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ABSTRACT

A computer animated leanùng environment. INFECfRON. was developed to

teach leaming disabled (LD) and non learning disabled (NLD) studems a biology

lesson. INFECfRON uses rwo different modalities, auditory (narration) and visual

(animation). exposing students to dual information processing codes (verbal.

spatial), aIIowing them the flexibili.-y to use a leanùng style they prefer.

INFECfRON ceaches students how thl: body proteets itself from invading germs.

Students were presented the animation and oral narration concmrenùy, successively

and compared te a control group. Subjects were 30 LD and 30 NLD in grades 7

and 8 attending a 1arge comprehensive high school in Mootteal. Measures included

a pretest. posttest, reasol'ling tasks. and a retention test. Results indicated that

students (LD and NLD) in the computerconditions (concurrent and successive)

outpetformed students (LD and NLD) in the control condition on the pre. post and

reasoning taSks. No significant differences were found between students (LD and

NLD) in the COllCll1tellt group and students (LD and NLD) in the successive group

on the post test and reasoning taSks. No group differences were found berween the

LD and NLD studcnts in the computer conditions. It was confiIm'd chat

INFECfRON benefits both LD students and NLD students. allowing LD students

to perfotm at par with NLD students on these biology measures.
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RÉSUMÉ

INFECIRON. est un programme informatisé d'animation portant sur

l'environnement et destiné à l'enseignement d'un cours de biologie à des étudiants

avec problèmes d'apprentissage (LD) et des étudiants sans problèmes

d'apprentissage (NLD), INFECIRON utilise deux différentes méthodes. l'une

auditive (narration) et l'autIe visuelle (animation), exposant ainsi les étudiants à une

dualité (verbale, spatiale), leur donnant le choix d'utiliser le style d'apprentissage

désiré. INFECIRON leur enseigne la façon que possède le corps humain pour se

protéger des germes en·Jironnants. Les étudiants ont été soumis à1a visualisation et

à l'auditif, conjointement une première fois, la seconde de façon consécutive et,

après, fment compan5 au groupe contrôle. Le groupe témoin a été composé de 30

étudiants avec problèmes d'apprentissage et de 30 étudiants sans probl~es d'ap­

prentissage. de niveaux 7 et 8. inscrits dans un collège d'enseignement supérieur à

Mon~. Les mesures d'évaluation inclurent le pré-test, le post-test, le raison­

nement et aussi un test de m6moire. Les résultats indiquèrent que les étudiants lLO

et NLD) dans le test informatisé (simu1tll11é et consécutif) ont surpassé le groupe

d'étudiants (LD et NLD) dans les conditions de contrôle lors du pré-test, post-test et

du raisonnetnent. Aucune diff6:euce significative ne fut trouvée entIe les étudiants

(LD et NLD) du groupe simultané et entIe celui (LD et NLD) du groupe consécutif

lors du post-test et celui du raisonnemet1t. Aucune différence entIe les groupes

d'étudiants LD et NLD lors de l'utilisation de l'informatique. nen fut déduit que

INFECIRON profite aussi bien aux étudiants avec difficultés d'apprentissage

qu'aux étudiants sans difficultés d'apprentissage, petmettant ainsi aliX étudiants

avec difficultés d'apprentissage (LD) d'exécuter. à même égalité avec les étudiants

sans problèmes d'apprentissage (NID). le test de biologie.

ii
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CHAPTER 1

Introduction and Review of The Literature

Why is it that in the traditional classroom some students do weil and others do

not? Since classrooms generally represent a wide range of individual differences il

is impossible te design one form of instruction that is meeting the instructional

needs of all individuals (Snow. 1989). Meeting the instructional needs of leaming

clisabled (LD) students is particularly difficult since there is a problem in defining

learning disabilities.

A ID means many things depending on the audience. parents. researchers. or

govemment. Definitions exist for practical purposes rather than representing what

is true or false for a certain individual. Such definitions are accepted because they

allow research te continue and educational programs te develop. not because they

enhance our scientific underslandbg of LOs (Kavale, Fomess, Lorsbach. 1991).

With this caveat in mind wc provide a worlcing definition provided by the Ontario

MinistIy of Education (1980):

Learrüng disabilities are disorders in one or more of the processes involved in

understanding or using symbols of spoken language. The disorders result in

significant discrepancy between academic performance and assessed intellectual

ability. with deficits in at least one of the following areas; =ptive language.

language processing. expressive language, and mathematical computations.

(p.23).

As this definition of leaming disabilities suggests difficu1ty in school does not

necessarily reflect lower intelligence. Rather. snch diflicuities could suggest that

1
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the material being taught is not represented in a way that promotes learning for LD

srudents. Teaching methods must be designro to meet these individual differences

in arder for leaming to occur.

A popular choice for meeting such differences is to "ability group" srudents 50

that teaehing can be made easier by creating homogeneous groups. Unfortunately,

such grouping does not result in more effective instruction for LD srudents. Bryan,

Bay, and Donahue (1988) suggest that classroom modifications alone are

insufficient to meet the complex neros of this hetetogeneous population, regatd1ess

of teaeher's pedagogical sk:ills. Another alternative would be to provide a variety of

service configurations, for example, self-contained classes, resource rooms, and

total mainstreaming (Hallahan, Keller, McKinney, Uoyd, and Bryan, 1988).

Another alternative, which bas not been considered te date, is the use ofcomputers

as teaching cools to meet the nceds of this special population in the content ar-..a

subjects, i.e. math or science.

The group ofLD srudents who will be examin<:d in this srudyare a sub­

population typicalIy referred te as dyslexie. Dyslexia is typîcalIy defined as a

reading and spelling problem that cannot be accounted for bY SCIISOIY or

neurological damage, lack ofeducation, or low intelligence (Stanovich, 1986;

Vellutino, 1979). One hypothesis is that dyslexics' reading and speI1ing problems

are related te a deficit in phonologicallanguage skill. This hypothesis is supported

in that dyslexie srudents have difficulty with ward recognition but not with reading

comprehension (Conners & OIson, 1990; Perfetti, 1985).

Dyslexics have difficulty in traditional classrooms where reading is the main

modality for acquirlng knowledge. Verbal skills are highly correlated with success

2
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in schools (Hunt, 1983; Cattell. 1971; Vernon. 1950). Thus, dyslexies a.--e at a

disadvantage. Perhaps a multi-sensory instructional approach would be more

effective for dyslexies. Such an approach cao provide identica1 information through

different modalities. Since we know that there are individual differences in

leaming, a multi-sensory approach cao increase the likelihood of information being

processed and remembered by more students.

The following study describes such a multi-sensory approach. A computer

animattxlleaming environment was deve10ped te teach students (LD and NLD) a

biology lesson. The computer environment, INFECTRON, uses two different

modalities, auditory and visual, exposing students te bath modalities, allowing

them the flexibility te use a leaming style they prefer. INFECTRON presents the

identica1 biologica1 infoImation through multiple modaliries: IIlIIT8tion for the

auditory modality and animation for the visual modality. The major research

question posed in this study is; Cao LD students with reading disabilities perform

at par with non leaming disabled (NLD) students given this multi-sensory computer

environment?

Tbeotetiça' FnmCWOrk

With the onslaught of new œchnology and the increase in accessibility of

computers in the classroom, the possible benefits of this instructional medium are

unknown. Sînce LD populations are ofœn at a disadvantage in the striet1y text­

based world we need te empirica11y study the effects ofa multi-sensory

inslIUCtional apprœch for this population. INFECTRON provides us with a

medium for testing the effectiveness ofcomputer animattxl instruction for LD

students studying biology•

3
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In tIüs study we adapt Mayer and AndetSOn's (1992) dual-coding approach to

the investigation of instruction for LD students. Using computers as a medium of

instruction, Mayer and Anderson (1992) used a multi-sensory approach, which

they referm:l to as dual-coding (C1arlc & Paivio, 1991; Paivio, 1990) to teach NLD

college students how to operate physical devices. Dual coding theory assumes that

the leamer uses two distinct information processing systems, one which represents

the audirory system and one which represents the visual system. Mayer and

Anderson (1992) tested the dual coding theory to sec whether one modality was

more effective than another, or whether IWO modalities ofrepresentation used

concurrently were more effective than 2 modaljties presented successive1y. They

did tIüs by building 3 treatment conditions into their experiment: (a) auditory

moda1ity alone or visual modality alone- instruction using the auditory modality

used narration of leXt to desetibe the operation ofa bicycle pump, whereas, the

instruction using the visual modaljty used computer animation to demonstraœ how

to operarc a bicycle pump; (b) concurrent- animation plus narration presented

together in time or spacc; (c) successive- animation followed by narration or vice

versa. A control group received no instruction. The resu1ts of this research

indicated that the con<:mIetIt group ou1pe[formed every other condition. These

results have been supported by others who have studied the effeets ofillustration

and text (Mayer & Anderson, 1992; Mayer & Anderson, 1991; Mayer & Gallini,

1990; Levin. 1981, 1983; Rohwer & HaIris, 1975; Rohwer & Matz, 1975).

An instructional implication ofMayer & Anderson's resea:rch is that two

modalities presented simultaneously, such as the use ofanimation and narration, are

more effective than 80y one modaJity presented alone or in succession. The present

4
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research examines the dual coding theory with regard to students with lcaming

disabilities. The present study is distinct from Mayer and Anderson's (1992) in

severa! ways. Fll'St. this study is oot looking at physical devices in terms of

operation, but of the human body and how it physically defends itself from

infection. Second, this study involves grade 7 and 8 students, rather!han college­

level. The thiId and IIlOst important difference is that this study compares the

performance of LD and NLD students on a biology lesson.

Review of The Literature

Severa! important areas ofconcentration are covered in this literature review.

Fll'St. an examination of how LD bas been defiDcd is presented, followed by an

analysis ofwhy computer leaming environments could be effective for this

population. A multi-sensory approach 10 LD instruction is proposed and thus part

of the review is dedicated 10 describing visual depiction's and it's relationship 10

computer animated approaches 10 insttuction. A theoretical justification for the use

ofa multi-sensory computer-animalPil approach 10 insttuctioo for an LD population

is provided in the fonn of the dual-coding theory.

Learnjnf Djsahiljties

Smdents with IDs are often assumed 10 differ from those without IDs in theïr

inability 10 leam information from typical classroom instructioo (Crank &: Bulgren,

1993). This difference seems 10 be most pronounced when students reach the

secondary level where insttuctioo is oftcn designcd 10 promote mastely in a corllent

5
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subject (i.e., science) as opPOsed to the mastery of general skills (i.e. Ieaming

caJors), which may be the focus in elementary schooi (Deshler, Schnmaker, AIley,

Wamer, & CIark, 1982). At the secondary Ievel success in mast/'.ring content

subjects di=tly relates to general academic success. It is frequently the case that

students with LOs are unable to master the information prcsented to them in class

which often Ieads to failure and sometimes witbdrawal from schooi (Deshler &

Scbnmaker, 1988; Levin, Zigmond, & Birch, 1985). Many ID students perf=

poorly on tasks requiring active information processing (Torgesen & Wong, 1986).

Many explanations have been provided as to ID students inefficient use of

organized strategies (Torgeseo & Wong, 1986), however, resean:hers continue to

be challenged to sean:h for ways 10 enhance their Ieaming ofID students.

Having a leaming disability mcans that a student is different from bis or her

peers in some specifie ways. Ifone were 10 examine the=Itsofan IQ test such

as the Wechsler Intelligence Scale for Children, tbiId edition (WISe-III) or the

Wechsler Adu1t Intelligence Sca1e, Revised (WAIS-R), a classic ID profile would

retlect a discrepancy between verbal andpedi:amance scores and or significant

scatter within the verbal and or perfOlül8llCC scales. The IQ=Its would often

indicate that the student is bright, however the student is DOt achieving in schoollO

the potential that the standaIdizcd test suggest5 is possible for that student. It is

impossible for ID students 10 becomc NLD, however il is poSSlole for ID students

10 be taught in a way that capitaliv:s on their strengths. Forexamp1c. a ID student

may have liN i enclous visual-spatia1 abilities that are not being tapped in the

traditional school SCIIing (Lajoie. 1986), One way 10 capitalize on spatia1 ability is

10 tnlIke instruction visual Honey and Danscœau (1984) support this concept by

6
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suggesting that information acquisition does not necessarily occur in a linear

manner I~.e. text based). Concepts may be more readily learncd if they are visually

arranged in a nonlinear faslùon during learning.

Many psychologists at the Leaming Center ofMontreal have notcd the

disctepancy of spatial and verbal abilities among students with learning disabilities.

Seme students are skillful in handling spatial concepts and have great difficulty with

verballearning, otbc:r students have sttong linguistic ability and difficulties with

spatial tasks (Stevens & Shenker, 1992). Are these ability differences in the learner

or in the environmental experiences of that leamer?

When an assessment is done on a student who is having problems at school

sometimes the problem is not 50 much a learning problem, but more ofa leaChing

problem (SteVens & Shenker, 1992). How can a student be unmotivated and

unsuccessful with one effective teaeher and then be animated and productive with

another. One explanation is the way these students learn is different froID other

students, no matter how q,'led their teaehers or how IeSpOI1SÏve the setting

(SteVens & Shenker, 1992). Often their learning styles are different in the content

area subjects (Le.. reading, writing, calculating, science). It is often the case that

with a flexible adap;ation ID tbeir idiosyncratic lcaming needs, at the right lime, a

student can be a successfullearner (SteVens & Shenker, 1992). How do these

findings relate ID seme ofthe more cognitive studies conducted?

Studies CODduc1ed silice the mid-1970's indieate that the linguistic and cognitive

funclioning ofID students differs froID their NID peers in several ways. Studies

indicate that ID students make less efficientuse oflanguage IDeategorizc and

remember what they are learning, and ID exllaet meaning froID tex! (Beek &

7
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Carpenter. 1986; Schwanz, 1990). In order to understand these findings we rom

our attention 10 the reports from the Dys1exia Laboratory in Bos1On's Beth Israel

Hospital.

Fmdings from the Beth Israel Hospital suggest that sorne leaming disabled

leamers have an innate predisposition for 1eaming disabilities (Galaburda, 1987;

Humpherys, 1990). Although these studies invo1ved very few subjects their

findings suggest interesting possible explanations ofleaming disabilities. When the

researchers of the Dyslexia Laboratory autopsied the brains of diagnosed dyslexies,

they found the brains 10 be heavy and 10 have simiJarc1usterS ofunusually

developed nemons. They also found asymmetry between hemispheres of the brain.

Unlikc most brains, which have a larger left hemisphere, the brains ofdyslexies

were symmetrîcaL The IeSelIl"Chers hypotbesized that early fetaI development of

language functioning was affected, possibly by common matemal medical

conditions during pregnancy, 1eading 10 ID's. It is suggested that perhaps this

early interf=ce in development causes subsequent adaptive neuronal development

which permits language development 10 continue, 1eaving the developing child with

an increased predisposition for later leaming problems (Stevens & S1Ienker, 1992).

Nemological reseaIch is diverse, however, it seems reasonable 10 suggest that both

interfcrence with emtxyonic deve10pment and genetic struetme cm influence the

development of the fetaI brain.

As researchers wc need 10 be aware that leaming problems aIe not necessarily

due ID poor teaehing or lack ofstudent interest. ID students come 10 the leaming

situation with different strengths than their peers. ID students' success orfailme at

school depends on how wc cm effectively bridge the leaming gaps. Ifthe demands

8
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of the environment match the ability of the student. there is no limit to the success a

student can achieve. An individual who has high spaôal aptitude and low verbal

aptitude may leam more from instruction that is visual rather than textua!. In the

next section. the use of computers as instructiona! tools for LO students is

exploreci. The use of computers as a visual means of instruction is aIso examined.

CQDDectjD~ Computers and an 1,» Population

Motivation is the key te leaming for ail individuals (Lepper. 1988). This is

especiaIly the case for those who have been faced with continuous frustration and

discoUIagement in their academic endeavors (Dweck, 1986). LD students are often

labeled as inattentive and lazy rather than LO. How can wc reduce the frustration of

leaming and increase positive leaming outeomes?

Computer-based instruction can increase motivation and leaming by providing

students with a sense ofself control, self-efficacy, and autenomy (Wepner, 1987;

Malane, 1981). When students have some control over their leaming motivation

increases. As students advance at their own rate, they are actively and

independently leaming, which helps them te improve their self-esteem. The

emotiona1 neuttillity ofcomputerS can help minimize the students' leaming

anxieties. ComputerS have the distinct advantage ofbeing immensely flexible in

comparison ID othercdueational tools (Torgesen & Wong, 1986). They aIIow

students ID advance at thei:' own pace without displaying failure ID their peers or

teaehers. CompUter5 cao provide LOs with privacy, patience, and praetice (Lemer,

1993). According te Lemer (1993) computer teehnology bas the potential of

9
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drastically altering the educational experience of LD leamers. It ailows

extraotdinaIy people (LOs) ta do ordinaIy tasks (Lemer, 1993).

Computers can involve students in ongoing activities which evaluate their

responses and adjust instructional strategies ta meet the individual needs of the

student (Geisert, Dunn, & Sinatra, 1990). Furthermore, as Kolich (1985)

suggests, computer's can provide feedback in a non-threatening manner.

Computer-based leaming enviIonmcnts have the flexibility and capacity for

individualizing instruction, as many of them are versatile, patient, and non­

judgmental. A study condueted by Short, Schatscheider, Cuddy, Evans & Basili

(1991) concluded that in comparison ta average achieving students, LD students

were more dcpendent on adults for assistance and had trouble defining problems.

Computers can assist :teSClIIChers in ptOViding the l'ecessary feedback ta learners.

The rapid growth ofcomputergraphies have become an integral part of

computer software and bas tended ta motivate students (Short et al., 1991).

According ta Kolich (1985) an effective computer program, WIÏnen for LD students

should direct the students' attention thIough the use ofcolor cueing, underlining,

arrows, an;mation, and varying print sizes so :bat stu&nts can remain on-task.

Smith and Tompkins (1984) suggest!bat graphics should be used ta support

instruction by illusttating and demonstrating the concept being leamed. It is

impot rant tbat instructions are clear, concise, and accessible for Ieview at any point

during the program (Piemonte, 1984). Sïnce visual instruction may be important

for dyslexies, the use ofvisual depictions and their role in computer instruction is

revïewed.

10
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visual DepjctjoDs and an LD Population

An increasing number of studies have been conducted regarding the use of

visual depictions as information organizers for enh3llcing achievement with special

populations. The results of many of these studies indicate !hat visual representation

ofsomething one is trying to teaeh appears to be the most effective method for

enhancing student leaming (Crank & Bulgren. 1993).

Darch and Camine (1986) compared instruction with visual-spatial displays as

opposed to the use of tex! only. 1beir subjects consisted of 24 upper elementary

level srodents with LOs. Subjects in the visual-spatial group were presented with

an overhead projector and the teaeher used a script to describe the items on display

and their relationships to one anw.1CI'. The se::ond group was given text material

only. Students who were given "mual-spatial display instruction proved superior

on a post test of comprehension.

Bergerud, Lovitt, and Hotton (1989) condueted a study to examine the effects of

graphies and study guides for leaming high schonl science content. Students with

and without IDs were given a passage to read and a graphie organizer as an answer

shect on which they answered questions on the passage. Performance following

instrur.tion with graphies was superior to instruction with srody guides or self­

study.

In anodter study. Crank (1993) combined visual and verbal instruction to

enhance learning. He examjn~ the effectiveness ofusing visual depictions in

lectmes as compared to mare traditionallecture teehniques, such as out1ining or

listing infOII11lUion. He ton found that the use ofvisual depictions resulted in higher

post test scores !han those who did not receive visual instruction.
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A framework for using visual depictions bas been created. Let us now discuss a

diffc:rent sttuetme in which this framework cao be used: compu= and insttuctive

animation.

Instmçtjye AnjmatioD in Computer Assjsted Learnjng

There are a number ofreasons why computer-based instruction is an effective

media choice. such as the leamer bas control over pacing. the computer cao provide

feedback, and animation ofcomplex concepts. Animation is available in severa!

different media formats. However. the use ofanimation in computer leaming

environments is unequaled since it often allows the leamer 10 control various

aspects of the animation during instruction (Milheim, 1993; Rieber. 1989. 1990).

As n:viewed earlier. leamer-control can be amotivating factor.

Previous reseateh provides mixed results on the use ofanimation and cautions

us that caze must be used when implementing animation as an insttuctional method

in the dom:sins ofmath and science. Baek and Layne (1988) demonstrated that the

use ofanimation increased scores on a post test as compaœd 10 text-only or

graphics-only groups ~ng a computer lesson instrueting students on mathematical

nùes. zavotka (1987) described anjmation as having a positive effect in bis study

in the clomain ofgeomeay. using threc-dimensional animation sequences 10 present

various vicws ofobjects rotating. Reiber (l990b) confirmed the usefulness of

anjmation. He demonstraled that animaœd presentations were IIIOIe effective than

static visuals or no visuals for students studying Newton's Laws of Motion.

On the other !land. there have œcn a number of studies that show anim"';':l:": 10

beoflime or no instructional value within an insttuetionallesson. Research
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conducted by Tritz (1986; 1987) in the domain of microbiology. suggested that

indiscriminate use ofanimation can be distraeting. Reiber and Hannafin (1988)

found no positive effect from the use of animation as compared ta text. as an

orienting activity within a lesson conceming Newton's Laws of Motion. Reiber

(1991) also found evidence that students were more prone to develop scientific

misconceptions from animated material. Another study with 1imited success was

that of Reed (1985) who used animated simulations ta improve estimating in

algebra word problems. In order ta decrease the number of studies condueted

using animation with linIe or no instructional benefits, Mi1heim (1993) bas severai

suggestions.

Mi1heim (1993) bas cleveloped a series of twelve guidelines ta follow when

implementing an animation within a computer-based leaming environment. The

fust tIn'œ relate ta the design ofcomputer programs. Mi1heim suggests that: (a)

simple rather!han complicated animations should Ile use<!; (b) that animations

should Ile presented in a way that information can be easily pc:rceived; and (c)

animations should include options for varying the speed. Milheims' next four

gllidelines pertain 10 content-related issues for animation: (a) they should re1ale

direet1y ta the objectives of the lessoo; (b) they should Ile used when motion or

trajectory are includcd in the lesson; (c) they should Ile used when instruction

rcquiIes yjsna!ization, especia1ly with spatia1ly-oriented information; and (d) they

should Ile used 10 show invisible eveDts, in other words, events that are not visible

10 the human eye. The last five guidelines Iefer 10 the mode of use: (a) animation's

should be interactive where the leamer aetually manipulates the graphies within the

animation; (b) animatioo should Ile used 10 gain a leamer's attention or increasc
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motivation; (c) animations should not be distracting 10 the !camer; (d) animation

should not be used with novices who may become overloaded with irIelevant

details; and (e) C03Ching techniques should be used 10 assist the leamer in

interpreting the animation, as weil as allowing the subject time before and after the

animation for better understanding.

Milheim (1993) suggestions should be considered in designing effective

computer animations. We have reviewed the types ofID profiles mat can benefit

from visual forms ofinstruction and have buiIt a rationale for how computers can

be used 10 provide effective leaming environments for ID by using visual

depictions and animation. A theoretical justification is DOW pres.ented as 10 why

Mayer and Anderson's (1992) approach 10 insttuction will benefit ID students.

Dual Codjng Theo"

According 10 Paivio's dual coding theory (Paivio, 1981; Paivio & Begg, 1981;

Sadoski, Paivio, & Goetz, 1991), a leamer possesses two distinct but

intereonnecting information processing systems. An imagery system which is

specia1im:! for representing and ptocessing nonverilal information about objects and

events and a verbal system which is speàaJim:! for representing and processing

linguistic information. Bath systems have different organization and processing

characteristics, however, the connections between them may support paralle1 or

integrated functioning. InfcmIlIIion in the verbal system is organim:! in a scquential

or syntaetic way. Whcreas nonverllal infOImation (especiaJJy in the visual moda1ity)

is organim:! lDCl'C in the fonn ofsynchrœollS 01' in a parallel manner. Paivio

(Paivio & Begg, 1981; Sadoski, Paivio, & Goetz, 1991) also suggests that
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organization of information witlûn a system is composed of associative relations.

whereas organization be!Ween systems is composed of referential relations. Other

assumptions ofthe dual coding theory suggest that these !wo separate encoding

systems are additive 50 that stimuli encoded in both forms are more likely 10 be

=embered (Kobayaslù, 1986). Another assumption suggesting differences

between the !wo coding systems is that the mechanisms differ, in that a picture is

more like!y to be dually encoded than words (Hannafin, 1983 in Reiber & Kini,

1991).

Mayer (1989) lOOk the general principles of the dual coding theory and derived

the contiguity effect. The contiguity effect suggests that students are better able to

transfer new information to new situations when text and illustrations are presented

next to each ether on the same page, rather!han when they were isolated from one

another (Mayer, 1989; Mayer & Gallini, 1990). A great deal ofresean:h supports

titis contention, suggesting that presenting tex! and illustrations together can greatly

enhance smdents'learning (Bernard, 1990; Glenberg & Langston, 1992; Guri­

Rozenbilt, 1988; Rced & Beveridge, 1986, 1990; Waddill, McDanie! & Einstein,

1988). This resean:h bas 1ed 10 a better understanding of the contiguity effect.

More n:cendy, resean:h bas examined the contiguity effect on computer-generated

animatiQn's and narration's (Mayer & Anderson, 1992). In this more nove!

approach, tex! bas been teplaced by auditory l1lIl1'lIIion and static illustration bas

been teplaced by dynamic animation. The demonsttation of the contiguity effect

bas been fouDd when computer-generated animation and l1lIl1'lIIion are presented

concurrendy rather!han successively (Mayer & Anderson, 1992)•
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The findings of Mayer (1989), Mayer and Gallini (1990), Mayer and Anderson

(1992), and Mayer and Sîms (1993) were h.terpreted within the context of a dual

coding theory (Clark & Paivio, 1991; Paivio, 1990). Mayer and Anderson (1992),

used visual (animation) and verbal (narration) as the two modes of information

presentation. Severa! things happen 10 promote meaningful Ieaming, which in

effect, supportS ttansfer. FIISt, the Ieamer mus! build a representational connection

between the presented verbal information and the internaI verbal representaIion.

Secondly, the Ieamer needs to buiId a representaIional connection between the

presented visual information and the internaI visual representation of that

information. FmaIIy, a referential connection bel'ween the verbal and visual

representations needs 10 be made. Research conducted up 10 this point indieates

that students will be better able 10 buiId referential connections when verbal and

visual information is presented contiguously, orconcurrendy, in time and space

(Mayer, 1989; Mayer & GaIIini, 1990; Mayer & Anduson, 1992; Mayer & Sims,

1993).

It shouId be noted however that dual coding theory bas IlOt gone unchallenged in

the IiteraIure. Farah (1989) bas dcmonsttared tIuoogh neuro-physioIogical research

that COlDplehensiOll ofpictures and text focus 011 an amodal system ofknowledge

representation. Farah used aphasie and agnostic patients who seem 10 demonstrate

a Ioss of this a"'O'ial system. However, the positive evidence for the dual coding

theory seems te outweigh the negative evidence. Let us examine a study which

interprets it's resuIts within the context ofa dual coding theory•
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Mayer and Anderson Study (992)

Mayer and Anderson (1992) created IWO computer environments using the

information known about animation and visual imagery based on the Contiguity

Principle. Students who wete shown illustI3tions and presented with verbal

descriptions concurrently wete better able to solve ttansfer problems !han those

students who reoeived the same illustI3tion and verbal description in isolation from

one another (Mayer & Anderson, 1991; Mayer & Gallini, 1990; Levin, 1981; 1983;

Mayer, 1989; Rohwer & Harris, 1975; Rohwer & Matz, 1975).

In Mayer and Anderson's 1992 study, two experiments wete condueted using

two different computer animated programs. 1be students studied an animation

depicting the operation ofa bicycle pump or an automobile braking system. 1be

subjects wete randomly separated into one offour groups. The four groups Wete

as follows; the concmrent group reœi.ved the animation and narration at the samc

lime, the second group reoeived successive tepreSeIltalÏon ofanimation and

narration, the third group reoeived either anjmarit)n alone or narration alone, and the

final group was the control group which reoeived no instruction. The researchers

were inlCtestt:d in the Ietelltion and probIem solving ability of the subjects. Two

predictions were made. Mayer and Anderson (1992) predicted that students in the

control group would perform worse on the Ietelltion test than the tteatment group.

The second prediction sta!ed that the concmrent group would perform better on

problem solving than the od1er groups.

The researcbe%s believed lhat in orde:r to succeed on the Ietelltion test one would

need to leam the information being presented. 1be prediction was that students in

the control group would perform worse on Ietention than the treatme:nt groups,
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which would not differ from one another. It was predicted that students who

received the narration in any form (cither concmrently with animatior., or

successï'lfely with animation, or alone) would be encouraged te build

representalional connections between words and an internai mental representation of

words. In contrast, students in the control group had no opponunity te build

representations between words and verbal items. Therefore the prediction was that

more idea units would be produced by those subjects who were given the

opponunity to build representations.

The problem solving test was used te deterl!line the students' understanding of

the lII3tCri:l1. The dual coding modcl suggest5 that in arder for meaningfulleaming

te take place students need te build tbIee connections. Connections need te be

made between words and verbal representations, between pictures and visual

representations, and between visual and verbal representations. It is due te the

limitations ofworking memory that the hypothesis was creaœd that when words

and pietures are presented contiguously in rime and space the best representations

are construeted. Items presented close in rime have been shown te be more

effective than far apart. The fmther apart one presentation is from the second, the

more opportuDity for ïnlbference in memory (Miller. 1956). In Mayer and

Anderson's (1992) study ooly the concurrent group was presented with the words

and pietures contiguously; Therefore the prediction was made that students in the

COIlcurreut group would pclform better than an other groups in the problem solving

transfer test.

Mayer and Anderson's (1992) predictions ofdual coding theory were

confirmed. As hypothesized in prediction one, the various forms ofsuccessive
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presentation of words and pietures did not produce different panerns ofresults.

The second prediction, aise confirmed. demonstrated that those subjects who

received the concurrent presentation of words and pietures performed bette!' than the

other groups. When the animation was presented concurrently with narration,

subjects demonstrated significant improvements in problem solving transfer. The

researchers concluded that an important cbaracteristic of an instructive animation is

temporal contiguity berween animation and narration. Both studies conducted by

Mayer and Anderson (1992, 1991) found evidence of the contiguity principle in

multimedia leaming. They concluded that students leam best when words and

pietures are presented contiguously (concum:ntly) in lime and space.

The current study is a modification of Mayer and Anderson's (1992) which

examines a LO population and determines helpful ways to improve leaming in the

domain ofbiology.

Description or the Current SbJdy

A computer based leaming environment was developed to instruct LO students

about how the human body proteets itself against infection. INFECI'RON was

designed based On the literatUIe which suggests that: (a) LO's benefit from a multi­

sensory approach; (b) computer1eaming enviromnents are effective for this

population; (c) visual depiction's can enhance leaming for LO's; (d) dual coding

ptOi11OlCS Jcmning; and (e) the contiguity principle along with dual coding promolCS

greater1eaming than non contiguous information.

INFECI'RON is a computer leaming environment which uses animation and

narration to teaeh five biology lessons. Animation and narration are used because
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dual coding theory supportS a multi-sensory approach 10 leaming. lNFECIRON

was designed following many of the Milheim (1993) guidelines. For example,

simple animations are used where information is easily perceived. The animations

involve motion which directly relates 10 the biological objectives of the lesson. The

biology lessons require viSllali7Jltion therefore animation is used 10 enhance the

spatially-oriented information. Many of the lessons demonstrate events that are not

visible 10 the human eye, i.e. how a scab fonns, therefore once again animation is

an aid. Each animation within lNFECIRON is used 10 gain the lea!ner's attention

and as a motivating factor which Mill1eim (1993) also supports. Fmally, subjects

are allowed time before and lifter the animation for better undemanding. An

additiona! featuIe, present in lNFECIRON, not mention by Milheim (1993), is that

each subject could ICVÏew the lessons as many times as they wanted.

This study was developed based on our cum:nt undemanding ofLD

populations and how computer leaming environments can enhance their learning.

This study is an adaptation of the Mayer and Anderson (1992) study which was

theoretica1ly based on the dual coding theory and the contiguity principle. The

hypotheses for the cum:nt study are described below.

Rcsearcb BYDotheses

TIn'ee reseazch hypotheses are examined in the present study using the computer

leaming eavim·ment INFECI'RON which teaehes how the body defends itse1f

against infection in five biology lessons. The first two predictions are based on

previous reseazch conducted by Mayer and Anderson (1992). The first hypothesis

is that students (ID and NLD) in the computer conditions (concum:nt and
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successive) will outperform smdents (ID and NLD) in the control condition on the

pre and post test, which is assessing declarative knowledge in the domain of

biology. The second hypothesis suggests that students (ID and NLD) in the

concmrent group will outperform students (ID and NLD) in the successive group

on the post test (declarative knowledge) and reasoning tasics, which assesses

procedura1 knowledge. The third prediction hypothesizes that there will be no

group difference between the students (ID and NLD) in the computer conditions on

post test and reasoning tasks. Based on cu:rent research on instructive animation

and its benefits with LD students, it is expected that students (ID and NLD) in the

computer conditions (concurrent and successive) will perform al par with one

another on the post test, reasoning tasks, and retentiOII test. Beth groups of

smdents (LD and NLD) using the computer tool will smpass the conaol group

becallse the students in the control condition are DOt given any instruction.
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CHAPTER Il

Method

Subjects

Sixty subjects wc:re drawn from the seventh and eighth grades in an anglophone

public high school in the Montreal area. The seventh and eighth grade level was

ehosen because they wc:re naïve subjects for the domain of biology. Two grade

levels wc:re needed in order to obtain a large enough sample of LD students. 'Thirty

LD and thirty NLD students wc:re equally divided into two treat:ment conditions and

a control group. LD students had been identified by the school boards'

psychologists and coded according to govemment criteria. The LD students who

participated wc:re coded eithcr 01. mild leaming difficulties or 02. serious leaming

difficulties. The studenlS with mild leamjni difficulties had an academie delay

nP"t:rlini one year in both the language ofinstruction and mathematics. The

students with serious leamini difficp1tiCS aIe classified as having a significant

academic de1ay orspecifie leaming difficulties. Ifa student is Iwo ormore yeats

behind in either the language ofinstruction or mathematics he or she is classified as

having a significant academie delay. Students coded 01 and 02 and who had

language based leaming difficulties wc:re included in this study in order to inaease

the sample size. The NLD students wc:re selected based on teaeher's ratings (ie.

high oraverage) ofeach student's peri'ormance as measured by classroom exams

and assignJDC:Jlts from the beginning of the year. Twenty-seven girls and thirty­

three boys participatcd in this study•
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Desi\!D

Girls and boys were separated into two groups (LD and NLD) and ranàornly

assigned to each condition (Concurrent, Successive, ConlI'Ol). The concurrent

condition presented animation plus nanation together in lime and space; Whereas

the successive condition presented the nanation followed by the animation after a

delay of5 seconds. The subjects in the conlI'Ol group were Dot exposed to the

computerprogram until after an tests were administered. The examiner felt it was

important for the conlI'Ol group to be exposed to the computer program after the

conclusion ofthe study 50 that they would have the same leaming opportunities.

Subjects were tested individually tbroughout the study.

A pretest/posttest design was used to assess change in stodents' declarative

knowledge ofbiology - factual knowledge ofhow the body proll:CtS itself against

invading germs. Reasoning tasks were then presented on the computer in order to

assess change in students ptOcedmal knowledge - how they apply their

knowledge to situations that requiIe understanding ofinfection. Fmally, a retention

test ofdeclarative knowledge was given twenty-four bours after stodents had been

exposed to the computerprogram.

Materja)s

Computer Pmgnm; INFECTBON

INFECmON is a computer program designed to nID on the Appl~

Macintosh'DI LCII.. The animlltt'A'! program was developed using Hypercard@ and

MaaoMind DiteclXA<ï:>. The computerprogram was adapted from existing

problems described in text books and a programdeveloped as an introduction to a
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tutoring system on scientific reasoning (sec Tookey. 1991; Lajoie. 1993).

INFECTRON was designed to teaeh subjects how the body defends itself against

infection. Before beginning the computer program each student was introduced to

the project and toId what he or she would be asked to do (sec Appendix A. for

instructions to respective treatmCnt conditions). The prog11lIIl begins by giving the

student a general introduction of how germs can lead to infection. how they allow

infection to thrive, and eventualiy how they will pe:rish within the human organism.

Then the subjects are asked to consider the body's defenses against germs. namely

the eye, car. nose, mouth. skin and bl00d (sec Appendix B. for the computer

script). For each defense system there is an animation and namuion that depiets a

germ entering the body. these segments last approximateJy thirty seconds each (sec

Appendix C for a visual example). The lessons explain the underlying mechanisms

ofeach defense and a detailed colour animation is provided. Students were able to

review each lesson as many limes as they would like. Students in the concurrent

condition were exposed to lessons in which the nmations and animations were

perfectly syncrooized on the screen. The natrations were recorded dire..""Üy into the

Appl~ Macintosh'" LCII, using an exœmal mirophone.

Prelpmt teSt 1 & b::it D. The preIpost test 1and II were designed to

measure studcnts' declarative knowledge of how the body defends itself against

infection prier to and lifter instruction. Each test had ten questions each. The

resean:herpresented the questions oralIy then recorded the subjects answers. The

conespoodïng questions on test 1and test II are worded differently, however, they

are designed to test the same declarative knowledge. Two tests were deveJoped,

that could he used as either a pretest or posttest. This was done to counter balance
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the difficulty and order effects of the test Thus, test 1was used as a pretest 50% of

the lime, and as a posnest 50% of the lime. Every odd numbered subject received

test 1as a pretest and test n as a posnest Every even numbered subject received

test n as a pretest and test 1as posnest (sec Appendix D, for Test 1and Appendix E,

for Test m. Subjects were informed as to the respective purposes of the

pretest/posnest questions and asked to listen and think carefu1ly before answering.

They were instrueted to ask the researcher for clarification of questions wher.

lIecessary. Scoring criteria were developed for evaluating the responses to these

items.

Rf1Isonjnf ta:sles. The reasoning tasks were designed to measure students'

knowledge ofhow the body defends itself against infection in a reallife situation.

Subjects were informed that they would sec an animation on the computer and that

following the animation the researcher would ask !hem a question about how the

body proteets itself against infection in that situation. Forexample, one animation

demonstrates a child stepping on broken glass and cutting bis foot A sample

question would be " This boy bas just cut bis foot on the broken glass. How will

the red and white blood cells prevent germs froID entering the body and how will

they help form a scab?". (sec Appendix F, for reasoning questions and Appendix

G, for a visual depietion ofa reasoning task). Each Student was presented a total of

live animations on the computer, each enduring approximately live seconds. After

each anaimation the student was asked one question by the researcher orally, The

xesearcher IeCOIded the subjects answerby band.
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Retentjon test. Subjects were toId that the retention test, given on day two

of the testing session. was ta determine how much the students remembered from

the day before. Subjects were notified that the questions required them to. Iisten

and think carefully. Ifthey were unsure ofwhat they were being asked to do. they

were encouraged ta ask the reseateher for assistance. Subjects were instrueted to

answer truc or faIse ta a series of statements asked orally by the reseateher.

Following each stlllement they would be asked how confident they were about their

answer and asked to rate their confidence on a scale from 1 ta 4 (sec Appendix H,

for the retention test).

Proçedurc

After consent forms were retumed, and parental permission was granted,

students were scheduled ta WOIk with the researcher one-on-one for twenry-five

minutes on one day and fifteen minutes the next day. On day one, students in the

treatment conditions were administered the pretest followed by the computer

program, then the posttest and reasoning tasks. On clay two students were given

the retention test. Students in the control condition were given the pretest, followed

by the posttest and reasoning tasks on clay one and on day two the ICtention test

was adrl!inistered. After the study was completed the control group worked with

the computer program. The researcher fe1t it was essential that aU students fe1t pan

ofa learning experienœ. The c:xatQiner and the student then spoke informally about

the session and the student was asked ifhe or she fe1t they had leamed somcthing.

The student was then thanked for panicipating.
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CHAPTER III

Results

SynOpSiS or ResuJts

A repeated measure ANOVA was condueted to test the research hypotheses. It

was determined that students (LD and NLD) in the computer conditions (concurrent

and successive) outperformed students (LD and NLD) in the control condition on

the pIetest and postlest. The second hypothesis suggested tha! students (LD and

NLD) in the concurrent group would outperform students (LD and NLD) in the

successive group on the posttest and reasoning task, this was not confirmed. The

prediction that there would be no group cliffetence between the students (LD and

NLD) in the computer conditions was confirmed on the posttest and reasoning test.

It was expected that students (LD and NLD) in the computer conditions (concurrent

and successive) would petform at par with one another on the IelCtltion test.

However, analysis of the Ietention test revealed a ceiling effect and further analyses

were not considered.

Sevie'! of AnalYSes Conducted

Pre/post test resulls. A group (LD, NLD) X Treatment (Concurrent,

Successive, Control) X Test (Pre, Post) ANOVA was condueted. Significant main

effects were found for tIeatment (F(2,S4)=37.442, p <.05), test

(F(I,54)=203.679, p <.05), as well as an intemction effect of test by tIeatment

(F(2,S4)=SI.209, p <.05) (sec Table 1).
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Analysjs of variance or PrefPosttest Srnres by GrQup and Treatment

28

SOII1'CC
of Variance

Sumof
SQuares

Mean
Squares

F
Bll\iQ

•

Bctween Subjcets

Group 1 0.533 0.533 0.197 0.659

Trcument 2 202.467 101.233 37.442 0.000·

Group by
1.867 0.933 0.710Tn:almCllt 2 0.345

Error 54 146.000 2.704

Within Subjcets

Test 1 282.133 282.133 203.679 0.000·

Testby
Group 1 0.000 0.000 0.000 1.000

Testby
Trealment 2 141.867 70.933 51.209 0.000·

Testby
Groupandby
Trealment 2 0.200 0.100 0.072 0.930

Error 54 74.800 1.385

• indiClUCS a signifiC8Dt finding

Upon cxamjn;ng the means in Table 2 the lest effect reveals tbat there me higher

mean sccxes in the post lest than in the pre lest foc an tteaImeIIt groups except the
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Table 2

Descrlpl!ye Slgl!sl!cs (Qr Ihe Pre/Posi Tesl gnd RegsQnlng Tgsk

•

Pretest PQsUesl ReasQnlng Tasks

M SE M SE M SE
Group

LD 1.067 0.226 4.133 0.292 4.983 0.273

NLD 0.933 0.226 4.000 0.292 4.467 0.273

Treglmenl

CQncurrent 1.350 0.277 5.750 0.357 5.875 0.335

Succe88lve 0.950 0.277 5.750 0.357 6.450 0.335

CQntrQI 0.700 0.277 0.700 0.357 1.850 0.335

Group by Trca'ment

LD x Concurrent 1.300 0.392 5.600 0.506 6.350 0.473

LD x Successive 1.000 0.392 5.900 0.506 6.600 0.473

LD x CQnlrol 0.900 0.392 0.900 0.506 2.000 0.473

NLD x Concurrent 1.400 0.392 5.900 0.506 5.400 0.473

NLD x Successive 0.900 0.392 5.600 0.506 6.300 0,473

NLD x CQnlrQI 0.500 0.392 0.500 0.506 1.700 0,473

• The maximum scores Qn bolh the pre and posllesls was 10.
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control (sec Figure 1). The rreannent means indieate no significant pretest

differences but the computer conditions an: higher than the control condition on

posncst. This result indicates that subje..'"tS' (LO and NLD) faetual biological

knowledge increases from pretest (concurrent, M=1.35O; successive, M={).95O;

control, M={).700) to posnest (concurrent, M=5.75O; successive, M=5.75O;

control. M={).700) for those in the computer conditions. The findings demonstrate

that the increa.se from pretest to posttest is ooly apparent in the treatment conditions

(concurrent and successive) not in the control condition. The prediction that

students (1D and NLD) in the computer conditions (concurrent and successive)

would outperfonn students (LO and NLD) in the CO!ltrol condition on a posttest of

declarative knowledge was confirmed.

There was no significant ;min effect for group (F(I,54)=.I97, p >.05), or

interaction effects for group by test (F(I,54)=.OOO, p >.05) , or test by group by

tteatment (F(I,54)=.072, p >.05) (sec table 1). Sîncc there was IlOt a group effect

this result supports the prediction that boIh ID and NLD students perform at paron

me test variables (sec Figure 2). Means shown in Table 2 indieate that ID students

scored slightly higher on the pretest (M=l.()67) and the posttest (M=4.133) man
NLD students on the pretest (M={).933) lII1d p<r.>1leSt (M=4.000). The fact that

!here is no group by test intelllCtÎon inclicates that these mean differences an: oot

significant aDd 1hat boIh ID aDd NLD Stlldcnts benefited by computer instruction in

biology. In other wmds, there WCIe no posaest differences in !he amount of

knowledge acquired by ID and NLD students. Furthennore!here is no significsllt

diff=ce between !he effects oflm'tment condition on group (LO, NLD)•
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However, results from the analysis of variance indicate that there was no significant

difference between the LD and NID students, suggesting that the LD students

benefited equally from the inSlIUetÎon.

Subsequent ta the above findings an ANCOVA was performed that covaried the

control treatment, in orcier ta demonstrate whether or not a difference existed

between the computer trearments (Concurrent, Successive) on the test variable

(Pretest, Posttest). The ANCOVA revealed no treatment effect (F(1,36)= 0.396, p

<.OS). Results indicate no significant differences between the two computer

conditions on either the pretest or posttest ofbiological knowledge. It was

predicted that students (LO and NLD) in the concurrent group would outperform

students (LO and NLD) in the successive group on the posttest. This prediction

was not substantiated (sec Figure 1 and Table 2).

ReaSOlljng tasks. Reasoning tasks were developed ta assess the application

ofstudent knowledge ta examples they migl!~ find in the real world. A group (LO,

NLD) X TIeatment (Concurrent, Successive, Control) X Reasoning Test ANOVA

was condueted. The only significant finding was a main effect for treatment

(F(2,S4)= 56.06, p <.OS) (sec Table 3). A Tukey HSD multiple comparlson test

for differences between treatments revealed no significa'lt diffezences between the

COtIC\U'l'CIIt and successive treatments for poslte$1. However, two significant

differences were found on the Ie3SOning test between: (a) concurrent and control

groups and (b) sucx:essive and control groups (sec Table 2). Once again both LD

and NID perfonned si!Tll1arly•
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An3J)"sis of Variance or ReasonjDf Task 5çores br Group and

Treatment.

33

Source
ofVariance

Sumof
SQllares

Mean
SQuares

F
Bali.2

•

&tween Sul:!iects

Group 1 4.004 4.004 1.787 0.187

Treaanent 2 251.275 125.638 56.058 0.000·

Groupby
1.408Tn-atment 2 0.704 0.314 0.732

Errer 54 121.025 2.241

• indieates a signiiicant finding

Retention test. A Ietention test was administered te an subjects. The teSt

was worth 10 points and no one scored under 8 points. Consequently no further

analyses were condueted because of this ceiling effect.
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CHAPTER IV

Discussion and Conclusion

Research on classroom learning continues te indicale that students with LD's

experïerlce difficulty in the classroom. It is often assumed !bat LD students cliffer

from NLD students in their ability te acquire information from typical classroom

instruction. This clifference is most pronounced at the high schoo1level where

students are required to use more advanced lcnow1edge (Deshler. Scbnmaker,

Alley, Warner. & CIark, 1982). Many LD students are not able te master the

content information being taught and this 1eads ID acadcmic failme and perhaps

withdrawal from school (Deshler & Scbnmaker, 1988). This prob1em bas

encouraged many teachen and n:seatehers te develop new ways te teaeh content­

m:a information te aIl students. With the development and imp1ementation of

computer teehnology in the schools, the benefits of computer 1eaming enviIonments

are being studied.

INFECIRON is a computer1eaming environment!bat was developed te assist

LD students in acquiring lcnow1edge about infection. It allows students te code the

same informaticin in two different ways, visually tbrough animation and auditorily

through natration. Multi-sensory approaches are thought te be more adaptive te

individual differences since it provides multiple represeD.tations ofinformation. It

was predicted !bat INFECIRON would assist LD students in 1eaming bio10gy.

The prediction tI1at INFECIRON would assist LOs 1eam biology was verified.

Students (ID and NLD) in the INFECIRON computerconditions (concunent

and successive) outperl'ormed studcnts (ID and NLD) in the control condition.
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These findings replicate many of the findings from other studies using NLD

subjec-LS (e.g. Mayer & Anderson, 1992). Studies such as Mayer and Anderson

(1992) found that when subjects (NLD) were presented with two modalities

leaming was enhanced. Other researchers studying the effects of illustration and

text also found that leaming was enhanced with the use of two modalities (e.g.

Levin, 1981, 1983; Rohwer & Harris, 1975; Rohwer & Matz, 1975). This study

indieates that dual coding theory applies to ID as weil as NID students.

The prediction that students (ID and NLD) in the concu=nt condition would

outperform those students (ID and NLD) in the successive condition was net

confirmed. This prediction was based on Mayer's (1992) contiguity principle.

which suggests that students are better able to leam new information when text and

illustrations are presented together on the same page !han on successive pages.

Mayer and Anderson (1992) found that concurrent representation ofmaterial was

more effective !han successive presentation foc leaming new information.

However. the euIIeI1t study did not replieate these findings. One possible

explanalion for why Ibis study did not replieate Ibis aspect ofMayer and

Anderson's (1992) research is that the delay between nmation and animation (5

seconds) in the successive condition was tao short. A longer delay between

nmation and animation might cause some interference with memory. making it

more difficult to integrare the information that was heaId with what was seen.

AIl students who œceived the computer treatrnent scorcd well on the posttest

regatd1ess ofclassification. The most exciting finding was that ID and NID

students did Dot differ in accuracy on the post test ofdeclaraIive knowledg·: oc on

the reasoning tasks which tests proœdma1 knowledge. LOs were as effective as
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NLDs at applying meir ncwly acquired biological knowledge to new situations.

They were able ta reason about the human body's defenses. Sevetal insttuctional

variables contribute ta me success of these students: (a) the use ofvisual

depictions; (b) me utilization ofinsttuetive animation; (c) the use ofcompUteIS as

leaming 1OO!s; and (d) me use of a multi-sensory approach.

For years researchers have suggested Ù1at me use ofvisual depictions as an

insttuctional addition is a useful practice for effecting student leaming in NLD

populations (e.g.• Mayer & Anderson. 1992; Mayer & Anderson, 1991; Mayer &

Gallini. 1990; Levin. 1981. 1983; Alvermann. 1987; Armbruster & Anderson.

1984; Rohwer & HaIris, 1975; Rohwer & Matz, 1975). It is more =nüy that

researchers have been concentrating on furthering the research on visual depictions

ta include subjects with LO's (e.g•• Bergerud et al. 1989; Bos & Anders, 1987;

DlIICh & Camine, 1986; 1001, 1987; Kolich. 1985). Many of these studies have

demonstrated Ù1at the use ofvisual depictions result in greater student leaming of

content or declarative infotmation than tradïtional classroom instruction, Ù1at is

often limited ta verbal lectures.

The present study validates the Iiterature on the usefulness ofvisual depictions.

V'ISWÙ depictions, in this study. were in the form ofinstructive animations and were

round ta enhance leaming. As Milheim supp<XlS, animations are useful when they

mate abslract concepts COIIcrete. INFECl'RONprovided animations that made

invisible proc:esses. such as white blood ce1ls fighting infection, visible.

Computers provide leamers with control over viewing such animations, allowing

them ta leam at OIles own pace. When information is presented in a way that
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capitalizes on an LD stuclems' abilities te 1=, they can perfonn at par with NLD

students.

INFECTRON is a computer based leaming environment which provides a multi­

sensory approach te leaming. This study demonstrates that narration and

animation, during instruction encourages leamers to build connections between

their verbal and visual reprcsentations of incoming infonnation. It is important te

emphasize that INFECTRON enhances the perfonnance ofboth LD or NLD

students. This study holds promise for the many teaehers trying to promote

leaming of LD and NLD students in an integrated classroom. Computer-based

learning environments, such as INFECTRON. cao provicle opponunities for aIl

students to advance at their own rates within the same classroom.

Future RCSearcb

Based on the findings of this study. it is clear that a computer based leaming

environment is an effective instructional method for LD students. This form of

instruction could allow for a full model of integration in the classroom and veers

away from traditional classroom instruction.

Longitudinal studies DOW need te be carried out te detetmine the strength of such

computer tools. Petbaps acomputer-based instructional program using animation

and narration te ieach acontent subject like biology cao be deviscd te teaeh more

than a lesson on infection. A biology CUIriculum could be designed te promote

scientific IeaSOning using computer tools. Longitudinal data that examines long­

term gains cao assist resean:hers in c1etermining the effectiveness ofa multi-sensory

approach for LD students.
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INFECTRON is a simple environment without tutoring features. It was

effective for the dyslexic students who paIticipated in this study, but other methods

may he appropriate for other typeS of IDs. For example, complex leaming

situations may require going heyond the multi-sensory approach to instruction, to

include adaptive forms of feedbac:k to leamers, as may he found in intelligent

tutoring systemS (sec Lajoie & Derry, 1993). Intelligent tutoring systemS (lTS)

make the assumption that studcnts' thinking processes cao he modeled, traeed, and

corrccted in the context ofproblem solving using compUter5 (Derry & Lajoie,

1994). Bio-World (Lajoie, 1993) forexample, is a computer coached leaming

environment that teaehes high school students 10 diagnose infections. Rather than

teaching declarative knowledge as INFECTRON does, Bio-World provides

mcchanisms for putting this dcclarative knowledge into practice by enabling

students with the opponunity to use their knowledge in the context ofrealistic

problem-solving tasks. A promising research endeavor is 10 examine whether or

not INFECTRON cao provide the prior knowledge studcnts might need 10 promote

problem solving in a situalion like Bio-World. It is 1ike1y that IDs are capable of

pafamïng as weil as NIDs 011 complex scientific reasoning tasks given the

appropriate instruction. The challenge is 10 fiDd appropriate forms ofinstruction for

an ID population. This study suppotts the findings that computer based leaming

enVÙ'ClllDCllts enhances leaming for studcnts with special needs.

38



•

•

REFERENCES

Alvermann, D. (1987). Strategie teaching in social studies. In B.F. Jones, A.S.

Palincsar, D.S. Ogle, & E.G. Carr (Eds.), Strate~CTeacbjn~and 1ramin~;

Co~jtive In~truetjon in the Content Areas (pp. 47-68). Alexandria, VA:

Association for Supervision and Curriculum Development

Armbruster, B.B. & Anderson, T.H. (1984). Idea-mapping: The technique and its

use in the classroom or simulating the "ups" and "downs" ofreading

comprehension. As cited in Crank, J. N., & Bulgren, J. A. (1993). Visual

depictions as information organizers for enhancing achievement of students wit.'!

leaming disabililies. 1rllTJljn~ DiSllbj!jties Resrarçh and Practj~, B. ,(3), 140-147.

Back, Y.K. & Layne, B.H. (1988). Color, graphies, and animation in a computer­

assisted leaming turoriallesson. Journal ofCompuœrBasr4 Instruction. .lH4).

131-135.

Beek, 1& CaIpenter, P. (1986). Cognitive approaches 10 under.;tanding reading.

Amerjcan PsycboJo~st~ 1093-1105.

Bergerud, D., Lovin, T.C., & Horton, S. (1989). The effectiveness of textbook

adaptations iri life science for high school students with leaming disabilities.

JOllDUIl of1ramin~ Disabjljties, ll. 70-76.

Bernard, R.M. (1990). Using extended captions 10 improve leaming from

instructiœa1 illustrations. British JooDull ofEducationaJ Tecbnology. 2l. 215­

225•

39



•

•

Bos, C.S. & Anders. P.L (1987). Semantic feature analysis: An interactive

teaching strategy for facilitating leaming from text. Wrnjng DisabiJjtv foçus.l.

55-59.

Brooks. L (1968). Spatial and verbal components of the act of recall. Canadian

Journal of Psychology.lZ" 349-368.

Bryan. T., Bay, M., & Donahue. M. (1988). Implications of the leaming

disabilities definition for the regular education initiative. JOIUDaI of1rgrnjng

Pisabi!jties·ll (1), 23-28.

Canell, R.B. (1971). Abi!jties: Thejr stnletuIe. growth. and açtjon. Boston:

Houghton Mifflin.

Oaris (1990). HyperCard [Computer Program]. Santa Clara, CA.

Oark, J.M. & Paivio, A. (1991). Dual~g theory and education. Educational

Psychology Reyja. :!. 149-210.

CoMers, F. & OIson, R. (1990). Reading comprehension in dyslexie and normal

readers: A component skills analysis. In D.A. Balota, G.B. Flores d'AIcais, &

K. Rayner (Eds.), Comprehension prnçrsscs in Mading (pp. 587-589). Hillsda1e,

NJ: Erlbaum.

Crank, J. (1993). Validation ofa visual depiction instructional routine. As cited in

JoN. Crank & JA Bulgren (1993). Visual depictions as information

organizers fOl'enhancing achievement of students with learning disabilities.

1smjur PisabilitiCS Research and Praçtjce. .B. (3), 140-147.

Crank, J. N., & Bulgren, J. A. (1993). VlSUBl depictions as information

organizers for enhancing achievement of students with learning disabilities.

1smjng PisabjJjrics Resnurb and Praetjce. ~ (3), 140-147.

40



•

•

Darch. C. & Carnine. D. (1986). Teaching content area material to learning

disabled students. Exceptional Chjl!lren. a 240-246.

Deny, S.J. & Lajoie. S.P. (1993). A middle camp for (un)intelligent instructional

computing: An introduction. In S.P. Lajoie & SJ. Deny (Eds.), Compu!erS as

Co~jtiye TooJs (pp. 1-11). New Jersey: Lawrence Erlbaum Associates. Inc.

Deshler, D. D. & Schumaker, J. B. (1988). An instructional model for teaching

students how to leam. In J. L Graden, J. E. Zins, & M. J. Curtis (Eds.),

Alternative edUeatïODaJ deIiyery systems: Enbancjn~ in:struetiQDal smtiQns for all

students (pp. 319-411). Washington, OC: National Association of School

Psychologists.

Deshler, D. D., Schumaker, J. B., Ailey, G. R., Warner, M. M., & Oarle, F. L.

(1982). Leaming disabilities in adolescent and adult populations: Research

implications. Focus on Exceptional Cbil!lren. .u. 1-12.

Dweck, C. (1986). Motivational processes affecting leaming. American

Psycbologjst. 41.1040-1048.

Farah, MJ. (1989). Knowledge froID. text and pi.."tUres: A neurophysiological

pe1spe..'tive. In H. Mandl & J.R. Levin (Eds.), KnowJedge acqujsition from text

10 PÏcmres (pp. 69-71). Amsterdam: Elsvier.

Galaburda, A. (1989). Leaming disability, biological, societal, or bath? Journal of

1smin Djsabiljties.~ 278-293.

Geisert, G., Dunn, R., & Sinatra, R. (1990). Reading, leaming styles. and

computers. R....djn~ Writing. and 1smjng Djsabj!jties.~ 297-305.

41



•

•

Glenberg, A.M & LangslOn, W.E. (1992). Comprehension ofillustrated text:

PiclureS help lO build mental models. Journal ofMemOlJ' and Lan~age . .n.
129-151.

Guri-Rozenblit, S. (1988). The intetrelationship between diagrammatic

representations and verbal explanations in leaming from social science text

IOstn!etiQnal Science. .l1. 219-234.

Hallahan, D.P., Keller, C.E., McKinney, J.O., Uoyd, J.W., & Bryan, T. (1988).

E.yamining the research base of the reguIar education initiative: Efficacy studies

and the adaptive leaming environments mode! Journal Qf1ramiDg Djsabjljtjes.

2l. LI), 29-35.

Hannafin, M (1983). The effects ofinstruetional stimulus loading on the n:call of

abstract and concrete prose. Eduçutiooal Cnrnmpnieatjons and Tecbnolo~

JQurnal· n. 103-109.

Holley, c.e., & Danserau, D.F. (1984). Networking: The technique and the

empirical evidence. As cited in Crank, J. N., & Bulgyen, J. A. (1993). Visual

depictions as information organizers forenhancing 8Cbievementofstudents

with leaming disabilities. 1raming Disabj!jtjCS Renmb and Pracrice.1H3),

140-147.

HumphIeys, P. (1990). Looking fŒ' causes: NeUIObiological correlates of

dyslexia. Paper presented at the Intemational Conference, Leaming Disabi1ities

Association, Montteal.

Hunt, E. (1985). Verbal ability. In R.J. Stemberg(Ed.) Human abjljtjCS: An

infonuatjon nmmsing appmacb (pp. 31-58). New YOtk: W.H. Freeman and

Company•

42



•

•

Idol, L (1987). Group story mapping: A comprehension slrategy for both skilled

and unskilled readers. Journal ofl.eaming disabiliries. 2Q.196-205.

Kavale, K.A., Foress. S.R., & Lorsbach, T.C. (1991). Definition for definitions

of learning disabilities. 1 rarning Disabjlity Ouaner1y.ll. 257-266.

Kobayashi, S. (1986). Theoretica! issues conceming superiority ofpictures over

words and sentences in memory. Percepma! and MQ\Qr Skjl!s,.6J., 783-792.

Kolich, E. M. (1985). Microcomputer teehnology with the learning disabled: A

review of the literature. Journal ofT rarning Disabj!ities.1.. 428-431.

Lajoie, S.P. (1986). Individual differeoces in spatial abjlity: A COIDputerized !luor

for onhographic projection rasks. Unpublished doctoral dissenation, Stanford

University.

Lajoie, S. P. & Lesgold, A. M. (1992). Dynamic assessment ofproficiency for

solving procedural knowledge tasks. Educational Psycbologist.1.7.. (3), 365-384.

Lajoie, S.P. & Deny SJ. (1993). CompUter§ as Cognitive Toois. New Jersey:

Lawrence Erlbaum Associates, IDe.

Lajoie, S.P. (1993). Computer environments as cognitive tools for enhancing

leaming. In S.P. Lajoie & SJ. Deny (Eds.), CompUter§ as Cognitive TooJs (pp.

261-288). New Jersey: Lawreoce Erlbaum Associates, Inc.

Lemer, J.W.. (1993). 1 cernjng Disabiliric§: ThegriCS, Diap05Îs, Md Tcacbing

Strateœ Boston: Houghton Mifflin Company.

Lepper, M. R. (1988). Motivational considerations in the study ofinstruction.

Cognition and Instrgetion. S. (4), 289-309.

Levin, E. K., Zigmond, N., & Birch, J. W. (1985). A follow-up study of 52

learning disabled adolescents. Journal ofT ramjng disabjliries. .la. 2-7•

43



•

•

Levin. J. (1981). On the functions ofpietures in prose. !n F. J. Pirozzolo & M.

C. Wittroek (Eds.). Ne~sycbQIQgjcaland cognitive processes jn readjn~. San

Diego. CA: Academic Press.

Levin, J. (1983). Pietorial strategies for schoolleaming: Practical illustrations. In

M. PressIey & J. R. Levin (Eds.), Cognjtive stralegy Texas: Educational

WllicatiQns (pp. 213-237). New York: Springer-Verlag.

Levin, M. E. & Levin, J. R. (1990). Scientific Mnemonomies: Methods for

maximizing more !han memory. American Educational Resrnrrçb JQurnal.11. (2).

301-321.

Levin, M. E., Rosenbeck, M. B., & Levin, J. R. (1988). Mnemonic text­

processing strategies: A teaching science for science teaching. Readin~

PsvcbolQiV· 2. 343-363.

MacroMind (1993). MacroMjnd DjreclO! [Computer Program]. San Francisco:

Ma.':romedia !ne.

Malone, T. (1981). Toward a theory ofintrinsically motivating instruction.

CWjtive Science.~ 333-369.

Mayer, R.E. (1989). Models for understanding. Review Qf EdueatjQnal R"'§"IlTCb.

~43-59.

Mayer, R., & Anderson, R. (1991). Animations need narrations: An experimental

test~a dual-coding hypothesis. Journal of Educational PsycbolQgy. a 484­

490.

Mayer, R., & Anderson, R. (1992). The instructive animation: Helping students

buüd connections between WOIds and pictures in multimedia leaming. Journal

ofEdueatjonaJ PsycbolQgy. li! (4), 444-452•

44



•

•

Mayer. R•• & Gailini. J. (l99O). When is an illustration wonh ten thousand

words? Journal of Educational PsveholQGY. .82 (4), 715-726.

Mayer. R.. & Sïms, V. (1993. April). Role of Spatial Abi!jty in l "",ming wjth

Computq-Generated Animations. Paper presented al the annual meeting of the

American Educational Resean:h Association, Atlanta, GA.

Milheim, W.D. (1993). How!O use animation in computer assisted leaming.

British Jourcal of Edueatjonal Technolo~.~ (3),171-178.

Miller, GA (1956). The magica1 number seven, plus or minus !Wo: SOlDe limilS

on our capacity for processing information. Psycholo~Reyjew.~ 81-97.

Paivio. A. & Begg. 1. (1981). Psycbolo~of Language. Englewood Cliff, NJ:

Prentice-Hall.

Paivio, A. (1990). Mental Representations: A dual gvfing approach. Oxford.

England: Oxford University Press.

Perfetti. CA (1985). Reading abjlity. New York: Oxford University Press.

Piemonte, C. (1984). Software for special studenlS. Curriculum Reyjew. Z. 45­

46.

Rack, J.P~ Snowling, M.J~ & Oison, R.K. (1992). The nonword reading defici!

in developmental dyslexia: A IeView. Rrading Researçb Ouam:rIY.11 (1). 29­

53.

Reed, DJ. & Beveridge, M. (1986). Effect of tex! illustration on chi1dren's

leaming ofa schao1 science topic. Brjti$b Journal of Eduçational Psyebol!liY'

~294-303.

45



•

•

Reed, DJ. & Beveridge, M. (1990). Reading illustrated science tCAts: A

microcomputer based investigation of children's strategies. British Journal of

Psychology. & 76-87.

Rieber L.P., & Hannafin, M.J., (1988). Effects of textual and animated orienting

activities practice on leaming from computer-based instruction. Compu!erS in

the Schools. ~ (1). 277-289.

Rieber, L.P. (1989). The effects ofcomputer animated elaboration strategies and

practice on factua1 and application l:aming in an elementary science lesson.

Journal ofEducationai Computin&, R"2arçh. .l.(4), 431-444.

Rieber, L.P. (1990). Using computer animated graphies in science instruction with

chüdren. Joum:s! of Edycatiocal Psychology. !Z (1). 135-140.

Rieber, L. P. (l990b). Effects ofvisual grouping strategies ofcomputer-animated

presentations on selective attention in science. E1"R&P. 39. 4, 5-15.

Rieber, L.P. (1991). Animation, incidentalleaming, and connr.uing motivation.

Journal EduCDtionS) Psycbology. .8J. (3), 318-328.

Rieber, L. P., & Kini, A. S., (1991). Thcoretica1 Foundations ')f instructional

applications ofcomputer-generated animated visuals. Joumal ofCmnputer­

BaSH! 1Dstnlçtjon. .l! (3), 83-88.

Rohwer, W. D., Jr., & Harris, W. J. (1975). Media effcets on prose leaming in

IWO populations ofchildren. Journal Educstional Psvcbology. fiL. 6S1-657.

Rohwer, W. D., Jr., & Matz, R. D. (1975). Improving aura! comprehension in

white and black children. Journal ofExpcrimental Cbi)d P§YCbology,.l2. 23-26.

Sadoski, M.. Paivio. A.. & Geetz, E.T. (1991). A critique ofschema theoty in

reading and a dual coding alternative. Beaufin&, Researcb Ouaner!y. 26. 463-484•

46



•

•

Schwartz, S. (1989). Pseudowords repetition a:Jility in learning disabled

adolescents. Paper presented at The International Academy for Rescarch in

Leaming Disabilities. Prague.

Short, E., Schatseheider, C., Cuddy, C., Evans, S., Dellick, D.• & Basili. L.

(1991). The effect of thinking aIoud on the prob1em-so1ving performance of

bright, average, learning disabled, and developmental1y handicapped slUdents.

Conternpormy EdueatjQnal Psycbologv. .l6.139-153.

Smith, P. L, & Tompkins, G. (1984). Se1ecting software for your 1.D. slUdents.

Açademic Therapy.~ 221-223.

Snow, Richard E. (1989). Toward assessment of cognitive and conative structures

in 1eaming. Educarional Researçher.ll (9), 8-14.

Stanovich, K.E. (1986). Cognitive processes and the reading problems of1earning

disab1ed children: EvaIuating the assumption of specificity. In 1.K. Torgesen &

B.YLa Wang (Eds.). PsvcbQlogjcal and edUçatiOlla] P<:&speçtiyes Qn leamini

djsabjljries. Orlando. FL: Academie Press.

Stevens, R. & Shenker, L. (1992). To SJlcçm! jn bjdJ scbooJ; A mulridjmensjonal

treatrnent pmgmm fur adoJrsrrnts Eth ls;amjng disabiUties. Montreal: The

Leaming Centre of Quebec.

Tookey, KR. (1991). The use of analogies as effective teaehing strategies.

Unpub1ished Master's Thesis, University ofWtseonsin.

Torgesen, IX & Wong, B.Y.L (1986). PsycbolQiPcaI and Eduçarional

Pel speçrives on Tmoi"&, Pisabj1itjes. New York: Academie Press Inc•

47



•

•

Tritz, GJ. (1986/87). Computer modeling of microbiological experiments in the

teaehing Iaborarory: animation techniques. As cited in Milheim, W.D. (1993).

How te use animation in computer assisted leaming. Britisb Journal of

Eduçational Iechnology. 24 (3), 171-178.

Vernon, P.E. (1950). The structure of human abjljties. London: Methuen.

Vellutino, F.R. (1987). Dyslexia. Scientifie Ameriçan.~ (3),34-41.

WaddiIl, PJ., MeDaniel, M.A. & Einstein, G.a. (1988). illustrations as adjunets

te prose: A test-appropriate processing approach. Journal of Edgcational

Psychol0iV. &. 457-464.

Wepner, S. (1987). Connecting computers and reading disabilities. Readjni-

WritiO&. and 1carnin, PisabilitiSj§.3& 297-3fT1.

Zavodca, S.L. (1987). Three-dimensional computer anjmated graphies: a tao! for

spatial skill inslIUClÎon. F.ducatioual pml!!!JlniçatiQIJ and TecbnolQiV Journal.

~ (93), 133-144.

48



•

•

AppendixA:

AppendïxB:

AppendïxC:

AppendixD:

AppendixE:

AppendixF:

AppendixG:

AppendixH:

APPENDICES

Student introduction ta INFECI'RON

Computer Script for INFECI'RON

A visual depiction of an animation

PreIPost Test 1

PreIPost Test II

Reasoning Questions

A visual depiction ofa reasoning task.

Retention Test



•

•

Appendix A

Introductjon tn the Projeçt

Concurrent Condition

In this computer program you will be leaming about how the human body

defends itself against infection. You will be shown how germs try to enter your

body and what your body does to keep them out! The computer program will

demonstrale how the eye, ear, nose, mouth, skin and blood proteet themselves

from dirt and grime. You will also learn how your body prott:cts itseIf from germs

ifyou eut yourse1f.

You will hear the informalion and see a picture explaining what you lIIe

hearing. The pietuxe (animalion) is used ta demonstrale the body's defenses against

the invasion ofgerms.

It is important ta try ta leam the fal:ts in this lesson, but it is just as

important to leam how the fal:ts fit together. Tail:e for example a walleman It is a

fact that aIl walJanans are sold with I1cadpho'lCS, the tape player, and each one has a

play button. It is aIl very well ta lmow these things, but UDIess you know where ta

plug the headphones in and that you should pusb the play button down ta hear

music yeu won't be very happy with your walleman. It is impollant to understand

bow the sysœm fits together. By undcmanding the "big picture" yeu will gain a

greater understanding than ifyeujust Iemember the facts.

At the end of the computerlesson yeu will be asked ta answera series of

questions. So let's go!
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Appendix A

Introductjon to INFECTRON

Successjye Condition

In this computer program you will be leaming about how the human body

defends itself against infection. You will be shown how genns try to enter your

body and what your body does to keep them out! The computer program will

demonstrate how the eye, ear, nose, mouth, skin and blood pro= themselves

from dirt and grime. You will also 1=how your body protects itself from germs

ifyou cut yourself.

You will hear the information and then you will see a picture explaining

what you have heard. 'The pieture (animation) is used ta dcmonstrate the body's

defelU:S against the invasion of germs.

It is important ta tt). ta1= the facts in this lesson, but it is just as

important to JeiIm how the filets fit togedler. Take fCX' example a walkman. It is a

fact that al! walkmanS are sold widl headphones, the tape player, and each one bas a

play button. It is all very well to know these things, but unless you Imow where 10

plug die headphones in and that you should push the play button down to hear

music yon won't be very happy with your walkman It is important to understand

how the sysœm fits tagether. By understanding the "big pieture" you will gain a

greater tlllde%standing than ifyoujust temember die facts.

At the end of die computer lesson you will be asked ta answer a series of

questions. Do you have any questions? Let's go!
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Appendix B

Computer Script (or INFECIRON

IntrQduction;

•YOUI' body is always being anackcd by genns. But it can defend itself in different

ways.

-Germs a.re tiny creatures, !DO small ta sec. Ifthey get inta Y0UI' body, they make

you sick. They make poisons, and grow inta an army.

-Genns Iike warm. dark, dirty places.

-Sun and fresh air kill them.
-Good food and n:st heIps your body make weapons ta defend against genns.

-YOUI' body, Iike a castle, is weIl defended. (prob:Cted)

-Germs can get in Y0UI' body through any opening. But each opening is defended in
someway.

-Let us consider the defenses of the eye, car, nose, mouth, skin, and blood.

-The eye produces le8rS ta prob:Ct itself. TC8IS ate produced by the laaimal glands.

When you blink, tearS wash your eyes and can kill the germs.

-The car bas a number ofg1aDds which produce cerumen. Cerumen is more

commonly known as car wax. There ate also tiny hairs which help prob:Ct the car.
The wax and tiny hairs IDgether,line your car ID ttap genns and dust 50 that they

cao DOt move decp inID your carand cause infection.

Nosc.:,

-your nase comains little hairs. Germs that ate in the air you breath stick ta the$c

hairs lDd prevent them from entering your body.

Moutb;

-The mouth is an easy place for genns ID get into your body.

-Glands in your mouth produce saliva which wash genns and food down inID your

SlO"'ach. Saliva can kill seme genns while most of the others ate killed by the

fluids in your stomach.

1



Blood:

• -Blood is always moving around in your body. When genns anack. your blood

cames messages for help. There are three very important parts of your blood that help your

body defend itself. The first are fighting white blood cells. second are red blood cells. and

lasùy. special repair cells called platelets.

Skj" & Blood;

-Your skin proteets the body from genns.

-When you hun yourself and the skin is broken. your body is open te genns.

-When yeu eut yourself. special repair cells, called p1atelets, release a chemical that

reacts with other chemicals in the blood. Theses chemicals react tegether and fmm a net that

blocks the wound.

-White blood cells come te the injured area te fight the genns. Sorne white cells

corner germs and others ki1l them.

-It is th: red blood cells that bunch up behind the net te fmm a sticky plug which

stops the bleeding. The sticky blood is called a blood CIOL When the blood clot dries it

forms a scab.

ConçJusjQQë

YOIII' body is always being anaclœd by genns. This aetivity bas been about how the

body physically dcfends itselfagainst invading genns.

The physical barriers providc !he first level ofdefense against invasion•

•
2



• Appendlx C
. . .

In this portion of the animation one sees the white blood cells eorning to the

injured area to fight the genns. Students are told at this point that sorne

white eeUs corner genns and others kill thern.

•
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Appendix D

Pre-Post Test 1

Name:
Age:

Date:
Condition:

Purpose: The purpose ofÙle following questions are te indicate what

you a1ready know and think about Ùle human body's defense
system.

Take Vour Tjme: The questions rcquire yeu te listen and think carefully about

different situations. Ifyou are UDsme of what you are being

asked te do, please ask for heip.

Instructjons; You will be asked te answer a series of questions. Take yeur lime

and answer as best as you can.

A. How do white blood ceIIs figbt against incoming gc:rms al a cut site?

B. How does ear wax heip defend Ùle body?

C. A sticky plug is fonned al an injuml site, what cells are involved in ÙIÏS process?

D. When yeu cut your skia a net is fOliDed from cbemicals and speciaI repair ceIIs. What

are these repair ce\ls ca\led?
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E. How does our body prevent germs from being inhalc:d through our nose?

F. What does the eye do in order to defend the eye?

G. Saliva helps ta kill germs in two ways, what are they?

H. Whete in the body would you expect to find the Lacrimal gland?

L What is another name for car wax?

J. A sticky plu~ llIid a blood clot are the samc thing. What do you call a blood clot when it

dries?



• Appendix E

Pre-Post Test Il

Name:

Age:

Date:
Condition:

Purpose: The purpose of the following questions are 10 indicate what

you already know and think about the human body's defense

system.

Take Your ljme: The questions require you 10 listen and think carefully about

diffetent situations. Ifyou are unSllIC of what you are being

asked 10 do. please ask for help.

InstructjODS; You will be asked 10 answer a series ofquestions. Take your lime

and answer as best as you cano

1. What does the Lacrimal gland produce that helps the body defend against infection?

2. When your skin is eut special repair cells called platelets go 10 the injUIed area and

combine with other chemicals What do they fmm?

3. What pmpose does car wax serve?

4. When the skin is eut cells rush 10 the injUIed area. Which cells fmm a sticky plug?
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5. How do tears help defend the eye?

6. What is cerumen?

7. What does the haïr in our nase do to help defend the body?

8. What two mies does saliva play in killing genns?

9. A sticky plug can also be called a blood clot. When the b100d clot dries wbat is it called?

10. When the skin is btolœn white blood cel1s rush 10 the area 10 fight the genns. They can

do this in IWO ways, name one. (corner or kill)•
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Appendix F

ReasQojng Questions

1. The fly just hit the persons eye. How do you think the eye wH! protect itseIf

against germs from the fly?

2. Dust is being swept by the broom into the car. How will the car protect itself?

3. You have just seen and heard a persan sneezc. How do you think the nose will

protect itseIffrom incoming germs?

4. This bl:by is sucking on a diIty shoc. How will the body lldend itseIf against the

germs getting into the babies mouth?

s. The boy bas just eut bis foot on the broken glass. How will the red and white

blood cens prevent g=s !rom entering the body and how will they heIp fonn a

scab•
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Appendix G

A YisJlBJ DepjçtioQ or a Reasonine Task

"The boy has just cut his foot on the broken
glass. How will the red and white blood cells
prevent germs from entering the body and how
will they help form a scab."

-----iJ!-
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Retention .ml
NaIne:

School:

Age:

Dale:

Purnose; The pmpose of the following questiO:lS are 10 indicate what

you aùeady know and think about the human body's defense

system.

Take Vour Time; The questions requiIe yeu 10 listen and think =fully about

different situations. Ifyou are llIISUIl: of what yeu are being
asked te do, plesse aslc for help.

Instructions; You will be asked 10 answer truc or false te a series of

starements. for' example;

(a) When getting dresscd in the moming it is a common practice 10 put your

shoes on and then your socks.

l'RUE OR fALSE?

1. Tears bclp the body wash away dirt sc it does oot iIritate or da!Dage the eye.

l'RUE OR FALSE?

2. Lacrimal glands produce œars te wash dirt !rom the eye.

TR.:JE OR FALSE?



• 3. Ear wax caus~s infection to stan in your car.

l'RUE OR FALSE?

4. Cerumen is produ~ in the car to trap germs.

l'RUE OR FALSE?

5. Germs heading into our body can be caught by the haïr in our nose.

l'RUE OR FALSE?

6. The purpose of sneezing is to get rid of germs that have entered our nose.

l'RUE OR FALSE?

7. When you swa!low the saliva cmies the germs into your body causing infection.

l'RUE OR FALSE?

8. The saliva in yourmouth wash away germs.

l'RUE OR FALSE?

9. Your skin bas pores which are small openings in your body which let germs in.

l'RUE OR FALSE?

10. Sweatïng is nlX agood defense against germs.

l'RUE OR FALSE?
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11. When you get a eut white olood cells anaclc the germs that try ta enter the body.

TRUE OR FALSE?

12. When blood flows from miner cuts the white blood cells anaclc the germs.

TRUE OR FALSE?

13. Red blood cells carry oxygen ta heal cuts.

TRUE OR FALSE?




