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ABSTRACT

THE USE OF CONCEPT MAPS AS ADVANCE ORGANIZERS
IN GRADE SEVEN SCIENCE

Concc^M maps arc {^uristks for visually representing coiK^eptml 

systems. The technk^uc is gcfwrally astmciated with Ausubeltan vrews of 

learning and cogniîitm. (tevice has potential for uire as an advance 

organizer type of preinstnictkm. This study cmnpared two systents for 

organizing ami presenting sctemre material; tW traditional nrethod as 

prescribed by tN; textbook, and an Ausubelimt ab roach  that integrates 

concept maps as advance organizers.

Eighty nii% grade seven students in four classes took part in tl% study. 

Pretest scores slmwed all f^ ic ip a tin g  c lasps were equal. For research 

purpmes, tte  four classes were then divided into two groups: ccmtrol (H »  

45) ami organizer (Ü = 44).

Organizer group subjmns received coikci» maps and k ief oral 
presematim^ before kswns. Ccmtroi grcmp sut^cts re^K%d no 
preinstruction. Leswn (xrment was the same for both treatnrem gitntis. 
Both grotq» re iv ed  sht weeks îimnictftHi. A and postM  
determmed if there was a si^ificam difkrerwe b^ween the gmu^a, A to  
the firH unit the experun^tml and consol groups were rev ^w l 
the ftfst tix-vreek unit on Ltvh% Thhip^ Ae o t ] ^ i ^  gnmp s^ned



signiHcajUly higher (g «.0195) than Ûrs omtml grmjp. After the second 

siX'twek imh tm Solutions, similar results were found (p = .0! 5) in favor 

of the experimental group using a com ^i nwp as an advance organi/cr.

11æ results of this sW y fdurW alnurst a 10% imrrease in learning of 

scWce nrnterial. It is conclWed that using (xmcept maps as advance 

(H^anizeis for oi^ganiamg md presenting material is a valid metacogniiivc 

Ireufistfc for improving nreaningful teaming in sctcmre.

Michael Arthur O’Leary

April 5, 1994
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a iA P T E R  I

INTRODUCTION

MEANINGFUL LEARNING / ADVANCE ORGANIZERS

*reiching is ime of the niosl contptex human erufcavors inmginaWe" 

tSapier & Cîowcr, Î9H7, p. 3), Kducaiorx are becoming increasingly 

aware of various teaching streiegies that can enhance learning. A great 
deal of research has focured on tire creattcm wtd idcntiftcatkm of a varrety 

of teaching strategres. Brandt (1985) noted tire ^ reh  for alternatives to 

conventkmal didactic instruction foltowed by classroom practice led to 

research into strategics suitable for various instructional purpo^s. Strong, 

Silver, and Hanson (I# 5 )  described a tetrehing mmtegy as "the teaclrers 

plan for moving learrrers toward a curriculum ob^ ive"  (p. 10).

Joyce. Weil, and Wald (197.3); Joyce (191%); Joyce and Weil (1%6) 

idciuifred over 80 teachmg strategres timt were in turn categorized into 

four main models:

1. Social biienreimn Motkk
Lmphasiare the relationship  ̂of the individual to society ami (Hher pemms. 

lire goal is to improve the WivWuars ^ liiy  to relate to amHher md to 

work productively in socreiy.

2. Penronal hWdela

Are used to help swtknts develop into W ivhM b that are td^ to

in ters with their mvirotw^nt ami f o ^  good intorper^mid relatkms,

3. Behavior wd C ^m etre Modeb



to sequence lesmtng task* ami shape behavior by manipulation ot 

reinforcement.

4. Information-Processing Mixicls

Aim at li® infonmtkMi-pnx’essing capability of students and how they can 

p txx^s «m3 retain infoimation.

TTte informalkm processing family of models addresses the ways 

siufknts can improve their ability to tnasier information, im lmlmg 

caj^cit^s to ofg;anire data, generate concepts, and solve prttblems.

Eggan and Kauchak (198b) recognised information puH.vssing can in* 

though! of as the way pzople gatlKr and organize intonnalion. which 

also fcquires a dinect and active teacher guiding the Icamire jciiviiics.

such infcumatimi'processing n n ^ l  which has received a great ileal ot 

attention and ic^arch  over tk ; last thirty years is Hw advaiwc orgafii/er 

^vetoped by l^ v id  Ausubel (1963), This teaching nwxk'l is based tm his 

tWory of n^aningful kam ing and Iws a distinct of stet*s i>r phases 

created to achieve certain outcomes.

Metyiingful kam m g (Ausubel, Sullivan, & Ives. 1980) involves tin* 

relatimt of #%w Ukas to rekvant, estahlisWd itkas. This csphcii 

nekttmW t^ ensuics thm a greater quantity of material is im jorpt^ted 

more easily and made more available immediately after learning. 1 tx  

i%w will sWne in some of tN; suability of tl% ohkr established 

hkas am! het^  be retained longer.

In the book Theory and Problems of Adolescent Development, Ausubel, 

Momenayw, amf Svtyhm (1977) regard kam ing as more meaningful wl^n 

it proceeds from lower to higher degrees of differonlalion, when a student 

starts with a general ^mceptual overview tWt furnishes orkntathm atW



directit») and U%n works lack wank filling in ^ ta ik ,  specifics, mxl 

supporting evidcfK».

An impcHiant factw in generating ctear m d stable n ^ n in g s  is Ùse 
achievement of a p n ^ r  balance between em cees  ftmi their supporting 

data. Concepts that camtot be re la te  to lllu#rative experieiKe cn* rekvam 

examples soon become meaningless woitk. Famwr and Fanell ( 1 ^ ) )  

have found that the n^aning of tl% material kts been idmwn to be tl^  prime 

factor associated with reteniicm (remembering) of su b le t mader over lime, 

Ausubel ( 1 piT̂ H>scs that new ccmtent becomes meaningful to d% 

extent that it is substantively (nmuubitrarily) relaiW to i^ a s  existing in the 

cognitive structure of tl% leaner. Rakow {\992) agrees, stating, "previous 

experiences are tW hocdcs upcm which irew learning is hung" (p. 18).

Education theorist David Ausubel (1968) in his btx* Edmmwmü 
Psyt htfiogy: A Cognitive Approach stated: "If we hW to 

educational fwiychology to just one priiKiplc, we wtntld say: T te  most 

imfmrtant single factor influencing learning is what dre leaner already 

knows. Ascetiain this mid reach him ^rewdingiy" (p. vi). Tire imfrect 

this quote liad on p edagc^  is profound. What this statenrent meatre is 

thm we must first ftmi out tire rekvam Weas the stucknt alieWy 

possesses about a certain topic, tlren, havit^ ascertained this, reW i in 

such a way tlret irew informaticm is IWtKl with ex ia h ^  cm req^ . It is 

incumbent upon tire te^ lrer to fW  dre nreans for s tu t^ tts  to tkal with 

the subject matter. One such meais for the students to deal with the 
subject matter in a nreaningful way k  the Wvairec <»|^mizer.

Ausubel ( 1960,1963) develt^red ^katree t^psàzers to m W t 

students to marerW fhaf they are about to t e n  aiW to b e ÿ  them 

recall related mfrnnrntkm t e  coiM be t t s ^  to a s t e  m h^^pm aring



Üw iww lnf(MTnaikm. In essence ü» tuivance organiser ü  based on Uu 

fneœpt thaï mafôml whîdi is well organb^ is much easier to Warn 

and renumber than ma^risl that is poorly organist.

T te ^ a iK e  oiganizer is a tteliberateiy pfqmmd set of ideas which 

arc prc^nted to the kan%r in advance of learning new material. The 

princq^ functicm is to tnidge tW gap betwam what the kamcr 

already kiwws and wWt 1% iweds to know before W can n%aningfuHy 

learn the tadc at Mnd. To be useful. Iwwever. organizers must 

d^n^lves be leamabk aiW must be stated in familiar terms (Ausubel, 

Novak, and H aitian , 1978, p. 171-173). Ausubel Ascribed Wvmtce 

organizes in this way;

1 ^ fh te  ^vuKC orpnbærs as imrxxhictory material at a higher 
level abatractkm, ^m rality, and inclusi^^œss tMn tl% 
kaming passage itself, and an overview as a stnnmary 
pn«entation of tl% |ninci{»l it^ts in a passage that is nm 
iKtxssarily written at a higher tevel of abstracticm, gemrrality, 
and iiwlusiveness, tnit S te v e s  its effect largely by the simple 
omission of specific detail (Ausubel. 1978, p. 252).

Ausubel cWmW tl* success of Wvamx mgani^rs impended upmi three

functimts w prm^sses, subsumpnkm, processive difTeientatbn, and

integrative r^miciliatimi.

Critical to tite application of ̂ ivance otganhters is tlte suWum^ion

process. Ausubel (1968) assunted that « n ^ p ts  an be hiemrchically

m gan h ^  In terms of h i ^ y  iitelisive coiKtepts (superordimte umkr

w&lcb arc «ibmmed las inclusive conceits (aibW ii^). Thus, each

«nteqK is linked U> the next h itter step m the hierarchy ihrou^ ilte

Likewise, m Ae jaoces^ of jsogmshte difBa«datkm, the im»re 

^tteial and inclusive ideas or concepts are jnesented first then broken



down into smsJIcr relaied parts. Ausubel, No%%k, ami Ha%sian (19%) 

ctenn anytme w!m pauKs kmg k k h i^  to give tte  p ro la n  wmt ^ k m s  

th<Ki^ (atuKA escape the axKlushm tlutt we in a wnrW of 

concepts rather than in a world of objects, events, and situations.

Ausubel lecommendi the temper in i^m  tW mawrial to be in smh

a way ümt tte most ^*%ral hkas are {m inted fîm am! that fblkwW 

gradual increases in (klait and spedfki^.

Achlitionaiiy, tW teacher consciously attempts to highlight relationships 

b e tu ^ i the com^ns or id%s in tire mivmree m ^ b re r . T h is is^ led  

integrative reconciliation. These relationships can be similarities or 

differences that are made explicit in order to make connections between the 

concepts and ultimately give im>re nteaning u> tlte new material.

Tlte Wvaitee mgmizer is desigited to strengths cognitive stnretuies of 

a perstm's know W ^ <k a particular sub^xt matter. Its strength wntes 

from tlte way material is prerented and Imw well it is oiganiz^ te facilitate 

material acquisition and retent km. (kte of Ausubel's asmm^AimB is that 

titere jduMiId exia a frarailel betwem tlte way subject nmWal is oqgteuzed 

and the way p ^ t e  organize kimwtedge in titeir mirak (ct^nitive 

structures).

Tlte ure of advaitee t^ganirers and nteaningfiii kamh% Hts a 

constructivist's teaming point of vtew. This «nmnretivist vtew 

education »  bared <m the a^sn j^ tm  dm  kimwl^i^ g  depMWaa i^xm tlte 

mtegratkm md growth (^cmKqrts dm  already exkt in die person's 

cognitive framework, ami tha new Wmoratkm »  i^ v e fy  assimiWed mà 
relatai to retevant cratec^s.

According to Braathan (1988) the ccmslructivist's view of learning is 

dtet p«>pte ctmstntet ûmr vrew of dte «wM duoughmd theu’ Mahne,



Thnmgkwt life Uiis vkw of Ac work! umk̂ ĝoes a qualitative ami 

(piandWlvedtaA^. iteice, learning is an active process of 

mmstnætkR) m i  PRxrnmuctkm of knt^tedge ami is influernxd 1  ̂

exiamg or vkws.

Jon^en (1982) in his text. The Techrtoiogy c f Text, related to 

advmKc organizers usehili%ss fw  kmwledge building as, "You canmn 

atW a new rocun tm to ycnir knu* until )tHi tmve Iniih tl% frame 

(fmnWatmn)" (p. 258). Slavin (1988) said tte fmrpcHæ of using advance 

mganizers befcne a ksstm is to pnn tde stufkms wiA "scaflblding" on 

vàikSi to build new untterstaiKÜng (p. 1%). This scaffolding ctmsists of 

boA infMmatkm already in students' minds and i%w concepts or principles 

Aat can organize Ais information in a form that will l%lp in ww Warning.

Ttwrc are two types of advance organizers as pmpmcd by Ausubel 

(1 9 ^ ) :

1. Expc^Hory oiganisærs preset* the basic eonœpts, which provide the 

mwl^^uai saMblding to which ikw mfonnation can be linked or 

coŒKcaed. For exampW, (me %wmld Warn about tre^ in general before 

proceeding to tl» Afferent kinA of types of tr ^ .

2, Ont^^arative (»^nizers are u%d wiA relatively familiar mmerial ami 

are n s^  A compare c* Ascnmhmte betwe^ already learned and new 

nmterial. For exmtq̂ W, afWr a unit about reproductkm in flowering plants, 

tlA dmSaritWs ami wiA htunan reimxhiaion can be discussed. 

Tim âœihtatra d» reWkmsWp of boA A %%tml repoducAm whiW scsne 

Astinct differences are also noticed,

AustAel recoouDwds a d ^ œ  tnganîœrs ta conq>kmei* lec^tion 

WamAg. in reception Warning the teacher structures the Warning 

sitt^km by pes«*h% Aema^imkm wen mgmbW lésons tW



ü» basic critem of advance {H^uttzer im^itation. Ausubel 

cfMit»K3s ümt nKep&wn baming 1ms and will ctauitnæ to be the ttoinam  

f(mn of teaming in KMol (Ausubel 1963, p. S3). "In this type of 

teaming, new nmanings aie tyincally %qu»ed in retetuHi to hiemichtcally 

organized, existing bodies of knowte<%e m the l^mer" (Ausubel, 1%7, p. 

28). At dm l^ rt of this sq^mimh is what Ausubel calls exposittny 

teaching (teacher-planned, systematic imtnictkm). Farmer ami Fànel! 

(19%) have fmind makmg cmuem nmaningful to tW ^ m er is a tw o^ged  

swW . tether must ccmsider charaocristha of tlm as weU as

the match between tl» new cmitent ami the audent's existing nmmal 

structure.

There are two dhnmsimts U> the teaming proc%s: the means ly  whteh 

the knowledge is made available to the leamer and the way the teamer may 

incmporate tl% knowledge tmo exWng #maurM of kteas. This 

incorporation - to retain the idea linking it to what tl%y already know - 

is known as meaningful teaming. kteanir%ful receptkm lounmg occurs 

when tW teacher presents û s  geiwralizatkm in its final form, and the 

teamer relates it to existh% ideas in smne way (Aiulerson, ami Ausubel, 

1%5; AusubeU mW Rtdmstm, 1969).

Jo%t* Novak (NovWt & Gowm, 1%4), a m a^  figure in the field of 

sctence eAicatten, said: ''Ausubel's the%y is qiK ^W ly Wdre^ed to 

ctmcqn teamii^” (p. 94). Tmteepts are whm petqite tlm& with"

(p, %1). After studying advance organizers, Novak d û m  ht

tlws way:

Advmtee (»gftni»n funetkm tmfy when new lie  t^ im â ly
nteaah^ul imd sane n u h m ^sy  coooqd r^evaid the new r a c ia l  
ahea^ exWs ht the leamer's ct^nWve anoure. Unde
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dfcamttancc*, the advance oxgaolzef can serve as a cognitive bridge, 
whWt Uidcs new mfbmrndwt to be kmned to exkttng, tékvam concepts 
b  cognitive s tn ^ ie  W  this W iitawd ^ m it^  (p. 219-2%).

Auaibel (19%) iHi^med a ptqjer m  orgamæers atW scteiKe teaching
ami amed Ùmt delibende manifHilatton M cnicial ct^nitive amcntie

vaiiabi^ »  ffli efSective malKtd of tearhing scknce (p. 5). Novak

(1976) leseardwl the Warning process ami effecttvaiess of tcmrhing

methods in ûm classroom, laboratory, and field. After examining a

dozen tlwories on œgnitive learning, Novak decided: The reason why

this autlwr has becrane so impressed with Au^ibcl's themy

derives from dte ;»mn%mimts way in which H accounts for most of the

cognitive fmztors crucially important in school Warning” (p. 502-503).

Novak (1977b), in recmnmmding an alternative to Piagetian 

I^ydndc^ for ̂ ^ tce  ami mmhematWs educatkm, gave his suf^xm to 

Ausubel’s themy of nKantngfiil Wamii^ and advaiKe organizers, lie 

o%rml thW reply: ”bi order to facility  n^aningful learning, Ausubel has 

that new kimwWdge can be mme easily link^ to relevant 

on c t^ tiiw  stn^uie by use fri* mlvawe m ^ ia rs"  (p. 4 ^ ). 

Novak Mso sees Ausubel's theory as tmm;mt%W with constructivist 

vWws in fist kimu^d^ is symh^iæd, modifW mW evolutkmiy m 

diaiacter. ”As I sœ  it, cmmructivW vWws are aW  highly com |»iit^  

wtdi tmd ctmq^i^uary to an Ausubeltan ^ydmWgy of Warning'* (Helm 

& N o ^  1 9 8 , p. 122).

DavW H. JcsMen (1%2), a well known roscardter on how w rit^  
^s&siasc &m be mo# W f^ivdy ;w ^ ^ d  said, "m ^uzers are 
{BoNddy one of d» o k to , y# un^-t^lizW , mathana^W  
st^riea^m" (p. 132). leseaidj lto#u ie  ami conjMtre ^sout the 
dfWaey Wvanoe orgm w s ŝ Nom o w  Airty years. Howev#-,!!»



efî^tivei^ss of iàvaRce Mganhers stUI im au» tm r^lv^ .

though, there are nuuty qtuüttattve aW qtuuUitattve stud^

avwWWe.

Ausubel ( 1960) Kswd to (^nrnoe if ming Wvwtce organizers 

w(NiId unfnove leantii^ and i^entkm of imhtmiUar W  n^th% ful 

verbal ma^rW. He Wtiewd favor^jle lesiks with 110 senior 

umkrgfWuate mnkots. It fotnuf v te t  tmtkrgradtmtM were first 

expc^ed to organizers preæmh^ rekva# material arW aR)n^%ktely 

tiuHusive submmmg cmwepts, tWy were betta* abk to t o n  ami retain 

unfamilia kkatkmal rr^rial dealing with tt% metallurgy of carbmi 

st^L An interesling highlight was tW  Ore pedagogic valtæ of actotce 

mgamzers tkpemW m part upon how well organized U» tonir%  

rrwerial itself is.

The efpKt of Æscrimtonlity m rmaningful veHal tonh%  tm 

learning and retention was ms&d 1^ Ausubel mW Fitzgerald (1961). 

Expc^Hory and conqmrative organizers were uW  to test the efkct 

prior kitowWge had cm the ton ing ami retentkm Christianity arul 

BmWhismrWchiiws. Or» hui^imi fifty uitogiadimte stiu tos  

f^rtkipi^i ami a positive reladonAip wm fw  tk  cugamzer 

group, that hmf t o i ^  |Heviot»ty reWW cm ^pts on Omstknky, 

which served as sutondng andxns for new makiial on BurWhiam.

Ausibel aiKi Fftz^rahi (1%2) mrmtoed a with one Wmbed 
AxQr three s ^ b r  tmdw^pt^we stsàems at die Ihdveiv^ of 
They weir te^cd cm learning and retention of two unfamiliar p assa^  
about endocrinology, lire experimental group used an advamx 

mg^izer; the cmmol rW imL It was fcnmd dial g s s to  
bW^mtmd to w k t^  ht «Niocrhxdr%y fis^w ed tonh%  tmd
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retemkm in one of the two pa&sages with learners who had low verbal 
W  ffialytk dWHty.

Karahaltos, Tonjes, & Towner (1979) in a study with 76 seventh gmde 
sWcnts^ conducted a one week unit on science text dealing with 
measurement of mass and length. U was found that using an advance 
organizer, that included the major concepts, made a significant 
difference in learning and retention, compared to students without one.

A number of other research studies (Ausubel. 1963a; Ausubel and 
Yousscf, 1963; Koran and Koran, 1973; Kuhn & Novak, 1971; West and 
Fensham, 1976; and Alexander, Frankiewicz, and Williams, 1979) have 
shown positive results and confirm that advance organizers enhance 
meaningful learning.

Several comprehensive reviews and meta-analysis noting the 
advantage of advance organizers were also conducted. Novak, Ring, & 
Tamir (1971) reviewed 156 studies, that dealt with important 
parameters in Ausubel’s learning lheor>', in an attempt to determine 
their relevancy to several issues in science education. They concluded 

that Ausubel’s learning theory (1963) as a theoretical base to underpin 
setose educatmn is "a promising base for future research formulation" 
(p. 484).

Kozlow (1978) m a meta-analysis of 77 studies, discovered most 
results supported the research in favor of advance organizers.
In another m^ly Mayer (1979) examhwl 44 research Judies on 

mivance organizers md concluded the evidence clearly shows that they 
can have a positive effect on teammg.

Ltdtm, Ames, and Ackeison (1980) in the roost amtprchcnsivc review 
of «Ivance organizer irseardi, analyzed 135 ^ud«s am! unequivocally
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wppofW the that athraiKe orpnizefs have a fadJit^ive efkct 
on bc^ kammg and le^tkm  (p. 2MX

Also, a n^a-analysis was coiKhid^ by Anderstm et al ( 1 ^ )  on 
tl% use of mhwxx (wgwiWm aW sc^Kc. T k  ooicwne swppm% the 
Wvancc organizer as a vüWe md t^ ü d  teachbig sm^gy. (p. 3 ^ )
This study rep%%ms 35% of the stW ^ dtme tm mjvaiKe oiganizers 
from 1957 - 1980.

%<me (1983) aimiyzed 112 sW*% widi Glass's meta-analysis 
technkp» «id overall «lv«Ke wgamzera were W nd to increase 
bamii^ and rerantam. An intenestmg achitto is Aat tW 
s u b ^  grmip slmwed the graatea sipifkmit results.

Newell (1%4), in his levkw of Ae latest i%eanA <m advance 
organizers, tends his siq^Kst to a mmll but comist«it Wlitath% 
effete upon teaming (p.! 3).

Hie most recent review of research studtes to validate advance 
organizers was (kmel^ Williams (1992). Ite poù^ to the valire of 
advaiKC (^pmzers ami also h ig h li^ ^  a mtmbeof m^movenreiKs 
tfmt ^KHild be m ^ .

htetwitlKtmdB%, !%uhs of a mnWier of ami nreta-airalys^
Imve qtrestkmed «Evance mganizers «W dretr usefutnesa.

Anderson, Spiro, & ^K teosi (1978) m a stm^ wiA 75 tnKteigraduate 
students, tesred to %e if a |»k»' j^ s a p  on food-or^ 
wouM act as œ  «Hwree wgadzw fw nw eial to be W e.
In two groupe, one wiA Ae pskx ̂ s a g e  and Ae oA»' gmtgi 
withmtt K w  sigmftearn Afterace noted. T l^ ted ito n to  
cone W e: "dw the A eor^a l jimifteatten for Ae advmce cn^^ralzm 
»  tpthe fHrney" (p. 4 %
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Btmtô & CUiw^ (1975) miyzed 32 shtdk# m  sdvmce organisers 
that IW been csnW out over fifteen years. They were examined to 
determine whether advamx organizers facilitate learning. Their review 
looked at three areas. First, the studies were reviewed to determine if 
a significant different* was reached in favor of advance organizers. Of 
the thirty-two studies, twelve had a positive effect supporting advance 
organizers, twenty did not. Next they were examined according to 
selected variables such as length of the study, ability levels of the 
students, the content or subject matter being learned, and otters. No 
clear patterns emerges to support the positive effect of advance 
organizers. Thus they concluded, "from this review that advance 
organizers, as presently constructed, generally do not facilitate 
learning” (Barnes and Clawson, 1975. p. 651). The last part of fte study 
included nine recommendations for improvements that would help in 
the use of advance organizers.

Hartley and Davis (1976) reviewed the advance organizer research 

and put the studies into two broad groups; the initial studies and the 
later more sophisticated studies. They had reservalkms about the early 
studies because they involved, to a large extent, only college and 
university students and were conducted by Ausubel and a small group 
of his colleagues; m addition, none of the studies described the 
procedures for operationalizing advance organizers (p. 254), The later 
sredies broadened the rsm^ of students and su b j^  used. However, 
the results were not so overwhelmingly in support of advance 
mgaoizers; m additkm, mcAodological flaws and iiKonsisicncics still 
existed. One of their recomnwWed inqjrovcmcnts was Aat advance 
organizers other than prose, e.g. games, modcte, md visuals, be
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œ m idered

Clsfic ami Bean (1%2) fmmd ûas. aBer % years researdi Aere is 
Kitll link empirical evklei^ to sujqxm Wvanw (^ size rs . Two 
reasons why the research is responsible for this claim is the lack of 
advance organizer cmtiuctkm and definition, plus the lack of valid 
descriptions of learning outcomes.

The literature on Wvamx mgsntzei^ is volumtfKHis; however, five 
ctanmon weakness ^jpear fhMit the various levrews and studks mi 
mivairee mganimrs:

1. Barnes & Clawson (1975), plus Hartley & Davis (1976) find the most 
pervasive criticism of advance organizers is the lack of an adequate 
operational definition on how to construct the organizers.

2. Barron ( 1970) claimed students did not umkrstand the intended use of 
the organizer.

3. Rickards (1976) found difficulty with prose organizers because they may 
be too difficult for a student to hold in memory when dealing with the 
text material.

4. A reason for the non-facilitating effects of organizers in many studies 
may be that organizers with singk-tbcmc passages are used, Rickards 
(1976) contends. In order to realize the full benefit of the subsumptive 
process multi-thematic material roust be presented for assimilation into 
comprehension,

5. Bame# & CUwk» (1975) also noted i  shortcoming in orgxnizer 
research because of testing procedures. They state tlat many 
investigators neglected to reptm quantitative statistics for the Wts of 
their experiments.

Noel et al. (1980) alleviated Kxnc of the confuxion about the role and
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ptifpc^ Wvfmce They fmimf a nmAcd knpmvenm# in
im its if WrwAxm eapUiming the orgmizem, and i*% special 
Amc(Ws$«wt a&k$L Thb a l^  anribtued lo efTecitvettess of the
Wvamx ofigtnixer.

Those wdK> d% efkcthw ss of »fvaiKC wgmizcfs raise
«Nwmxm omeems - the lack of an (qteraikmal dcftnkkm W  
instnictkBg  regardmg the impkmemattrai of Wvawe organizers. 
Williams and ButWrfkW (1992) in d%ir raient rcvtew of research m  
advance suggest that still the weakmss of Wvamie
W j^ ia ^  lbs in an irWequate t^ralim al tbfmitkm and ctmfltcting 
clw^W zaiiom  (p. 259).

Not all the criticism abcnit d% eff^tivene;» of Avance organirers 
has gone imanswered Lawton & Wandta (1977) in tkiir irply to the 
critical review given to advance organizers by Barnes & Clawson (1975) 
pomted (Hit a number of im^msi^encbs and limitations in the ways the 
studtes were levbwed ami crnnj^ied. They qwstimed Barnes and 
Ciawscm's select ton of vtriabbs, the type of analysis they did, and their 
definition of a single study. Lawton and Wanska then went on to say, 

Bmnes ami (ZW%̂ on's study, "seiv^ immmily to point out the currant 
ctmfused picture of tl% of mNam% organmirs, resuliir^ from
d% mnUfmticttHy evidmw the cumulative investigaikms this
s u b ^ "  ip. 236).

In tWnwe ^  advtmce o^m l»rs AustAel (1978) mWe a reply to the 
c f i ^  The imm coimmm flaw taii^mi r»ear^iers is that tl»ie b  
BO ckar definhkai of tm mdwmoe orgtmker ami bow to ocmsirmn tme 
(Bam» 8ul Gawfos, 1975; Hartley ami Davbs, 1976). Ausubel's ch» 
wiows mniba (AtmW , I960; A ^A el & Fhs^^ald, 1961,19^
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AuMibe! & YmjKsef* 1963) that me& Uiis cri^fk and, as wail, Aumbel 
(l% 3k t%8} (kiwnhes how w make wi o i^ i i s r  f*  a p a n ^ k r 
topic. Alsu, Joyce & Weil (1972) operationalized arganWrs in relation 
to toK^ing am) fKts in mtthÿlkatkm. Ausubel (1978) aim
pointed out that advance organizer results have stwwn a comistent 
10% to 18% increase in mean teaming score (p. 256).

Ausubel (1980) in his reply to Anderson, Spiro, & Anderson points out 
that they have not paid close attention to the research in the last 20 
years, and close scrutiny of their "assertions indicates that they 
are completely unspecified, unsubstantiated, and undocumented, as 
well as based on indisputable misrepresentations of published material 
and on logical non sequiturs"’ (p. 400).

As a result of the common concern about the lack of an operational 
definition and instructions about advance organizers, many researchers 
have added their refinements to better operationalize their organizers.
'Ihis emergent trend was explicitly noted by Hall (1977). "The nebulosity 
of Ausubel's gukfeltnes for making organizers has led to their tack of 
uniformity in construction; the work of several researchers lend 
support to Ausubel’s theories of the advance organizer" (p. 11).
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VISUAL I GRAPiüC Q&CArü2ËKS ■
M ETACQGNmVE H E U B K m rS

Over tin» imandi cm advuice orgMiizm has noticed enwrginp 

treiHk R> sMtem coi^ems about Ausubels {earning ti»t>ry ami the 

WvMKt ofgantrer. Weisbcrg (1970) in a study with ninety sis 

eigW-grade students on teaming earth t»tet»e ctuKvpts noted a tn*ml 

in re^arch that favors presentation of data that is visual instead of 

verbal (p. 161). After atk^ing Ausubet's Wvancc organi/er, Wcisberg 

receive favorabk results for tl» use of "visuar wganirers. lie 

«nurasted a graph ruW a map-type advaiKe organizer to a verbal hmn. 

tk  aa*ed: "Ute Faults rmi% %rious questkms as to ti» vali» and use 

of verbal organWrs; especially when other, more fruitful materials are 

avmilaWe to us in the elasigoom and as suppkn^niary materials in 

textbocAs" (p. 164).

Most of the advai^ organizers were in pmrse ftmn. according 

to Bom^ aiW Clawson (1975), who studied tl» effkacy of 32 studies.

It was t!»ir PKonunemfatkm that studies using a wkk variety of 

mmwT t̂en Wvam% organizers construct accordmg to the 

^ » r a l criwria spoused by Ausubel be comiucied (p. 656).

Jooa&»n (1%2) tKAed that efliKtive organizers were not always in 
prtw ftmn and tW  Ausubel, cm differem occastot^, W  advocated the 
taseotraxBcne* modhsls Grdfsggnsms tts cangtmlaasrs. Amterscm^ai. 
(I%2), W m metm-aWysis sttWy on advance cHganit»rs mà scknce. 
s t^ f^ e d  dsat future WtouW u% chffermt variaiicms of 
advance (p J69),

b  a m ^a-am l)^ advKKO or^uttzer Judies Shme fl%3) found
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that âiere was a eflFect âie oi^ediRs
i»nwrîuen or illustrated ^>eckJly in seWi%e ami nwth at the juaWr 
high ami presdiool level.

Seark (1%3), in her rcvkw cf Wvarn* ^mHes, twdeW
that Ausubel did tm specify fcmmt for an Wvance c^gantzer. He 
used prose %mssa^ ^üch stm^its remi befme r^dmg tl% new 
nmwriaL In r^ a tt analysis of Wvance mganizer mtdlK, Luiten, Ames* 
ami Ackemm ( 1 ^ )  ha\% reported a nonfoer of <^ter types of 
prestation modes (p. 245). &aris (1980) aW  luHed tW  any 
introductory activity wbidi adhere to Ausubel's ;n1iteiplN or guideline 
fcH‘ tlK «xKtrucîitm of an advance cnganker wtHild suffice wW be 
successful in enhancing meaningful learning.

Alexantter et al. (1979) in a study with 270 fifth-, sixth-, and 
^venth-grade stutfems extemkd support for Ai^ubeFs hypt^wms 
beyond tl% limits of written advamx organizers. It was retxuted that 
visual advance organ! iters (slWe ;m^entation) and verW mivan» 
organizers (oral {Hetentation ami discussion) hmi a significant effect cm 
fôamti^ tuW retentkm in social audi%.

Anmttef emergent form of the pr%e advaitee oiganizer by
I^vid Ausubel (1963) had surfaced. Tajtka, Tanigudii, Yanteromo, and 
Mayer (19^) fted sttece^ with pktorial mlvana organi%rs with 12 
grmie five students. In thW c«e foe ptctorkl Wvaitee m^^tdzers weie 
c o n a ^  futures s t^  as a drawing or a jfootc^iqfo.

Platt»! (1991) in a p^er on teawzhittg OBt##gp*s aamdidkill* cKf 
foinkti^ sinwhaneoudy, aMed; *"n»»e lecemly, have

turned tlteir attentkm to mi W-sWot' of foe atkaitee m ^ n k » , or 
nume singly, the gmphfo osgansz»^ (p,9).
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&BTOB «W fbmk (IM >  W e  ptencCTed gngAk organizer*

si^o^ftiUy, variatkm of die typkml 1̂ 0 ^  »iv^%e cHpuuzer was

mMW w W , Bamm (1970), comWcW a smdy on lecqMkm kaming and 

r e ^ ^ m  of gmemi cof^ent with gr»ks six thixmgh twelve.

%  « sm n ^ e d  grnpAk (vistml) advaiK^ orgæiizers, w  mote singly, it» 

^a;Aic mgani^r. They were defmed as "visual and verbal 

IWKmmhNK of the key imcdmWy m a i»w lwnh% i ^ "  (p. 3). In 

doing this Ite wanted to overcome one of the major criticisms with 

AuaAel's Wv«»e o rp n i^ rs  > a pomiy qieratkmally ckfiiKd 

pedagt^iad tool (%mM & (Zla%%m, 1975). Also, in dealing wHh 

anod%r «^akiœss sia t^  in Wvaoœ organizer, Barron imrludal time 

for explaining the use of the organizer lo the students. In a later study 

Bamm ( 1 ^ )  ba»d his ^a ;A k  o^puiizer upon die san» thwn^kal 

ratkmafe as Ausubel’s pn%e mganizers aiul déclaré t k  graphic 

organizer may be legankd as a spœia! form d* advam» organizer 

(p. 3). Bamm (1970) hW this to say abmit graphic mganiiœrs:

In (xmtra^ to jmose mganizm, gr^dik organizers apptarMl to hold a 
rnimb^ of advania^. Brst, imlü» [nose tnganizm, graphic 
m p n W s  Imve been c^r^imuUiy defiml. It tes b ^ n  ^certaii»d that 
d t^  can be cwKtrucW and u ^  1^ ctxnbming a mminwm training 
widi a fdatively s h i ^  dseotkHs. SSeoorid, wtiertuis pnost; 
o^ffltiseia are desigtKd m be rW  by the learners, graphk organizers 
call ff» an h ^ r ^ k s i  betwKn kad%r md sttukius. Tims, w W  using 
tlm l a ^  devke, a teadmr k  to év a lu é  its a|^inqirimef»i^ in
relation to tire leanrer’s existii^ b&ckgrmmd of kim wlet^ (p.3).

rehded to the coocqk ̂  W aime f^ p n iz^  is the gnqdih; 

mgamRT tkveh^i^ by % n f (1971) dmt ananps inftmnatimi in 

hkiandtiod order v ^ k  keqâig vwrds to a mroimum. m »  efpKt is 

that of perceptual comprehensicm rather than verbal. Instead of
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reWmg the mfDmwk»x me i t  The ^ ta h , seeing Ae md 
aJl its le ta ^  parts, yieWs a powerful mm»dWe 

mW easy reunion" (p. 2%).
Stevmrt (IW ) m^idi^ this merging heurWc staled: HMmt 

conMitu^s a advance (nganizer is really any a^qniqnWe
mixture of verbal aiKl grajAlc material whidi relate to the stmcture of 
text" (p. 5).

Moore & ReadaKc (1%4) m a cpiantitative and qtmlitative review of 
graphic organi^r research ^ated that graphic cuganizers tkiwh^Kd by 
Bamm (1970) were a varmtlcm of Aimibel's advaiKe m gu tl^ . In tl% 
meta-analysis of 23 studWs it was fbutW tlmt gra{Atc mganizers 
increa%d learning. Aiunl^r interesting fWing wm tlmt gnqduc 
organizer ireatmenls affected vocabulary knowledge more than overall 

comprehenskm. This ^ m s  a likely explanatkm amsMermg paphic 
organizers are dtektal arrang^nems matk up mtatly of tenns. It was 
also noted tlmt a worthiMtiW extensitm of the research would be to 
comimre gr^Aic organizer effects cm ^unprehensitm and %t)C8Ïmlaiy 
wiA flow-clmrting ami nm^mig effect. AW, the subjective repents of 
teWters' percqnkHB of prqmrecke# sugge^d Aat gradue 
organizers seem to help leadmrs clarify timir instmcticmal goals by 
providii^ a sdmma of the upcoming material to be laughL

A munber of empirical studies lm% been comlucW cm grgddc 
cngættzeis and their ef^^tiveness»tfn^iCQgnltiveh^tris!lc& VWt 
& Lynn (1983), omtiMting {nose tnganWis wiA gragAk organizers, 
fmuW that Ac Wter ̂ qxears to htdd a mnbber advanta^ (p. 9).

Hall (1977) ako W  postive dfecâ tmu% Wvawe 

oigaidzm wiA nimh-gWe c^bdow-avemge rW bg  tdn% .
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The results support the use of ixMiprosc advance organizers as another 
*nanm%nt fw krnnmg md letemkm (p. 10).

Ha«ic (1 ^ )  a âudy isn gr^ tc oigwizers and life
with six'græie and seven-gr^ stutkms. Results imlicak 

dua usn^ graidiic advam* (M ^izm is s^ifkm tly beneficial to 
studon adikvemem (p. 81 ).

The or^bær itself l»s uiukt̂ wK serial nwdifkalkwB.
Alveiman (1%I) omstruckd graphic wganiœrs using liiws, arrows, ami 
hierarchical ordent^ of id ^  to ie}uesent a text's organizational 
stnurtoie (p. 44),

A deWk which has arisen m the area of grqdiic cnganizer studies is 
as totlw petition of the oiganiar wiUiin tlK lesson or presentation. Dean 
and KuUutvy (1%1); Dean and EtKtmA (l%3) fcwmi tlmt compielmnsion 
and remembering of prose material was facilitated when their graphic 
organizer was presented prior to the material to be studied. Alvcrman 
(1981); Alverman and Booihby (1982, 1986); plus Mayer and Bnwiagc 
(1980) noted Üm positive effects of using organizers during the lesson.

Another technique is to use organizers after tte material in a lesson 
has been taught. Barron (1980); Barron and Stone (1974); Bertou. 
Classen, and Lambert (1972); Horton and Lovitt (1989); and Horton, 
Lovitl, and Bergerud (1990) recommended the application of organizers at 
the end of the fessoji. Other studies have found favorable results when 
ofganizen were used durmg and after the lesson. Tajika ct al. (1988) 
found that recall of information could be improved by using an integrated 
organizer both during and after the reading of material.

Dana (1980) tested the effects of a graphic organizer used before, 
during, and after readmg on fire ctrnqnthcnskm and retention of written
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text with sixth-gfsife stuiknts. The resuhs stqqxated Ac use Ae 
wganwter in all thace posirkms tm comprehension mxl nættWm of 
muWtematk text. This study foltowed Dana in usii^ the <»gunzer 
befote, during, and after tW Icsmm ta u ^
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c o a c m M A F s

The à m t  to si^^ove dmnigh n^ami^ful kam %  kû
to researdi into effective met»»>gnitive heuristi^  ̂that en ^^ ized  the 
imponaitte of toner-caueiette»î in the teadiing / Warning pmcess.
One heuristic that evolv^ is the cmKC^ mq>.

hWone & D dttos (1%4) tNmght of maps in this way:
maps Mve beat oükd Vmchtws to the mmd* of tl% ^udaits 

we tea^: fw sœing in (by the W i^ r  ami odter students), for seeing 
out (by the student) and for refWcth^ m  tme'% perceptions (by 
evaybody)'* (p. 231).

ThnmgiKHit the years c(m»s {» maps have b^n usW for many 
{Njtpos», Van Kiric, and Rowell (19^) have used tl%m for
inariKthmal devkes; Novak (1981), Rms and Mw% (1991 ) as 
evaluation tools; Ault (1%5) fm future pfeparatimt and laboratory 
repoits; and CliWm (1986) has used d%m to devek^ curriculum.

Jc^ l^  Clibum ( 1 ^ )  wIk) has Imd extensive experkftec with 
q>eratkn»Uzing cmteept m^ïping in gave this advke on how to
^  abctô cresth% a m ^  The veiy stolusve g^ieraiization is fri^ed 
^XTve Ac subordimte W e^ bt ttomg so tlx cm tce^ are lUW 
veitkally ttecotdh% to Aeir level of ̂ nerality within the partkular 
cts^m ial system. Propt^itkmal lelationsht]^ - statentents titet iiidt 

coBoepu - u e  isdWwed labeled IWring hn» (p. 377).
Coftoqpt wme also devekqxW by Moreha (19^) in fdiysks, amJ

St^vari et ah (1979), Chbum (1%7% phts Rtxh and Bowen (1993) for use 
m ïrioktgy te^fàsg.

loeqtb CoxneO Unhmhy, h »  b e^  âadyij^ the fAeiton^ttm
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over two deemdM. After reseMciiU^,

and tes^i^ Ai^ubel’s Warning Ü»my for ftfte^ ^a is, Novak «)m*m%d 
Au&ubeX's wœk <si meaningful with his own mieie#s in the
ceiHiB] roW dat ccn%epts pky m sc^Ke. Aimihel% W h^we was 
t u ^  hWvak:

in six Atmibel's themy has kW wmW-wide
récognition, txn probaWy icasl aœcptancc in the U 3 ^ . Nevertheless,
oiir researdi group wndmms to fmd hts themy, with a i^inaiy 
cm^Aasis on die nature of meanii^ful Wamh%, die mom powerful ami 
comprebzrKive fw our work. We have mSdml smne aspects of 
""cognitive scWm%" to the ûn&sy mW further nmdifWd die theory as 
regards cognitive rkvck^man (ïWhn ami Novak, l%3, p. 118).
From 1974-1976 Novak, with the l»lp of Rowdl, c^lqjim l an

evaltmtion strategy call^ ”ccR»ept m ^ i i ^ ” Nova's (1976) ccB̂ efH
nmppir% heurWc is an extermkm Ausubel's InfltKtKC. "Ausubel's
œgnitive leamii^ thecny p o v ^ s  a sound inteltoual ftnuxWdon for
creating new teaching and learning events in classrooms that can lead
us to bnfHOved educattmmi pracdces over tite next few y^rs" (p. 12).

Helm ami Novak (1983) originally uW  cxrncept m a^ to analyze
mtervtew dam and then fmmd its usefuhmss as a dhe^ nmnictkml
^hnhpe. Over time Novak & Gowin (1%4) (^ratkmalized tlte coi^ein
map mid its varicms pW ^^W al applWkms in the book Uarning how
to Learn.

Jc^[di Novak, (l^lm ami NovWt, I983X at U» atkbe^ to open the 

li8«mtkmal CoofiBeiioe MWmmc t̂ioBs m ^ « c e  «ad hh& eoud» 
at Oxned Untvershy, firm ed the hnptxisice oi cooe^  ma|» as a 
p e d ^ i^ a l imaovatkm:

Firm, umil die I96D"s, we thd not have an adeqiate daemy lemaing 
dmtomdd^WeedtKWhxmlpnKtkelB^assmoms W daatadiW ^ed
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tfaetay
assknUiyioa tbeoiy of R ^ d ve k«mâ%* comWned with new 
Botn^&sti! s tn ^ ^  bued wt diis tbaxy (Novtdc W  CSowin 1984), 
^  be a psjn^k^bU fWmWon for <p»liteth«ty Utqwved 
histimkQ. S^aW, WvtmM# in our wWer&wWmg
Ûîe nantie of knowledge and knowledge production) arc highly 
cof^ta»8aiy u> d» kt^f^ychok)^ ofWnmg in that both Ktrcxs 
ÔK cvt^tdtnmy (w mat^enk) dewk^nnem of hkmrchWaUy otgmixed 

fmmeùwAs. Third, we belie%% tktl Uw devekqm%nt of 
pedagi^kal æid mâmctkmal arawgks stKdi as "ccaâ pt mappmg" ami 
"vee provWe a meat» n» beÿ audmtta ‘’team how to kam"
aW mtmdemand the nature of km>wl^^podm:tkm. We believe 
tb«% two instnif^knnl straiegks arc cmty the fim of a txnmtially 
signifkffltt nunüter of new pettogc îcal itmovatim* that are "tl^iy 
d fi^ '' (Hebn & Novak, 1%3 p. 14).
According to Nwsk (1%4) a cowe;* nap is a visual Nmnstie

to r e p r in t  a o»Ke{Hual system. It represents the hierarchical

mtkring of am c^ns mxx)iding to tlteir kvel of gefterality and

specificity.
No\^'s a^mW: is ctmsistMtt with Ausubel's (1963) nteaningful 

learning which is promoted by the understanding of the hierarchical 
relationships and linkages between concepts. This is the main target of 
the concept map heuristic in which students are taught to identify the 
network of relationships between concepts rather than discrete 
isolated entities favoring rote learning.

Novak (1980b), in his research on progress in application of learning 
thwjfy in science teaching, based his ccmccpt matting strategy cm 
Ausubel’s key ocmoqAs of assimilation themy for cognitive learning. 
"Leamhg beoomw more meaningful, wiîen instruction is plaimed to 
encoun^ subsumf*k>n, mtegniti« reconciliation, superordinate 
learning and progressive differemalion and utilized advance 
organizers" (p. 61).
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Novak (1^1) d^ribes »Sâpting the ^idttog
o f i^ k ^ f ts : **a {Moo^ that in v t^^  the ktaiHookm of c o i» ^  hi 
8 body of study ma^rkls imd d» kito a
hknuthW  arran^ment fnmt the m t^ kcWWe
to the least nwa ^ ^ if k  cc^^cpt” (p. 3>.

Novak (1981) kter went (me step further ami extended the 
%mrk by Mcneita om co n c^  by a(kimg fnopc^tkm wtmis (n*
'̂ Wxls on the I m ” to semantWly Imk or sWw rehukimhl^ between 
two w nmm concepts. The inopc^hkms, aka^ with d» teveb 
hierarchy, facilitated what Ausubel calls p iogim i^ diffierattatioR of 
the com:e{Hs. TWn further refin«r^ns kd to c it^  Ihdcs b ^w m  
(XMKCins by Novak (1%4). H^se Indeed (xmc^ts oiKe assimilate are 
"good indkattns of mKgradve leccmciliaikm of (p, 611).

Novak (1984) in his leseardi (wer tl% years W  refined eoMcpt 
mapping;

Because meanin^ul l^mh% nwsi e^ily when new (xmcqrts
or cmKqM meanings me suborned untkr Im^ier, more h^tusive 
comreins, concejH maj^ dKmW be WemndtW; is, dm imne ^imiaL 
moK hmhisive concerts should be ^  dm tc^ of dm nwp, whh 
pn^fcsslvely more qïKifk;, kss hmWve onmcpts arrmig^ below 
thmn (p. 15-16).
Several empirical studies cm cxu^pt mqqdr^ have beat piMWmd. 

Armbiuster ami Anderson (19^) m diaW  pc^tive r^uhs were 
fmnul with 11 grade eight students u»i^ mt )̂ph% as a leadmg 
conqm^imiskmstf#^. Tbeyfotm d«m o^n^qA % h^m dhi 
procmhig mxt ma way dm ftmilhaml r ^ B  and ktminq^oitmn 
study strategy.

& Alvarez ( 1 ^ )  «mthmted a # t ^  vâskSx inhocWced
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Ammh gw k sW em. Their fanUngs 
âKÜated the value of concept mai» as viable hcuristkrs for young 

Wnm*(p.8). U was ate) re|K»led th^ mafs also helped the 
teadtaa in orgmmAig and preaemWg Ae mamrW to be teamed 

Ai&ndW (1990) Anmd favoWde reWts with ma^ 
pmented prior to ii^nanitm m six hi^ kAooI physics classy. TT% 
tVHdmem m^^ed piw  to ImtnKtkm had imsttcst
sc^m  18.4% Mgher tW  the comrol group.

SdunW md Telaro (19%)) used ouk̂  nu^ng for biology 
instruction in a Mtmtreal high school. Stwtents were put into one of 
two iwroctkmal s#awgies. Oxw gitnip used tl% trWitimal 
textbook approach, white the treatment group used the concept 
mapping strategy in teaming biology over a four-week session, "The 
results of Ais study reflect positively on the implementation of concept 
mapping bi high school biology, and Ac general findings offer support 
for Ac use of conœpt mapping" (p. 82),

In a audy to test tlx usefulness of «m«pt maps as a learning tool 
McCagg and Danscrcau (1991) tested 81 imdcrgraduaic students 
enrolted m a psychology course at Texas Christian University. 
Throughout the course the treatment group received instructions and 
l^acticc on owccpt mapping. At the end of the course two Kl-item 
multipte choice tests were admmistercd. The results proved concept 
miq?lriBg to be a teamkg strategy Am! positively afïc^cd students' 
performance on reco îUion and recall tests,

Novak (personal communication, November, 1993) said science is 
ideally suited to mapping as it can be dealt wiA on a conceptual tevel. 
Hie results of several reseanA studies imo the use of the corwcpt
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Üwü meifiingfu] feaming U achkvW 
its use »i sctem ê ckmsrooim (Aub, 1%5; CÜbwn Jr., 1985m; Atoeba, 
197!̂  Novak, 1979; Jegede mâ Œabukok, 1%9; Mtkaie mW Ddüars 
1984; f^vak et al, 1%3; bikI ^ w a rt et aL 1979.

Not all studies in science have leveakd the positive results. Gurley 
(1%2> m m hH^ a nme mmWt sWy ht sc^%e with eighty-five grWe 
nine ami etevoi stttdo^ M a mburbsi b i^  in HUm^ The 
trcatmett grmip usmi niq% ««1 d% comntl ^tHip u%d tl%
ti^hWml te%tbo(& nwtW  of mstnNAkm. Guiiey’s guMtng 
(mfKïipks for the r^arch  were diose pwovWed by Ausubel’s (1968) 
asshniktkm tteoiy of meaningful teaming and Novak's (1977) theory of 
educatimt, TWughout the study several t^^ervatkn» were noted: 
Cm%%pt m a^ng seemKl %o inqnow over time, but a Imm mit” effect 
fm makmg co%%0 maps was ^knitted by smt% MutWits during 
inwrvWws with the re%archer. AlUmugh the treatment group did 
reach a significant diffemtcc Gurley (persmmi mumminkatmn, 
November 1993) fm  sim% nefifKd her ctmcept n^^pmg process m 
fnevent the Txim out" effect. She %es a self-designed soAwme 
tutorial (KOgram ami tmtkniis cm maR>mg.

Novak, Cknvin, & ^Aamet (1%3) u ^  ma;» with gmde
seven ami eight junior high school science students. Higher ability 
smdents wnded to do betwr, and good to pow ma;» wme
a^deved ^  smdem k  all four grotq*. AM m t^no 
significant differeiKcs were achieved on their first comprehensive 
study on concept maps, the results poW to d% vahie 

u  a cufrictUtmi, mMn^tiomd, and evaW ke W .
In m t e -  stmfy, SterrW & KaWe (1984) # 1  not t e a ^  s^df% am
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on piWRA È&HCS after a Hve-wedi imk comparb  ̂282 
high school bidogy students using coiKept maps with 259 students

ttebiz>Fiy & Novak (1990) the 
of omcept ma^hg for a oHtege a#m W al bk^ogy class. 

hk> si^iAca* dlftem ^ between Ae ccmtiol «W tieatn%nt gtwps 
were foimd ip. 4^).

Wmmt, OutN’, & KW  ̂(1985) dW a study iovtdving 243 kuwr-city 
Audeidm. After an ei^'Week bkdogy unit there was no 

signifteam achievement diffŵ RKe between the 119 stiK^ts usmg 
concept maps and 124 students using text outlining. Also, Pankratius & 
Keith (1987) In a study with 103 grade nine general science students 
ovR* an 18 wedt period fcmnd m  diftereiKc in ot»K̂ {H matting when 
conqrewl to text cHitJimog.

Sieitevtrid ami Wilson (1990) used ccuteepi maps for six cttemisiry 

laboratories relating to reactions of chemical compounds with 104 
ninth-grade students over a week. The results did not reach levels of 

si t̂î ^Rtee bRweR) the treatment gfouj» on the 33-item 

comprdtRBim tea taif, qualinuively, dte urefubtess of conccfU 

nu%m%wtteobrefvmL
Th»e are always omflictmg A id^  regarding wty issue; Imwcvcr, 

after e%ammn% dre data on nt^spit  ̂Novak (1990), in a
report on the twardi m tteie on coiKepi mafB involvmg stwdmts 
ftom grade one to tmivRs% bxstnretion, cone Wed d ^  the thna frwn 
a vtteWy cd tptaliüditte ami tpwuiWve resmtndt stiW^ stnmgJy 
support the use of concept maps.

In itwehre*year km%WW stwiy of sciemt mmce  ̂teamhtg 
Novak & Musooda (1991) provided audio-tutorial sdemre lessons to 191
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fim amJ %coml gracfe The rmwkaWe fW hg of Als swdy
k  iW  i  reiativeiy few hours <^hl^ ipaHty imtn^km in 
gredes om ami two appw«#iy served as a kind of mlvsitce o^anÛMr 
fw many students for tawr hi scfent̂ ** (p. 147*148). Hie
results pcdm to the inqNKt «meqx ma|^ as a f^nesematkaia) tool 
for œ ^itive develc ĵmcnt changes.

Roth (personal commun^Kfen, January, 1994) also found several 
wcial benefits associated with corKept nwqiping. He fhuk die studom 
rmne coc^rative. attentive, ami has noticed an ÛKiease in nuitivation.
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CONCEPT MAPS AS ADIiANCK 0&QA?üaËRS

Ccw60 maf» hm%% been used fW th r^  reascms; as an instructional 

tool to sequence material, for a curriculum tool to cmphasi/c major 

aiul their relatkmdii;%, w  to evaluate tiK umknaaiultng or 

dw  in a sWems mind (Ault, i9H5. p. 42).

R^xitt to% ar^ has exterakd t)% work by Ausubel and Novak to 

imiude the txuxept map as a preinstructiomi device, a conccfn map as 

an advtuKe m ^ iz e r . Accwding to Novak & Gowin ( idK4). meaningful 

t ^  of ma{» as an advan^ oi^tanizcr can best be achieved by

(1) pkking (nil the key coiKepts. (2) establishing the students relevant 

«mce|Ks existing in their cognitive stnjctute, (3) Wiping iW students 

Hide the rekvant cora^jMs and how tWy fit into the hkrarchy, and (4) 

Wiping tWm discriminate between iW more iiu’luslve concepts.

Hits ai^iroach is comistent with a cognitive cfuisimciivist learning 

a j^ i t^ h  as this techn^ue is an interactive process between the 

student and the material.

it was fourni, in a study tm Kmcepi mapping with young children, 

that tewWrs with nane biKkgrmnW m a topic constructed nrnre 

explicit as compm^l with sfuWnts. As a result a conccfH map 

p r in te d  as an Wvamx organizer wmiW be more compkic, accurate, 

n d  detailed a* a p tW n ^ io o  anue^ (Stke & Alvarez, I%t6).
Clibum (1990) noted the value of using the concept map as a curricular 

sal sim ^jcf»! tool. ^  found this ttfiiegy differem frmn the student 
{Hepaied ctnxept in thm this n%thod was chkfly expository in nature. 
Ik rdawd to le ^ i^  m this fadikm:
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My work with teacher-prepiPKi maps in the classroom over die past
seven yean has ccmvtitced roe that, dNmgWuUy appW  hi a 
syssematk fashkro, this strawgy hoùi co t^m -sp^fk  tearnhig
by Mu(knts, and has o d ^  iulvama^ as well (p. 212).
Tl% deciskm to u% w acher-^n^ed ma|%. as t̂ ^xmed to

student-generated ma^, maxxdmg to Clibum (1%0) "stnmgly ccmniros
the cfTectiveness of conce|X map WvmKC organic systems fm*
priHTKntng kmg-teiro retention" (p. 217). CiitHun (perscm!
ccHnmunkaiKHL, (Xricdier, 3993) emjdiasized t*K exptMltory ocanptment
of the teaching-learning tans^rtkm in dmt d% teaclwr is crucial in
presenting ihc material as well as guiding tl« students through tl%
cfKKcptual develofHnent of iIk science material. Prior organiza^n and
s^uencing of ccmcefHual lesscms following tl% «mcqx map is
utnwst importance 1% fotmd.

As well, Novak (1977b) has fourni that constricting valid
stuiknt-generated concept maps is very difficult fw slu^ms with
limited prior knowledge about a tt^ic. Novak also fcmiui that cm^ept
mapping can be time omsuming and is a process that tai^s valuable
class time.

Clibum (1985a). using an Ausubeiian apjxoach to inaructicm. 
conducted a study ctan^mriog two systms for arW
pmseniing scietKc material. H e u s ^ o m ^ m ^ a s  Wvance 
organizers to organize and preseiH a ihree-wedt unit of a jtmior 
ccdle^ anatomy Bid fdiysmbgy coune n> 82 sttKknts. ThismMbod 
was contrast^ with t%* trWidtmal ^adiook aRnoach. A ihir^-isero 
muhipW-clmWe inunet^K pw%A d^ermined a po^ive difWence m 
teaming for the tieaiment grmq>. However, a signifteant iaciUtating
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efkct OD re^tksi was âchkved a delayed pomes*. From thk 
study Clibum concluded that using ctmcept maps as advance 
rnigKÛMM hW a ptmidw effect tm kamo% while significmtt results 
were achieved for ft» treatment group on a content-specific delayed 
posttcst Clibum (1985b) also confirmed in a subsequent report that 
using maps ss sàvas\fx orgmiizers is a valid tactic for re&icing

kammg.
In another shnikr study RWt (1990) used coru^ maps as advamre 

orgmizers in a rural junior hi^ sdtool in Camtk for sckrwe 
instruction. In a kb doling wWi physioii and chemical changes, Roth 
fomKl this Wvanta^ of using a omcept map as an advance mgrntiycr

It is critical to introduce the ctmeepts of domical and ^ysical changes 
( a ^  as ccdof, sh^te, and fdiaœ) tl^  stunts will Kc during Id». The 
ccmcqtt nmp nudtes tl» evidence fw each type of dtan^ explicit. The 
nap ^ w s  which cmwepts tl& smdents idttmld understand befoie 
progressing to nmie difHcub sub^^ (p. 31).
Roth ftnntd using tl% nmp ^  £ui advanœ organûær to

plan a umt he was abfe to achieve more ckrity and was able to plan tl%
ftow of Û» entire unit better. Some quality ive berwfus r̂ >served w e r e

diat students iiWicat«l tl%y kam^ to think mme clearly, reW
materkl nune effKtively, and KXprire a peat rkal of knowWge abmit
thearb)Kt.

My audents like rw tome wWar^ni^rW c@Kept maps as advarue 
tin k e r s  (pkch% inthvidual in a rmWm# wlmk). Inskadof
ju« leammg sequmtiml cutkied material, my students can see the whole 
picture. Hus kads to a more integrated knowtedp base. I also notksd 
increased enthusiasm, eagerness for lab work and independent kaming, 
mrW greater classroom prodttetivity. They will get your siudcrns 
actively mvdved in scientific inqpry, putth^ them in the focus. You 
am watch your students develop into more responsible, active, and 
thirdting «kksccnls who want to come to scknce class. Your students
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wîU be a ^  fi»li te »  âie teige
lessive sWmm vâm at^id cWsa **b> ̂  H over wtei** Q?. 34).

Wilienimn & M«: Har̂ g (i991) in a stiHfy tisteg a 0 »£e|» naq> as an 
advwKe («gmizer fcmml that: '"c(mcept m^^teg is nm t
tnfoimatlve, accurate and (%m̂ kte feu studte^ if Ü* teadter ̂ esem  
to a o»tee}% nmp ite i»^>ar»l at Dte #art of dte tmb" (p. 706).
Tfœ study invol^  % grWe eight stiutetts te Amr ̂ yskal ac^Ke 
classes at a mittek «teool in a ncuth Oucago suburb, atKWts were 
givm a two-week tmit (kaling with the jteysical atu! dtetnical 
^Y^rties of ekjiKfits and cwnpourkb. Tlte rKwhs W i^ed dun 
c(M%%0 ma|̂  umi an Wvmce (ngmte* can signifkantly inqnove 
eighi-gTKfe scknce ^dikvcment" Q). 709).

Roth and Yoie (1992) also have fouM advateages whh stutWs from 
grWes seven thrcHigh nine over tee six years with usir% ctmcqA 
mai» fof a variety of nuxks iiu:hiding a {neir^nictkmal læuristtc. TWy 
fmmd this strategy to "tead not only to a h i^ r  kvel of Anting but 
also to positive attltutks toward scieitee” (p. 17). It was also p o ii^  
out that ftttuie advaitesrtents with aRrlkatiom oipmzers te gmde 
and facilitnie lienee learning cmiM be eitearteed wtte use of tite 
compuiCT ̂ Ihathms.
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RATIONALE

âieoH ^ l^vW Amaibel (1 9 6 3 ,1 ^ )  *1%

Ü^or^ical fianœwoik am! ic»q^  Novak (1%5) pmvkk» ihe iei»Mng 

upon whH^ this snidy is l^sed. To tl^se ctmstnK^ivists, 

meanh^ful Warning is a chan^ in erne's ce^iitive stmaune in whWt 

iKw in W ^tk m  is Ifaikoi to priof km>wWd^. Ausubel contemied tlmt 

Wamh% occurs cmly whm the new iitfonnatbn is sufBcienily 

nwanh^ful U) be reWvant to what the learner already knows or wants 

to kiK>w (Pratl^r, 1990, p. 8%

Learning can be W ilit^ d  tl% mlvmtce injUructkm of relevant 

subsumh^ ceocepts i^ikh Ausubel (1963) calls oiganûæts and using tlm 

ccHU^t maRung W m iqi^ devekqxd by Novak (1976,1984).

Him hypottesis was t » ^  cm the mmumfUkm tlmt tl% Genitive 

stniOuie is bWrudikmlly orpniæ d m temrn of highly inclusive 

o m ^ p ^  under w tldi are gadier^ less iimlusive sub omazpis and 

inAnmmkm. Hms, if these suWumers are availabW in the cognitive 

ariKture, ttey ^nmld f a d l i ^  meaningful teaming of nmierial.

The jnnpcme Ats stiuiy was k> tost the hypothesis tlmt tim 

Wammg imftuiiiHar. but omaningfuL naterial can be facilitated by 

imkig ctamqH as mlvance of^uiWem The sp^ifu; reæarch 

^ s t k »  k : IX> cooccft as advmcc txÿuàsm  help m the Warning of 

grWe seven ̂ ^ x e n u ^ ia ] ?
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CHAPTER 2

METHOD AND i^OCEDURE

SIIRJECTS

This study mvolmi aptqmMkm of ym k Kvm sW easa t 

A. J. Smehær Jiuiior High Sdtool, Lower SadtvOk, Nova S c * ^  

Can»k. n%e mck)eco«Nnk: of dm sd«xd% mtMKlmce area

include bhie collar woikers to pnofessk»als. Lower Siœkville is

twenty kiksitoters fjt»n HaliAx, t)% capital cHy the imwince 

ofNovaSctxk. Lower Sackvilte has a populmkm of 35 000 peqpk.

Eighty-nil» stutkms in ftxtr cWses weie iim)h»d m tl» study and 

taught by tW researcher. Innitodiately before the start of the 

e x p e rm ^  the fcmr p a r tk ip ^ ^  chra% w it^  a f » ^ t  to 

if there was any si^ficant diffeieitoe bel%%«t die c b s ^ .  Tiny wme 

then assigmd to an experin»ntal and control ^tnip. Again ti» stutkitts 

pretest «tores were tost^ to (kteimû» if d»ie was any significam 

difTeientto between the experin»Wal (N ® 44) wid ctndrol CN ® 45) 

gnmpk. TT»xe ito signJfkam thfkrettoe b e tw ^  die finir c ia s »  

or the experhnental and ccmtnd groiq*. See Tabks i uid 2 m die 

results sKtkm. After il» c<H»iushm ^  Living Thm p umt tl» 

(tontfol arW expérimental grmi%K were leversed for tW i»xt unit on 

Solutions. The ^Wents wt%AiaiMAl»rpreto# to %e if there nMsany 
signifkam diffemtoe b # w ^  die ftmrdasaw. Agabdie Audem* 

pr^ea ^ r a t  %»%re tostod to detemdne if dtoie was g y  gpn& am  

differntoe betwegi the (H "  45) atto (M *  44)

No stgntftcam thifemtoe W1»  ixHed. S eeT d ^ A a tW S  m Ae 
r^ h s  toctkm.
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MATERIALS
The resource nmtcrW ured fw this experim ^ with al! four ciasres 

was based can the ScWwePlus 1 textbox* atW Te%*cr"s Rcscniree Book, 
(Aikuitic ScWree Curncultun Project, 1^^).

The matemls for Ae comrol group folbwW tire trmhttcmal 
pF^uibml rexdwc* and nreterials t^^pioadi fm'teadiing tire two 
sciesree units - Uvu% Things and Wutknm. To do this tire tether 
WowW dre seqtretree and comem mitlnre of the unit as pressed  L* 
dre ScimreeMus 1 text ami tire Te^drer’s Resource Box*.

Tire experinrental gnmp ured tire same materials and conicm as tire 
ctmtrol group. However, the teaching/leammg Ireuristic was different 
m that con«pt maps as advance organizers were used to sequence and 
paesmu die contait ro help stuxkms assimilate new knowkdge
and ^ re v e  meaningful kammg.

The xxmcefR as mivairee organizers used with the treatment
gnnq» were writtm the researdrer following tire guidelines of 
Auatbel^ advance mganreers (1%8) and Novak's auree^n nrefut (1984). 
The procedure to operationalize the concept maps as an advance 
m^^nizms ftn dre Living Unngs ami Sohitkms units followed tire steps 
remmmKuied 1^ Zeimm (1%3) m  advancre mgamzers and Par*ratius 
ami Keidi (1%7) on c o i^ 0  nmpjnng. lire folknving acpt were 
followed:
1. The prfanaiy «nirees of nmt^ial wae obtafnmi.
2. The key correqiK fo%  skI evm& relating to the unit were kkmifred.
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3. l^M e WM6 m o Q B W ^  te 1 wiy to Êe ^
fooBÜngfîal W ntog ( A i^ k I  1968, hkmdt !%4) would be obvk»» am! 

tocUWRl.

The folk)wmg guktolines WtowW to q>»iiktali2 teg 

ma|S »  Wvance mgmdzem for foe living dm%s mnd Kdtotom imits for 

d%eaperto^Ua! gMxq»:
1. Analyze the learning materials mW content.

2. Pidc the main dK od»r mnnïepis. Raidc them from

ihe most inclusive to ihe most specific. Then group the ccmoepts 

according to level of and re ia t^ i^ s . PollowmgtW

arrange the cmKep  ̂to a two d im ^ ia ra l array* t l ^  link t k  re i^ d

W  W*el Itok. Ftoally, look fi^ cix»s Ihdu.

3. O i^ k  the icmtobility and m^Ser^ma^ility of the n ^ » .

4. Revise.

5. Put the ctHTceto map m an advance oiganizer on a legular s l ^  of 8 1/2 
by Ï 1 sheet of |»per.

6. Make wmdter's tropy and stWaUs" ctq)tos, then mWte a mqxy fw t k  

(weHiead projector. See ^ipmidix A fm-Uvii^ Things Maps ai^ 

a p p ^ ix  B forfoe Sobtnn» M a ^

The structure of the concept map for the Living Things unit had 36 

concepts, 7 levels of hierarchy, 2 main branches, and 1 cross link. See 

Appendix A, Figure 1 for toe Teacher Coocqx Mtp-Uvtog Things Unit 

and Appendix A, Figure 2 for the Student Concept Map • living TWn^ 

Unit.

The stroctuie of the ctaroept map for the Solutions unit had 35
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c o a o ^ i, ÏQ <rfMeri^iy, 2 mmki bnrndxw, and 2 Wtâ. Mar 

llw Teacher Omcepl Map-Solutkms Unit sec Appendix B, Figure 3. For 

Ae ConceiH Kkp - Sohttk»» Uok ^  ApperWix B. Rguie 4.
T te dxNW va measure kaming of Kkrux for e«A unit

under study comisted of an Anova of tW pretest and posiiest scores.

See TaWe 3 tmd 6 m ti» reaths sectitm. At tl% ctmcluskm of ti% 

twelve-wedc e x p ^ in ^  amidon Kcowued tte ai^ence of two 

studesss fnun Ae tesulu of d% «ïhitkms p t ^ ^ .

71» f » e t ^  ami pmtmsts were crnnpri^  erf twenty multipk-cWce 

(ptMtHMK sekcted from a pool of tocher pre^mmd qwMions. Test 

(p»aiom co v ert ail levels of Bkxmt's (1956) <x%nitive taxonomy. I V  

Mumml mW experimental gnx*^ were not ntxiflmi or eiHrouiaged to study 

fOT the fastest and poatest and smct it was miemkd as a power test no time 

limit was impmed.
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ra c K im u E fi
This study utiHzW two ccmcqxiuU toçks m gm k sevoi sconce, 

Uving Things ami Soiutkms, in Ü» & ^ceM m  1 text ami die Tattler's 
Resource Book. The content, resourK materials, and tesson dijectives 
fw eadi twit otme fnxn these nm pgmuuy KxmcM, CtesK: wme43 
minutes in (kratnm and eWi loiit lasted 6 w e ^ .

Before conducting the experiment, the instructor prepared 
materials for the treatment groups. Lesson plans were outlined and 
sequenced according to the treatments. Both groups followed the 
lessons that were outlined in the textbook Science Plus 1 and the 
Teacher's Resource Book.

During the experiment the two classes in the control group received 
instructions in accordance with the objectives, outline and sequence 
prescribed by the ScienccPlus text and tl% Teacher’s Resource Book. At 
the start of the unit, and prior to the cteily tessons, the teacher- 
cmtstructed advance organizer conccjH map was presented to d% 
experiirœntâl group on the overi^d projector.

According to Ausubel, Novak, and Hanesian (19TB) d% advantage of 
deliberately constructing an advance organizer for the unit material is 
that only in this way can the learner c n ^  the advœtage of 
subsumption. This gives the student a genenU ovwvtew of the more 
deWted material m advance of «mal behtg confrontxrion with It, and 
also pervWes organizing el^nm s Aat are inchiilve of ai^ take into 
account the particular content comxined in the material (p. 172).

Students also received t  Wmdt ctmcept map with spaces arm fed m
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hkmfcbW  W üoo. See SWem C ooc^  Mj^Uvmg lliln p  UnK 
AppnsHx A, Bgmt 2mWfwAe SW«i* C<M%ep$ Map-Solutkms Uni! see 
A pp^ix  B, Rgiue 4. Tt% m a^ dW imt ccmtain any 
pit^positiom, or linking words.

At the begtmtkg «^et^chKs the imtnKtw explained tlw 
leW tK^lp betwem ̂ h  axKe^ «%! idemifW dxir linkage. The 
cowq* was eaq^W^d in d% ««mext of an Wvawe o f^ ix er so 
the studnâs «xiM leco^ûze the neWon&hip between the mam ami 
subsummg TlK mnknts then completed tlwir maps
{mttfaig hi the pn^x^klon lim , atW Ihdcing words. They were
also U>ld Aat they could modify their maps at any time. This mctWd of 
cmnpkting tl% cm^q^ map was utilized because, as Pines ami Wct4 
(1%6) said: *"Accofdh  ̂to Ae cotWnKtivist. teaming and the growth of 
understaiKimg always involves a teanwr ccmstructtng his or her own 
inivate undematWing of smne {mrt of the fmWic ktmwledge" (p. 5X4).

The student maps were diedted fw ctmytetctKss and accuracy. This 
advmce cHganixer cm«%pt mapping {mxæduie took about four to five 
inimités at tlK beginmng of e ^  ctess. The tteys te^m  then retewd tmd 
refuted to the ^n^epts amf Irnka^ td  what was just discussed.

The «Watkmal cm ^tt ami matertel was utemkal for both the 
control expenmental grmtps. The Wtmctor the cmucm
m Ae nrnmal fashitm. They tncludml hamte on Ktivities. experiments, 
leading ndgmaeits, fp^stkms, wmd pobtems, shnuWoim, Richer 
presentations, whole group and small group discussions, and homework. 
The only thing Aat was different was the preinstructional strategy 
used 1^ the experfanemaJ group

To msuro comparability between the two groups, time spend
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ctmtroi group ^sending Û» saim amcHtnt of iin% cm exmmpks In t)» 

lowest level of ÛK hfefarchy.

After i te  slX"W%k unit on Living Things was ccmipleted, a pcmttesi to 

(kicnninc learning was acbninistered to both groups. Folbwiog that tiK 

ccmtn>! and csperinHuUaf gitmps were reversed for the r»xt unit on 

Solutions and same prwedure was repeated for tW next six w%ks.

Because in this study tl% experimenter and tte  rcsearcl^r were tl% 

same, ilien; is the possibility tiuii liw results may he partially or vdioily due 

to an experinwnler expectancy effect (Rosenthal. 1976). While this should 

he kept in mind when micrpreting the results, it characterizes most teacher 

conducted classrcKun research and is not unique to this study.
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CHAPTER 3 
RESULTS

PRETEST FOR CLASS COMPARISON - LiVtNC THINGS 
Prk»* to the slAit of the e%pcnn%m, to test for h(wnog^meity of 

variance between the four participating classes, an F-test was oWuctetl 
using prewt semes mt Living Thbigs. ^  Table 1.

The F-test analysis mdicatcd no significant diffenence 

(E « 0.118, 2  > .05) between the four participating cks.scs.
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TABLK I

retteai M . JümmLomw JLlViNG HUNGS

O n e  P a e t e f  A l l O V A  % t  ■ C * * » #  V  i  i P M M L h ^

AWy** 0Î Vat!»nc* T#tHe

Î Æ U Î l , ( ! m S t m i  S t e ^ w : b t o e n  S f f i t o f t ; f  1 * # ; ;
s 2  B 7 & . 9 6 9 1 . 1 1 8

W '.t w <  iJ f iM » '- 8  k 6 8 9  3 7 2 8 . 1 1 I p  r . 9 4 9 2
1 t J ln l 8 8 6 9 2 . 2 4 7

Wk*#»! II fi'.tHttfiiP u) ccmpwi€ri vsftfBiM « 322

O n * F # c W A N O V A  X  t  ; C ^  V  1 ; P r t t n l  U v f n s

A Hi ? 1 11 4X9 3.37 736

il /( ?;i 11.391 2 919 .609

c  ;n 11.810 2 .839 606

<1 1 1 381 2 19 467

Factor AHOVA X i  :Cto*# Y ,  :pMto#*U##*@

A  7 D  r «  D  7 F 0 3 7 1 . 7 0 9 . 0 0 1 . 0 4 3

A  ; d  V »  C 70 . 3 9 1 . 7 2 7 . ( # 7 , 4 4 8

A  7 D  W .  D  7 S . 0 3 7 1 . 7 0 9 . 0 0 1 > 0 4 3

8  7 7  V * .  C  70 ' . 4 2 7 1 8 * 9 . 0 * 4 @ 0 3

B  7 7  V* 0  7 S 0 1 . 8 7 0 0
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B̂25ggj.
C-70 r t ,  0 7S  I 427 1 889 084 803

P R K im  UK ( ONTROK AND KXPKRIIV1KNTM. (;RC)M»S
Prior ÎO I he Mari of the cxjvriineiii. in icsi lor hoiiio^etK’iiy oi 

variajjce helwecn the ajisignei! cimlnd IN -  45) am! cxperinienî;»! groups 

(N = 44). an I'-tesl wax ctwdutlcd using pa’ievi vcoas on Living ntings. 

Tabic 2.

Tlw anaîysix indicated %  significant difference 

(£ * 0,102. 2 > 05) between the control and cx|rerimcnial groups.
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TABLE 2

PTvtv?>i pLCgnirgl m û Ei^rimgntai.Qroaps

fê d o T  U tO Vh  X f :Q«K^Typ»4. Y i

Analysis oi Variance T̂ e
Souttw DF Sum Square*: Mm » Sawae: F-1»»1;

pUriwsftMi qroups 1 ,811 911 102
Wilhin groupe. 87 691.436 7.946 p .  .7502
!0U! 88 692,2*7

Mgtftij i( HsîiiT(.jie cri bni#wn oonponsni varianct 16

One F 1C for AfrOVA X 1 ; Group Typ*4. Y i ; PrelMl Living

Oc uni *»an Oev 3ld Errer:

C:oit!ial 46 11 6 2 508 37*

44 11 409 3 105 466

One Fwiof A*K)VA X ; ; Grosp Tjrpa .̂ Y f ;Pr«MLMflg

( oin{!.e 1̂011 Mean D»t1
1 168 102 319
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LIVING TlffNGS D E T E S T  - m T T E T T  SCORES 

Fw Ae üm unit m the experin^m on Living Tliinp. a 2-fKtw 

rq)cated n»asui^ ANOVA was peffwmwL Tabfe 3 Aows tf» limits 

aid liK means for the experimeiual (cmKein as advamx 

oiganlzer) and control groups (traditional textbook apfHoach).

White boA groups showed a significant incieaæ 

(pretest - pwtwst = 2,741, p  = .001, Fab = 5.663 g -  .0195). tl% 

experuneoGd group p im d  significantly mote than the cxHiiml gixuip 

(average gain 3,509 vs. 2.(XX), g =.0195).
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TABLE 3 

y  vlnfcTliiags.PKigsiT.Baa^ Stoics

a»ma teMe Ibr a **elBr Rfwrtid meMiflvs te«m .

SoïitCB; d(: Sum W jtwtn S q u a r t :  F - f  M; P  v b W a :
G f œ w  T ) f î »  L  ( A l t 1 3 . S 0 8 1 3 . 9 0 8 t . 2 1 3 . 2 7 3 7
BuWaeia w. (foups 8 7 8 9 7 . 3 7 3 n . 4 8 4
Repaæd Waasura (S) 1 3 3 4 . 4 7 2 3 3 4 . 4 7 2 7 5 . 8 8 . 0 ^ 1
A S 1 2 5 . 0 2 8 2 5 . 0 2 8 5 . 6 6 3 . 0 1 M
B  »  W q e c i s  »  g n a ^ 8 7 3 8 4 . 5 4 . 4 2

TWa ware ne mtaSiTtg caOa found. 

Ihâ heWmoalaWe

PfîBfaat L F o t Q u i  . . . T o t t t a :

h
C on& oJ

4 5

1 1 .6

4 5

1 3  6

9 0

1 2 .6
t

Expcfflnen
4 4 4 4 8 8

C 11 4 0 9 1 4  9 0 8 1 3 .1 6 0

T o ta l*
6 9

1 1 .5 0 8

8 9

1 4 J 4 7

1 7 8

1 2 .8 7 6
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PRETEST FOR CLASS COMPARISON • SOLUTIONS UNIT 

BefW ÜK start of the unit, m  P-test was cmWuctW using 
pretest scores on Solutions to verify whether any significant difference 

exited betwe»t t!« fcHir {HUticip^ig cfaisses. S œ T a t^ 4

T k  F-test anal)^» indk^ted m> signtftcam dineremæ 

(E = 0.168, p > .(W) between the four paitijipating classes.
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TABLE 4

frètes! fer Class CcmparisoB • SüM km  UbJI

So u ig b : DF; Sum Sgurtn; M#*n Seuar»: F-1# tî;
Qfoups 3 3.818 1.SM .168

WifStws #%%% 85 608 683 7.173 B ■ .9178
To»al a s 613.281

#&3de; Il eskmaW W * w n  eo m p « w a  væwmc# see

On*F«c^A M )¥A  X 1 : O m  V 1 :Pm*WWwK@m

A 7D 21 7 671 3 37 735

B 7? 23 S 13 2 581 538

C 7 0 22 7 965 2 827 56

D 7S 23 7 957 2 033 424

CcHTq?a<n.on

F#cWf JWOVA X 1 Y 1 î P t ^ r t S o teflw »

Mean ( M  FWw PlSO SeMMe F-»tt: Dunngtt y

A 70  «. B 7F 559 1 807 189 692

A 70 «t C 70 383 1 825 073 469

A 7D M D 7S 385 1 697 078 .476

B 7F «  C 70 176 1 888 016 22

8  7F «  D 75 174 1.57 018 .22
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OmFsetw ANOVA X t ;a*#* V 1

Comg»a»fi Item Ptff Fa*wf R.SO ScHgHe f  tP»1 PtawwB i

C70 rt 0 7S I 002 j1 M8 2 041E 6 I B02

PRETEST OF CONTROL AND EXPERIMENTAL CRODPS

Preceding ibe irexl unit* on Solutions, the experimental (bL= 45) and 

contiol = 44) groups were reversed üren given a new pretest to 

(tetermirre if any between group difference existed. An I-test was 

conducted using pretest t^ re s  m  Solutions. See Tabte 5.

Tire F-test analysis indicated no significant differeiree 

{£ = Q.GTÎ, p  > .05) between the «^troi md experimental groups.
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TABLE S
Prétest of Conifiil amû Expert
On# Factor ANOVA X i  ; QfWp Typa-S Y i

al Groups

Amdya*# of Vartenga TaWa

S H t w s o n  g f o & $ * 1 f W . 1 8 9 . 0 9 7
W i r f w  ( p o u p s 8 7 613.083 7 . 0 4 7 0  -  J 7 0 6
T o t a l a s 6 1 3 . 2 8 1

Mo(W II esnmmg of betwan oompeaN .  .154

OnaFmdof AWVA % i iCraapTypa-S T i ; Aolea*Beàfltei»

Gfooo CooM pE«J, D e v  : p d .  E fT O f:
ConlfoJ 44 7 . 8 6 4 2 . 9 6 2 1 4 4 6

trpoim ionial 4 5 7 . 6 5 6 2 . 3 1 8 1 3 4 5

Fackf ANDVA X i A oopT ypeS  V 1 : PiW aafSoW e;»

C f l f t i p a f c . c m 'v fu a fi D gff F » h c f  P I S D S c W t e  F  t a w [ h m o œ  1

C o o t i o l  Vi t  « p u f i m o n t a l 0 9 2 1 1 1 9 | . 0 2 7 1 6 3
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SOLUTIONS PRETEST - POSTTEST SCORES

A 2-f^or nœ^uies ANOVA was perfmmW lo
d^ennti» a was ]m»nt, Tabk 6 sWws Uie
rewils ami the n^m  for tl* expwünemal mW ccmtrol gnnij».

White both grc»}» a sî^iHcaitt increase

(psetest « pmttest = 3.494, g  = .0001, Fab -  6.437, g = ,013), a^ in  ihe 

cxpemnemai gnmp (U% fom%r oH%rol gn»p) outperformed the 

^Httrol group (the fbm%r experin^ntal grrap), slnrwing average 

increases of 2.675 «anpaied to 4.295, g = .013 .pretesî-ptmiest 

scores fw tli« omtrol groiq) (N = 43) were 9.174. Two p o s t^  stxnes 

were missing as tl% stmtents dki not atteiui !^tool for tiw later portirm 

of tiw experiment
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TABLE 6 

Solutkwis Pretest - Ptaîteist Scores
Annpt tafeta far •  S4M pr n fM iM  ftnow».

T w ^S  (A) Î as.esa 3 * * * 4 IW -------------- . ï i
w. as I227.S27 14.44*

RepeaW  Me-iiswe <0) 1 S 3 1 .1 # *31.1*6 110.6*6 .W01
AB 1 28.S73 28*73 6.437 .013
B > 86 377,5 4.43S

Thete no musing ce% 2 c s t n  lËA nM ^g v ^ m .

Th« AS ineMvne* ta6ia

BspsaksdMM Pwo*} 8 POSÎÎB«J Toim%:

h
1

I

ConHol 43
7 837

43
10 *12

86 
9 174

Enpetimofl 44
7 932

44
12 227

88
10 08

Toük 87 
7 385

87
11 379

174 
9 632
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CHAfT&fi4
CONCLUSIONS, RECOMMENDATIONS AND REFLECTIONS

CONCLUSIONS

Ccmcq# imps u s ^  as Wvance orgimizers are an amalgam of 

Aimibel's (1%%) th^ny dmiing with bamfaig md

Novak's (I%4) imtnictimial for usmg ma|% in classmmn

Piimipal assim^^mm were that cm^repts are regularitres 

anKHigst arei are d^gm red 1^ a synd»l aimiged mi a n^p. Also 

tfnpmüuH to this ^udy was tire f&A tlret nreaningful concept kaming 

will occur whoi tire ^ m e r  OH^toiisly tirés to relate new infomretion 

m (XHK^Hs whtdi alimtfy exist in tire réanrer's cognitive sinicture, and 

meaningful réamrég ré tire ^ a l  of se tte e  etkreat^.

For dre 89 gi«ré seven stwkms that Uxdt pan m lire expcrinrenL, 

involving two six-wc^ units in Kieiree, ANOVA treatment of tire pretest 

aiW secret reveakd tW  the experimental group using cmrec|n

% Wvamre mpnixms did siptificanily bmter in ^ m in g  sctemre 

m am kl «nq w ed  to Ae cmniol poup using the tnditkm rextbook 

method. The hypotiresis was accepted that concept maps used as 

»tvanm CH ^iK is mn signif^mly bnjsove the learning of grWe 

seven science material.

Accon&ig to p o ^ t^  Kcnm, dre expersnemal group scofed about 

1% bma^wUre Lrémg IT tii^  u #  and abm# 9 #  betrer rni the Sdutréns 

tmh, c@#WBd to the comnd group. These resths ^> w  signUkwd pm s 

a»â c o n ^  wUh othM* shidimi ré sc^ree ushig c o n c ^  naqre as »iv«Ke
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(ggmuBKs: Qtbâffl (Î^)>R<^(I99D)» K ^ m d  Novak (I97C^ 
Willefmanai^ Mfô Hub (1991). The fb ïdb^ ôüs stiMfy pfovide 
further support fw Austd^efs m M  of kambrg am! It^p h  Novak's 
cw K ^ mai^ii^ h^m ak.
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RECQMMBNPATIQNS

Several rectsim^HUtk^ have emerged fnmi this imidy. IM i^a  
nm^ fai d*  contât ctf an advmce of^pniKf is reeommemkd as 

a way to mwmrage m ^tngfu l teunii^ of sc tm e rmitenai.

Using a crasrqA as as WvaKe w g W a r im snpiicaltons mw 

cmly for its ag^lieadom in the ckssroom, inn alw fw tl% advam^iwrn 

the omstructivist dmory of kamit%. Tlie in getting the

students to create their own maps involved them in a coopcmiive 

%dvity using a cwnsmiaivist ach ing  model. This tmx»ss is also a 

^X)d sray fi^ to deveh^ cumculum. Hcm%, when a map is

ctmstnKted a cmKtew imxhKt is available tW  can be copied, drnned, 

and discu^ed widi cHher eaUeagt^. tuning t h ^  fmxhicis tmy 

et^njrage tAher te%l%rs m team abmit aiul use tlK cm^iruclivist 

to cmce^ mappmg to further Aeir sctence teaching.

It tW ^ a «Btsktendïte mmnmt tune to g«Kfa% a cruwept nmp as 

as WvaiK* orpniaær. Lite CliWm (1990), 1 fouitd at first H takes a 

huge mxNUW of tm»* but tte  nune tme does it, tte  as te r U becrnnes. 

Also, the procedure used to operationalize concept maps as advance 

OTganiars in this cxpcrimcm is given in Chapter 3 and can be used by 

others as a guideline.

The studems were probably helped by the te^her-pioduced concept 

maps bwatuse they helped whh the organization and sequencing of 

mtdenaL Agreeably, Ae advamtge of deliberately coosinicting an 

advance orgnizer is that only in thte way can the teamcr enjoy the
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Meaner (a) gNe# t o  a Gv^vtew
of the mott <k*ai^ mateiiaJ m advw w ^hk imaJ « m fto to n  
with It, and (b) also provides organ izjuional etemcnts that are inclusive 
of and take into account most relevantly and cfficientJy both the 
particular crmtcnt ccattained in this material and relevant concepts in 
cognitive structure (Ausubel, 1963, p. 82).
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BEITLRi

Throughout this experiment a number of things were mwed The 

e%p*WenWf dki mx a kH cd* time to fonmlly teach the 

die cofteefH nwRimg strategy because Ite wanted to 

DBttndüc at^ imipping kamti% that wcmM affect and

bfliwtee tlte outcome w i ^  switching the control mW expcrinteiual 

grmipt (pMn unit <xte m tmh two. B^ausc of dtis ^une students found 

cmmntetUig the nmce}^ n»{» very difficuh and ouifusing with legurds 

to the real puipose and u^fubiess. Mcue tinte cm the usefulness and 

reladcnishtp between concejH maj^ atul teaming wmild have been 

beiefkial. However, as Novak (1991) staW: It usually takes .^veml 

mcmtW or regular fn itet^  aM fe ^ ^ d c  m orcter to teach students how 

to ctmshua good MUteept maps” (p. 48).

It was foteul, dial in cieming cot^pt maps for dte two units used in 
this experiment, a logistical concern that had a limiting effect on the 

was tlte Ktual size of tlte f^ r -  The K 1/2 by 11 inch paper only 

permitted tte mcm inqrormm ami m a^ ccmce^ to be used. Several 

(Nher subcm&we muteepts could have been iiteluded Imt tlte 
limitation prohibited this. Alternatively, for a large unit of study me 
^tefsl (xmcqN map W  %%%ml retevant krt mclusive conce^ maps 

may be a {nefermute, ts warn utilte^ 'm tlte Audy ccmducted by Clibum 
(I%3).

The WÿdyomoepwalscieooepR^wDdevchqtedl^SciRKeMus I 
(AS^» 1%6) node catMsh* use aum#m*s scWifte pocx âRt stteh 
as measirh^ (Aservipg, aW mtcnteetmg, to name a few.
The prooessM were nm noted on the mmcept ra^ ktt pteyed a criteial
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m ^  ^  mmacm  lavolved ia
ü% units in the experimem.

Becau^ a primaiy of «bcatmn is U) mqmxve i^udei^' 

uiuierstffiiding ami thiiüting skills, wWi âte a^ fd o n  the k  not
just a passive consumer of information, constructivist learning theory 
goes lmnd-in-l«ml with cognhive learning. Both faivolve a p ioœ » of 

atkiing inrVmnaticw to whiu is ainwly known. Jt^n»cm and ITwmas 

(1992) ea&Wishml ihm stWents imtst "mmstrwt" their own meanh^ of 

tlœir experiences based on what they currently know (p. 7). In order 

1Œ- meaningful learning to oKur stm ^ts must be mztive in tl%ir own 

learning. Therefore, m this way stutknts are active participants in the 

planning, tblivery, and evatuMicn of crmient material

NotwitJ^tamiing. the leadier plays an active rok in n%anu%ful 

learning. If n^aningful learning is to take plm%, tl% teadwrs pkys a 

crucial role in that proœss. Cmrcepi xmpping involves the wacl%r by 

examining ÜK science ctmtem, picking out ctmcepK W  arran ^g  and 

sequencing tl% lessons ami mstiwnions in lit* with t k  c c m t^  maps.

Educators are constantly searching for effeoix% tools to make 

teaching and learning nmre effective and in%restmg. AW, given the 

ecmmtic situation summiWir% edu^tkm, must search out

inexpemive and effective t^dtnkpies. C m ^pt m q q ^g  takes im more 

than tmper, pencil, ami insmuHkm tow. It requires ntmimal training 

time, ifttk mvestn%nt in f^ e riah , m i  m  mv^tmem m equifgnent 

Additkmaily, the use concept miçs orWvance c^ganisen do#  

mx require teachers to titeir petkgt^ks! th#e 

serve as an «kiition to their ^tsem tedmkpte teadthig.

As a pre-instructkm toed, the cm »^  is a vahwfok Wtenmtive,
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or Addidm, to oüxi tedmkpes such as m  iafomml is^ lew ,
(p ^ d m s am) or a pretesl, to itetennine what jmor

knowledge a student has regarding a particular tqnc.

The 2%perm^^ idso ct^^uis with Üw n^NmnmWatkm matte by 

Barnes and Ckwstm (1975) that future advawe organizer research 

studtes test more than a w%k, be u W  with studertts c ^ r  thmi at 

iW 0 )l% e teveh snd be coWucted in a dirKt classrotmi setting. This 

mWy, «diich W ed fw mwlve w ^ ts  ami was to siuttents at 

the gratte »ven tevel of a jimmr h i^  scWol, adtte to tl% ending 

research on Wvaiu% organlKfs.

One more improvemait that dumid be encouraged ami taken 

advanta^ of is using the mterocomputer. As was noted by !teinze*I*fy, 

CroveUo, & Novak (1984): "we are at the beginning of computer assisted 

ed u ^ tm " (p. 153). An area that holds a k)t of j»rtcntial is 

eductrnqmting. Tlte microcomputer can excite sluttenfs both cognitively 

and affKtively, ami œiemte is but just ore area where subject content 

and interactive œ i^qtt mqiqxng can be adapted to software and 

conqniter Wumtegy. This dlfCvtum slmuld be expbred more!

Moreown more gnqhics slteuld be integrated into tlte OMteepi 

mapping process in order make the material more vivid in the learners 

mimL ^UlTterslnein (1963)* in an articb on viatal aMs and fNjpil 

stimuWmi* suggested: "Variota meam of visual educatmn such as natural 

o b ^ ^  p^WM* models* darts* or dkgrams nay ami must be used 

to &vehq) sudyti»] tkntght and ^n^iests in mder to make it easkr for 

studMrts U» utWerstem) gerwalizmhms in tlte fmm d  Ktentiftc con^^s" 

(p. 35-36).
In edt^titm  nrnre mrqjitesis dtould be p W d  on manin^wl
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As C l^ um (lW ) be (rniWM#
body of knowl^^ sikI, in the {so o ^  of tei^ihig, the nm%nal skmW 

be pmienW m a n%anâ%ful nwa»r. To this «W* the teadiers' ^KHikl 

understamS and fnesem their mtb^ct as a cotteptual s y ^ n  in order 

to allow for meaningful kammg.

The researcher tested fm- d% kaming of sckiKe nmtcrkL Like Roth 

(1990); Roth ami Ywe (1992) theaudxn^tWced iwreased emhusiasm, an 

ea^mess for work, and greater clas#omn pro&Kdvity with ti» 

cxperin^ntal group that used c(MU%pt maps.

In sununary, reæarch seems to mdkate Aat mailing is an

impcHtant strawgy for Kveral r«tsoi%. First, the mnknt must be an 

active [^icifmnt in the kaming process. &cmW, mailing requires 

siwknt to {Hocess the informatkm M a ckq>er k\%l. Third, the student 

may oNain an overall picture of the iidmmatitm, nm just bite and 

p m ^  of disjointed ami umxmnect^ mfoimatkm. Thus, the stmknt 

obtaim a cognitive fran^work frrnn which to {mxæed in the kaming 

process.

Com^pi maps as Wvamx organi^rs are powerful temrhiî  

strategies that require studems to beconw *Æti%% aiKl respcmsîbk 

learners. The achievement gains shown in this study confirm that comept 

maps used as advance organiars can sigrdfica%ly huneaœ the 

learning of grade seven sckm% nmteri&L
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APPENDIX A

LIVING THINGS UNIT

TEACHER CONCEPT MAP 

STUDENT 0)NCEPT MAP 

HtETEST 

POSTTEST
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GRADE î  LIVING THINGS PRETEST

INSTRUCTIONS:

I. TUIÎRE ARE 20 MULTIPLE-CHOICE QUESTIONS.

1  PLEASE READ EACH QUESTKW CAREFULLY.

3. CHOOSE THE CORRECT OR BEST ANSWER.

4. ON THEAÎ^WER SHEET PLAŒ THE LETmR IN THE BLANK 
THAT BEST ANSWERS THE QUESTION.

5. BE SURE THE NUMBER ON THE ANSWER SHEET MATCHES THE 
NUMBER OF THE QUE^TKIN YŒJ ARE ANSWERING.

6. MARK ONLY ONE ANSWER R)R EACH QUESTION.

EXAMP1Æ: ANSWER SHEET

I, THIS IS tK)R THE SUBJECT OF Î . A

A. SCIENCE
B. MATHEMATICS
C. ENGLISH 
a  HEALTH

GOOD LUCK



I. Afs exanq^ ^  |» n  «% is

Â. moss 
E. mold
C. water
D, bacteria

Use the following information to answer question 2,

Ryan cut an idcniical hole in four sides of a large Inn. He phkvi! the 
box over a plant as .«Jsown in the diagram.

L ..4

wbWi Imte tl% plant's l«ves would face at tlte end of one week,

A, !
B, 2
C, 3
D, 4
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3. If «I animal has six tegs, two pairs of wings, and a body with a kzad, 
thorax, and abdwmzn, which of the follow ing could tins uniinal hr?

A, a bird
B, a spitkr
C, a Imttcrfly
D, a Ntt

4. Which bird's f(K>t Is lM?st adapted for running?

A. It.

CiJS'fW

f . II.

/I
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Questions 5 ami 6 refer to the diagram of the flower below.

fVl»J

Ovary

5. What part of the flower produœs pollen?

A. petal
B. stamen
C. ovary 
1>. sepal

6. What part of the fk>wer pnxhioes %eds?

A, petal
B. stamen
C. ovary
D, sepal
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U% ûw following diagram to answer que^lon 7

An Imaginai}' Bird

7. Based on this in.agimiy binfs i^ysical dmracteristics, the best 
is that it

A. wad^ ahsng lake shoo» in ^arch of fcKxi
B. &ms and glkks on wind currents
C. swims in pcm^ and m atsks
D. feeds on woims aiW gnd%

THE ..GSEAT , WORM RACE &ElCm .R!̂ LPHA:i
GAMMA

8. T lir» wofms started frran tte  œnîcr d ’ rmg. Alpha sped oulwanls 
at 50 cm^ for lî» first half-htmr. During the last half-hour his sp t^  
was caîy 30 o r # .  Bern, on the other land, starW cmi slowly; during 
tl% Brst balf-lKHir \m speed outward was only %) cm/h. However, in 
t%̂  fmal W f-krur üm q»d mit at 70 on/h. Ganum IW a steady pa<% 
fc»’ tte  fun h(w , avasgiog 40 anflu

How far Æd tte wsa»r

A. 40
B .45
C .35
D. 50
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9, Which of the following is an example of locomoiion?

A. An empiy sled sliding down a hill.
B. A pcrstm pulling a sW  up a hill.
C. A perstHi rolling down a hill after falling off a sled 
I>. A person climbing a hilt on a snowmobile.

10, To make food, green plants need light,

A. oxy^n and water.
B. oxygen and carbon dioxide.
C. carbon dioxi*k and carbohydrates.
D. carbon dioxide and water.

11. Which of tite following best explains why fatbits turn white in winter?

A, To help them find fæd.
B. To help tltem keep warm.,
C To be less visibk to pr^iators.
IX To reduce their body temperatures.

12. Everything around us can fit into (me of dtese grmips

A. mm-exktent, alive, difterem
B, Hvh^, ram-exi^nt, (kW 
C différât, (kad, mm-livh^
D living, (kW, mmdiving
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Uœ ÜK following picture to answer que^ion ] 3

13. Tills picture is an example of

A. pcmtive re^xuiK
B. positive aimulus
C. i^^tnre stimulus
D. iKgative respmme

14. A of tærmful growth usually found on (1% stem m pbnt is a

A. earner
B. sore
C. gWl
D . wait

15. One ÆffHemre between animals aiui plams is

A. Aitmals mavt 1^ loconrntitm.
B. Aniinals need water.
C. Atmmb :^mo6ree.
D. Aniimis grow.
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Î6. Which is not a living thing

A. tree
B. bird
C. nest 
I), leaf

Use tiK following diagram to answer question 17

17, Ttw creature «rems related to

A. scorpions.
B. in ^ t s .
C. spiders.
D. centipcrks.

18. Which is ite  main difference between insects and birds?

A. wings
B. feathers
C .eggs
D. eyes

19. Elena finds the following items mattered in her garage:

. hammer . ball . preœ of wood

. baseWU . screwdriver . football helmet

. îmch . saw . fka

How many hvh% th i i ^  did she fmd?

A. 0
B. 4
C 2
D. 1



Use the following infonnation to answer question 20

Sarah shone a flashlight on an cartliwonn and watched wlieie die wmni 
moved. T fe  diagrams show from above what happened wlieii she jdaeed 
Ik: flashlight al Y and at Z.

C Z ] :
fiasWighi

wtMin St.11 Is 
heie

worm Stans worm ends 
iicrc here

%). If Sarah wanted to move ihc worm to X, predict witcrc the bcs! place 
for l%r to position tire flashlight would be.

A.
flaslilighi

B.

worm starts 
here

X

wonil  sfiHls 
- luMi*
v^thv.hhj'ht

C.

X X

Î- _ worm starts 
here }| jfhr.hhghi

« flsshüghî
wofni  ‘.f.jJiv 

Ih;m'



NAME:

1. ___

2 . ___

3. ___

4. ___

5. ___

6. __

7. ___

8. ___

9. _

10 . __

11.__

12. ___

13 . __

14. _  

15 . _ _

16.__

17. _ _

19. _

94

ANSWER SHBBT
__________________. r'i.AS.Si — ...
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G R A B S  7  mmQ T m i i Q S

iNSTRUCTîONS:

1. TOHIE ARE 20 MULTIPLE-CHOICR QUESTIONS.

2. PLEASE READ EACH QUESTION CARÎ-FULLY.

3. CHOOSE THE CORRECT OR BltST ANSWER.

4. ON THE ANSWER SHEET PLAŒ THE liTITER IN n iE  Bi^NK 
THAT BEST ANSWHIS THE QUESTION

5. BE SURE THE NUMBER ON TOE ANSWER SHEET MAIXniES 
THE NUMBER OF THE Q U EZO N  YOU ARE ANSWERING.

6. MARK ONLY ONE ANSWER K)R EACH QUKS'HON.

EXAMPLE: ANSWER SlU'iri

I. THIS IS FOR THE SUBJECT OF 1. A

a . sc ie^k :e
B. MATHEMATICS
C. ENGLISH
D. HEALTH

QOODLIKHC
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I. An example of a mm-Hving thing in mir environment is;

A. mushroom
B. fern
C. air
D. virus

2. i4)ur types of growth that livmg things may exhibit are;

A. continued, replatæmcnt, reproduction, harmful
B. continued, renewal, reproductkm, h^mfut,
C. reger^ration, continued, harmful, renewal
D. rejuvenation, continued, harmful, regeneration

3. While a girl was sitting untkr a tr^ , she watched a bird getting ireects 
frtMn between the ciac^  of tW bark. Which drawing shows the kind of 
beak this bird mtnu likely had?

B

4. Hæ female reproductive structure of the flower is;

A  stan«n
B. K ^ l
C. pistil
D. antler



y?

BARTHWiCmM OLYMPICS

5. Durbsg ihc Earthworm Olympics six earthworms started fmmt ilte eenter 
of the img. In m e minute Nothin' trmvcWd 44 cm.  ̂while Earl 
fW dW  Bi smuul plm% by squtmttng 37 cm. Finishing in third place 
was Reggie with 34 cm; just behind was Botch who crawled 3t) cm, 
and Boo Bm next at 29 cm. Jerome finished in sixth place with 27 
cm.

What w%s iIk average distance traveled by tÎK’ worms?

A. 34 cm
B. 33.5 cm
C .33 cm
D. 32,5 cm

6, Mow do insects help many types of plants?

A. tk y  brii% food for tl% plants
B. tWy cany pollen,
C. they lay eggs imitk the plants.
D. they eat the Waves of tl% plants.

7. Which is not a ttead thing?

A. grass
B. paper
C. chair
D. wood

8. When <h> giiis get a large growth spurt?

A. 11-15
B. 10-16
a  16-21
D. 12-17
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9. A type of harmfti! growth ficmnd in «timak is:

A.
B. wart
C. sore
D. cancer

If). All living things show these signs of life:

A. rejuvenates, migiatcs, mû re^xmds to stimulus
B. hroaths air, reproduces, and grows stronger 
(,\ moves, grows, and resptmds to stimulus
D. eats n^at, hibernates, and grows

11. i^rtilizatim occurs in a flowering plant when:

A. pollen grains travel tkiwn t)% stamen
B. pollen is attached to the pistil
C. a Mcd ^mnits am! a stem
D. a pollen grain unites with an egg

12. An essential function of adult insecls is to:

A. migrate
B. reptWucc
C. grow quickly 
U. hibern^e

« 10 20 30
length in cm

13. How kmg is the bkck of wood shmvn in the above dbgram?

A. 35 cm
B.25 cm
C. M) cm
D. a) cm
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14. Which of the folfowing is an example of mcuion?

A. sontecme pkks up a pkmt and moves it close to the window
B. teaves fall from a tme in the fall
C. bcm sellings bend toward tlw light when placed by a sunny window
D. petals fall off a flower

15. A farmer wants to s e l^  sl^ep that arc not likely to jump the fences in 
the fmmyard. Which should tW famwr select?

h i n )

c.

16. Ch% key difference between plants and animats is:

A, only animais can rejmxltrce a rrcw ^meratbn
B. only plants can produce amnher one of its kind
C. only plams can move from tmc p l ^  to anotl^r
D, only animals can move frmn p l ^  to place

17. WhWt is a warm-blooded animal?

A. rabbit
B. frog
C. deer 
0 , crow
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18. Aji oqïersnent mtwt Ae res^me^ of an eaitiiMmn w
*n» apparatus was set up as in the djagiam below. Note the iK>sitkHi of 
the worms after 4 Ikhiis of illumination.

UÿB

7

Which statcnKnt best explains or infers wW  ymi have ot^erved in this 
cxpcnnœm?

A. tW worms IDted beir% K ^tW r
B. the woims prefmed the Night area to tW (kik œœ
C. the worms preferred a dark «ea to a bright one
D. the worms |m;fcned a wamKr spot to a cokkr one

19. Wliich of tiïe following best explains v\hy rabbits turn vw-ia; in tite 
winter?

A. to l»lp U%m ftiKi food
B. to Wlp them k e ^  warm
C. to be less visibte to i»  e m n ^
D. to reduce their bWy temperature

20. This venus flyhi^ is »i exan^tk of;

A. stimulus
B. reaction
C. positive response
D. negative lespcmse
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ANSW m  SHEET
NAME:

1.  

2.  

3. ___

4. ___

5. ___

6. ___

7. ___

8. ____

9, ___

10 . ___

11.___

12.___

13 . ___

14 . ___

15 . ___

16 . ___

17 . ___

18 , ___

19 . ___

20 . ___

CLASS:
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APPENDIX B

SOLUTIONS UNIT

TEACHER CONCEPT MAP 

STUDENT CONCEPT MAP 

PRETEST 

POSTTEST



MIXTURES
arretiCT"

Solutions
lAowlhrnmi» are comtMaliann rollpdEgiMiaLflt

CharacterlBUc»

do nM
Part» of a Solution

l.Tyndall Effect Sow te

2 T ra n sp a re n t 
(except alloys)

ton ni* 
.m l

n t o

3rî iSnôSânëôû&
SolutéSohieni(disswe)

Desalinntion

Non-solutions

Types of Solutions

S/L
OIK-ZT,-

G/L G/G

(ta (fa-

f 1( 1
Sufiar
a
water

Pop Air

k.' 1-

L/L

( ta -

S/S

( t a '

Alcoho
&
W a te r

B rass

Soh-eni Retained
,'iîre ^

W a te r  P ijr ir ic .u io ti

I  DistllliUUni

! S 'ivr itt  iv S(>lule I
!.. fei-Yllrt,}____1

i' t
!— -------------  î
1 W ater  C v r îe  '

L
S u ^ a r  S o lu t io n s  j

Dlkne

Stip
— z r
Nectar

j C u n c e n t r a t e d  | 

6 !#*

M . i p ! * - S v n i p  I 

'-------
H n n e e

Figure 3. Teacher Concept Map-Soîutions Unit



Figure 4, Student Concept Map-Solutions Unit
o
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GRADE 7 SOLUTIONS PRETEST

INSUKUCnOHS:

1. THERE ARE 20 MULTIPLE-CHOICE QUESTIONS.

Z PLEASE READ EACH Q U EZO N  CAREFULLY.

3. CHOOSE THE CORRECT OR BEST ANSWER.

4. ON THE ANSWER SHEET PLACE THE LEIIER IN 11 IE BLANK 
THAT BEST ANSWERS THE QUESTION.

5. BE SURE THE NUMBHl ON THE ANSWER SHEET MATCHES TÏ IE 
NUMBER OF THE QUESTION YOU ARE ANSWERING.

6. MARK ONLY ONE ANSWER FOR EACH QUESTION.

EXAMPLE; ANSWER SHEET

1. THIS IS FOR THE SUBJECT OF: Î. A .

A. SCIENCE
B, MATHEMATICS 
C E N G i^ H
D. HEALTH

GOODLÜŒ
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I. Whtch of following does not dissolve in watei^

A. sah
E. sugar
C. aicc^ol
D. oil

3. A stitdent dissolves stnne sugar in a amiainer of w^er. Whidi of the 
following will NOT inciea^ ûm rate at whidi il% su p r 
(hssoives?

A. Iwating tl% water
B. crudiing the sugar
C. stirring Uw sugar
D. closh^ ÜK «mtaû%r

3. If tte monades of a suWWK* are nK»ving #  gre^ distances fnm each 
other in aunpariam with die siœ of d% m o b ile s  and in&rKt wer&ly 
widi each <nikr, what is tlœ state of this mWtBice?

A, a crystal
B. a liquid
C. a solid
D, a gas

4. Which symbol ktentiH^ a » ite ta i^  as (^intsive?

D.

5. An Wrumeni to fmd die amcrnmatbn a Kdtitkm is:

A. bydronwter
B. thermometer
C. peckHueier
D. (Hkm^ter
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6. Maiy p lac^ an egg in each beaker.

X

An otüervation to be made from ük pictures is that

A. ÜK in b ^ e r  V is fkmting
B. tW Ikpnd in beaker Y is
C. thme k  a sah soluUcm in better V
D. the egg in beaker Y W a  smaller mass

7. WWi Joim pourW boilmg water into a glass, the glass koke. lie thought 
timt ÜK great dtf^ienoe m tei^)M^ure between tl% water and the glass 
^used the gWs to bteak. Which of the foilowii^ wmild be the 
test his hypmlxsis?

b o i lm g  M t f f

hoi gl» i»

c o ld  Wd!Cl

coW

!«n!mf waWf

km flw

boifinf *«cr

g la s s e s  K  r o o m  tc m p c r s io r c

D.
Wimp waicj

road gktv hol^»4
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A student pours !00 ml of water into eadi of Uiree fumtels. Amitel 
omtams a diffenmt aiWtamx. Tlte stutknt waits mail dte mtter sio|» 
flowing mil of idl the Amwls, aiW the tesuhs sWwn in dte
dtegPKns below. What can this mMknt con%tly omtelmk fitnn tltese 
results?

A. The saml atesoits mme water dian ttte humus does.
B. The clay a W tts  nu>ie water than tlte ^Jtd or tlte humus does.
C. The clay aWmW ail of the watm* that is poured into the funnel.
D. The sand tkes not alsoib any water.

9. A beaker cmUainii^ crushmi ke and water is Iteated. The ^xçm tture of 
the beaker’s omtents is recorded every 2 mbnttes. A greq* of tlte data 
appears below. What (tees boilmg of tlte cmtents of the beaker occur?

HEATBSG SX W AItS

} 4 » t M1»Mae8 34»a

A. bm noH ^iy after the he#h% b^ins
B. Boween 1 mW 6 nmndea aAer dte he^h^  b ^ s
C. B e t^ o t 8 aid 14 mhm% Wter the 1 ^ # %  b ^ s s
D. After 16 minutes of he^mg



1 0 9

10. For die diagrams below, which of d% followhig is the conect <mbr 
fw d% water cyck?

I f-

Thf rncr mikf Ac nlmnftt m Ar ki IN fk*A wwi ». tiw

A* 4 2 “ •> 3 > 1
B. 4 > 1 > 3 —> 2
C* 4 —> 1 2 •*“> 3
D, 4 3 —> 2 —> I

T)f«pMd3Wo**g*;ckedkk&*ad I V  fcaw  n( tj*- * # . ,
te fqn*(kiuA

11. Mary wants to fW  out if tlte amount of salt adtkd to water affects how 
high a ball will flom in water. Whtdi experimental ttesign would be tlte 
best for her to use?

A.
20£ 
S3]! ^

= r i » :
—  ----- -

. - . . .

?(» r ,

MÎÎ .
<>« f 
wit

wafer

60f,
sail

60 g
sail

U. /it p

V*
•\ r. .

'.jif (. ;/

1- - r> i   ̂ '
'4- ' t *  11 — ^ '  1 #—  w « e r  — -  ' 1 w a 4«  I '  ;

— — J
12. If a mixtute sWws tlte tyndall effect it is called

A. a soloikm
B. a ntm-sohithm
C. a
D. a solute
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M. Scicntisis wcnild m<^ îîkeîy «^«erve ihm the river water wîuM be 
least imlluied at the place marked m the picttire with the letter

A. W
B. X
C. Y
D. Z

Use the folUtwiBg iBformatioB to answer question 14.

tiqttai «nttwnu of waier im c ĵ aocd in each foar beakers. T k  
W.akcj5 were kc(% «  (HfïaeBî temperalafcs.

coU  w airr wzfHi water hot kx witter
*N r  "s r

k j k c r  I beaker 2 be^r 3 beaW 4

14. ÂÛer mte day. which beaker mndd lave the k a#  msmsâ (ri w^er m
h?

A Beaker I
B. Beaker 2
C. Beaker 3
D. Beaker 4
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Use the following information to answer question IS.

One h w d  a beath baîJ inw a pail W&a ate ftturtted
k  the h ti tftnnoQR, she W  AflkWty Ü* beach ball frora
* e  pail,

15. Hie explanatitm for this is that the

A. baJJ and {Htü ext^Wed 
8. W1 tmd ^ i i  W  ccsiiracted
C. w a  had exjmntted more tkm tl% {mil
D. pmU had ctmtn^ted mwe than the ball

Use the following information to answer question 16.

Warn 
SOOO ml

Wiifi

16. Which of the following statements about raising the water temperature 
fnan 20 d ^ r ^  Cblsias to %  degrees Celsius in t k  beakers above is 
Hm ?

A. The same atwum of he^ must be tuWed to bmh beWiem.
B. h k n  be« imiss be «ided to bedter L
C. htofo hen msm be Wded to better li.
D. The %%qwtmme of beaker I will rise twice as fast as beaker U.
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17. Of Üwse mapk products, which has tJw higWst ««Kcntfttkai of sugar?

A, maple
B. im pk W ter 
C  maple wax 
1). mapk syrup

IX. Sara dissolves smw sugar hi a jku of water. How can she ieco\ter solid 
sugar from this solution?

A. By pouring tlte solution through a palter filter
B. By heating the solution and then collecting the sugar that is left in the 

pot after tlte water has evapwatMl
C. By using a magnet to attract the sugar
P. By allowing the soluttcm to stmtd for a few houia and tlten collecting 

the sugar that has sunk to the bottom of the pot

1 9 .1 ^  (club soda) is an exampk of which type of solution?

A. gas -
B. solkl - lk)uid 
C  solid • solid 
IX p s  - lH)uid

20. Ikt a solutteft of uBtant troftee aid w ^ r , tlte wmtr k  kitewm #  wW  
part of the rolution?

A, solvent
B. solute
C, sotubk
D. saturated
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ANSWER sm m  
NAME: ____________________________ . a.A SS:

I. _____ .

2   _

3. _____ .

4. _____ .

5. _____ _

6.  _

7. _____ _

8.  .

9.  _

10 _

I I  . _____ .

1 2 .______.

13 . ______.

14 . _____ ,

15 . _____ .

16 -

17 . _____ ,

18 . _____ .

19______ _

m ,
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SRAgfi 7 SOLUTIONS POSTTESI

INSTEUCTiOHS:

1. niLÎRI- ARF. 20 MULTÎPLE-aîOICEQUESTIONS.

2. PIT-ASH READ EACH QUESnON CAREFULLY.

3. CHOOSE THE CX)RRECT OR BEST ANSWER.

4. ON THE ANSWER SHEET PLACE THE LETTER IN THE BLANK 
THAT BEST ANSWERS THE QUESTION.

5. BE SURE THE NUMBER ON THE ANSWER SHEET MATCHES TTIE 
NUMBER OF THE QUESTION YOU ARE ANSWERING.

6. MARK ONLY ONE ANSWER FOR EACH QUESTION.

EXAMPLE: ANSWER SHEET

Î. THIS IS TOR Tl IE SUBJECT OF; Î . A .

A. SCIENCE 
K  MATHEMATICS
C. ENGLISH 
a  HEALTH

GOOD LUCK
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!. TT* besi wty ^panme e mixture ^  table saH œW beach tsstà mmW he 
to:

A. put the mixture in a beaker and heat il in a bunsen burner.
B. init t}% mixture m a filtered fwmel and run water throu^ the mixture.
C. pass a strong magr%î over Ae mixture.
D. add dilute cidcimn chloride solution and stir until tl% bulAtes of gus are 

iK> Itm ^r escaping.

2. Air is as\ exampfe of which type of mixture?

A. gas - liquid
B. »>ltd - solid 
C  gas - gas
D. K)lid - Ikiuid

3. Scientists wmihl mmt likely observe that the river would be most 
polluted at the place nmrked in the ptmtre with tW tetter

A. W
B. X
C. Y
D. Z



116

4. In a s (^ t tk ) f to f« « ^ « id ira g a r ,^ a i^ s k & o w n i» « ^ { a f t< ^ â ie
solution?

A. saturated
B. solvent
C. soluble
D. solute

S. Of mapk prWucts which is tl% most dilute solution?

A. xmple syrup
B. wax
C. mapk sap
D. mapte butter

6. If a mixture does not show tiw tyndall eRlKt it is calkd

A. a solid
B. a solutitui
C. a non-wlution
D. a liquid

?. An insînmwnt toK^ttlw sahûwss of water be mack 1^ placing a 
small weight at tlw bottcun of a s ^ e d  g b a  bulb, ami fleeing this bWb 
in the wawr as diown in the dmgcKn. W W  wmild expea to hq^)en 
to the flcmi if more sail is adckd to flw water?

A. t l o ^  to a hi^wr k w l 
B> sinks to a Wwwr kvel
C. Woer rbes inside the bulb
D. st<q% at the mow kvel

Glass bulb Float
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dK folbwing WomWon to amwer qsestkm 8.

up W f WenkW ^  tubes of wMet u  the same tc n ^ ju u fr  
Each OHSaiacd dyioeot tmoun^ of dissdvsd W t. Imo eaeb wa m k  
John drt^jped 8 t i^ a k W  W  pu%. He lecontod oa a d a n  rtf 
linte « look tte putty to setde to iJk  batom of ilw teü tube

T
? ? 0

1

^2 ^  f t s iy  hall 

1

w
M

sail w all’}

L V  w  L V
N O

Tm* w

Tea lube settk
in seconds

.  (s)

M 4
N 6
O 5
!’ 7

8. T%K vambte dm  pn*aWy mOuemæd U% result shown on John's diari is 
t)œ

A. of W t
B. mass of initty WUs
C. t^npeiature of lîæ water 
IX drnnmer of dw tubes

9. Whf^ shtmkm ts m  exampk erf condemiukHi?

A. Dew dis^)ear frmn a kaf.
B. Suam W s w b» Ac ^  <wt of the bedaub.
C. ei mder fmm cm ^  of a eoW ÿass.
IX The water cm a glass cteseas^ in volwn» sitts^  cm the cmtmter.
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U% the foilowmg WbmwKkm to ai^swer 1(X

Jessica compïcîcd Che f^lowiog experimoct. Into the of three 
kiaitkalo^naineis, s!æ poured 500 cnLt^ liquid X. See pœcred ̂ X) mL 
of liquid Y imo wntamer 2 md ^  mL of liquid Z into 3.
Jessies tk o  placed an ice otbe in each «mtaine^. The ice oibes w ar 
of equal size, shape, and ma». The diagian» sJww what occuned.

H-H
L J

□
<_ ^  J

..quid X 
container 1

liquid y 
container 2

liquid Z 
container 3

10. n%  be^ otKervaiicm Jessica could make is that tl^ ice cube floated in 
ikjuid

A. X W  sai& in ikpjid Z
B. Xlnit sm* m Ikpiid V 
C  Z twt sank in Ikpiid Y
D. Z W  sank in liquid X

1 !. The lajgest amoum of solute that cm be dissolved in a solvem is its

A. solution
B. soluMlity
C. dmsity
D.

12. A ^turated solution is a mixture that

A. W  veiy littk soU^
B. can aiH hoki a U t^  store scrute
C. has ail the stdwre it can W d
D. has no solute



i !

13. 5 ^ im s mps, lAWi is mim
sWuikm?

B.

14. An alloy of m an ^ ^ se  Immase is ma<k up of 1 % tin, 1.5% iron, 39% 
zinc, ami 58.5% What is the solvent?

A. «*ppor
B. tin 
C  zinc
D. iitm

15. Which is flfil a characteristic of a solutkra?

A. htmmgMKotts 
Bw t r ^ i ^ n ^  (except alloys)
C  <&>» isH sinw Ae tymlall effect
D. all co ffin  IkptWs

16. Alkn b gi^%t four botlks ftlW with Ikjukl, as sk)wn below. Which 
can you say for sure ts flsl a solutkut?

ctoudy cteca.
n o

coJof

L - J
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17. So!ulk»is and mm-soluthms are txnh Imown as

A. mixtures
B. conoemrales
C. d b y s
D. solubles

18. Which is a icon to (Ascribe tl% water cycle?

A. evaporation
B. purification
C. precipitation
D. œmtensadon

Use tlte foUowiiig infonnatkni to answer question 19.

TM «nom d Mb^ on te n

Tdmperattire

S u te ïw o (TC «rc 20*C 30-C 40-C so*c

T dibsal
(^ a d ^ c b ie n te )

(a s te # 35 7 35 8 3 6 0 3 6 3 3 5 6 37 0

nd æ siiffi ditorite
27 6 31 0 34 0 37.0 40 0 42  6

Sogat. (SUC313M) 
W ateg 1790 191 0 204 0 770 0 736 0 750 0

W pbuf ( te n fc
2 2 6 16 2 11 3 7 6 54 4 5

0»ifgen
faga#

00979 ODK* 0.0044 6.0037 0 . 0 ^ 0 0030

19. W b ^  substaitee b tmne solui^ IS 3D degnees cekhts?

A table salt
B. oxygen
C. sugar
D. po t^m m  dtkmde



121

20. Ali exc^t solki /  solid ^lutkms

A. are ImpxW
B. are trans{»rem
C. show the tyndall effect
D. are mturated



NAME:

2, ____

3.

4. ___

5. __

6. ___

7.

8 . __

9.

10. __

11. __ 

12. _

13. _

14. __

15. „

16. _

17. _

1S._

19.

20.
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a n sw e r  SHEET


