correct the distribution
violation for RTInt. As the comprehdos data for text and diagram questions had to be
excluded due twiolationsof normality, the corresponding RT data also must be
discarded.RTInt was also excluded from further analysis due to the level of kurtosis in
the data.

The nonnormal distribuibns for this variable may be accounted for by strategic
differences in the way the participants approached the comprehension task. Many
student press the question buttons to bring up the questions prior to reading. This
strategy is one suggested by thaestructor and results in very short RT for these
participants. However, reading strategies are not a focus of this paper and thus will not be
examined here.

Proportion of Fixations The total number of fixations made on the display was
decomposed intproportions of fixations v each of the AOI types (FIXTFIXD, FIXS,
and FIXQ. There were no violations of assumptionsRbXT, FIXD and FIXQ The
proportion of fixations on signal exhibited severe kurtosis. Examination of the
histograms showed a floeffect due to the fact that the hyperlink group was the only
group for whom this behavior could be quantified. The control group did not have any
external signals, but did include a figure reference in each paragraph, and thus hits on the
figure referece were coded as signal hits. The numbered group either did not directly
fixate the numbers, or they gazed briefly in the course of reading, examining the signal
through non foveated vision. Due to these conditions, the signaling data was excluded

from dl further analysis.
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Proportions of Fixation Duation. The total duration on the display was parsed
into the proportion of that total duration on each of the components of the display.
Average proportiof duration on the text (DURTand diagam (DURD exhibited no
violations of normality. Proportion of fixations on signal exhibited severe kurtosis and
skew. Examination of thgraphs indicated a lack of fixations captured for the control
group and the numbered group, with very low incidence of behforitine hyperlink
group. Thus, the variable was excluded from further analysis. Proportigatains on
guestions (DURQwas normally distributed and the homogeneity of variance assumption
was satisfied. No transformations were preformed on themsbies.

Proportion of Fi x aTheoumisefixations 8eadlegeanta nt AOI
parts of the display wergarsed into the proportion of relevant fixations on each AOI
type (except signal data which was remofredh analysi3. There were nwiolations of
normality and all variancesere homogeneous between grolps.transformations were
done on these variables.

Proportion of Switches Across AOI typEhe number btotal across AOI type
switches wagoded for switches between eacliredfaur A OI 6s, patans! t i ng
Since direction of the switcls not a focus of this study, tleewere further aggregated
into 6switch patterns; switches between text and diad@MTD), switches between
text and signalSWTS) switches between teahd questioiSWTQ), switches between
diagram and signdBWDS) switches between diagram and ques(BwWDQ), and
switches between signal and ques{i8iWSQ) Similar to previous signal data, the
proportion of switches between signals and other compsmed close to zero. Thus

these variables were excluded from further analy$tse remaining three patterns
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showed no violations of normality. Switches between diagram and text had a significant
Levene statistic. A variance ratio test of the largestip variance to the lowest group
variance was within acceptable limits. Thus no transformations were performed on the
variables.

Proportion of Within AOI Switcheslhe total number of within AOI switches
wasparsednto the proportion of within switclsemade for each of the AOI types
switches within the text (WSWT), switches within the diagram (WSWD), switches
within signals (WSWS), and switches within the question (WSWQ). Signal data was
removed from further analysikie to low occurrencef fixations, resulting in three
variables. There were no violationsrmfrmality; howeverproportionof switches within
text and proportion of switches within diagram both had a significant Levene statistic.
Variance ratio tests performed on both variables shaledatio of the largest group
variance to the smallest group variance was within acceptable limits. No transformations
were made on the variables.

In summary, 8 variables were screened for univariate normality. Data that
exhibited uncorrectable vioians from normality were droppdtbm further analysis.
Thus 13variables were removed from analysi3ue to the non normality of the
individual question data, the total comprehension scores was removed in favor of the
comprehension score for integratiguestions only. The remaining analysis will
proceed with the remainingariables.
Screening for multivariate assumptson

Scatterplots of each bivariate combination of variablereevaluated for

linearity and homoscedasticityOnly the second order proportion data exhibited any
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violations of these assumptionBroportiors of eye tracking behavior related to attention
on textual components wepesitively related to switchinigehaviorcontaining textual
componentgboth acros andwithin). Proportion of attention to textual elements was
negatively related to the attention to diagram components and switching bebkatiext
to attention to diagram®oth across and withinHomoscedasticity was present in one
of the bivaride combinations of variableBroportions of Duration on diagram and
proportion of relevant fixations on diagrams. eShrelationshig will be taken into
consideration in the factor analysis

Correlations for edctvariable are listed in Appendix Jhe® correlations were
examined for possible multicollinearity problems with the data. Variables with high
correlations (0.800) were flagged as possi
aggregation into factors during factor analysis.

Missing data.In the SE.M framework he pattern of missing tain the
multivariate sample musivaluated to determine if it is systematic or ndowever in
this sample of 126, only 4 participants had missing data and the reason for missingness is
known. Inallcasesdateewr ¢ mi ssing due to an inability
movements. The reason for inability to track a participant is related to the physical
structure of the e or the presence of glasséseither of these factors is related in any
way their performnce on the measures reported here, thus missingness was inferred to be
missing at random.
Results

Results are discussed in sections grouped by the type of analysis exaRiistd.

di scussed are the ANOVAOGs testing the diff
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groups. The purpose of theses analyses are to establish the equality of groups on
covariate measures prior to testing other hypotheSesond, a Cluster Anais to
determine if groups exist based on WM and BK exist in the datdsete A NCOVAOG s
will be discussedhird as they examine the efficacy of the signaling conditions on the
comprehension of the text presenggdl any possible interactions with covaggat
Fourth the regression analyses discussed as they relate to the selection of variables
for inclusion in thepathmodel. Fifth, factoranalysis for eye movement data is discussed.
The purposes of these analyses are to examine the factor stoi¢cheeye movement
data for incluen in the pathmodel. Finally the pattmodel results arpresented
Analysis ofVariance

Differences in Covariates between group®orking Memory, Biology
Background and Geoscience Background scores eveegedndividually in threeGroup
(3) by Score (1) ANOVA. There were no significant differences in working memory
scores for the three groups. The omnibus test was significant for both Biology
Background  (2,122) = 3.13p=.05) and Geoscience Backgrourd(2,122) = 47.45p
<.001). Planned contrasts for Biology Background found a significant difference
between control group and numbered grdypiZ2) = 2.03p = .02) and a nosignificant
trend for control group and hyperlink groyp=.09) in the sameikction as the previous
contrast. Essentially Biology Background scores were higher for the signaled groups
(Cohort 1lI) than for the control group (Cohort lliPlanned contrasts for the Geoscience
Background measure found the opposite trend in the dadatrol group scored higher
than both numbered group(122) = 7.04p < .001) and the hyperlink group(@22) =

8.71,p < .001). Given the statistically significant differences in Background knowledge
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score between samples, these variables were examined in a cluster analysis to determine
if participants exhibited distinct groups based on their scarbs analysis is discussed

in the following section

Cluster Analysis.

Given the statistically sigicant difference in groups on the Background
Knowledge measures a cluster analysis was performed to investigate if gfoups
participants clustereaground these scores. A hierarchical cluster analysis was performed
on Working Memory, Biology Backgrourifinowledge and Geoscience Background
Knowl edge using Wardos estimationfindd Squar
the most similar pair of clustepsandq (p>q), denoting this similaritys,g. The
algorithm then reduces the number of clustersr®y/tbroughthe merger of clusterp
andq, labeling the new cluste=q) and updatesimilarity matrixto reflect revised
similarities or dissimilarities between clustend all other clustersterations are
performed until all enties are in oneluster. Evaluation of the percentage of change
when cluster are combined indicates the number of clusters present in the data. For
example if the largest percentage difference is from cluster 1 to cluster 2, there is one
cluster in the data.

Two clusters were identified using this method. As working memory was not
significantly differently between groups, the cluster membership was primarily
determined through the background knowledge scores. Examination of variables based
on cluster membeingp indicated the two groups were defined by high/low background
knowledge for both Biology Background Knowledge and Geoscience Background

Knowledge. Cluster membership was distributed evenly across conslitibmese results
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indicate that participantsalinot differ within subjects on their scores for the background
knowledge measures and serve as an indication that working memory and background
knowledgemay provide different loadingsr different groups of participants

Analysis of Covariance

Analysis of covariance was run on each of the variables selected for inclusion in
the pathmodel to test for differences in these variables due to the inclusion or absence of
signals in the display. The covariates each analysis weiorking Memory, Biology
Background, and Geoscience Background. Planned contrasts to test for difference
between groups were run regardless of the significance of the omnibus test and no
corrections for multiple comparisomsgere made Nonsignificant trexds(between .05
and .10)n the expected directions are reported and discussed in terms of the bearing the
trends may have on thgathmodel.

ComprehensiorScores on the integratiquestion were examined for differences
between groups and interactiomgh covariates. There were no significant interactions
with Working Memory, Biology Background Knowledge or Geoscience Background
knowledge. There were no significant differences between conditions. All groups scored
similarly on this measure. Thtise signaling manipulation did not affect the overall
comprehension of the text as measured by the questions asked.

Number of Fixatios. Number of fixations made on the display was examined for
differences between groups and interactions with covaridlesignificant effects of
Working Memory, Biology Background Knowledge, or Geoscience Background
Knowledge were found. In addition no effects of condition weradoWParticipants

made similanumbers of fixations on the display regardless of the pcesenabsence of
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signals in the display. Planned contrasts also showed no differences between type of
signal present in the display.

Proportions of Fixations.The proportion of fixations allocated to each AOI type
in the display was examined for diffei®s between groups and interactions with
covariates. There were no significant effects of covariates for Proportions of fixations on
text, diagram or questionsignificant effects of condition were found for Proportion of
fixations on tex (F (2,114) = 5.03p = .008,s* = .09) and Proportion of Fixations on
questiors (F (2,114) = 17.42p <.001,s* = .25). There was also a nsignificant trend
for proportion of fixations on diagramp € .08,s°= .05).

Planned contrasts revealed signifitdifference between groups on the
Proportion of Fixation on Text; both tilgentrol (p = .05), and the numbered groyp<
.002)made a greater proportion of fixations on the than did the hyperlink group
Proportions of Fixations on DiagrareBowednon-significant trends; the numbered group
tended to make a larger proportion of fixations on the diagram than either the control
group p = .08) or hyperlink groupp(= .06). These trends may reflect in group
separation in thpathmodel. Finally the proportion of fixation on questions was
significantly differentin the groups. Control participants made a larger proportion of
fixations on the question than did numbered particip@o#s.006). The hyperlink group
made the largegtroportion of fixations on the questions, exceeding both the control
group 0 =.03) and the numbered groyp<.001). This indicates that the hyperlink
group reread the question more times than did the other two grdsipse there were no
differencein the comprehension measure, it is difficult to know why this behavior

occurred. It could be that the hyperlink group had more trouble with the questions, or

65



that they were more aware of their lack of understanding. Examination of the think aloud
protomls collected during the comprehension measure may shed light on this
phenomenon, but that analysis is beyond the scope of this paper.

Fixation Duration.Average total Fixation Duration on the display was examined
for differences between groups and intémats with covariates. No significant effects of
Working Memory, Biology Background Knowledge, or Geoscience Background
Knowledge were found. In addition no effects of condition were fodnekrage length
of durations on the displayas similaregardlas of the presence or absence of signals in
the display. Planned contrasts also showed no differences between type of signal present
in the display.

Proportions of Duration Proportion of totatluration on text was examined for
differences between groupsd interactions with covariates. No significant effects of
Working Memory, Biology Background Knowledge, or Geoscience Background
Knowledge were found. In addition no effects of condition were found. Participants
spent equitable proportions of thewrepall time on the text regardless of the presence or
absence of signals in the display. Planned contrasts also showed no differences between
type of signal present in the display.

Proportion of total dration on the diagram was examined for differences between
groups and interactions with covariates. No significant effects of Working Memory,
Biology Background Knowledge, or Geoscience Background Knowledge were found. In
addition no effects of conditiowere found.Participants spent similamouns of time
on the diagram regardless of the presence or absence of signals in the display. Planned

contrasts also showed no differences between type of signal present in the display.
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Proportion of total Duran on the questions was examined for differences
between groups and interactions with covariates. No significant effects of Working
Memory or Biology Background Knowledge were found. There was ssigoificant
trend for the Geoscience Background Knalge measurep(= .09) whichmay reflect
thegroup differences in scores on this measéeaignificant difference was found for
Condition f (2,114) = 6.29, p = .003= .10) indicating an effect of signaling on the
proportion of time spent on the quesis. Planned contrasts indicated this difference was
driven by the two signaled groupgke hyperlink group spent a greater proporbbtime
on the question than did the numbered grqup (001). This effect mirrors the effect
found for the number dixations made on the questions.

Number of Across AOI Type Switch@hie number of switches made across AOI
types was examined for differences between groups and interactions with covariates. No
significant effects of Working Memory, Biology BackgralKnowledge or Geoscience
Background Knowledge were found. There was a significant effect of Conghti@p
114) = 3.85p = .02,s°= .07) indicating the presence of signals affected the number of
across type switches made. Planned contrasts indicated the type of signal had an effect
on across AOI type switching behavior. Specificabigththe numbered groufp = .02),
and the hypdink group @ = .009),made more switches across type than did the control
group Thus the presence of signals resulted in a greater number of switches across AOI
types. The lack of significant difference in comprehension makes it difficult to ascertain
whether these switches were helpful in the integration of information.

Proportion of Across AOI Type SwitcheBhe proportdbn of switches across Text

and Dagram components was examined for differences between groups and interactions
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with covariates. Naignificant effects of Working Memory, Biology Background
Knowledge or Geoscience Background Knowledge were found. There was a significant
effect of Condition (2, 114) = 9.40p < .001,s= .07) indicating the presence of

signals affected the number of across type switches made between the text and the
diagram. Planned contrasts indicated the presence of a signal had an effect on Text and
Diagram switching behavior. Specificallypththe numbered grougp = .04), and the
hyperlink group |p < .001),made more switches across type than dicctmrolgroup.

Thus the presence of signals resulted in a greater number of switches between text and
diagram.

The Proportion of switches betwetaxt and gestion was examined for
differences between groups and interactions with covariates. No significant effects of
Working Memory, Biology Background Knowledge or Geoscience Background
Knowledge were found. No significant effects of Condition weumnd indicating the
presence of signals does not affect the proportion of switches between the text and the
guestions. Planned contrasts showed the type of signal did not have an effect on this
proportion.

The Proportion of switches between diagrard guestion was examined for
differences between groups and interactions with covariates. No significant effects of
Working Memory, Biology Background Knowledge or Geoscience Background
Knowledge were found. No significant effects of Condition were fonditating the
presence of signals does not affect the proportion of switches between the text and the
guestions. Planned contrasts showed a significant trend for the hyperlink group to

make a larger proportion of switches between diagram and questian did the
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numbered groupp(= .07). This trend is in the same direction as the previous proportion
data indicating the hyperlink group attended more to the question than did the other two
groups.

Within AOI type Switaks. Proportion within AOlIswitches was examined for
differences between groups and interactions with covariates. No significant effects of
Working Memory, Biology Background Knowledge, or Geoscience Background
Knowledge were found. In addition no effects of condition were folatticipants
made equitable proportions of their switch
absence of signals in the display. Planned contrasts also showed no differences between
type of signal present in the display.

Proportion of Within AOI ¥pe SwitchesThe proportion of switches within Text
was examined for differences between groups and interactions with covariates. No
significant effects of Working Memory, Biology Background Knowledge or Geoscience
Background Knowledge were found. Teavas a significant effect of ConditioR (2,

114) = 6.34p = .003,s%= .11) indicating the presence of signals affected the proportion
of within AOI type switches made on the text. Planned contrasts indicated the presence
of a signal had an effect awithin Text switching. Specifically, the control group made
more switches within text than did the hyperlink gropp (03)or the numbered group
(p<.001). Thus the presence of signals resulted@aaced number of within text

switches

The propotion of switches within diagram was examined for differences between
groups and interactions with covariates. No significant effects of Working Memory or

Biology Background Knowledge were found. There was asignificant trend for
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Geoscience Backgrourkkhowledge p = .07) indicating there may be some influence of
GBK on integration within the diagram. There was a significant effect of Condiion (
(2, 114) = 3.94p = .02,s%= .07) indicating the presence of signals affected the
proportion of within A0l type switches made on the text. Planned contrasts indicated the
presence of a numbersynal had an effect on within diagrawitching. Specifically,
thenumberedyroup made more switches withldragramthan did the hyperlink groug (
=.0J) or the controgroup p < .05. This suggests the presence of numbered signals
increases the number of within diagram integration behavior.

The proportion of switches within questions was examined for differences
between groups and interactions with @oates. No significant effects of Working
Memory, Biology Background Knowledge or Geoscience Background Knowledge were
found. There was a significant effect of Conditién(2, 114) = 24.05p < .001,s°= .31)
indicating the presence of signals affelctiee proportion of within question switches
made on the text. Planned contrasts indicated the presence of a numbered signal had an
effect on within question switching. Specifically, the control group made more switches
within questions than did the nueried group = .001). The hyperlink group made
more within question switches than both the numbered gmapd01) and the control
group 0 =.01). This suggests the presence of hyperlink signals increases the number of
within question switching behaor, thought to reflect rereading of the question.

Proportion of Fi x aProportios of ixationR enlredevaatnt A O]
AOlI 6s was examined for differences between
No significant effects of Working Memng, Biology Background Knowledge, or

Geoscience Background Knowledge were found. In addition no effects of condition were
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found. Participants speatuitable proportions of fixatiormther e | evant AOI 0s
regardless of the presence or absence of signdie display. Planned contrasts also
showed no differences between type of signal present in the display.

Proportion of Relevant Fixations on ABy Type Proportion of relevant
fixations on textual elements was examined for differences between grodips
interactions with covariates. No significant effects of Working Memory, Biology
Background Knowledge, or Geoscience Background Knowledge were found. In addition
no effects of condition were found. Participants spent equitable proportions of relevant
fixations on the textual AOlIO&6s regardl ess
display. Planned contrasts also showed no differences between type of signal present in
the display.

Proportion of relevant fixations on diagram elements was exarfoned
differences between groups and interactions with covariates. No significant effects of
Working Memory or Biology Background Knowledge. There was asignificant trend
for Geoscience Background Knowledge=(.08), indicating there may be an effexft
Geoscience Background Knowledge on the selection of relevant diagram components.
No effects of condition were found; participants spent equitable proportions of relevant
fixations on the diagram regardless of the presence or absence of signalsspléye d
Planned contrasts also showed no differences between type of signal present in the
display.

Proportion of relevant fixations on questions elements was examined for
differences between groups and interactions with covariates. No significan effect

Working Memory, Biology Background Knowledge, or Geoscience Background
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Knowledge. No effects of condition were found; participants spent equitable proportions
of relevant fixations on the question regardless of the presence or absence of signals in
the display. Planned contrasts also showed no differences between type of signal present
in the display.
Regression Analysis

A series of regression analyses were conducted with Comprehension of
Integration score as the dependent \dei@nd each of them&ining 22variables as
predictors. The purpose of this series of regressi@s to determine which of the
variables are predictive of comprehension scdree majority of the variables weretno
predictive & individual predictors. Eighteen of the 2&iables did not exhibit
significant linear relationships with the comprehension score. There are several factors
that may have contributed to these results. First the relationsinpdrethe variables
could be nodinear. Examination of the bivariatatterplots for each of the variables in
the analysis indicates this is not tksue.

Second, examination of bivariageatterplots indicatetthere could be a
collinearity problem between some of the variabl@smeof the proportion data,
proportion of fixations on text and proportion of duration on texexample were
positively related to one anoth@hese same variables were negatively related to their
diagram counterpartsThus, factor analysis to combirteetoffending variables is
conducted in the next section to determine the structure to be used in the structural
equation model.

Third, the sampling distribution for covariance variables (specifically working

memory) may have beenore homogeneous thanpecteddue to the nature of the
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school from which the sample was taken. Previous research has shown that working
memoryscoredail to predict performance measures when homogenous across the
sample. The school from which these data were drawn recrgitshility students from
lower socieeconomic bekground, thus the working memory scores may have been
sampled from an above average population, reducing the number of scores in the lower
end of thdistribution(see means Table.1)

Four of the variablesicluded in the analysis were significant predictors of
comprehension scores. Geoscience Background Knowledge was positively related to
comprehension scoreB (1,119) = 4.78p = .03, £ = .04) indicating those with higher
background knowledge in geosaterperformed better on the integration comprehension
guestions.

Number of fixations was negatively related to comprehensidt,(19) = 1.99p
= .05, f=.04); more fixations on the display indicated a reduction in scores for the
comprehension measurd&his indicates that despite the lack of statistically significant
difference between groups, those who made a greater number of fixations on the data did
so due to difficulty in locating, recalling, or integrating information.

The number of switchesxass AOI type was positively related to the
comprehension of integration questioR{,119) = 4.18p = .04, f = .04). This serves
as preliminary evidence that switching across AOI type, or the integration of information
from different parts of the multimedia display, improves the comprehension of the
materials.

Finally, the proportion of switches made betweagthm and the question was

positively related to the comprehensionmiegrationquestionsf (1,119 =7.19,p=
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.008, f = .06). The explanation for this relationship is speculative. It could be that those
who switched between the question and thgrdiam more were motivated to answer the
guestion correctly by repeatedneading of the question and examination of the diagram.
Another possiblexplanations those who exhibit this behavior were better able to
discern their level of understanding oétmaterial than those who did not, thus enabling
them to correct themselves. Further examination of the think aloud protocols may shed
some light on the relationship; however that analysi®esyond the scope of thmmaper
and are thus not consideredéer

There was one nesignificant trend in the data that bears consideration for the
analyses to follow. There was a marginally significant effect for proportion of relevant
fixations on textual elements of the displ&({,119) = 2.79p = .09, f = .03. This
marginal finding is supportive of the construction integration model which states that
students learning from multimedia text build their situation models first from the text,
especially when background knowledge is low, as it is for Biology Bacikgl
Knowledge in this sample. However the significdifterences in Background
Knowledge scores for the Cohort Ill sample suggasteffect may only be present in the
Cohort Il student, resulting in a nagnificant regression result.
Factor Analis

Twenty twovariables were entered into a principle component factor analysis. In
order to minimize the number of variables withthigadings on each factor and the
number of factors needed to explain the datd;qumax rotation was chosen. Five
variables were extcded based on Eigenvalued > The factor structuneas difficult to

interpretdueto the inclusion of both first order and second order data. Thus the first

74



order variables were removed from the analyRiE, (FIX, DUR SWTYPE, WSW and
REL). The remaining @ variableswere run again and 5 factors were again extracted.
The inclusion of eye tracking data related to the quesEb((, DURQ, RELQ, and
WSWQ) made the factor structure difficult to interpret as these variables loaddty equa
on more than one factoilhus these data were removed from the factolyaisaleaving

12 variablesfor the following analysis

Principle Components analysis on the remaining 14 variakeacted 4 factors
based on Eigenvalues > However thebackground knowledge measures were split
across two factors and the working memory variable had low loading on 2 factors. Thus
the number of factort® extractwas set to four and the analysis was run agawducing
more interpretable result$actoronewas consistent with attention to diagrams had
high positive loadings foFIXD (.95), WSWD (.91), DURK.87), RELD (.78), and
SWDQ(.65). Factortwo was consistent with attention to diagrams andigh positive
loadings for FIXT (.66), WSWT (.65DURT (.69), RELT(.56), and SWT({.76).
Factorthreewas consistent with Background Knowledge and had positive loadings for
GBK (.714) and BBK (.592). The final factor consisted of VSWiMy (.867). These
factors are consistent with the hypothesithed research and thus will be entkreto the
pathmodel.

Exploratory analysis of the factor structurethgh/low background knowledge
clusters identifiedin the previous analysiadicated the factor structure may be different
between the groups bfgh and low background knowledghln addition, factor analysis
on each signaling condition independently showed the factor structure to be different as

well. However, contrary to the hypothesis suggested, the factor structure for the control
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group was isnilar to the numbered group, rather than the two signaled groups having
similar structures. The hyperlink group exhibited a very different structure, with some
variables loading on different factors and others loading in the opposite direction.
Testingthese group differencesithin the pathmodel is beyond the scope of this paper,
but will be considered when analyzing possible modifications to the model

Exploratory factor analysis resulted in the exclusion of 10 variables due to
inconsistent loadingand redundancy with other variables in the analyie remaining
12 variables produced 4 extracted factors which can be interpreted as attention to text,
attention to diagrams, background knowledge and working memory. Exploratory
analysis of groups sapately confirmed the presence of a difference in factor structure
for the high/low background knowledge clusters. Contrary tinitial hypothesis,
examination of factor structure for experimental groups indicated a difference in factor
structure fortie hyperlink group. It was initially thought that the signaled groups would
have similar factors structures different from that of the control group.
PathModel

Selection of VariablesThis section discusses the procedure and results for the
Coherencéormation Model of lllustrated Text Comprehension (CFITC). Analysis of
the data availablfN=126)and the parameters outlohan the above results section
indicatedthe inclusion of all variables would result in an eidgntified model. Thus the
following changes to the model were made.

Working MemorfWM). The preliminary data analysis revealed Visjpatial
Working Memory scores had small nsignificant correlations with most of the

variables under examination. In addition regression analysis shittheedr no
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relationship to the dependent variables in the study. Thus this variable was omitted from
the analysis.

Background Knowledg@K). Theprevious analyses showed differential
relationships between the two measured background knowledgs aooréhe
comprehension measure. Geoscience Background Knowledge was significantly related
to Comprehension while Biology Background Knowledge was not. In addition
correlations for each background knowledge variable were significant with eye tracking
measures. Thus, both background knowledge variables were entered as individual
predictors in the model.

Attention to TexATT). The exploratory factor analysis indicatedastbrs which
loaded onto the ATTatent variable. Due to the crosmtingwith the Attention to
Diagram (ATD latent variable, switches between text and diagram was omitted from the
factor(SWTD). This left four observedcores which were used to calculate a factor
score for each participant. The factor score was then enmtoeitie path model

Attention to Diagram (AD). The exploratory factor analysis indicated 5 factors
which loaled onto the ATDatent variable. Due to the cross loading withAlttention
to Text (ATT) latent variable, switches betwetxt and diagramSWTD) wasexcluded
from the factor This left four observesdcores which were used talculate a factor
score for eacparticipant. The factor score was then entered into the path model.

Switches Between Text and Diagrams (SWTID)s vaiable wasot a part of
the intial hypothesized model. However the factor analysis indicated that it is a variable
that should be considered in the model. This variable loaded well on both attention to

text and attention to diagram factors, causing some difficulinterpretation of factor
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scores. Thus the score for this variable was éimbsrednto the model as an endogenous
mediating variable between background knowledge scores and attention to components
of the display.

ComprehensionThescore for thisrariablewascomprised othe sum of the
scores fothree integration questions, one from each of the three trials participants
received to form a composite comprehension variable. This variable was entered into the
path modehs an observed dependentiable.

Evaluating Model Fit.A pair of fit indices recommended by Hu and Bentler
(21999) for samples of N < 250 (comparative fit index [CFI] > .95 and standardized root
meanresidual [SRMR] < .09) were used to evaluate modeHit.and Bentler (1999) did
not recommend the usé chi-square for assessing fit as thRi-squarestatisticis
sensitive to many factors: It is inflated by large sample sizes, models with many
variables, large correlations among variables, omission aibtas, and nenormality
(both skewness and kurtosis; Kenny & McCoach, 2008is data set contairwo of
the causes of inflated Gkguare (large correlation among predictor or manifest variables,
andnonnormality thus the statistic was assumed taibeeliable for this data set.

However, the chsquare and corresponding/plue for each model are reported for
model comparisons and for completeness as is the SRMR fit index.
Series of Models

The raw data were read into MPlus (Muthem&then, 1998010) estimation
software version 4.Due to the small number of participants in this stisigndard
errors were estimated usibgotstrapping witiL000 replicationsf the sameamplesize

as the observed samplé two group model witlsignaled (combining numbered and
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hyperlink signaled groups) and neignaled (controlyroupswas tested. The first model

fit (Model A) held all paths equal across groups. This model was a poor fit to the data as
indicatedby the fit indices (see Tab®. Modification indices indicated that the paths

from Biology Background Knowledge to Switching Between Text and Diagrams,
Comprehension to Attention to Text, and Comprehension on AttetiDragrams

should be allowed teary across groups. This chawgas consistent with hypabes

and was thus run as Mode] @hich was an acceptable fit to the daith the exception

of the SRMR value

Table 3i Table of model fit indices for series of models

Model 2 df 22 2 df p-value of RMSEA CFlI SRMR
differencetest
p value
A 37.718 15 0.005 - - - 0.137 0.86 0.140
B 19.387 12 0.07 18.331 3 <.001 0.099 0.943 0.111
C 12,205 11 0.34 7.182 1 <.05 0.042 0.991 0.096
D 10.264 10 0.41 1.941 1 ns 0.021 0.998 0.087

Examination of the path loadingsceonjunction with the hypothesized effects
indicatedmodifications to Model C. The following paths were freed to vary across
groupsto vary across groups; Biology Background Knowledge to Attention to Diagrams,
Geoscience Background Knowledge on Attentmtagrams, and Comprehension on
Biology Background Knowledge. In addition, two paths were added to the fvexsbsd
on hypothesized relationships between eye tracking variables. Paths from Switching

Between Text and Diagrams to Attention to Text andriite to Diagrams were added
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0.017

GEO

0.173

ATT W/ATD =-0.711*

Figure 61 Fitted Path Diagram with Standardized Estimates for Control Group
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ATT W/ATD = -0.733*%

Figure 71 Fitted Path Diagram witlstandardized Estimates for Signaled Group
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to the model. This model was run as model D. Model D had a similar fit to the data as
Model C, but resulted in slightly better fit indices and better path estimates, resulting in
the models shown in Figures 6 (Control) and Figure 7 (Signaled).

Model reslis for the control group showed several relationships of interest.
Biology Background Knowledge had a significant positive path loading on
Comprehension indicating that increased Biology Background Knowledge increased
Comprehension scores for integratgurestions. This variable also predicted Attention to
Text and Switches Between Text and Diagrams, but the relationship was negative. This
indicates that increased Biology Background Knowledge resulted in less attention to the
text and less switching besésn the text and diagram elements of the display. Switching
Between Text and Diagrams had a significant positive path loading to Attention to Text
which suggests that while switches were made for this group, the majority of the visual
attention remainedrothe textual elements of the display. Finally, Attention to Diagrams
had a marginally significant path loading to Comprehension which gives some
preliminary support to the hypothesis that visual attention to diagrams improves
Comprehension of questionssigned to integrate information from both text and
diagram elements.

Model results for the signaled group were different from that of the control group.
Biology Background Knowledge did not have significant path loadings on Attention to
Text, Switching Btween Text and Diagrams or Comprehension. Thus Biology

Background Knowledge was not a significant determinant of attention to the displays as
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for the control group, nor was it predictive of Comprehension directly. Geoscience
Background Knowledge had msificant direct path on comprehension and a marginally
significant path loading to Attention to Diagrams. Like the control group, Attention to
Diagrams had a marginally significant path loading on Comprehension.

Finally for the signaled group, SwitchiBgtween Text and Diagrams had
positive path loadings on both Attention to Text and Attention to Diagrams. This
indicates that the signaled group allocated visual attention to both the textual and diagram
elements of the display. Paired with previousgcdssed increases in diagram attention
for the signaled groups, this indicates that the presence of signals increased attention to
the diagram.

While there were differences in many of the paths between the model for the
control and signaled groups, thmst significant in terms of multimedia comprehension
is the difference in the effect of background knowledge on attention to parts of the
display and comprehension directly. It would appear that in the absence of signals,
Biology Background Knowledge the primary element in both comprehension and in
guiding attention to releant display components. When signals are present the variable
Switching Between Text and Diagrams, guided in part by the signaling manipulation
takes on the role of guiding visuattention. The lack of a significant path from Biology
Background Knowledge to Comprehension is evidence that the presence of signals alters
this relationship. For the signaled group, the relationships with respect to Biology
Background Knowledge werastead found for Geoscience Background knowledge.

This indicates that the successful use of signals may rely on a different type of
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background knowledge. This relationship is elaborated further in the following

discussion.

Table 4i Direct and Indiect Effectof Variableson Comprehension

CONTROL Total Direct SE Indirect SE
BK on Comp 0.267 0.262 0.161 0.005 0.07
GEO on Comp 0.052 0.021 0.109 0.031 0.036

ATT on Comp 0.085 0.085 0.224 -- --
ATD on Comp 0.196 0.196 0.214 -- --
SIGNALED Total Direct SE Indirect
BK on Comp 0.091 0.108 0.067 -0.017 0.021
GEO on Comp 0.061 0.022 0.109 0.039 0.034
ATT on Comp 0.121 0.121 0.224 - -
ATD on Comp 0.233 0.233 0.214 -- --
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CHAPTER 5i DISCUSSION

Research Question 1

Aretheren gr oupso of | earners with different

Background Knowledgeilow many of these groups are thei2@es the classification of
these groups capture the interactions between working memory and background
knowledge?To examine thigjuestion a hierarchical cluster analysis was performed on
the sample. Two groups were identified which did not differ on working memaory scores,
but differed on background knowledge measures. Specifically the two groups
corresponded to high and low baagnd knowledge The number of participants in
each group was slightly in favor of those with low background knowledge (N=73) with
fewer participants clustering in the high background knowledge category (N=51).
Examination obox plotsfor both types of bckground knowledgmdicatedno
interactions orackground knowledge scores, that is toteagehigh on one type were
also high on the other

There was no apparent interaction between working memory and background
knowledge in this sample. This mawkaoccurred for a variety of reasons. First, this
sample was taken from a schedlich selects students for high intellectual ability from
lower-socioeconomic backgroundExamination of the mean scores on the VSWM
measure confirm, this selection procesltesultedn a higher proportion of above
average students indlschoal Working memory scores are less predictive of

achievement in homogeneous sampléiss{vorth, 2007ga
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Second, there were statistically significant differences in the levels ofjtoacid
knowledge between the two samples of participants. In the sample Cohort Il, geoscience
back ground scores were higher than for the sample Cohort I, which exhibited higher
overall biology knowledge scores. These differences may have influereceldister
analysis. However this explanation seems unlikely as the distribution of participants was
not cohesive with respect to tagperimental groups

Finally, only visuespatial working memory was assessed for this studyweess
thought thatliagram comprehension relied more heavily on this constidotvever,
previous studies on this sample have not evaluated the clustering of students based on
these variables and thus the possibiityhe exclusion of an important clustering
variable canat be overlooked.

These results indicate that there were not profiles of learners who differed on
measuresfovisuo-spatial working memory but rather clusters which differed only on the
amount of background knowledge pertaining to the diagram measurestpreas part

of the larger study.

Research Question 2

Which measures of eye movements are best for examining the effects of attention
to illustrated text on comprehensionf terms of predictive analysis, regressions
indicated that the overall numberfofations was negatively related to the
comprehensionequiring the integration of information from the text and the
accompanying illustration. Thus, more fixations seem to indicate a difficulty with
understanding the material or locating the appropaetas of the display. Both of these

factors could result in less accurate responses to the questions. However, the lack of
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statistically significant differences between the groups in the measure of comprehension
indicates this is a learner characterisind not and effect of the materials presented.

The number of switches made across the
positively related to the comprehension measure. This indicates that eye movements
between the different areas of the display fatdithe integration of the information
found in the different areas. The significant differences between groups, with signaled
groups exhibiting more of this behavior than the control group, show that this behavior is
affected by the inclusion of signalsthe materials. However, the lack of differences in
the comprehension measure between groups makes it difficult to conclude that these
signals helped increase comprehension.

Finally, theproportion of fixations on areas of the display relevant for ansgy
the integration questions was positively related to the comprehension of materials. This
result replicates previous work, indicating that selection of relevant materials is a
integral part of comprehension as measured by questions requiring eeferefactors
thought to influence the selection of relevant areas are background knowledge and
working memory. This relationship was not explicitly tested in the regression
framework, but is discussed later with respect to the ANCOVA results examining

differences among groups.

Research Question 3

How does signaling effect the time spent on text and time spent on diagkams?
series of ANCOVAS were run to test the effaatsignaling on the visual attention
behavior of students reading biology texidproducedmixed results. Overall, the

control groups exhibited more fixations on the textual elements of the display, including
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the number o$witcheswithin the text This indicates that without signals, the strategy of
students is to focus on the texteéements of displays. This is consistent with a number
of studies, including previous results from the larger study from which the data for this
analysis was obtained. For example, previous research has shown that stuelgnts rar
study the diagramandoftenignore them altogether (Fitzhugh et al. 2010)

With respect to the diagram, the numbered signals resulted in more fixations on
the diagram than both hyperlink signals and no signals. Additionally, the numbered
group made more switches within thegram. This behaviandicates that the
numbered group actively integrated the components of the diagram, possibly relating
them to one another. Previous research has shown that hyperlink signals can reduce
scores on a classification task designed sessthe amount of transfer from instron
to new materialsBartholome& Bromme, 2009. While the authors speculate a possibly
calibration error in what was learned stemming from the ease of the hyperlinks in
highlighting specific componentthe datgpresented here pointsttoe hyperlinks
interference ofjlobal proessing of the diagrams represented by lack of switching from
one diagram element to another.

Finally, the hyperlink groups on average looked more at the question than either
control ornumbered signal groups. There are several possible explanations for this
behavior. The first is that they may have not understood fully the relationship of the
guestion to the passaghey just read. This could be due to the distraction caused by the
inclusion of hyperlinks in the running text and the attention drawn to the diagram as a
result of clicking on the hyperlink. Perhaps the hyperlink disrupts reading and thus

interferes with the comprehension of what was read. Settoasdguggested by the
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increase in switching between diagram and question for participants in the hyperlink
group, that this group had difficulty with the integration question due to problems
interpreting the diagram. Coupled with results from the numbered group, who made
significantly more within diagram switches than any other group, and less question to
diagram switching, this hypothesis seeamsurate Thus hyperlink signals represent a

distraction from integration and it is recommended they not be used.

Research Question 4

Does the signaling manipulation interact with any of the predictor variables?
Results of the ANCOVA showed no interactions between working memory, background
knowledge andhe presence or absence ofnsily. However, the Geoscience
Background Kowledgeshowed a non significant trefak the proportion of duratioan
diagrams. While not significant, this may reflect an influence of geoscience background
knowledge on the amount of time spent in the diagram. Specifically, those with higher
background knovedge scores spend less time on the text and more time evaluating the
diagram. This is consistent with prior research showing that those with high background
knowledge may benefit fromakram only instruction (Kalyuga et al., 2Q0@hd are
better able tanterpret diagrams irheir area of expertise (Hmefilver & Pfeffer, 2004
However it must also be mentioned that the trend may be a reflection of the difference in
geoscience background knowledge between the two cohorts of students. Still, this may
show that the signals compensated for a lack of sufficient background knowledge in

Cohort Il as scores on the comprehension measure were comparable across groups.
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Research Question 5

Using a new sample, does the Coherence Formation Model of lllusased
Comprehension (CF Model) fit the data wellising a sample of students, from two
different cohorts from the same school resulted in good model fit for the CF model of
lllustrated Text. The addition of a signaling manipulation for one of the grespked
in a two group model witkight of the 12 paths constrained to be equal across the two
groups Thus while the groups differed slightly, the relationships between rhthst o
variables in the model wenevariant across groups. This is to be expected given the
characteristics of the sample and lack of invariance would be suspect.

The lack of any significant relationship between Working Memory in this study
and subsequent exclusion from the model wsapgbointing. The lack of significant
results in this study could be duesveral factors. First, strategy use has been shown to
mediate the relationship between working memand performance measures (Bacon,
Handley, Dennis & Newstead, 2008Anecdaally, students exhibited one strategy
regularly which was to read the question prior to reading the entire passage. This strategy
was instructed by the teacher participating in the intervention, both prior to the
intervention and during. This strategayremove the need for students to maintain
information in working memory and instead rely on a search strategy for answering
guestions. This strategy is apparent in the think aloud protocols collected during the
comprehension measur8econdthe stimulis materials, including the question, were
available during the entire question answering period. This characteristic of the paradigm

may have reduced or eliminated the demand for working memory resources.
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Third, the sample was relatively high scoringstate mandated assessments
compared to the city and state averages. Thus homogeneity of scores within the sample
could have reduced the predictive power of the working memory assessment $beres.
means for the experimental groups are high comparecwmops samples from the same
school and thus lend support to this hypothesis
Research Question 6

Which predictors have the largest effect on attention to text and diagrams as
measured with eye movements? Is the relationship the same between the groups
identified? The control group showed significant path loadings for Biology Background
Knowledge on Attention to Text and the proportion of Switches Between Text and
Diagrams. This relationship was negative indicating that increased Biology Background
Knowledge resulted in less switchinigss attention to the text elements of the display
and vice versa. Consistent with Kintchos
Theory, those with higher background knowledge spend less time evaluating the textual
elemeants. Higher background knowledge enables a reader to construct an accurate
representation of the text with greater efficacy than those with lower background
knowledge. In additiorbackground knowledge directs attention to the relevant parts of
the display, eliminating the need for searching and rereading behaviaddition,

Biology Background Knowledge had a direct relationship with Comprehension scores,
indicating that this kowledge may have contributed to the successful formation of a
situation model as well.

Contrary to previous research, this effect was not found for Attention to

Diagrams. While higher background knowledge has been shown to increase the use of
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diagrams, rany of these studies examine experts in the domain under investigation.
However, the participants of this study cannot be classified as experts, as they are in an
introductory biology course, which may account for the lack of diagram investigation.
Previbus research on similar participants has indicated many do not examine the diagram
at all while reading, and very little when answering comprehension questions (Fitzhugh
et al., 2010). In addition, the lack of diagram inspection may reflect readingjstsate

either taught or spontaneously adopted by the participants of the study.

For the signaled groups, the previously described relationship between Biology
Background Knowledge arfktention to Text and switching behavior was not found.
Thus the inclusio of signals changes this relationship. Consistent with prior research,
signals enable stients to circumvent the useddmain specifibackground knowledge
(biology) or lack thereofby directing their attention to the relevant parts of the display.
The signals used in this study, specifically the numbered prompts, were designed to
signal which text information is related to which diagram portions. Thus integration is
facilitated by exogenous cues rather than those internal to the reader.

With the addiion of signals, Geosaree Background Knowledge became
significant predictor ofisualattention to the text and has a marginal effect on the
attention to the diagram portions of the display. Recent research by an affiliate of the
author has demonstraltéhat geoscience proficiency is related to the ability to use
diagrams and text materials successfully (Shipley, personal communication). This is of
interest for the signaling manipulation used in this study. Results of the preliminary
analysis for thestwo groups showed differences in the allocation of attention to the

diagram and text, with the numbered signals increasing both proportion of fixations on
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the diagram, and the number of within diagram relationships examined. Successful use
of the numbezd prompts may be aided by the ability of readers to integrate diagram and
textual information as reflected by higher geoscience scditas.relationship may also
account for the direct relationship of Geoscience Background Knowledge to
Comprehension otine signaled group not found in the control group.
Research Question 7

What is the relationship between attention to differing parts of a multimedia
display and comprehension of textbook materig#rall, attention to the text and
diagram portionsf the display did not directly account for the comprehension of
materials as specified in the model. However in both groups, Attention to Diagrams was
marginally related to such comprehension while Attention to Text was seemingly
unrelated. There areweral factors that could have contributed to these effects. Firstis
the strategies adopted by participants of this study for answering comprehension
guestions. A large proportion of students read the question before reading the text,
adopting a&ype ofsearch strategy, apposed to a reamy and comprehensimirategy.
Second, much of the text presented to students (an entire scanned textbook page) was not
related to the questions asked and thus could account for the lack of relationship.

Forthe signaled group, the relationship between Attention to Text increased in
magnitude, while remaining nesignificant. The attention to the relevant parts of the
display increased for this group as a result of the inclusion of signals. This indieates t
perhaps attention to relevant parts of the display is the primary predictor of
comprehension of materials. In progresgagesh by research team of the larger study

with the same population of subjects as examined here, will attempt to answer this
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guestion by eliminating extraneous text information from the displays. Further research
should take into account the amount of extraneous information when designing research
stimuli.

Limitations

The main limitation of this study is the small sample sizee 3mall sample size,
while adequate for tests such as ANCOVA and Regression, made the modeling of the
relationships difficult at best. The model had to be modified in several ways to acquire
enough degrees of freedom for convergence. A second limitatthre to time and
resource constraints, a small number of covariate variables were collected. Of special
note is the lack of verbal working memory scores for this sample, the inclusion of which
may have bolstered the relationship between working mearatycomprehension as
well as attention to text.

The availability of the text and diagram during the question answering period may
have reduced or eliminated the need to rely on working memory resources in this
experiment. Future research examining tifiecés of working memory on elements of
comprehension should be wary of such issues and design paradigms which allow for the
use of working memory.

Implications

The results of this study have implications for those attempting to understand how
to increasestudent comprehension of illustrated science text, specifically in the area of
biology. Most interesting is the lack of differences in comprehension scores between the
experimental groups. This indicates the existence of multiple paths to the sameeoutcom

Students in this sample either relied heavily on tBatogy Badground Knowledgeor
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their Geoscience Background knowledgethe construction of their situation models.
For the control group, which received the text exactly as presented in tthedlexheir
Biology Background knowledge directed their attention to parts of the display and
directly affected comprehension scores. For the signaled group, this relationship was
found for Geoscience Background Knowledge.

These results point out twoajor considerations when designing interventions in
the classroom. The first is that the lack of domain specific background knowledge may
be compensated for by the addition of a signal indicating which elements of the text
relate to which elements of tkieagram. The second is that the successful use of such
prompts may requiradditional or alternativbackground knowledgier the successful
integration of signal elements as indicated by the eftédg&eoscience Background
Knowledge in the signaled grpu

The differences in attention to components to varying areas of the illustrated
textbook so often used in classrooms indicates that numbered signals which link elements
of the running text to corresponding elements of the diagram has the largest @ftect
the general lack of attention devoted to diagrams in student reading, increased attention to
the diagram is a desirable result. Although this did not result in higher comprehension
scores, the increased switching between elements indicates/atyHeast, a step in the
right direction. Eye movements consistent with solutions have been shown to increase
solution accuracy and decreased reaction time on problem solving tasks. Unfortunately,
severe nomormality in the reaction time data made gamsons of solution time

impossible for this sampleFurther research should focus on more controlled
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presentation of questions, perhaps by experimenter control rather than student control to
examine this possibility.
Theoretical Contributions

For Future Research With respect to future research within the larger
diagrammatic reasoning study, there are several directions which may help elucidate
some of the findings of this study. First of which is the examination of the think aloud
data collected wth the comprehension and eye tracking data. This additional process
data, when temporally aligned with the eye tracking data can help answer questions
brought up by the findings. For example, the increased switching between questions and
diagrams for th hyperlink group.It is hypothesized here that this was due to an
interference of global processing of the diagram due to the segmentation the hyperlink
stimuli produce. Think aloud protocols may contairbadizations that cornfin or deny
this hypothess. Inferences made in the verbalizations aohelp elucidate whether
greater integration of material for the numbered group exists despite a lack of differences
in overall comprehension scores.

Methodological ContributionsThis study contributed tthe eye tracking
literature by examining eye movements over the course of extended reading and question
answering. The inclusion of ecologically valid stimuli demonstrates the usefulness of eye
tracking in understanding processes involved with compréeas it exists in a nen
laboratory paradigm. Finally the student population extends predominately
undergraduate research to a younger population. This aids in the understanding of how to
improve STEM understanding in students prior to their self setett institutions of

higher learning.
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Practical Contributions.This study demonstrates that a relatively simple addition
of numbered circles in the text can reduce the lack of dependeheelground
knowledgefor understanding illustrated textboolataerials. However, the use of these
prompts may require additional background knowledge in a different domain in order for
successful integration to occVhile the existence of the numbered and hyperlink
signals was made aware to students, no spécginuctions on their use were given.
Thus students engaged in the use of the prompts without explicit instruction. A few
minutes of additional scaffolding in their use may provide yet a stronger facilitative effect
on the comprehension of illustratedese texand may reduce the reliance on
additional background knowledge as indicated by the geoscience relationships described
The fact that the numbered prompts resulted in more of the desired eye movement
behavior means these changes can be incagubvathout the need for expensive
technology in the classrooas would be needed for a hyperlink signaled. text
Conclusion

The study presented here examined factors that contribute to the comprehension
of illustrated biology texts in a classroom setting, using ecologically valid stimulus
materials. The results show that the addition of simple signals in form of numbered
circles can change the distribution of fixations on portions of the display as compared to
standard text materials with no prompk$owever this was not shown to be directly
related to the comprehension of the materials in the path models. In regressisisanaly
the switches made between the text and diagram elements significantly predicted scores.
This indicates that although the model fit is good, there may be an element that is absent,

which accounts for this lack of significant paths.
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Most interestingvas thechangen relationship betweetwo types obackground
knowledge and attention to components pathmodelfound for the two groupsThe
changes in the relationship between domain specific background knowledge (biology),
and a related form of bground knowledge (geoscience), points out the complications
with including signals in textbooks. While students can use prompts to compensate for
lack of domain specific knowledge in the guidance of visual attention, it appears that the
successful usefeuch prompts may depend on background knowledge in a related
domain. The solution to this issue may be the inclusion of procedural knowledge on how
the signals should be used, which was lacking in this experiment. Further research in this
area shouldake into account these findings when designing materials for student

learning.
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