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ABSTRACT

This study was centered around the question, '"can junior high school
science students acquire and use the learning strategies of 'concept mapping'
and 'Gowin's 'V' mapping' to facilitate meaningful learning?" '

’

Concept mapping 1nva1ves the 1dent1f;:at1§n of concepts in a body of
study material and the orgsnlzatlan of those concepts into ¢ hierarchical
arrangement from the most general, most inclusive concept to the least
general, most specific concept, These procedures are consistent with
Ausubel’s theory of meaningful learning. Furthermore, concepts in the map

. relate to each other by "connecting lines' that define propositions or -
specific relat¥onships between concepts, for example that "Arthrapads have
jointed appendages.'” We define concepts as '"'regularities in events or
objects designated by a®sign or symbol,'" and in our example "Arthropods"
and. "jointed appendages' represent.two concepts. Propositions, in turn,
are relationships between concepts (as in our example) and the acquisition
of relationships between concepts is the key element in meaningful learning.

- (Ausubel, 1968, 1978). ' - '

A setand "learning‘strategy"‘ar‘"meta 1earning" activity (. e., 1earﬁ—

is aanstructéd abnut events and obgects by us;ng EOﬂEEPtS and record maklng

or record transforming pracedures guided by the concepts, principles, and :
‘theories we &mploy. Gowin's "V' is a simple heuristic device to show this ’
interrelationship between, on one hand, concepts, principles, and theories,

and on the other hand, observational or record making procedures, Trecord
transforming procedures (e.g. graphs, tables, statistical computations),

and consequent "knowledge claims.'" Students learn to'recongize that<our
"kﬁowledge claims"’in scienée are dependent on the aan:epts and ‘theories

'farmlng prncédurés.

ki

- The study was conducted w1th seventh and eighth grade science students
in the Ithaca, New York area. Data show that both high and low ability
seventh -and eighth grade students (as measured by standardized achlevement
tests) can acquire adequate skill in the use of the strategies in copjunc- - =
tion with ordinary junior high school science programs, and that there is L

. an association between skill in using the strategies and positive attitudes.
toward science and success in new problem solving. Although this research
is in the category of a '"preliminary investigation," with much of the
pfaject activities centered on procedural problems for classroom instruc-

‘tion in the strategies (including preparation of a "Teachers Handbook'),
the cognitive and affective achlevement data are positive and faver further
research and implementation of the "learning how to 1earn" strategles. e

Ll -
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I. ORIGIN AND CONC DN QF THE PRGJECT

a During the 1950's and early 1960°'s, Ngvak and his studentg CDﬂduitEd

research on factors ;nrluenclng problem solving. This early work was dane

employing a cybernetic model (Weiner, 1948; Estes, 1950 ; Novak, 1965) that

emphasized the .istinction between storage of information and précessiﬁg of

information. By 1965, our research group became familiar with Dayid.: )

"Ausubel’s ClQSS) cognitive learnigg theory that emphasized thé cent}algrolé.

that cgncegts play in the acquisitieﬁ éqg use of knowledge, and Ausubel's

theory became the psychologlcal foundation for our research from thlS tlme

foward (Novak, 1966, 1977a). , . t

? Qnother factor contributing lmpurtantly to the conceptlon of the

project were changes Dtiur;ng in V1ews on the history and nature af science.
- Conant ;1947) and later his protege Kuhn CIQEZ)'emphaé;zed.ﬁhat inquiry

in science is guided (aqd sometimes caqstraineé) by the "conééptugl schemes!

or "paradigms" scientists invent. This épistemélégicél shift away from .

Baconian-Pearscnian, tradition that dominated philosophy of science for 300

- years led to an empkisis on the mutable, evolving nature of scientific

=

coﬁcépts, best characterized by Toulmin (1972). This gpistemélogicgﬁ shift,»

from a- view of science as an enterprise in search of "laws",of nature to

an enterpr;se seen as much more served by evolv1ng conceptual schemes or

explanatary models, provides a view of knewledge camplementary to a psycha— .
logy of learning cenferiﬂﬁ on the aéquisiticﬁ and use of concepts. .
Over the past two decades, our research work and curriculum develnpment :

act1v1tlés led in the leEEtlaﬂ that suggested that students can be alded ‘in

a8

-x

Aithough many variations exist in the: definltlgn of "concept," we have défined B
it as a regularlty in events or, objects d251gnated by a sign or symbol ‘

0 9.
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- : 1-2 .,
- leafning ﬁct gnly through better specification of learning objectives and

Drgan;?atlaﬁ of subject matter, but also through explicit guidance to
- : ) i

EtudEﬁtS in learnlng!stiategles. Although much of our research and related

work of Reif (1976) and his coXleagues at Befkeley was zonduzted with college
students, our reseirch with ch;ldren CHlbbard and Novak, 1975 Ngssbaum and

Novak, 1976) and the work of Kdrplus (1979) and others suggested that’ junior
: B g . M =

high students should be successful in acquiring specific strategies in

learning to aid them in learning and understanding science. .
From our research program and theory development, two specific peda- *

gogical techniques emerged as useful learning strategies: concept mapping

(see Figure I.1) pravides a tool for aiding students ﬁa‘ﬁnderstﬁﬁd‘tﬁe

salient rgle tnat cancepts play in learning and 1nférpreat10 of events

oT ,bj 5; Gowin's epistema;qgiig;r"V" Csee F;gurE'IgE) to 1illustrdte tEe

interplay between conceptual and ﬁr@:&dufal elements involved in knawledée

production. These two pedagogical techniques are dsrivatiﬁes from learning

and curriculum theory guiding our work, and from an epistemology cénsistent

k]

with contemporary views of, the process of knowledge production in any rational

+ enterprise. The primary purpose of thé research repggtedvheie was to

address the question: S : -,

CAN SE'VENTH AND;’GE EIGHTH GRADE SCIENCE STUDENTS LEARN TO USE

CONCEPT MAPPING AND "V'": MAPPING STRATEGIES IN CONJUNCTION WITH
EXISTINC% SCIENCE PROGRAMS?

E

WILL STUDENT'S ACQUISITIEN OF SCIENCE ICNG‘WLEDGE AND PRQELEH

SOLVING PERFORMANCE CHANGE AS A RESULT OF Z'HE STEETESIES"’

WILL SI’UEENIS SHIFI TQWARD A MORE POSITIVE é""TI‘IUDE ABOUT
'SCIENC‘E? ¢

: - == * -~
LA CAN C?LASSRCJGM TEECHERS BE TAUGHT TO INSTRUCT pUbILS IN THE

" PROPER USE QF THESE STEATEGIFS?




Figure I.1. Concépt Map prepared by student #Désiduringfpréiiminary

i clinieal intefviewsncoéinET/chémber, 1979).

&
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. I-a .
CONCEPTUAL. -t ‘ METHODOLOGICAL
— —— —T
, THEORY

FOCUS QUESTION KNOWLEDGE CLAIMS

FRINCIPLES

TPANSFORMATIDNS
g, )
. . 7 o ;
v oo CONCEPTS RECORDS
. " ) ; {K
‘. - OBJECTS/EVENTS g : Y
e . : ) : 4 3 E ‘\ B
= = ) = N . ° . ’ \\
Figure [.2. Gowin's Epistemologic¥l "V (in press) used with seventh and "& 
. ~ .eighth grade students as a heuristic to help in’ uﬁderstandlng how X.
- knowledge is praduced in the sciences. , ;:,;%
- S oLy
. . ' ) . , A
, In the limited scope of this research (projected initialiy over one
calené;r yeatr) we cquld_nct'eipeat to obtain more than tentative answers o
lto the secondary questions méntioned. . k .
7 ) 2 = N Vﬂr" &
It was quickly realized by the staff and the consultants of the B
V”Leafnlng How to Learn" PTGJEEt that this research was a- true 1nquITy
As su;h we had to expect to wrgstle w1th thearetiaal 1ssues E*éatE’g ¢
B8 .

evaluailnn 1nstruménts that reflec;ed the‘thégretlcal bases cf the pr@gegt
x .
find ways to best 1mplement these strategies in the classrcams

Y

“and work .
. within the f;amewark that g@verns public szh@ols, Thlsispirit Df‘iﬁﬁﬁi}f
_‘er . .‘!: ;,

14
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but alsa because 1t

of the 1earn1ng

ERI

Aruitoxt provided by Eic:
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Aruitoxt provided by Eic:

i':iﬂ Ithaca at that time.s We f0und 1ater that 51milar prgblems would be

A‘EV1dEnt 1n the Vestal C;ty Sch 1s; on. ce again we w;tﬁessed some ,fmthe

W' =¥ =

':.prablems assoclated w;th educatlcnal research ln!"real yorld" settlngs._

_ Nevertheless,twa junlar highrteachers frcm Ithaca d;d yolunteer ta begln

P e

wark with use and- prelimlnary 1nstruct10nal w@rk began in Navember

We began wurklng w1th greups ‘of 1@ tD,ZD seventh grade stuﬂEnts who

”TVQlunteered to partlgipate in "8th perlad " an after-school period for S




8, -

'lt, understcod 111 the cantext of the regula sciéncecl@iséwarkg

=

;r:;-se on pulse rate, and usmg an averhead pTOj ector tcgethe

r:f/ 1th
¢ ‘A

Flgure II.1. Since laboratgry work was 1n£requent (less than }»oi ce pér week),
we 1ntroduced sorge addltlonal experlments Ce g., the study uff digestlan

: }, :
‘in cow' s, stomachs), but thls proved to be too tlmé cnnsum1ng for our
Q . . . 1 R

‘*5’:‘.3‘;staff and impractical in the long run. coe s

/ 7

NCEPTUAL .
2 U au&sneN o

'\ "How does rate of pulsg beaf
a vary wﬂh axer;isef’ il

: ECaﬂeeE_uul svstem- -

.’::l'ﬁ:reﬁsmg pulse rafg sugphes
J ﬁ:ad and Qxygén ta SEIES

< Muscle i
_ - 5 . Viga!ﬂu; P
. . EnE;ngi - Et:::lili © Exercise -0
# Sa: vurluhan o Q;id,ﬁtmn ——————

Figure IT.1. '

rp
v tnry exerclses. CDe 'abér, 1973)




After a few class 5%551Qn5 in. whlch our pra;ect staff nstructlun

S = &

in the use nf "V" maps, the regular classrugm teacher etpressed lﬁtéfést

1n ut11l21ng the pro:edures as part of thls teachlng, 50 the staff's rcle

“began~ta shlft—tn fbcu351ng on. pr@V;ding suggestlens for class aztlvltles
and préllmlnary effarts at evaluatlan praaedures for the use with the "V"

Unfortunately, the teacher decided to resign from téaihlﬁg at the end of |

.8

the é@haalgyear and did not wish to continue his initiative in_usinggthé

;gtrg;ggiés. We snught ather teachers during DEEEﬂbET and January. Contacts

L haé_béeﬁ;ﬁade_ﬂlth an621ghth grade teacher in the Lansing Schools. He .

_expressed an ihterest in our work and we commenced classroom instructicn

in January. Further information about participating schools i is pravldeﬁ

. in Section' III.~ . o L é -

:”ng M;dﬂié Schaal WEiﬁadé rapid progress in utilizing,

e

“th% "V" Wlth the muah mere extens;ve use of labaratory wark assaclated w;th

he INTRDDUC“DRY §H¥SIEAL

J '

' L4

CIENGE (I C'ESJ Pngram in use with' 31ghth grade’:'f;; :

B

I classes 'Evaiuatian?stra£3g{é£%ﬁéfe;devélapediéﬂd evideneé §a§ Dbtaiﬁéd S
1nd1§at1ng ‘most of the 21ghth grade students were highly su:cessful in con- |
, structy ,g."V‘s"'and in ;pterpretlng them (1n :Ilnlcal lnterlé sa éiﬁﬁSj.‘.'ﬁ%*
o Cancept mapp;ng was 1nltlated in Martﬁ 1979 and thls also praceeded Hell |

and was well rec31ved by the students.» Wé began wark w1th cancept mapp;ng

:

w1th a. seventh grade s¢1ence teacher 1n Trumansburg and made arrangements te

- L]

‘ *bégin wark 1n seventh and 51ghth grades in Vestal New Ya:k ‘At both

Trumansburg and Yestal we first 1n*rodu;ed students tD scmé act1v1t135

&

s Sect;an II) and then-inst

cz‘i

111ustrat1ng meanlngful 1earn1ng CAppendlx

1n cancept mapplng,

;_The sequ&nce Cl) learn;ng a¢t1v1tles



::J;"ln the Fell ‘semester and eentlnued smoothly threughout the eeedemie yeer.

;'e prellminery "Teeeher Hendbeek" fer use wzth teeehers w1eh1ng te use the

streteglee end hed develeped eveluetlon eppreeehee fer esee351ng etudeﬁte';;%

,n =

es Wlth eeneept mepe e mepe end science p'iblem eelv;ng Altheugh

ff;ell ef theee meterlels and preeeduree underwent exten51ve medlfieetlen eﬂd
reflnement during the 1979-1980 school 'year, wé,were Prepared to begln the
fall semester at Trumeneburg and Vestal Cehe;Leneing teacher returned to

Cornell for greduete etu&y:end beeeme a prejeef eteffgmember) The turnover

e [} e

of pertielpetlng teeehere and seheol dletrlete neeeeserlly deleyed pregreee
en the project and the original twelve menth eehedale for the research was

vneeeeeerlly'extended;, However, the. ehenge in procedures (from staff- le in-

' -etruetlen to teeeher=1ed 1netruetlen) end the wide array ef partlclpatlng

seheele 1nvelved edded to the prem;ee fer w1der dlseemlnetien ef .the P:egrem,_,

1 /

theuld eveluetlon dete lndleete mer1tfte the pregrem.

September, 1979 fbund Veetel/en e eentreetdlsputé résultlng in a nwcfg E

5'te'ru1e" preeeure on pertlelpeting teeehereeend slewed pregrees in the 1ntre-ﬂ

= g ..
: duetien ef the etretegles At ;rumeneburg, hewever, work begen immedieteiy
/ A

n

g f -
A’ n;nth grede eelenee teeeherfet Seuth Glen Falls New Yerk end a seventh

,'.=grede teeeher in” Hemer, New Nerk expressed 1ntereet 1n ou& pregeet.» Ue;ng

"the’pvillmlnery Teeeher'e ﬁendbenk eﬁd minimum gu1denee from eur~prageet

r ="

steff the or three cenversetlene), theee teeehere reperted success end

'““enthu51eem 1n 1mplement1ng the etretegles.,,Although we were elnw te begin'




!flséxtéﬁ Vély aftiﬂulaiéa”

et , o R \, 2
i~theoret1cal ;ogndatinn Qf the pTDjéCt was more fL

This resulted in a :urresgondlng growth in. the

e evaluat1un pr@cedurés that:wnuld be emplcyed thraughaut the schaal year

Data ‘allectlon praceedéd throughaut ‘the year, largely for formative' evalua—'"'

tlun purpases in the fall Semester, but 1ﬁ¢13331ng1y to serve as a bas;s for -

: | . a’
fsummatlve evaluat;an cla;’s; especially from March-June, 1980 Detailed
.
descrlpticns of lnstruttlanal procedures and evaluatlon follaw in later
sections. ' Hi , : o
I * "
1 5 - * 2 B . .
L <. = - h o . h &
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: - ~ n "
. Y - :
. * , . ) ' )
R * B x A e
i = ’ -Iﬁ =
[ ' 5 o :" i ) N = * ]
- % v V" ! - < I
,i

l: l{l‘ic i’;ﬁnﬁn

Aruitoxt provided by Eic:




111, PARTICIPATING SCHOOLS AND TEACHERS

5 In order to charactecize -the schools with which weworked ~during the -
twévyéafs of our study, the following is given. In addition to information

about the schools, the professional preparations and backgrounds of %he

: g e : ~

- ~ four teachers involved in the project are also described. Although we N
began our study in the Ithaca City Sghgais in November, 1978, and contin-

=)

er, 1979, this was essentially "'pilot

H‘

ued some work into the Spring semest
program" work and did not involve later performance comparisons. Figure

ITI.1 is provided to show the relative positions of these schools to
R b - . &
Ithaca. .

JLansing is a town Hlth 3 pcpulatlan of 51x thousand and is<located -

abaut ten es narth af Ithaea; ‘New Yark. It is a>m1ddle 21355“

cammun;ty, and is tlass;f;ed be self adm;ss;an) as "rurban," that 15,

v

N
ol

\ .compcs ed of rural and urban fa:tlans. There are three schaols 1n the

- distfiﬁt'i ‘one elementary serv;ng grades K through 4 one mlddlé sch

W

for grades flve.thrcugh e;ght and o hlgh schgol far nlne through

Yt twelve. Dur praject was 1nva1ved w1th the 31ghth grade sclence teacherﬂl

"at - the mlddle scheal which had a tatal student populatlﬁn af 375 in_

- - st
o e P

| alS?éle?E irh éifhty—ELght 1n ‘the 21ghth grade.A A farmal sc;en;e

:urriculum exlsts fbr the middle s¢hcol and : hlgh sC

e -,

Trumansburg is- lccated about ten mlles from Itha:a -on- the west 51d

of Cayuga Laké. It has a pcpulatlen cf abaut thrae thousand and 1sﬁ,r_4f

el

i

Like LanSIng, there are- three

ch@als in Truma



B - BOKiemahirs




‘The st kent papulat;an 1n the mlddl Sc,

-of th 'studentS'afe'jg;'""'av

| gr Mgrsg; A fcrmal science currlculum éxlstsffor all grade Ievels

2

e o A o

a

a :ammunity of 26, 000. VEstal is léeated along the

‘Sa hern Tler of ‘New York state, abaut ten mlles west gf Biﬁghamtun.

£ 1

It is ala551fied as suburban and is m;ddle class. Vestaléhas five -

'»A formal séience aurfi lum exists for grades seven through

sAfri:an

phy31cal

L

a: fram Carnell Un1ver51ty, and had been teashl

tion. fiam New Yark State and Masters degree in science

ERIC!
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Sarah DéFranca, Trumansburg M;ddle Scha@l was an.51ght year vetETan

on" tEPWGTk<H1th aur PIQJE?t in the Sprlng of 1979 AéﬁgJ—h

rr3231ved an Assazlates degree from Auburn Cammunity College, her BS

_7°}£rcm Carnell Un1vers;ty, and her Masters degree,fram El llege.,
During her 31gh£-;éé£§>at Trumﬁﬁsburg MrsF_DeE;;_:n was<§ 1 mentary

' ;gmman branch teacher fa: ane:year, tayght ISCS in eighth-grade scique
for three years, and junior highebialégical science for seven years.

Mrs. DeFranco continued with our project through its_campletign in

. June, 1980, :
Jay Decatur'héd ééeﬁ»ﬁeaching iﬁ'Vestal fér the twelve years Df~
his career. - He had attended Flm;ra Callege, SUNY at Blnghamtaﬁ andi
~-LaMa:mIegh_£_exa 1£»;; passessed thlrty 21ght credits beyand his BS, P
zéegree_ He ‘has taught Science 7 fgr faur years éSEiEHEE 8 for ningi*' N
;?;years and Salence 9 é;; two - years i% . }. L
”f‘Mary Bente had taught for -six xeéﬁg iﬁ’tﬁé Afri:én'Raaé Junigf-x
* High Schaéi;when she valﬁntéered for our .project.. She.méjeééd”in .
eigméntéry'andssgcaqdary science education at SUNYAaﬁ Oneonta, and ) -
lépcgéessed-ﬁhirty credits!,mastly;in s?e;ialieéucaticﬁ; beyond her BS. -
iMisslgeﬁte hés‘faught Science 8 in Vestal for three yeafs,iénd:@és;beeﬁﬁi
’feééhéng‘s ierice 7 for the past three years. o




&

1y, fﬁEAN 1 Né#uL LEARN;NE

Our f:.:'st wcrk w;th students was w:.th a group of valuﬁteer in Ithaca s
','chntan Junior ngh School after regulé? classes. - We offéred.a def;nltlcn
of concept* and asked the Studenﬂs to name other cgngepts and to d251gnate

. the objects and/ar évents relevant to those chcepts Thé'students respands :

| ‘ed to questions rapidly and were gager tq ge; on to :the discussion of
"how to learn better," which we said would be the subject of the after- -

class 'sessions. They thought the distinction ;é‘ﬁade between rote learn~ =

E]

e 1ng (51mple memarlgatian af statements or definitions)-and meaningful -

iearnlng Erelat;ng new knawledge to kngwledge prev;ausly learned) was .

rather abv1au5 They persisted: "But haw da we 1éa:n to leatn better?" L

"How w111 th15 help me to learn sclence?" It became clear tu ué that

A

we. needed to apply ore nf our. key PIlﬂElplES cf‘learn;ng - to. relate o .%i

1Y

new knawledge tc thlngs the students already knew abaut science, and to -

thlngs they were :prrently learnlng 1n class.

We praceeded to 1ntruduce Gaw*n's "V and the terms assgc;ated w1th

: this device, ralatlng thls tc werk they were dﬂlng %n cl s3 1 e., frog

] =

¥

disseztidn.' We alsa 1ntraduced*same Ugames" as mntlvatianai dev1ces,

- L €8s “see haw many events ygu can wr;te down 1n three minutes." JCMast L

students cculd carrectly 1dent1fy six to.'ten events.) Althaugh Wé wera

.=
=

sucgessful 1n famillaILZLHg students Hlfh the elements of Ggw;n)s AL

“ve felt that studants we;e largely uncertaln as ta haw the nyn rélated

i\(



e

to the stuay of bmlagx- This impression persisted wntil' the Christmas -

break as we cantlnued wark wlth laboratary act;v1tles and use of the
e (see Section VI of this repcrt) ; - o .._ - S

55 a result Gf ur experlences at Ithaaa's Bayntan “Juhior High T

T

"pir;f: ly 1ntended tc 111ust$ate cnnaepts of learﬁlng_ When we

-‘cﬂmmenced work w;wh students there in February, 1979 we bégan w1th

a;t1v1t1es lllustratlng sensnfy memary, short term mémary, and long

‘term memaryf Modified versaons Qf,theseiact1v1tles are ;ncluded in
the Teaﬁhef's Haﬂdback CAppendlx I, Section III) o . : S
- S;udents ‘were h1gh1y IESPQHSLVE to the learn1ng act1V1t1és, and ..,
s - b e

wa have faund thls tq be true w1th callage students alsni Although no

L. i v = § L

formal summatlve evaluatian of. these act1v1ties was done, ‘we faund that

v1rtually allr students could: dlstlngulsh between sens@ry, shart term,

and, 1ong—term 1earn1ng éventsi They were also successful in labeling:

A f

1nstances Df 1earn1ng as ESSEﬂtlEllY rate ‘or mean1ngful in ahara:tera

e Dur judgment was that these act1V1tles were successful so we dld n@t L

B

" expend effart on- evaluatlng thls phase of the pro;ezt.: In retrﬂspezt

hawevér bnth teachers andstudentSﬁmy have ga;ned Superflclal knnwledge o

?'pqténtial value in later :uncept mapp1ng and "V mapp1ng. We wauld

of thesa fbrms Df learnlng, and 99551ble relat1cnsh1ps tc success 1n

,Vzenﬁept“mapping;and nyn mapplngf;

recammend furthar résearch on 1evels of. aghlevemént of understandlng

=




e .
rwhen these 1earﬁ1ng aat1v1t135 pzecedéd sgncept mapplng S;n:e Dnly a

, partlun of twa or thrge class perlgds is needed for these a:t1v1ties -‘
teachers_have all rggg:ded.them as,ﬁcrthy of the time iﬁvalvement.

An ugusual number af;pcsitive fespéﬁses arévélsc being;reéegved ¥r§ﬁ§§1
;s published’ paPer (Nuvak 1980} 1n which these 1earn1ng a¢t1v1fleég?

- . =

presented Uﬁless further research shauld cast sume daubt on the 1se

these activities, we re¢amménd that they be used as 1ntradu:t13ns~;'
¥, [ P
learning strategles of cgncept mapplng and” "V" mapplﬂg

£ 5 al e = .

Q

ERIC
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" V. CONCEPT MAPPING " : -
e Intréductian:
. Meanlngtul 1aarn1ng requ;res a CDﬁSciDuS effart on the part of the student_
L Eta relate new knowledge to knawledge prev;ausly acquired Concept mapping
Sw s a:pedag?gi' al tec h nique to hélp students see ‘explicitly how neﬁxcpncéﬁfs

PO N L

:E‘; can be rélatedvﬁa previ usly learned cgn:epts., The 51mplest concept map

:f?;wauld be two eoncepts llnked by what Ga*dner (1930) "has déscrlbed as~Hogi- M

4

ical connectlvez n e.g s werﬁs such as "because " "alth@ugh "or by s;mple

;ﬁE;g;; Taagxghlrght the SLgn,f, ance& of c@ncepts, we usually place thése °
. . ) et

x”in bcxes and cc"’

ct the .concepts 'ithelabeled lines or re&tangles;! The é v

. _ s
1can:ents plus the verbs Qr=1ug1cal nne¢t1ves fgrm propositions. A simple.

cancept map for a. famlllar PIDPQSltlDﬂ wnuld be* ) g
- * SKY ===t BLUE|.: ° : )

“fAnather=51mple coucept map, but using a less famili iar concept, and hence

"igsPe;;flz pfopas;t;onsi

aré V.1, on page V-2. .

ERI

Aruitoxt provided by Eic:




e, saelng new knawledge as related to and assimllated under airéad

'knawn, m@re general IEIEVEHI*CGﬁCEPtS. o '~' N

PARTICULATE|made of _[ATONS

. . . : whine
” as
o [sxrl—as__ [TAtR| composed of [MOLECULES
— . | SN Mgyl o —
= vwad ’ g
N\¢ , -k
DUST PARTICLES o, N,

Figure Vsli A simple concept map including the concept '"sky.' Concept

maps -are composed of concepts and 'linking words" which
together form propositions. - We have found that it is useful
to construct them hlerarchlcally, that is, proceeding from
the most general, relevant concept "daw*i" the hierarchy to

. more specific concepts.

is always a judgment as to what represents the best hierarchy for-any body
of subject matter, but people knowlédgeable in the subject can generally .
reach. a consensus on "reasonable" maps. To sque extent, a cou:sptfmap can .. -

be considered like a rubber sheet which can be lifted up at any éng concept

and’maké this the suuerafdinate concepts as our focus of attention

shifts from one sub;l ect area ta another. Far examﬁiéf in Figure V. 1
: - e i
we' cauld llft up the concept "air' and then the cher concepts wnulql seem

7 t"be ubardinate, ‘but “still related. The crucial psychclug;cal Pflﬁhlp

are that meaning dérlves fram pérceured relat:.onsh;ps between concepts
H

fand that learnlng jpraceedsbest when "subsumptian" learning is Eﬂcauraged

i




hierarchy. On the cfher hand, first .grade Chiidfé? presented initial

examples with a vertical hierarchy could zgﬁstruct,gagd céncept maps

given a list of familiar words selected to have p@tentially'"ﬁgpadown"

! hierarchical order. . ) 7
‘ From a brief introduction to coﬁcépt maPpiﬁgj Studeéts can quicgly
see that the “struttﬁré“ of kﬁcwledgeAcan be very complex, thét algostiaﬁyz
_ ésncept can be felatgd:tﬂ ﬁaﬁy other éDﬂEEPt;, aﬁélthat there is ho one
’ - "best way" to rep}ésént knowledge qutc draw a,canéept map.;_We havé found
thgseafacﬁs to have motivational value, since constru:tlng a cnncept map
;ﬁrovés;ta be'something iike4guz£1§ solving, dnd students ¢an compare,
contraét, andgarificiZE:éthers? concept maps, even those madevbyithe
.teaéher! éufth%fmare, stu;ents regagnize that they inknaw ccnceptslthatr 3
h T are relevant tc new learning and that they can, if they try, lea;; new
) ‘material meaningfully. Cancépt mapping is a natugai extension of the
» léafniﬁg actifities discussed above, for ft is the framework of Eéncépts andr

in a new 1eafnlﬁg,task, or must resort to rote learning. CDnEEPt maps are
also a way of fepresénting é;terﬂallyvthe_web of concepts and .propositions

in long term memory that comprises the individual's cognitive structure.

YTTégthiﬂg Concept Mapplng

‘ Early in our"wark we faund that a gncd way to begln cencept mapplng was

Df the sc;ence cancepts in'a segment cf the

frtéwhé é'StudEﬁts 1deﬁt1£y all

‘gr labaratory study gulde. :This‘taSKTalone afteﬁ bring§




zaﬁtéit of the science lesson. Fér E;aﬁple, words such as ''greater' or

PO N U s i L
"less than" may represent specific.quantitative regularities, rather than a

e o

more general notion of "larger”zﬁr "épallerﬁ"
¢ : " Next we asked the student—té6 order or rank these.concepts in a list

50 that the most "important" or most general concept is first and the less

impartant; more specific concepts come later. Wh;]e the flrst step (identi--
fylng ;Dncepts) requlres some thaught and careful readlng, the secand step ?f

reallv becames challeng;ng* Students need to, evﬂluate whatthe-read;ng R

passage is all ;baut;'whaf is the most impartant idea of the concepts.

-
wy

o
m—lm
H

: Qgingédiscusséd;’ané,what is relatively less impartant; But

g

© . this challenge (Dr 15 it because of it?), students generally give pasitive

.repart5 Dn the1r reactlans to con:ept mapping. (Some quotes from students"

w111 be given belaw )
5N £ . " - ;
We hdve alse tried having students prepare concept maps in small graup

. (two to four students), and to reach a consensus eﬁ-th31r map Much '
1iveﬁy discussion cammaﬁly ensues!s Anather strategy emplaye& has been td

" have 1ndlv1duals or graups draw their maps on the blackbaard or prepare th

maps on tr anspar

\"""
m
U~
1]
:'.'I""
5
o]
=1
t
=
.
ﬂ
<
m
o
-
L1
T
"
g
I-‘
o
L
o
0
Ing
le]
o
=~
=
o]
[
=
L
]
i~
i
L]
"
[}
L

that fbllc s' ually challenges the cgnstructlan of . the map -- what :ancep'

ar2=at the top or at the buttam, and what k;nds of 11nkages are 111u5frate,

yéﬁffhejgancept map , 'f e

:;s" on the DthEIS-H F;gure

Q
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"

map. A restructed map will often retain unique features, and students
come to éppreciate some of the idiosyncratic nature of meanipgful learning.
Transparent tape can be used to hold the paper sllps in pla:e and

students repart that Cﬂnﬁept maps become good study materials far later

review sessions in-class.

 ‘ plaﬂt cells (May, 1989)




'VEvaluatlﬂn of ConcEPt Maps. . ' _l

Previous researah emplgving concept mapping CStéwart VanKirk, and
Rowell, 19?9 Wcre;ra, 1979) nad prav1ded some faundatian for our evaiua--
tion program waever, we fcund it necessary tc construct much more

explicit criteria for evaluatlan, and also criteria 51mple enaugh to be

£

use& by the busy:classraam teacherg In order to refine our evaluatloﬁ

criteria we began by using a clinical interview approach (Pines, et al.,
1978) with students eonstruétlng a map from a specially written pa:agraph

(see pages V-11 through V;24 for the paragraphs , and then exﬁla;n

N

ng to
' the 1nterv1ewer whv they canstrusted the map as they did. Appendix II

‘gives complete transcr;pts from twn_cllnlcal interviews. - = s

5 The cllnical-;ntérv1ew pratuﬂal lncluded the following élements
’F;rst we wculd ask the student to read a paragraph that Was based on
materlal that the student had already had in class. The pafagraph:wasx
purpasefully short, not more . than fifty wcrds with'usuaily no more than_
ten relevant cancepts Aiter theSfudEﬂf hﬁd read the paragraph, we.
asked h;m/her to write the ma;or ccncepts on small pieces of 1" x. 3",
green paper, and to.use other slips of paper (1/4" x 2" yellow) to repfes
- Sent the'linés Eétweeﬁ the-cancepts Students were not told -to lTltE an the
llnes but only that these yellow sl;ps representéd the: lines. We wanted
'ta détermlne if the students knew'whar they shauld wrlte on these. llnes
-rna fﬁndamental element of ceﬁ;ept maﬁplng - The reaSOn that we adapted the
;:;fuse Qf PlEEES and s1 p paper, rather than hav1ng the 1nterv;ewee o

,f_ the

an:ept map~was completed we asked thé 1nterv1ewee




was enrtep; eeplei? the reletienebips :epresentee by the yellow lines,
‘whymere eertein‘eoneepte were iewer on the map, and we probed generellf
_ the etiuetuie'end content of the map. Of course, tepe ;eeefdinge Qere made
| efteeeh of theee initiel interviews,hene the,eeﬁeeptgmeee were Scotch-taped

down into a more permanent form of records. Transcripts of each of

the eudietepee for these and eubeequenf interviews were also made’.

These initial interviews were conducted w1th eppreximetely e;ght etudents

¥

' frem Trumansburg &ur;ng late May end eerlv June, 1979. With the eed of ! *
" the’ eehee% year quiek1Y;epproeehing, we decided that thie(smell.eumber was ‘
enough to Eeginedeveleping the eriterie for eeeeeeing'the concept mepping
,etretegy feeegihe’next part of this eeetien.) -
Duiing the eerly Fellﬁ 1979, the eteff-egein turne& to thesinterviews_
'-te rev1se'them. It was felt thet the 1nterv1ewe sheuld eleo probe how the
2 students feel ebeut eeneept mapplng, and in eddltlen te determlﬁlng whether
'etudente eeuld actually eenstruet them Thie, ;hen, was included in the
interview pretoeelg A preliminary set - of intervieee was conducted in
Trumanebefg again in Deteeef;j197gg The intention of this set was . v
vte;teet the edequeey of the protocol endﬁtodeequeint neweeeeff- members
Qho had joined us that semes;er:with the,interele ing teehnlque From
) thes initia al Znterviews:in éeteber,'the Steff'revised the.peregreph that

was to be presented <0 the students during- subsequent 1nterv1ewe.

Durlng the course of several Eeries of 1nterv1ew5 over the yeer, ‘the.

e,

'fstudents ;mepef_ The emell e;ee of the 8=1/2" x 11" eheets ef peper eaused

* cramping of the concept map. 1 The larger sheets were less confining, and ?f

'"**'nfu51ng Our Xerex machine could: feduee thesemle?gef mePS‘tofefmore;ﬁ

"’ze fer reeerd keeplng w1th tren :iete[vaﬁheFiﬁterie@siff



Threughout the Summer, 1979, the staff, using the preliminary inter-
views frem the previous Spfing in Tfﬁmeneberg, tried te'deviee adequate
criteria for assessing the concept mepe that students weuld eonstruet during

the clinical interviews. Finally, in the Fell new staff membere pIDv1ded

a much-needed injection of new ideas, and facilitated the creation of the

desired criteria. : Dﬁemvery fruitful session in late September resulted in .

several characteristics which would become the core of the «evaluation

criteria. Essentially, the staff asked what characterized a concept map, _

) : . _ ( _ .
identified theee elements (Stewart, et al., 1979) and then develeped e*eeering

scale thet weuld 1ndleete etudente' performeneee reletive to. those elements:

=

Figure V.3 is a. deecriptleﬂ of the "f;nel" crlterle developed for
eeerlng eeneept maps. Theee criteria were used to assess all the eoneept

mepe that were eelleeted dur;ng the eeheol yeer 1979- 1980 end form the basis

of the reperted dete in- the follew1ng pages. ) : ‘

g
)

These criteria were used to construct a less riéEreue form for
eeeeeeieg etudenteeenetfueted concept maps. Essentially, this other
form was develeped Ee provide the teeeher who inteﬁde to impiement this -
etretegy 1n the classroom with an elternet;ve which might be more menegeebie -
then the more eemprehene;ve form Thle more generel ferm is reperted in

" the Teeeher'e Handbook, page V-3 (Appendix I)

4
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lgﬂﬂfé all parfs of the mup lor relatoomships cPILERIOn §1 B seGal Isii=iiges s

e:gl;gitlx identified hyv proper hhe!ing of the cunnecting line

Sec Appendix |, Section .

¥ for zamples of scafed camzept mapE.

RELATIONSHIPS:

¥

~ HIERARCHY:

One point is piven for each relationship between two toncepts providéd
the ralationship iz content correct and explicitly stated. No additional
eredit is *nﬁrrl:d for dimlltatmn of the same relationship on the concept
map.

Moints are. awarded depending on the degres
aof hierarchy in the concept map. The nim=

. be¥ of. points given for hlerarchy depends

BRANCHING:

upon the numher of levels that are identi-
Fied in the constructed map. Use the map-
to the right for illustration.

One point “ix given for at least one cor-
rect relationship per level, up until two
levels heyond the last hranching if the
mip remaing limesr. - - :

The brﬂn:hiﬁg ‘nf the concept map refers
to the level of degree of differentiation
among the concepts that are illustrated
in the hierarchy. Tt;at is, it attenrts

. to rate the degree that specific conccpts
..are vonnected to more general or inclusive e

* points each for Levels 2 and 3.

GENERAL TO
SPECIFIC!

CROS5 LINKS:

zun:gpts. That rating is as follows:

One point for the first branching where two or more ¢
ta the concept abave.

Three points for any guh;equen: branching where there is an example of
two or more concepts connected to a concept above. The illustrated map
above would receive a score of seven; 1 point for lLevel 1, and three
Note that since no branching eccurs in
levela 4 and 5, no- further pointy are awarded for this criterion.

The concept mp rm:eives an additional rat!ng for illustrating a ger!ernl
to specific pattern. Whether onc concept is more general than the ones -
helow it depends upon the Line which connects the two concepts. IF no
general to specific relationships exist, or less than 10% of the rela-
tionships sre general to specific, the map receives a score of zero.

If 10 - 29% are.correct = I point
30 - 49% " = 7 points
- 50 -8&9% . " =3 "
70 - 29% o =4 "
= 5 i

90 -100y "

Intecratedness in a student’s concept map indicates an integrntion of
“concepts,

and is depicted az cross links on the concept map. Cross links

show a relationship between concepts on one hranch of the hierarchy with

concepts- on _another brinéh. -
the illustration abhove.
* Iink showing the lnt:grﬂtinn among concepis.

Notice the:two examples of cross links in
A rating of one pain: i= given for each cross
No additienal p@ints are

awarded for duplleation of the =ame cross liﬂki that iz, showing: tha
same intagratim\ of fnﬂgents '

:

epts arc connected




A word of caution is in order. ' While the eriterie for the assessment

of student-constructed co eept maps de consider Structure as well as content,
the maps are an externalization of the student's cognitive structure. While
we believe that "the concept maps reflect, in some degree, the cognitive

structure of the individuals, we do not know what systematic errors are —
= . 7 & - . . ) . , ¥ .
introduced in thie;fepfeeentetien. Thus, scores that the students receive

’en thelr maps mey not be as valid as more preblng end more time- eoneumlng

elinleelhinte§v1ewe would offer. However, in the two yeere ‘of the prejeet'

work, we were unable to deviee'en 1netrument that weuld eeneider all three
~of the elements -that impinge on the eenetfuet;en-ef concept maps: eblllty

. &
»'te construct the map, . the eentent eerreetnese as. represented on the maps,

¢

;‘end the mep as a refleet;en of the- ecgnltive strueture. ;Further reeeereh
:w1th this strategy eﬁd assessment criteria mey result ‘in Lﬁmefe eeeufeie,j S "‘
and’thus, ma;e yelidzse;ef the instrument. _ | : “ -
'Evefuetlen engeeeept Mepe during 1979-1980: )
Evaluation of the concept mepplng etretegy began w1th the cllnleel
rintefviewe ianrumeﬂeburg in Nevemberr lS?S. A peregreph was de51gned from
iiethe 1n1tlel paragraph used in fhe prellmlnery October 1nter1§W5. (The results A .

’ef these Geteber lﬂtETEIEWS will not be reported since their major 1ntent1en

. \\

ijee te'femlllerlee the eteff w1th the el;nleel 1nter¥1ew1ng strategy.) A

\

*'eeellne eeneept ‘map was eenetrueted frem the peregreph. ~The funetlen of

fthle besellne mep, end all. the ether peregrephe thet were ueed 1n thie pheee
veluetieﬁ, wee te prev1de a meteretlek te eveluete the students'

Thle beseline mep wee ﬂﬁ;\aﬁ-"ldEdl mep"’(eltheugh we dld
\

' !guldeline fer eseeeement
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In fact, many af}the~maps constructed by the students reflectsd higher
'seores on certain criteria than our own baseline maps represented.
) What follows are the results from the series of clinical interviews
~  and class activities involved with making concept maps from:selected
paragraphs. .Each section is introduced by the paragraph used, the basgline
map for that paragraph and the s:@rlng for that baseline map atc@rd;ng to
‘the criteria glVén in Flgure V.2 on page 7 of th;s seetlon. Tables and
graphs shawing the mean pEfCEﬂt*Cf-bESEllﬁE values for each paragraph are
provided, as well as frequéncy distributions,’
LIVING (‘Z’RGAN.’ESHS '‘ALL NEED ENERGY. PLANTS AND ANIMALS USE- ENERGY
' FOR LIFE ACTIVITIES. SOME LIFE ACTIVITIES THAT BOTH PLANTS AND
ANIMALS HAVE ARE ,GROWTH, REPRODUCTION, RESPIRATION, AND TRANSPORT
, OF MATERIALS. A LIFE ACTIVITY FOUND ONLY IN GREEN PLANTS IS THE
e  PRODUCTICN .OF FOOD.. ANIMALS CANNOT PRODUCE THEIR OWN FOOD, SO
THEY NEED THE LIFE ACTIVITY OF LDC@MDTIQN TO FIND FOOD..

.. Baseline Map: | ' ‘ , , »
: / LIVING ETGANISMS&
MALS , ENERGY .PLANTS
r oo \ﬂ; |
e

= PRODYCTION OF
© FOOD

e " GROWTH - REPRODUCTION ~  RESPIRATION ;‘}iﬁgmngRT OF
f : - . - _ ., MATERIALS
‘‘§coring: < = A . o
”_ ‘ Relat;cnshlps (R) - 14 , " General to Specific Cé/S)-a 5
L Hlerarchy W -3 " Cross Links (CL) : < 4
© .10 .. TOTAL (Tt) - e 36

‘f;i;:;Easelln= ma “for ""L;vzng Drganlsms" Paragraph Trumansburg, R
"’VLSeventh gra e, Navember, 1979 and Mafch 1980 + B
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.

Table V.1. Percentage scores for each criterion and total for concept maps

prepared from Paragraph #1 in relation to the baseline scores ‘
established for that paragraph. (N = 72) For some criteria, the
DerTcentage score is.greater.than 100%.. This is due to students
scoring higher in those criteria than our own baseline map.

- MEAN —

. . CRITERIA i
* CRITE! (%)

Percent Relationships (R) - = 69.69
Percent Hierarchy (H) 3 " 120.26
'Pércent Branching (B) 2 47.64
| ‘ ‘5 Precent General to
SPEEi§§§ (G/S) '
Percent Cross Links (CL) :  11_l; _ ‘ ' A é

Percent Total (Tt) = 63.13

Map
:
-

ine

Eagasel

(€)

ERIC

Aruitoxt provided by Eic:




Frequency -

109 ,120

Figure V.6 - FrequEn:y d;strlbutlnn fbr tatal percentage.af :ancept maps prepared
) ‘from Paragraph #1 in relatlan to baseline map. (N = 72) .

&
. Péiag;aghgig‘ S = L e -
*" .~ IHE CELT IS THE BASIC UNIT OF A PLANT. IT IS SURROUNDED BY A CERL
THE CELL MEMBRANE LIMITS THE SIZE OF THE
" THE

—~ MEMBRANE AND A CELL WALL.
. ‘CEH AND ALLOWS ONLY CERTAIN THINGS TO ENTER OR LEAVE THE CELL.

CELL-WALL GIVES SHAPE TO THE PLANT. THE CYTOPLASM OF THE CELL CON-
.. TAINS THP CELL PARTS WHICH INCLUDE MITOCHONDIRA, VACUOLES, AND :
: &'HLDRGPEA,ST 5. THE NtféLEus, WHICH XS NOT IN THE CYTOPLASM, CONTAINS
’ GENETIC mrzgrap N i




. Scoring:

"Table V.2. -Percentage,scores: for each CTltErlDﬂ and total for cmnceptfmaps,'

[t
"

- ' A A v

Baseline Maé:

‘nat

CYTDPLASH ;AfNUCLEUS

© GENETIC -
 MATERIALS -~

(ol
[ny]
=
o w"'ﬁﬁ
I’ o
-
—
L

CHLOROPLASTS MITOCHONDRIA VACUOLES , -7,

="

&

Relationships (R)

7 General to Specific (G/S) -

Hierarchy (H) 3 Cross Links (CL) - - --
. X ]

Branching (B) - 10 Total Score (Tt) . = =~ 36

pw—w (%2 ]
o

Figure V.7. Baseline Mdp. for !'Cell" paragraph. Vestal, seventh grade, ;
January, 19 0 and May, 1980. o ' <

= 3 -
- - B i

" prepared from Paragraph #2 in relation to the biSEllﬂE szcresr
established for that paragraph. (N = 67)

Wo-

e —_—— iAﬁVV
CRITERIA PR ,.”géj-?

. I . —

, Percent Rélatlanshlps (R) . 7 33:91
T N L Percent Hierarﬁhy (H)- e 912§4
' Percent Branching (8 . ~27;31§5L'

Percent General to i' : T
’ . 55.82
Speclflc (G/S)=* L, 95.82.

. T C Farcent Crgss Llnks (CLj . ;¥:.1;4% -

T Empada
JEFE

»;Pércgﬁg Téféif(?ﬁj.f~'







. DIGESTION -

Tt

" General to! Specific (G/S) -

| Cross Links (CL)":

Q

ERIC

Aruitoxt provided by Eic:









“*GR CDNTRDL
CEN*ER :

MIDBRAIN - HINDBRAT

General to Speciflc (G/S)
v'Crass Llnks CL)

’Tatal Score - (Tt)

sslﬁg ganstructed ccncept ﬁa S.o
19807 - -

crlterlnn-and fotal for cgncept maps
1n relaﬁ;an to the basellne scores

Percent Hlerarchy (H)
-Bran;hlng (B)

Aruitoxt provided by Eic:






MOLECULES HAVE KINETI‘: 'ENERGY CZ'AUSE,D BY THEIR MQTIQN- . 'THEI.EVETRAG

IECE OF METTER; THE LDWE'R THE TEHPERATUHE._ H@T WATER HQLEEULES
HAVF A FASTER AVERAGE- SPE‘ED THAN COLD WATER MOLECULES. x

E

) i <
o Basellne Map ' 7 KINETIC ENERGY
R ;sié E :

 MOTION

'HOT WATER. .

*?f_? Sccrlng _
'Z;Relatlfnshlps (R) - ' ' General to Specific (G/S)
H;erarchy (H) | - 3 .“ Cross Links (CL)
;Branchlng (B .. -4 Tatal Score (Tt)

Easellne map. fnr "K;netia Energy" paragraph w1th scoring: a:cnrdln

Lt eamprehen51ve for assessing’ constructed concept mapsi Vesta ;
31ghth grade Januarxg 1980 and May, IQSD - .

-i;




: ‘Relationships (R)
nt- H:Lerarc:hy (H)

Aruitoxt provided by Eic:






SEPARATION OF
——SURFACES

. FQSITIVE C*)  NEGATIVE (-)
= ; " CHARGE .

'General.to Specific (G/S) - 5
CraaaapLinks (cLy - -2
=7 ! -Total Score (Tt) =27

”f%igufé@V:iél Baaallna map fbr "Statla Elaatrlcity" paragraph Vestal,
S EIghth grade, May, . 1530. ‘

;Tab1a~E;§. Paraantaga scores. fpr aaah ETIfEIlGﬁ and total for cgncapt mapa
N EEE praparad from Paragraph #6 in relation to-the baseline scaraa B
eatabliahad far that paragraph. (N = 44) :

CRITERIA -

Percant Hlararahy CH)
'a=Peraant Braﬁahlng (B)







of Data in this Section: o : K

i)

ﬁlAbbrev1ated Anelysi

Altheugh e eemprehen51Ve SEatlStlcal enelyels ef the data is

LR

vth;s etete of the reportr
At -first gienee,iit;eeﬁ be neted.thet students' perfermeneee on, jef

some pe:egrephe were better then en others. This'i’ due, in large

L pert te the greupe ef etudente thet we were teetlng For instance,’

7? 9 ;Paregreph #1 was edmlnletered to the Trumansburg greuprwhe had received
7>extene1ve trelnlﬁg in the use ef eaneeet maps. -Generelly; their
?Qeeeree ere higher than the Veetel etudente (Peregreph #2 fer seventh

fgredeJ Peregreph #5 fee the - elghth grede) Ae was mentlened eerller,

beganlet th‘ﬁetert of the ecademle yeer-=

AR o Cémparieen of Figures V6 and V.9 111uetfete5 another point ‘about the .

frele nf 1netruet1en in, the use f he eneept mapplng stretegy. Very few

'etudente frem the Trumeneburg greup Ces represented by Figure V. 6) reeelved i?"
a ezcre ef*zere threugh nlne for their tetel eee Generelly, etudents N

eeelved thef eeofe if they did net exp11e1t1y ldéﬂtlfy the relet;oneh;p . ”i"f

This exereise was considered -
. L :

so in Veetelg 'fﬁue, the high

Aruitoxt provided by Eic:



o -
-

Crass llnks, thé establlshement of lnterrelatlanshlps among c ,,EEPtSIén-é "g

.ican;ept map, was nat stressed‘ﬂurlng 1nstruzt1nn ‘of the concept mapplng strategyv

: Thusrfthe~sccres far-thls criterion aré generally 132;. Further, the. basellna

cancept maps rarely contained more than ane or twalaf these cross links. The

opportunity to 111ustrate one by the student: was 11m1ted to ‘a kind of "all or

nathing? situation. -
. -
‘; p .
¢ t, -
h‘i *
‘x E.
. S v L9 ‘
[ 7 iy E *
. 8 . &
s ) 5
= B
, &, ,

Aruitoxt provided by Eic:



I e e L
. .Formative Evaluation 6f the.Concept

,fAs_P§§ﬁ9éfvthé\cliniéal intérview :an&ucted With;Stﬁdéﬁts;duf!

- .‘v:-f'f’@
"prnblng, the intervieWerséwere able to

\ . ) . .

~1ﬁﬁ§fﬁiéwées were askéd to discuss the structuré of: th21r :Dncept map

udents' understandlng of the caneggt mapp;ng strategy During:
1théi§§ttituées*abgﬁtvthé\strgtegygwére 15 sarggitgd:, 5@wévéf;

*%ﬂaagaterteﬁaztgdVinéghg'segtiép on'attitudés (Section VIII).

Anotherssouriéigbr thé fcll@w;ng comments came Er@m several

- . &
afgsxg_fptsr- Thg,;ntervlewer s;quest;ons are 1n,eap5?‘L
“azéjiﬁ,lawer chse . If mqre than ‘one student is- answerlng the

- .

’,;d"feteﬁt;rgspansgs‘are,ssparated_by ‘a space bgtwegngche,

= what 1E ;s.

“

Like a chart gf what ‘you've :ead.

.

WHAT IS A C@NCEPT MAP, IN “YOUR OWN. WORDS? , R ali{f

"‘WE;l;;zt's a wag of hﬂiglng you undezstand whe.t youtye- been’ reading, or
strdy ng,_ ft s: [an] easier way instead Ef réa ling. ., : :

You' "DON'T HAVE. TO READIF YOU USE CONCEPT HHPS? R

.V’Qn,v au;iave to read, but it makes the reading more. ;nteréstlng; 'cau
got’ to k oW, Hﬁat you' re réad;ng ‘to- understand Qur ‘labs. ~. 80" It’ 5 eas.
:;undsrstaﬂd the labs ‘if you do -ar e@ncept map after ané.‘ -

. IS, A :QﬁcEPT HAP?

ERI!

Aruitoxt provided by Eic:




. H . :
i =

*Eaéh Sf thése excerpts seem to lndlcate that the interviewees had some
dlff;gulty 1nterpfét1ng the question asked, Allseemtc have some 1dea of whats h
a cancept map is, but find.it d;fflcult to articulate its purpose. 'In regatd

‘.‘ to -the respcnses relating :uncept maps and 1abaratary EIETZlSES, the teazher e

= =

"v,?of_that student aften‘had thE‘StUdEHtS construct concept maps prior to or

kN fii 1mmedlately after dcing a laboratory. experiment. The concept map then became
:;A _the 1eft-hand 51de of the "V" » ~ - o . . o

,n*the ‘next questlcn, rela 'i ng to struéturerJthe prablem of vaguenesSf

' in the answersfseems to dlsappear. They are more on target whén 1t comes

ept map. . The first Studéﬁt draws. up0ﬁ=

s 7
!

DESC.'RIEE A CGNCEPT MAP? : o .
st a pgram;d and w:Lth things bram:}nng off f:«:m one. anathér.:;_

Te- - . . e

' V.thungs break;ﬂg dgm

& -

_Aé;thi525tudsﬁt.indicates- the chlldren in our study all se em_to kncw,~'

for h;erarchy and géneral ta spe cific. The pyram;d user above and

Q

ERIC

Aruitoxt provided by Eic:




Related to the structure of the concept map, we wanted to determine if

the studenis understood the function of the lines between the reptesenteé'

:ancepts. Here are somé responses from interviews that have asked for .the

. N

functiqn of the 1iﬁesrand what ;heg,represent.

ARE THERE THINGS THAT HOLD THE PYRA&ID OF THE CQNCEPT MAP fl"t:?C}'E.'THER7*p

I den't know ... just lines.

' WHAT DO THE LINES o¥ . .
3 N Wéll, thégkjﬂlﬂ - Eheg :ﬂnnecﬁ . :annect the two -ideas tégéther.
' WHY DO YOU HAVE A LINE BETWEEN "KINEIIC ENERGY" AND "AF?RAGE SPEED OF
MOLECULES"? , _ R
That's what ... that's what it is. That's what it means.
o DO YOU EVER WRITE ON THE LINES? o :
- ' Yeah. [?tudent then WTltES ";s" on the line between two concepts.]
Sy : WHAT m THESE Do. -- THE  LINES?. , ,
- Iheg c@nnect it with the important [sanéépts].-. like "k;netic energy” lji

has to d@ with "molecules," so that connects w;th that.

WHAT'S THE pu;ap@ss OF THE LINES? - 7 - |
:'Eause if you just puat "plants" and "animals" and stu§k~§bem]:ight underneath
 "living ﬂrgaﬂlsms" and “"energy” you would never know what the whole thing
was abauﬁ. ' = _

WHAT G’GES INTO HAKING }1 C‘CJNCEFT MAP?

Yau make up at the top ..; you put Ebe main 1&23 af the rhapter and, like,
oo Say it was "maiécules ' rssameth;ﬁg, ‘and theﬂ you'd write down, 11ke, what' gaes;
- into mak;ng mslécules aﬂd branch aff.' ‘Like'd :tree.... roots. T S ;3;
. N " = ,

EEDU SAE "ERANCH QFF," WHAT ARE TH@SE*ERANCHES?

. L Theg shaw relat;snsh;gs P bétWEEH thém.;x CoE v e e
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. students' perception of using concept mapping in other classes.

HAVE You E'VER TRIED USING‘ CONCEPT H,APPING IN SDHE OTHER E'LASS, OTHER THAN
;?CIENCE? e : -

ﬁat réally. I haven't really thought about it.
DO YOU THINK IT WOULD WORK IN SOME OTHER CLASS?

Yeah. It would work in a lot of classes. ) S .
IkE? ‘. . , a , ,
- : - . A b} B 2

Like, okay, work in like math. Ebu bave a lot of steps to learn and it would
help to remember basic steps and all that stuff. Work in Engllsh 'cause you
got stuff liké your nouns, pronouns, and,stuff,:,ggt s see, what else? Social
studies 'cause you got a1l those dates to remember. - L ar

than most students, the recurring theme that :Dncept maps shaw relatlanshlps

,amang ldeas_ls'very evldent.

B

e “DO’ YOU THINIC IT [ SQNCEPT HBEPING] E@UEQ BE USED IN ANY QTEER WAFS EE‘SIDES WHAI'
o !‘DU ARE' DOING NOW?

In some classes,. geah. IikéiSQSial stuéieé; or, I d@n't’think it could be. .
used in math. A 1 o 7 : . e =
‘WEATVMAKES’MATH SQ'DIFFERENT§V IR - R oL
' Well . I guess gelatlansths aes Eﬁu,knéw} [itJ éﬁésn't take much t@ffigﬁré,qyt o

EHE glus two. - : ; : L R - P

WHAT WDULD m SQCIAL STTJDIES H&E‘j.‘ PRONE . TO USING @PPING?- . )
‘ . Which. ﬁé are. Eéah.ﬁ
fbu cauld make a map af that, liké, "staﬁk mark t" anﬂ what goes into it,. lgka, B

"stocks.” Use it to explazn éa:pe:tatlsni All theSdlfféféﬁt th;ngs that go-
;nta mak;ng that.... !bu d see the relatlanshlpibetween them glot” béttér.:

In addltlan to determlnlng what students thaught cf cancept mapping, and

haw they wculd use the strategy, we alsa seught reactiuns uf the teachers -

These teachers wergé}nterv1ewed 1n 1nfarmal

1nva1ved Wlth the prgject.ﬁ




pressures or distractions impbsing on the interview.

Although several areas implementation, use, and philosophy behind the
. concept mspping and "V strategies were discussed, ‘cnly the former is reparéed
here. Impr5551ens on the "V" strategy are reparted in the next section.

Dther comments, regardlng ather facets af the pragect are reparted in

apprcprlate sections, of th;s report.

In thls SETlES Df questions, teachers were asked to discuss if :pnéept
mapping had any advantagesrand disadvantagESQ how difficult it was to

implement the strategy -into their classroom curriculum, and whether they
- . - . . WA L.
- saw aﬁy,impfaveﬁenﬁ in %tuﬂents"ability to use the strategy..

'WHAT DO YGU- FEEL ARE THE ABVANTAGES oF USING CBNCEPT MAPPING?

' With the concept mapplng, 1t kind of- held the kids responsible for . certa;n& )
vocabulary. They all of a sudden knew that they were looking up words, not . {‘
only ‘as a definition, but ta show [thé] rélatiaﬂships between ‘words that s
‘they al;eady knew_ . - .

A=

.= theg :an explazn haw a cauglg af w@rds are rélatéd ané then, net anlg daf

cf=twc ather wnrds, or at leést ene ather Hﬁrd;

Tb have them do a paragragh and to maké Aa :@nsept map, to me, is a lot easier
- and a lot more énjagablé than- réad;ng - page full of definitions, because
,q?; you' ‘re alrea&g trying E@ figu:e out why they're dﬁlﬂg it. For the kids, the:e’
T a. certain percéntage of them that still find them very hard, and it mlgﬁt be
- because their vasabula'* is just ‘very weak.i.,"ﬁg m;ght be frustrate&; but I
&aﬁ t thiﬂk ‘that's: a d sadvantage.f B o ) . o

apping] tends “to make
und :stané the ;dea af c@ngept magp;ng -
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&

It would be an advantage for me.... The first few we did, I légked over aﬂd
. got some ideas of what the relatianships that the kids do see are.

Well, first of all, to get the kids to think about what they're read.... 3That
lets them pick up what they feel are the main ideas, or the main concepts. It
lets them tie the- cancepts together ...

i

’ They like to do concept mapping.... T ’ S

Tieing tﬁ;ngs tsgeths:, seeing how théy relate to each other, most lmgartantly;
But if they havs fhn doing -it, that 5 gaad tsa. ..

WHAT ARE THE DISABVENTAGES OF CDNCEPT MAPPING?

[I]f ;E becames busywork where they have to read five paggs and make a concept
map, when they could [just] read the five pages and pick up most of it. I
think if you use it carrectlg, it a good tecl. I don't think you have to
ESHEEPE maF eva;g;h;ng.A ‘T think you have to be somewhat selective. :

I think it should bé usgd at the teacher's discretion, and when needeﬁ- nat
overdcne where the kids think of it as busywork and just something the
teacher is making them write out and hand in. ‘. -

= H - : =

Y = 2 .

H@W DIFFICULT WES IT FQR YDU TO IMPLEHENT CENCEPT MAPPING INTG YDUE

‘At first, I had a real h&ré time f;nalng §aragraph or tWﬁ that Wﬁuld’bé' -
appropriate for it. So I went through alot of paragraphs and I realized that. -
I couldn’t even make a scﬁﬁépé\gag;gut of them.... There' s alot of deficiencies -

in the text. ; \ -

, and T think that's also ssmeth;ng that any teacher's going to have to be o o
. willing to take’ the time to find eut for tﬁémS%%?ES.~ Bafore you give the -
concept map. asszgnment, read over the pa:agragb and make sure that you can
.come up wzth =] T str;:tly from the pa:agragh, that even the weakest
k;d :@uld pull {nformation tagéther,

I think T would Have to become alot more comfortable in myself [about
concept. mapp;ng] I don't know why, not afraid, but a little bit hes;tant
ko fééllg get into them, because I'm not that gaad and g@mfbrtable with’

[Ehe strategg], :
i ,.,; I tblﬂk that concept . mapping is a hard thing to teach k;ds. I reallgrdﬁ.

¥

AtAthlS ag",esPeciallg. ‘When they-are sort of set in how they réad something
‘ : "ga about lgarn;ag it, or. ﬂutllﬂlﬂg it, e I think it is diffi~
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¥

HAVE YOU SEEN STUDENTS GETTING BETTER AT HBKING AND USING CONCEPT MAPS? ‘

Yes, I've seen an ;mprevement. A lot of. kids don't have the real ideas. Alot

‘of them are just putting the title as they read, as they come across topics,

they will put them down. = But even that helps if they are drewzng l;nee.

’The;r reading assignments: are better. Espee;elly when ' T beve them ée a concept

. map of what they're read. If I give them definitions to do from a read;ng

aes;gnmenfg and then I give them a concept map to do on that reading assignment,

they always can remember what they read and tie it to the other [parts] better
- when they've done a concept map. )

. while tryihg‘tewiﬁplement fﬁeee”Stretegies;

H

Ceveats for US}EE_%H& Implementlng CDHEEPt Mepping

The fellew1ng are prev;ded in this repert so -that any ettemﬁt»te replieete

~this ‘project may not “fall prey to the same mletekes that we hed ‘encountered

1. USlng the criteria fer assessing eeneept maps (V=9), the teeeher should "
1dent1fy fer the studente the mejer elements which characterize a eeﬁeept '

: mep—' While the teaeher may ept to use the lees rigorous: ferm of evalua-

- I

tion (see Appendlx I page V—S) of the eeneept maps, these ehareeterleties

'111 sho uld be teught -to the studente.:

2. HeVe students ldentlfy the major . eeneept end eamehew distlnguish thet

reaneept from. ell the ether eeneepts represented on the map. The studente
- enuld HTLtE thet een:ept in cepltel letters, put a deuble elrele ereund

’1’1t ) erté ln d;fferent eelore. The reesen fer thle reeemmendetlen is- te

‘»fspeelfy fer the studente end teeeher whleh eeneept 1n the studente' mend*

o 15 the mast generel meet 1ne1u51ve ef the eeneepts represented _ﬂ

7;3g Net eil reedlng meter;els are eendldatee fer eeneept meps., then, we

o heve founq%text deSeriptlene 1nedequete in thelr reletlenshlpe emoug

Wifﬁe“
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fcre, the teacher should prepare concept maps of any material prior.
“to 3551gn1ng the-task to the students, This way, the tea:her can use
the cancept map as a means of judging the general worth of ‘the reading

in the text and its capacity to be concept. mapped.

" 4. Teachers sheuld stress the 1ntegrat1ve aspezts cf ccncept mapplng . -

!:Thst is, the concept map represents the relationships of mganings amaqg
:eanceétst We:did'}cﬁifind teachers placing suificieng stréss on
tgis idea. We feel that if this wds done more regularly, thé power of
the cence?t mapping strateéy wcﬁid increase for the ieéchef, and~thus: B

*  for the student.

_Caﬁ51sten¢y in Concept Map Szar;ng:

":estabilshed

We have nated earlier that scoring procedures- for zgncept maps have
undergaﬁe ccntlnuaus rev15;nn. As we continue to use concept maps in
teaching and research, new forms of scaring keys Wlll undoubtedly result;

and we would eﬁcaurage continued“explaratian of alternative scoring pro-

Eédures; For the purposes Df summative evaluatlcn, hawever it was neces-

sary to settle an a map searlng prccedure and to apply it with the various

classes lﬂVDlVEd in our study. iThe key EhDWﬁ in Figure V.3 of this report

‘was used for all the :ancept map ‘scores glven in this repart To test

'the can51sten¢y w1th WhlEh dlfferent persons rate the same cgﬁ:ept maps,

- f aters scored eighteen dlfferent c@ncept maps applying the criteria ‘

. A
& '

g.; . -

Table V.7 shaws the mean map scores eamputed f@r each of the flve

—étéis[and}dgséribgsithe;:aters' relevant experience with the projectr. - -~
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Mean scores ranged from 17.50 to 18,67, An analysis.of variance was

;amﬁﬁted_ag shown in Table V.8. Although there was significant variation

in scores on concept maps (as should be expected since these were done

Aby differeht students and for différént subject éreas), there was no

=

51gn1flcant varlatlan in raters' ‘scores for the same maps (F = 1.20;

P>0.32). These data indicate that concept: map ratlngs are relative’ly
; constant from rater to rater, assuming the raters are familiar with the
;,» ° 13 . . i
' strategy of concept mapping.
~  + .. Table V.7. Raters, their relevant experleﬁces, and the mean of the
8 total scares fhr the eighteen concept maps they evaluated
I - Mean of Total &cores
Ra : . al , re
y ﬁ ater and Experiencé S (18 concept maps)
#1 - invelved in project for two years S 18.06
* #2 - graduate student not involved with . '
\ 3 project; familiar with concept -, 18.67
i mapping and the e - L
#3 - involved in project for e;ghteen ' ke at
. . 18.83
months _ _
?'__ o RN L 3 nat involved with pragect graduate =
S ' ' student consuitant from another univer- 17,50
sity other than Cornell : ]
#5‘; involved with project for one year; : éiiﬁi

teacher working part time on the prcje 18..50
as staff member o \&

4




v-37

Table V.8 Two way analysis of variance (ANOVA) on rater and concept map.

Source

Error

21
68

- Corrected Total 89

1629.7333
295.5555

925.2888

© 29,9873

4.3464

6.90 . .001

Rater

Concept Maps

608.8888

20.8444 -




VI.. THE EPISTEMOLOGICAL (KNDWLEDGE) myit o - ;
‘1?he;Ev§Lq;ian of thgﬁEp{gggﬁg;ggig;;;gknawlédge) "V'' for the Project:

It Has already been mentioned that thE'epistemélagical "'V" has been invented
to show thexagtivé inte:ylay-between the conceptual structure éf a‘diééiplineﬁ
~and the mgthcdol@gy empiéygd'by that discipline in’sfmé inquifyi At the
! ﬁaiﬁt af thé‘"V“_are the_eventé and objects which become the feéi of tbe ’
inquiry. As HE'prégress up from the everits and object$ on the léft-ﬁan& side,
Dur-cgﬁceptualizatigns bécomE'bfaader and more encbmpassingf As we pfggféss

“up the right=hand 51de to the clalms of our 1nqu1ry, our methﬂdal@gy becomes

&

manlpulatlnn of the recards ef thnse:events
The nrlglnal Gowin's" epistemalnglcal "y is Iepresented bélow in Flgure'.
VI.1 Upnn 1nspéctlan, it can be ncticed that th15 oy .is more comprehensive
. than tha Qne presented to Dur students 1n thé "Learnlng Haw to Learn" Projégt.

[

There were several reasons ‘for thlS, and each will ‘be dlscussed 1nd1V1dua11y.

'CONCEPTUAL o METHDDDLDGICAL
_.SIDE_ .~ . - . L SIDE |
[ WORLD VIEN\ v  KNOWLEDGE .
. PHILDSDFHY : CLAIMS . -
R  THEORY . \ ’a Lo VALUE .
CDNCEPTUAL SYSTE_; TRANSFDRMATIDNS S
. CDNCEPTS RECDRDS , '
S EVENTS/DBJECTS

£

: F;gure VI 1. The. Orlglnal .Gowin's Ep;stem@lnglcal "y show1ng the Tole of -
' ‘;*f20nceptu§llzat1ans and methcdalagy in an. 1nqu1ry.r il

.




.o

| 'ﬂ‘ggyhtan Junlar ngh Schocl and Laﬂ51ng Mlddle Schoal suggested that the questlc

First, the iefﬁfhand side contained more terms -= wnr;d view, philésaﬁhy, _ '
thegry, tell;ng questluns, conceptual systems, cancepts -= than we wéfe-prepared
_to lntraduce to Junier hlgh students. It was felt that the use of Dnly four
of these terms with the exclusion of "world v;ew" and "philosophy" wculd be
apprupriate fo the junlor high 1eve1. Since these students were farelf; if ever,
expased ta an examination of several phllosophlaal per5peat1ves af s:;ence or
to. metaph ical ptlnclples that fafm the bases of world views, these aspects of

thg."V" wereveliminated,

"Telllng questlnn" 315@ pasad a ﬁrablem Gowin Clﬁ press) defines a telling |

» question in s¢1en;é as "poslng a causal cnnnect;an" w1thin Sﬂme phenamena of

interest. To ask, and to answer; a telling question requires an élabDIatE :

canceptpal framework tD guide ;nquirles and to set those 1ﬁqu1rles within the
context” of some field of study. Now, since junior hlgh students da not encaunter
suéh“far-féazhing queStlans, and do not delve deeply Wlthlﬁ the conceptual ,‘L‘
framewark of the scientlflc diSQipllnésr the use of "telllng questlaﬂ was |
cans;dered 1nappraprlate to our‘needs for the prajecti For some t;mei the f

staff zaﬁ51dered SEveral ather terﬁs tn &dEﬁtlfy the kind Qf_qﬁestiaﬂ'that
15.asked'1n 1ab§ratnry exercises at. the junlar hlgh level.. At first, we gﬁcught
‘that the terﬁ "gaad questlan ght accummudate our needs since it could dlstln—
guish between a questlan that led ta a tgmprehen51ve 1nqu;ry and Dne that dld nat
Ca "bad" questlan") Hawever, thls was discarded when we, reallzéd thét to use

[

the term "gaad" was valueﬁladen, and may be : ﬁapprcprlate for a. kncwledge

lnqulry. - c j o ' ;r _’
' Flnally; the 5taf£ declded that "facus quest1an" would be more SPEElflc
¢ ¢

1n 1dent1fy1ng the. iun:tlan of the lnqulry. Our early wark wath students at

J

.

8
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shpu;d focus upon thé events or gbjects that 'were .to bé cbserved in the
inquiry, and als; idengify; eithef explicitly or implicitly, the concepts
"relevant-ta'fhe iabéfatéry‘éxéféisei We found it helpful, also, to move .
~ the focus questlan frr;m the left-hand 51de into the center of 'the: “V"b
| since it was "cgntral" to the ;nqulry and played a role in tying togéfher
the ;cheptual and methadclog1cal elements of the investigation.

:Anqcﬁer ﬁrpﬁlem arose when considering the terms “zénceptualisyStem"
!énd:"éanceptsi" Iﬂ our early attempts in the Ithaca junlDT high schaol | %
we d;sccvered that students had a gréat deal of dlfflculty d;stingulshlng -t
between the twaa JAgainjlwe tried several alternative-térms, until we deelded}
»ta adapt "pr1nc1ples" as the térm that ‘would occupy the space above cantepts

and below theory. As n@ted in the previous sect;an; pf;nclples are proposi-
tiaﬁéccmpaéedef two or more éangepts,=althaugh ncﬁAall prépositiané are
Qriﬁciplésg
Threé sources of prinﬁipleé were’alsé identified. Principles cauld‘camé;

from the prior knowledge clalms of some previous ;nqulry (empirical principles).
Pfinciples ;auld alsa,cpme from some theore;;cal moéel in the fq:m afiprgpesi;.

“tions (thecrégical pfincipleé)g Thés% two Eypésxw3f§g;qupedunder thé heading
{srof "EOnceptual prlnclples." The fiﬁal type of pfiﬁ:iple #as'derived fram'the

’fuse af 1nstrumentatlun and ather recard-maklng dev1zes that are: -used 1n the

':Xilaba:at’ry. These were “called "methad@lngical pr;nclples," and they serve to "

- gu;de recardsmaklng and recprd transfcrmatlons.

s

Turnlng to the rlght hand s;de of the "V"' fewer modificaticns'gécufféd

T

S ) | o .
as a- result af .our. Wark w1th students aﬁd téachers We felt that recards

. , ) o
Vand tfaﬁsformatlan wauld sufflce far the klnds af 1nvest1gatlcn5 that students,f%?

',jat the junlar h;gh Ievel although we dld find EVldEﬂcE that students

:;culty knawi’g whfre these twc terms flt alcng the "V“
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= R +

Under "claims," we soon restricted ourselves to using only "'knowledge

claim." There were two reasons for eliminatinﬁ "value nlaims." First we
were haV1ng (at that Stage of the pro;ect) enough dlfflculty with teaching
the "V" to junior hlgh students and thought that the 1ntrndugt;nn of a new
sét of 1deas needed to :larlfy the meaningb f "walue cldim'" would only nake
‘matters more diffiéult. Second, and probably’more important, at‘the.*
beginning afEt;e'projEEt there was a disPuté'abnut valnés,elnrifieaticn in a
'snﬁnnlvaisnrigt_nearﬁy; an, although we recognized that theredwas a vasrn
d;fference between our- deflnltlon of "value claim" and. how ''values nlanlflca-'
tlan" has been=used (Raths Harmln, and Slmnn, 19663, we felt that there m:ght
he some sort af backlash a backlash that the project ;auld lll-affnrd tn :;, 1f§
» . encounter. Thus, fbr polltical reasons, this aspect of the "V was deleted.
: CQﬂSlderlng in retrospect the 1mp@rtant aspects of value claims in
the EEIEHC%S -- truth, elegance, practlcal appllcatlon, and sunh -- it
is regretéble that thlE fanet of. the project could not be pursued. It
is enzcuraged that, now having a firm basis fnr implementing the know-
‘ledge yr 1n the classroom, this aspect cf the "V" might be 1nvestlgated #
in' the future. It 15 can51dered an 1mportant and rlch source of lnformai‘
tion about the sciences,’ though differeng than the content ‘orientation
that'sn.often 6c;ﬁpieé teachers and stuéents; . 7
‘ The term "eplstemnlngy" was alsa drnpped in favcf 6f§i§é term "knnﬁ;
iledge.“, GlViﬁg students and teachers sﬁch an unfamlllar wnrk was not lﬂ |
, '

keep;ng w;th the learning ‘theory that formed the ba51s of the prngect.'

rfThe cancept label was 1nh1b1t1ngﬁ%he learnlng of: the meaning of that

?nn:ept - I t . . L : :

F nally, although we fnund no Pr@blem with us;ng "conceptual 51&4“ and

i"methndolaglnal 51dé;" we affered the teachers the option nf us;ng the "thlnk-;'

ki
&

;‘lﬁg. 1dE" and the "do;ng 51de," respect;vely. qut';ga;hgnsg thnugn, uséd:r




bnth graups of terms cgncurrEﬂtly - ‘,ﬁ
There wers no changes in the use of the terms "evants" and "DbjEEtS " -
leen all thls the "Knowledge 'V'" evalved into the fgllaw1ﬂg struzture

(Figure VI,ZQr For a more comprehen51ve desar;ptibn of each of these terma

;
and their-de¥in1tlons Ere.fer to Sectlon IV in Appendix I. - . S
%DNCEPTUAL .\ METHODOLOGICAL .
\THINKING) ﬂ - (DOING)- . .
'77$IDE ‘ i : " SIDE : .
— 7 - — S —— ST
, " THEORY. KNOWLEDGE 'CLAIMS - "

PRINCIPLES TRANSFORMATIONS . |/

‘ CONCEPTS RECORDS N 7

: e N Y

.. EVENTS/QBJECTS . ) |

o Figure VI.2. The Knowledge ''V'\ as evol?e%;in the '"Learning How.to Learn' Proje¢

Implemeﬂtatlan af the Kndwledge "V" - 1978 19?9 < -
— , et e

Develapment of strategles far ;ntraduclng the knewledge "V"ﬂ;ntafthe-
:lassracm prV?d to be a fatmldable task Of . caurse, our’ flrst contag"
a schocl was dqﬂe thraugh the Ifhaca Clty Schools, where we had cne vol“

teacher £rom Bayntan Junior ngh Schﬂol. “We- were glven permlsslaﬁ ta work:

- ~with his 21355 but it .was declded that“at flrst we - should begln to- introdi

T'the térms 3; the "V w;th especlally CDDPETEthE students Thus we .
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Aruitoxt provided by Eic:



Thus : a problem of ’c:cmt:.nulty arnse- »“Wé asked the teaeher tn

ERIC

Aruitoxt provided by Eic:



Q

ERIC

Aruitoxt provided by Eic:



anAlighth grade*s:ien:e teagher in the Lans;ng Mlddle Schnal He was teach;ng
oral '.QTLEﬂtEd IPS Pragram, and we felt that thlS mlght be the

llntraduclngsthe "V"‘ WE scheduled same 1nfbrmal meet;ngs w;th,

hls IPS class. ThlS :1355 was'

cgns;dered above average i

®

=was subst;tutediw1th the'terms Qf thg knawledge "V" Th;s 131nfnrced he

allithe kncwled

Aruitoxt provided by Eic:



"17quiri35. Théy'alSdirec§”

» 1erar nc heary’ evel had been utlllzed! Thls was enﬁnuraglng

on priar knawledge. Th;s expérlence led in part to" the sectlan

in the Teach s Handbnak whieh dlseusses sequentlng of “V's" ) (See page

-V—lB in. Appendlx I )

;antrast tﬁ our. Ausubellan appraach that places central focus Dn the acqulsl—

”‘ftlcn‘and use af Ielevant ﬂoncepts and a Tﬁul 1' ?hilasophy that stre, S

" the' evolution ‘of concepts (Novak, 19771:) RN

We cgntinued 1n,the Lan51ng Mlddle Schaal thruughaut the Sprlng, 1“,

L] #

_As that teacher became mare zamfortable with the "V" strategy, the attentlon:

of - ‘the siaff was dlregzed taward the athér two schools that were Just then

'féxp ,551ng same lnterest in our project. The,qne seventh grade teaahe  1n

;Trumanshurg was W1lling to .adopt* Qur ideas in one of her elassésrrand L1

,e_seventh gfadEﬂtea:her and one ghth grade teacher in the Afrlcan Road




HVH Strategy, It WSS Teallzed B

';;s:hgal setting, given all the ather PreSSures thgt acaumpany the teacher k]

"daq, mpre intensive tralnlng wauld be negessarf’ The staff soon Iecagnlzed_j* .

5that we could not just hand the teacher the materials and "let themaldésé:; L

~'n the zlassraam.ﬂ Rather, a firm and more - :omplete arlentatlen to. the

5'phllasoph1ca1 and psy;halaglcal faundatians af the PIDjEEt ust be planned

r.tc:'he 1ﬂtraductlan of the materlals 1ntc the ;lassranm.

Not muah pragrass was made w1th the "y" in Vestal in thcse few manths C

.

f:tha 197331979*52h§el,yeaf. Trumansbufg did better partly as'a result

 f;§f’§iéser staff and teacher cammunlcatlun and gengraphy. Wlth the




 Thentermsfweré’Qn1y intrbducedias

n fpcrated 1ntg :Lass d;scu551ans.

';iabaratary events.V‘Ah'early laberatary exerclse served th;s purpcse well
'In the flrst weék af schugl the studeﬁts 5et up a "beef bcu;llan"

(students were ;nstru:ted tu set- up‘four‘test tubes, ;ggh with -

. TWprf the test tubes were left unéévé?edi ﬁhg‘otﬁEI'twa‘

" “were covered. One covered and one uncovered were then placed in boilj

Durlng the two weeks, cher la

i baulllcn cver a Perlod af twe weeks.

 ibﬁﬁi11on experlment the labaratgry workbaak required the students to make ft L

':claims that were relevant to the questlnn of what was, needed fbr 11fe to

ai; 1tselfA=— cancepts that the students had nat 1earned' As the c ass

3‘d;sculsed the lab the students real;zed that they did not passess the p '?er;

:“f:anciptualrffamewurk to make the klnds of clalms required. Enter; then, Af'fw

‘ithe need fbr;the conceptual 51de of the "V, It was’ démgnstrated very- cléarly

1that tha 1ab exerclse cnly "made sense" when the rezards ‘that they had been j

‘far the two weeks were seen in relation to the zancepts of "11fe L
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*~in;Ve5tai‘*the précedﬁre’fgr_inti@duaing the "V was diffeient ?and

delayed Bath teachers there had expressed some ccnfus;an and anx;cusness

)

_éabaut understandlng and uE;ﬂg the "V" They bath asked that a member of the

ratf'cnme dawn to ‘teach the classes and the teachers how to use the "V"'-‘OA

;gtwa;sépafateza;2351ens; Qne,ﬂf-the-staff membgr;_v151tgd>the,classes on a day
:'“;fféiioéiné_a laboratory exercise. E | %
" _IﬁftheEeightﬁ_gradélglassgs} theIStudentsfhad peffofﬁed~aﬁ efeicise on
‘théiﬁeaﬁ‘lgéﬁ'by iran!washers to é:gifeﬁiiélﬁﬂanf'wate?, ’Qné of the knq&;gdgé

';;élaims"that-was- tD'Ee made dealt with hawimu:h heat was lost by’the iron

LA

“washers when piaced in a volume of water.. T%e students had cgmputed the heat . Lﬂ

Ao k

v“galned by the water by measutlng theﬁchange in témperature and the mass. of: the .

‘»water, (S;nce the spsélflc heat of water is 1.0, that was not cans;dered in ‘?,“f

chéicalgulatién;)f Wlth that calculatlaﬁ and value, the questlon of hnw muﬁh heat

:ihad beenrlcst by the iron. washers _was pcsed Thg_s;aff member shawed;hcwgthis
:7Vlabaratcry exerclse would be represeﬁted‘dh the "V, It-was__révealiﬁg:téjthg,,ﬁ

- =

ﬁd S "dfteagher allke that the learners had nct béén e;pas '

B

Taf the exerglse.‘ wlthaut it, no 1a1 1d have been made abaut thﬂ am@unt

Aruitoxt provided by Eic:
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the me}hadelogical'téchnlqués Qf stalnlng and mlcrascapy.

As the class and the staff member were: ‘discussing ‘the clalms abéut the;**

- differenc

Lbatween anlon and cheek ceils one stu d ,t foered the clalm

that cheek :ells cantained vaenﬁles C51nce chaek cells were ‘animal 115 and

all. anim. 1::3115 a ’rlarl must cantaln vacuﬁl':) VBut ‘based on the recards L

Thls palnted up one af the llmlts cf knnwledgé clalms- they must be can515

W1th‘the recards and transfarmatlnns made. If the 1nqu1ry had the purpase af, O

x’determlnlng 1f cheek cells have vacuales then the claim. for. thlS exerclse mustk

But that glalm was caﬂditlonal given. the 1;m1ts of the perscn dglng

5cn and fhe 1ﬁstrument used t#,make the Iacards. _Thls;was.dis usse

i ' S
The problem was: tentatlvely resnlved Wlth the Ieccmmendatlﬂn

5% "

'that,perhaps a better mlﬁrasccpe may 1ﬁd;cate the presence Df vacualés in cheék.

Bath the "V's" for the heat 1 $5 e erlment and the on;qn€] ;f;{
Xp P

¢ s

?Evaluatlnn.

. From November, 1978

©

.éfgéuffﬁiégfﬁiggFta'iearﬁ“-i,;'a“g

Q.

Aruitoxt provided by Eic:



Tt . :
T.Why 1sn t ra;n an event lnstead of a cgncépt?"; Dr "Idon't see hcw td shaw

dlssectlan ex 1sévcn a v map.ﬂ or. "Wew, thls really helps me to see what s_}

gulng Qn 1n_th15 experlment!" In addltlen to 1nnumerable anecdotal c@mments_’} 

-~such as these, we alsa ganducted more systematlc farmat;ve evaluat;an, some: cf

whlch 15’des¢rlbed in the fnllaw;ng pages. , o ’ .

)e
Shmmatlve 1ssues alsn ‘were- addresséd but yrlmarlly durlng the second yeax

* 8 .
-

af‘the pro;ecti In essenee we wanﬁed to determ;ne several related issues af

7ivent1fy, deflne, gnd plck out examples af the terms afgthéi"ﬁﬁ?i

fs‘the 335153t aspect af . evaluat;on of the “V" since 1t iny’req,lred

'be able ta place the ‘termis cf the "V" in th31r carrect Ea

: that stuéents

dgfine each gf the tgrms, and u31ng past experlenaes in- the 1ab Pfév1d§ A

examples uf each af the terms. ‘A twn—page pengll and paper 1n§trument was then

”dEV1EEd to Ieflegt thls task - We began with a trial run 1n Lans;ng in Aprli

x

and followed w1th ancther tryﬁut 1n Tfumansburg in Dctobér; 1979.

Althaugh the essence af the 1nstrument was felt to work quite nlaely, the A

Students had to wrlte ea:h Df fhe terms thre

=

'structure left much tc be de51réd.

&

timéé deflnltlans were separated fram éxamples, "and the examples were tagbe-

cgi‘revlslan of the»

- “diiﬁﬁﬁby students from past labarata ry fxpE;€§,Ees~é’A ﬁ

flnstrument was d€P§, ~duri E’Jﬁ' Wlnter, 197

: ive th deflﬂlt;gns af each of the terms and 1dent1fy examples’af
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';VAg . Examlﬁatlan af even these very prel;mlnary results prav1de some alues

535 ta thevfamlliarity of the student with the "V" and where the empha51s is .o :

:u;relatlngto 1n5tru¢t13n abaut the "V";‘ Flrst Flgure VI. 43 1nd1cates that"

f;%l . I 7 e/

' ;stﬁdénts:§a PDSLtlDﬁ mast af the terms in th ir correct places a;@und the "V";:>};

| bUt as lnalcated\by Flgure VI.4b, th31r abillty to ﬂe,iné each term gf the MY wak )
f
encouraglng; "Indeed, a very small percentage of’ students cauld %;VE an

¥

”adequate deflnitlcn of "theory " ThlS ¢ould be due to :the fact!that the: . .

teaghar in Trumansburg had nat taught the students a Variety af thearles,

:but ccncentraied malnly on the cell theary and the theary of natural 531%c-~

Y ool

tién; ’ Thus, the students were nat Prlvv to the range fhﬂct;nn, and

¥

-stru:ture of a thearetical m@del Dﬁ plcking out examplé; CF;gure VI 43) the

» ’stﬂdents ‘dld mugh better.} There are 1nd1cat1@ns ‘that, althaugh students

£y

i ~57Lcau1d nct p:ov1de :emprehens;ve definltians of the terms as shown in Flguré VI .4

| able ta recggnlze examples Df mcst Df thése terms W1th1n the ;onte of a

vglven,labaratcry exeralse Gnly "knowledge clalm," "transformatlon," and
"recard" prov1ded scme dlfflculty But that m;ght have been the fault gf

the 1nstrument used examinatlan af the 1nstrument on page \'& 11 in Appendix T

L ibean pad exper1méﬁt) shews that thé recurds are embedded in twcéiypes af o
™ x‘x = !‘?"‘:

" fransfcrmatlgns, the’ table and the graph. Students dld have same trauble L
A',diSting is hlng the records (the aﬂtual number of bean in each af the pods)

from the transfbrmat;ans (table and f;guze for ffequency dlstfibutan)




Q
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"ygradeygusing a labaratary gxerciSE on heat 1335.. The data fbr these twa i

- groups. are reﬁafted-in'Table VI.1 below. ’Inzluded>als

, a5§ESSéd because they ﬁad had anly llmlted expasure to and 1nstruc
use of tﬁe'"V“-. T ’ f'

Fram the Tesults of thls prellmlnary assessﬁent thé iff,;’

s;mllar assessment Hlthiﬂ a. whale class settlng, thereby callect;,

recards f@r all the students at ane=tlme+, Thls was dcne .in Trumansbu,v

‘a laburatory exercise on bean seeds, :and w1th the Vest31°31ghth

-

CF

héwAthe'inétrument was ma%kedi ' The Veétai seventh grade gféupfwasfndt 

a C#Ej and picklng Qut éxamples (#3) Qf terms £
’ , .Trumansburg (Aprll 1980) and Vestal Bth (May; ]

maximum of two pa;nts fbr each Tntal Saare
’;mum of 31ghteen.
é 7 iTman?ségzrg L vestar
Cpriny - . (May,
. o QUESTIDNS B -
#1’* #2 | #3 "
Knowledge Clain . ||  1.97 | 1.89 170 1.20
Trénsfurmat;en ol 197 157 faen . ~1.79.
‘Records : " 2.00 éxl.séf 1.67 A-' - 1.69 1*44
Objects L '1.97 1.99 llé;?; 126 s 1;2§;» :
Events. . . . . || 2,00 | 1.94 | i.02 151 Lél‘_;’ |
3'_,:‘(:@1%;;313-;5 L 1.97 | 1.83 | 1.25 | | 1.00° 1.a3
v,Pr;nclples o | | -
vlThéEIY
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-'_;thst=ths stgdsnt "W%Si

v'5fgraup shuuld bssdans w1th the utmost caution.

T;pgsssnt thét o

-~<two¢gfaupss
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In essence, each of the three questions of this assessment constituted .

a separate instrument, each with its own objective of dstsfminlngg?ow familiar
' ' Uk _

rhs assessment wss grsdsd on the basis of two points maximum for each

the students were with the knowledge "V'.

par* of ths;qusstisni Thus, the prgpsr definition of "theory' was. awarded
If ths-studsnt’in ﬁiiting a definition or example of s:particulsfl

*tsrm d;d not havs a tatslly correct snswsr but one thst provzdsd an indication

on the right track," one point was-givsni If the answer

= ..

"wss_tétsllyvﬁTOngz no points were awarded. : '7 : L

Thsrsrwsrs ssvsral.fsstsrsﬁg

Eight affect ths validity of sny gsnsrsllsatlon betwssn ths

R 3

Flrst, the Trumansburg graup rsse1ved a grestsr smsunt of 1nstrust'

infths_“Vﬂ;ihsving-ussd it since the bsglnnlng of ths yssr._’Ths Vestal grgup
sdjchiﬁfﬁssﬁ-ﬁsing it for five months. SECﬁnd slthcugh the 1nstrumsnts wsrs

ﬁicsl’foerusstiéns'#l and #Z the lsbaratsry sxsrslsss ussd f:@m Wthh thé |
.studsnts plcked out sxsmples Cststlan #3) wsrs dlffsrsnt Thsrs s nq;' T

1 thst we know of :ampsr;ng the relative diffi ult;es of these tws‘Isborstér

L 4
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In light a? these cautions, hawevér, there aratsame intérésting comﬁérisans
‘ that can be establlshed between the two groups. Trumansbufg preformed better
cnrthe average for the tatal scaores f@r each questlan. This 1ght indicate
that there is a factar of "tlme on task" which is 1mp§rtant to the mastery
-§:af the knowledge ''V'. To 1nd1v1dual questlans althgugh both groups were
cnmparable in 1dent1fy1ng "t;EGTy" on the nyn (2,00 for Trumansburg, 1.95
 ,;i;u for Vestal] Vestal did much better at def;ﬂing and plgklng out examples of
 the theory in the glven labaratory EtETCLSé (0.55 and 1 49 for’ questlons #2 '_ ‘
and #3 fcr Vestal; 0 06 and 0. 47 fﬁr Trumansburg) Since the 31ghth grade
;teaﬁher in Vestal stressed to a great degree the 1mpartance of the theory

- . . n i
" in scientific 1nqu1ry, we would expect th;s f;ndlng As ment;@ned earller, A
‘the téaeherrin Trumaﬁsburg dld n@tistress thecry as much Further; in the
1abaratary ExéT:lSé glven the Trumansburg students the theary tnat was prov;ded
was written as "naturaL selectioni The students shauld have knawn that

;but were prabably mo familiar with the term ﬁthéary af-evoluticng"' This

. may ac:ount far the camparat1Ve1y 1ow score in that questlon

&

T

' Ean étudents use Qf the knawledge A far 1ab§ratory exer21ses they perform
7 - I

in class? »f

ndvyear cf the. prcject Flrst arrangements had ta be made tc
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The secand major actifity involved with answering this question dealt-
with thé creation af a scaiing_devi:g_po qéaSQre students' ability to
put a laboratory exercise on the "V'"., During the second of oufrﬁonsul;ants'
meetiﬂgs (July, 1979); it was recommended that we identify some sort of
»Dfdinaizscaling ?r@cedure for aESESSing the "Vis"ithat students turn-in.- .
A Pieliminary‘sgaling Préceduré, based on aﬁalysis:éf'previausiy constructed

"V's", was develaped in August, 1979.

The nine terms of the ''V" were grauped 1nta five general categories.

sipcgfscme of the te:mszdepended clésely upaﬁ.related terms. Thus, "theory,"
"pfinciples:" and "éé%cepts" were*gTEUﬁed tagether; "Dbjeats" and "é#ents" |
were grnuped together; and "records" and "transfgrmatigns" were grauped togetix
.her; ‘"Focus questioa and "knawledge clalm" were th@ught to stand 1ndependent 4
aﬁ least fcr>a5§§53meﬁt PurPESES;; thé o;her Parts of the e, f C »?
The scaliﬁg.far eézh general category bégan w;th zétﬁ;.indﬁcatihg that

. nothing in that gf@up was ldentlfléd by the studant - Next, an aptlmum T

:IEPTESéntatlﬂn of that category was constructed spe¢1fy1ng thé criteria

* ) needed to répresent that optlmum The%e were not 1mmed;ately assigned a
s
numerlcal value‘_‘Far instance, thé focus question was identified to bei ¢

# : a-

Dptlmum lf it contained . the key Ecncepts to be used in the 1nqu1ry and -

suggested,the major event and/cr relevamt ebjeats. From that_oPtlmum GES%;

:varying degrees Qf ":omplat%nesg" were then added lﬂtO‘th% scale fer focus

”1xquestlan k The numbe -value far the optlmum case wauld thus depend upan the
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~ Figures VI.5a -"b. A :umplete llstlng Gf the criteria for assessing’ studént—-
canstructed "V's'" can bé faund in Appendlx I, page V 14; cher examples of .

-"markéd" "V!'s" can also be fnund in that Appendix, pages V-15-17.

e i

Table VI. 2 Develapment and examples for tr;terla fer assesslng the focus - que:t;eﬁ*'

',JPErle ffgm August through December, 1979.

on student-constructed "V's", i
NUMBER . IDENTIFYING CHARACTERISTIC OF SAMPLE Cfrem a lab on
VALUE e "THE " FOCUS QUESTIGN o the elect:oly51s of water)
0 - : . no focus questions is 1dent1— (student writes nothing).
' _ -+, fied. - . - ,
1 o - a question is written, but - "What's in water?"

does not focus upon the objects

) ) -, and the major event OR the con-.
ot , Ceptual side of the "V".. B i
2 . a focus question is identified; ""What elements are in water?
. includes concepts, but does not o o g
.+ . suggest objects or the major < _
event OR the wrong objects and : e
., ~events are identified in rela- T :
) . tionm to the rest of the lab.
3 ) ... a clear focus ﬁuestiaﬁ is, iden- - "What elements can be
‘ tified; includes concepts, to be ‘identified through the
used and suggests the major decomposition of water
.event and accompanying objects. - using the Hcffman appa
' . ’ . ) tus?"
| .
1]

Thessrcritéria weﬁt thraugh at 1east six.revisions over the five;‘mcnth_

2

Rev151ans were bssed on £1513=

=

”ii tn& studEﬁha,
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An analysis of the rating scale for assessing student-constructed 'V's'

was completed and is reported in the final part of this section. o
Student-constructed "V's'" were collected and assessed for ten representa- ‘
tive laboratory exercises from October, 1979 through May, 1980 in Trumansburg.
The results of the analysis of these '"V's" are given below in Table VI.3 and
Figures VI.6 and VI.7, LA o
N .
’ . .
&
7 ?.
) v
- e s . v i

ERI!
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| Criteria
- Category

F

Table VI3, Results of ten student-constructed "V's" using, the criteria w0 assess how well
.-students use the ",
‘muﬁmmm&mMMMmﬂMmmmmﬁMﬂmMHMHMMw

Since Laboratory #1 had such a small sample’ nunber (5 (5), this

exercise appears in the key from Fagure V1.6, Number.in parentheses indicates sanple
size for that part1cular exercise, ' ,

.

U VA T O T /A O I

| Db] eo:ts/
' Events

Thenry/Prlnﬁl- o
'ples/anceptE ,

| fornations

‘7QKREEnfd5/Tfaﬁ5; |

- |Knontedge
| Cladas

o ibtalfScére

. |Standard Dovia
“Ition for Total|| ...
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_NUHEER OF LABO

EigureTVI_ég

CONSTRUCTED "vis,.,jSAMPLE NUMBER IN PARENTHESES

sAverege tetel 'score ‘for,the ten repreeentetive 1eberetery 7
fexerelses pleeed on the-"V" " Numbers above each bar repreeept
_the -standard dev;etlens far tﬁe tetel scores for each laboratory -

E

»%exerelee_ R . S . - 5 e

number; in parentheses is the week in -the gbedemle

‘,;eught..;A L 'f-- . .

Leb hé (15) - Pereh Dleeeetieﬁ
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- - 6;5’ 7i Sé S;SE 9 E—F O > - * . 5
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| '!Figure VI. 7 Frequency dlstrlbutlcn of averages’ af g1l labs represented on’ %
' the "V'""for eighty-three students at Trumansburg, September,
1979 through May, 1980. Two students did.not complete- any-
"V's"; the one student within the fange of 6.,5-7. 4 turned in ¢
‘fmly Qne labaratary’ "V" C
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“ Aithaugh a'm§13~tharough quantitative analysis appearsiin Section IX, ;
° some analys;s of these data shmuld be done prlar to moving on in this
. = &
i report. From the information gathered thus far, it is reasonable to conclude
that junior high students can use the "V'" to represent what is occurring in
EhElI ‘laboratory exper;ments, From Figure VI.$, we can see that the students
appear ta get better as their exposure and fam;llarity with the’ strategy
inzrsasas. Eu@aagain; the gsa;af this kind of comparison is d@ne with a
certaln mmount of caution. The 1abératary eie%zise§ rep%e%éﬂtéd in Figure V1.6
may not all be of equal difficulty, aﬂd therefnre there is a problem Df°valld1ty

of 5tat1ng that students did 1mproveﬁaver tlme. Perhaps Gnly their -lab
- .
) o L

© exercises became 3351er or they finally go t—used to junior high science.

Hawever, if the standsrd dev1at1@ns among 311 thaselabs deplcted in the graph
' are exam;ned, a trend from a large standard dev1at;an to'a small standard ) T

déVlatlEn accurs. This .might 1ndicate ‘that the students are becomlng more .
A - =

‘ famlllar with the strategy and are Sblé; generally, fo use the strategy effe:t;vely

enuugh ta place camparatlvely hiéh on the scale. Examlnatlaﬁ of Table VI. 3

fg;thers dem@nstfates this 'levelling of£f" of students' grades in each of
the five general ;ritéria categories. o

It shauld be n@téd that Labaratﬂry Exer:;se #1. shaws a strikingly high

oA

¥ L]

average total scare in camparlsan to thé other initial laborat ories. But

- becéuse the NenumbefECSD is so small that can be attrlbuted to’ oo small a

e samplé to make any canciusiVe étatement.

E

,»i;{,?’-; rnE_PEngfmgﬁee :ndlgatﬁd in. F;gu EVI 7 shaws a clustérlng ﬁf "V"=map

s

lve. - Using-a’ baSel;ne cf elghteen, this woul& represant -

s:ares araund twe

) g . Noa -
ge perfbrmf?ce ef araund 67% Hawever, the data in Table VI 3 sh@w B
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2 ]
uld thus

are presented in junior high school science. Therefore, a more realistic
L.
e

baseline score would be 15 or 16, and the -average student wo
show a '"mastery" level of some 75-805%. Furthermore, students would

often write the proper concepts, but be unable to extract from those

concepts the proper prinéiéles and thedry. ~ Indeed, students often
"cell theory' when 'natural selection" was
S
sed, no, conceptual

mistakenly identified the
the theory in operation. Also, if cell theory géé*u
principles were written that rese.bled the propositions of the cell

theory.

3 .
3
. L] )
3 % .

b=
5




1

Our experiencéfgvef the entire year with these "V's'" and their use in |, —
T%umanséurg has led to some modification of the criteria that should be
mentioned. / In additian to having the comprehensive form of the griteria
going through at leasﬁ sii revisions over the EDUI;E of six months, the
staff thought it f¥uitfﬁ§f§; well to devise a list of ,ére;ééne;al, less

rigorop® criteria which could be used as an alternatiye,by the classroom

teacher. The simplified rating scale provides the téacher with a "Eaﬂpark"
view of the "V' maps that students cgmpletei~§£:sébuld,be used at the early
stages:bf using the "V'', while students are just beginning to become familiar
w1th the new terminology, or they could replage altagether the more éampre—
héﬁs;vé form. This, of course, wﬁﬁld depend upan the needs of the cl lass i
A abs assessed by the 1nd1v1dual teacher- Both students and teachers find

that the scoring criteria are also instructive as to how to construct

WD

gaad UV‘s"j so these. should be made available to all patties involved.
{ . - V -0 : \ _
This'ﬁare general list of criteria for asSessing student-constructed "V's"

can be found in Appeﬁdlx I, page V-13.,

%nather mad;flgatinn af these cr;ter;a aatually came’ fram some students

;g who: séw that there ' was a gfeat slmllarity between the left-hand side Df \ y
‘thE‘"J" with its hierarchy and general to speclflc rule and the c0ncept ‘maps.
- that they had been prepar;ng fram th31r textbaoks. The studénts' suggestlenrs
",“;that fhey subs*ltuxe a concept: map for that 1éft=hand sidefwas thaught to

,be a Iémgfkable 1n51ght for these students' The CTitEIla fbr 3553551ng

L B ;thié ccmi:eptgal side of the nyn did not change iﬁﬂ any way, but’ we “'31‘3,1;;

&

' [éwafé'thatﬂihére was more than one way to represent that lsft—haﬁdi%idé,?,;f,'
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Mook at the concepts and princlples that she/he used?“ and "leok at the

Do students change their method of 'at -tack Ekllls" as a result of expdsure

to the "V'? : . .

X w & R

+ . s

-

This is one of the question that we attempted to answer very late in the . ..

= T i g : te?

prcject,igut§becau53 of time and®lack of resources (the staff was concentratingi-

L

on accumulating all the other records). this line of research was not pur;déd}n°

Although ‘this could béxa rotentially powerful aspect of the teaching and learning
LA J i . . R N

of the "V“ strategy, when our staff cnnductedxsame preliminary interviews

in Bhls d;rect;aﬁ we’ found no 31gﬁ1f1:anﬁ esults. B S

The ldea to evaluate this aspect of the use of the "V" actually ‘came -,;,;ﬂ;

from some students who had partlzlpateé in an 1nformal interview about concept

'mapplng and ‘the "V'. The students were gﬂven a hypothétical S;tuatlon" _;«.i'

» R DR

"Ycu are given a laboratary exercise that ancther studant has completed

- w

You look at his/her kﬁcwledge claims, faﬁd realizé that they are wrong ' Where

would you loak first to find where thé Studénﬁ went wrong?" From the four ,

- students at. the .n551§n we r3€31ved anSW§rs of, “1ock at the focus questlbn,‘

+

1ebjects and events af ;he lab " Nune of the students 1deﬁtlfied the r1ght~j

.

hand side Df the "V" as the ;nltial ‘source of the prﬂblem, Slnce one of our

=

Qb]ECthES ;n the progegt was. to have learners conceptuaélze bettér about

inquiry évents we saw th;s as an lndicathﬂ that they mlght have changed

—'::

'the;r apprcach f attack skllls and were beglnning ta Lonaeptuallze better

about the events That they w1tnessed/1n the laboratcry

s

R‘Ffom,,hi ,




-
—
]
Hork
Lk

a violation of the law of conservation of energy. Eighteen students were
interviewed: ten instructed and Eight uninstructed. While the results,
as mentioned, are certainly not conclusive, more instructed students
looked for the mistake among the concepts and principles than did the
uninstructed group.

.

Although we did not have the resources to pursue this more definitively,
the results could suggest that students might be able to make significant
changes in their conceptualizations about the discipline of science and the.
role that concepts play in the creaticn of knowledge. However, greater
exposure to, and use of, the "V are indicated before learners could begin
to show Significant shifts in the desired direction. We should not expect

" substantive transfer of '"V''-type reasoning to all problems with a limited

exposure to the strategies in only one class for a segment of one school

year.

As with concept mapping, opportunities wereﬁdesignad”to determine the
degree of students' understanding of the "V''. In addition to evaluation
of '"V" maps described above, students' reactions and feelings about the "V"
were solicited during informal interviews conducted with groups of students
toward the end of the project (April, 1980). The following comments were
made during these sessions. Since sev§ral students might be answering the
same question, they are represented on separate lines. If the sentences are
. " in succession the same student is answering. As before, the interviewer's

questions are in capital letters; the interviewees' answers are in lower case.

The fitst question dealt with the use of the 'V to determine what a

laboratory exercise was all about.

O

ERIC
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IF SOMEONE SHOWED YOU A LABORATORY THEY WROTE OV A "V", COULD YOU FIND OUT Q
IMMEDIAIZLY WHAT THE LAB WAS ALQUT? !

Yeah.

Look to the concepts, maybe.

Firs- of all, I’d.lggk at the focus question; see what theu're trying to do.
[WELAZ‘ WOULD YOU GO TQ THE CONCEPTS FQR?]

Information.

Yeah, what organs [stulents were discussing a lab on human physiology] they're
using and all that.

What they had known before.
WHAT ELSEZ WOULD YOU LOOK AT?

Probably the principles to find out ... like, they got al =
they pu. them ﬁggéther, and you can understs=d it with the principles.

Yeah, how the concepts work.

The objects and events, 'cause you have to know what they were using and what

Loock at the focus guestion.
Look at thes focus question. Then I'd probably lock at the objects and events so
that you know what you need. And you know what to do.

Knowledge claims to see what the question means.

50 YOU WOULD LOCX AT THE LEFT SIDE FIRST? OR WOULD YOU LOOK AT THE RIGHT SIDE?

The left.

IS THAT A PERSONAL PREFERENCE? WHY DON'T YOU TELL US WHY YOoU W@UL&' LOOK AT
THE LEFT? -

[B]lecause iIf you're going to do the experiﬁent with the "V" you have to see what
you need first, and look at what you have to do. [Then you look at tne concepts
that you have to know.

WHERE DO YOU START WITH THE"V"?

Well, you start with the -- you try to figure out a good focus guestion.

DO ALL OF YOU START THERE? WITH THE FOCUS QUESTION?

Not me. I start with the concepts. (

YOU START WITH THE CONCEPTS? c .

I write down the concepts before anything else.
WHAT DO YOU DO AFTER YOU DO THE CONCEPTS? 7
Then either I do the objects and events, or I do the focus question. I probably
O .

ERIC :
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[(would] do the focus guestion 'cause I can't do the events withour the focus
question.

IF YOU WERE TQ LOOX AT _JMEONE ELSE'S "V, WHAT PART WOULD YOU LOOK AT FIRST?
I'd probably look at the problem first, to see what they were Joing.

I'd look at two things probably.. I'd look at the records [agd the] conclusions,
because that's to see If that goes along with what the probldy is.

I'd look at the dvent, because you have to see what they are §S§ng to be doing
first.

I wouldn't go with [records], I'd look at the ... principles; the other things
you'd like to know before you can do an activity.

Well, I think you should gv to the theory first because in order to know the
theory you have to know ihe principles, and the principles come ocut of the
theory ... like the kinetic motion th=ory that we did. You know how you had
to know that molecules were always moving.

But you have to know what "molecules” are.
What if you don't know what ""kinetic" means?

Look it up!

This last group of quotes from students was an attempt to determine how

well the "V'" worked for them. Although they indicate a mi.ed reaction; they

matter content area. They have not been able, to some degree, to rise above
subject matter.

you THINK THE "V" IS5 LOUSY? HOW COME?

I't doesn't weork. It doesn't give enough detail. .

Yes, I thought the "V" was alot harder than the concept map(ping].

?@u‘have to put down the concepts and principles, but what do you put down
for your concepts?

OE

DO YOU SEE ANY USE FOR IT [THE "V"
look at it and you can yet all the stuff you

Yeah, because then you can just
need.
Also, it shows what you did, how it turned out and everything.

' . LA
Like in the records: to know™what you did, you just look back’ and you know

you did.

()i,
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WHAT DOES THE RIGHT HAND SIDE OF THE "V HAVE TO IO wWITH TwE LEFT HAND SIDE?
well, first you have to have a left hand side in order te do the ri
because ths laft hand side tells you ... what you have to Xnow. An
right hand side tells you how to do it, and how to end it.

Well, the left hand side stuff [is what] you alreadv Know, and you use that
Stuff on the left hand side [to] Ffigure out the information on the rijht hand
side. ’

The teachers participating with our project were also asked about their
impressions of the "V" and its applicability to the classroom. They were
questioned about its advantages and disadvantages, and generally about how
difficult it was to implement into the clnssroom.

The various uses of the "V is evidenced in the discussion with the
teachers. In this first quote, the teacher alludes to the "V's" ability to

be used as a planning and diagnostic device.

... We take so much for granted that there's ai~t of kids that don't even

have these basic concepts.... [Y]et vou're talking aboit principles automati-
cally and even a theory, ... and yet there's a kid down here who really never
did understand [one particular concept]. [M]aybe that kids needs some extra
help, or maybe you'd better stop a minute if four or five or six kids in
_the class really don't know [that concept].... He may know six out of

seven [concepts], but that seventh one may be a real key.

i

Again, the "V'" as a diagnostic tool 1is shown in the following quotes.
Related to that is the function where the "V specifies for the teacher

and the student the more salient features of the laboratory inquiry.

... So having them put down all that stuff was helgful to me, because I
could cee, "Hey, this kid doesn't see or uncs:stand the differences [among]
[concept A] and [concept B] or [concept C], and that was very important
for that lab.

. ... On the "V" you're iisting materials and equipment and observations [just
like] you would be doing [for] a lab report, but you're taking the next step
of reminding yourself of things that you learned before. And alot of kuds
don't take the time to remember what they learned before.

o . A
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Also, by its very nature, the "V focuses the attention of the inquiry :
towsrd the objects and events, thereby constantiy reminding the student what
the laboratory exercise was all about.

You can ask four or five different kids in the same class what we did iIn a lab,
and, you know, those kids are not going to agree on what we did.... When

we do the objects and events on our "V',... if foclses them in on what they
sctually did in class.

1y

Teachers also expressed some of the disadvantages of using the
Generally, they reflect the im?fessicn that using the "V" can become busywork
or that the "V'' is not aiwéys necessary.

I feel you don't have to have the kids £ill them out all the time.

... I find that sometimes it takes up a little more time than I want to.
... [S]ome of the kids think that they're doing double work when they
have to do the "V after they've already done the lab and answered all the
questions. )
The difficulty of the "V'' as ''double work' can be alleviated by the
teacher substituting the "V'' for the laboratory report. The actual structure
of the "V'' is not important: it must be remembered that .t is a heuristic
that is used to represent the roles that our conceptualizations and methodologies
play in any inquiry. Thus, the traditional laboratory report can be re-struc-

tured to accommodate the two roles of conceptualizations and methodologies.

This was never fully realized by the teachers, but it appears clearly a staff's
mistake because we wanted to see if students could use ''V''-mapping.

Finally, the teachers were asked how difficult it was to implement the
w1 into their curriculum. Aside from some initial anxiousness, the

implementation was not difficult.
It wasn't difficult at all after I got the informational booklet deciphered
(early version of the project's handbook).... It was easier for me to see
a "v" already done.

Q : Y ' " .
ERIC o
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Well, In the very beginning when I had a hard time realis:

to present it to the xids, that was difficulet. I weuld say that you [a staff
member] helped iron our any problems [when] you had = 7

through [a class, using the "V']. )

Caveats regarding the introduction and use of the knowledge nyr

Again, a listing of some.cf the shortcomings of our project might
prevent the duplication of the same mistakes in a replication study. In
addition to these, there are some others that thread through the entire
preceding descriptioﬁ:

1. Don't pfééént the terms of the "V'" ocut of context. That is, always use
the terms relative to thg'zontent material that is being covered in
class. For éxample, "What is the record of this experiment?' or

'""What is the major event of this phenomenon?' or "What principles are

operating ir this inquiry?"”

et
—y
_
(1]
<:
[
r
a]
=
r
t
=
H
m
i
-t
0]
]
e
Hy
i
o]
=
o
[l
"
H
o)
o
B
pa
[
e
[
')
[ M
[a]
o
g~
he]
L]
[«
o]
* iy
i
AT
=
rt
=2
o
L
r
=
ja
m
=
r+
w

have become familiar enough with the strategv. This could eliminate
the "busywork' problem identified by the participating teachers. Lab
outline.

Encourage students to construct concept maps for the left-hand sides of

L

the "V's',. However, it is important to remember that these concept maps

should be comprehensive, i.e., include the most relevant concepts, indicate

principles, :nd have the theory as the superordinate concept at the top.
4, Related to #3, the theory identified at the upper left of the "V" is

meaningless unless the student identifies at least one of the major
Tiys,
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propositions in the principles section. For instance, it is not enough
just to write ''matural selection” in the theory slot without showing
how "overproduction of offspring,'” "'limits of food and space,' and

inquiry. Obviously, the mere writing of a name for a theory without
showing its meaning in relation to the rest of the inquiry is an example

£

L]
-

ote learning.

L
=i
[

t 1s not enough to provide a classroom teacher with the teacher’s handb@oﬁ
and some simple instructions and then let them try the strategies in

their classes. A comprehensive, though moderately short, in-service
training workshop should be mandatory: - The major-theoretical foundations- -~
of the '"Learning How to Learn'" Project call upon concepts and principles

of learning theory and epistemology to suggest new perspectives of teaching,
During these training workshops, the theoretical foundation of-the project
could be discussed, leading to the major concepts and principles of )
teaching and learning. Although the project staff did not run any of

ﬁhese wcrksh@ps during the two years of the project, other réseafch, just
now beginning as a result of our work, will examine the influence of
relatively short periods of training coupled with interpersonal recall
sessions Cﬁagan, 1975: Way, 1981 ) for the imﬁrovement of teaching and
learning in the classroom. We anticipate that two half-day workshops
preceding use of the strategies, Perhaéé before the séhocl yeai begins,

with follow-up seminars once OT twice a month, should serve both to estab-

1i

[¥i)

h and maintain an espirit de corps and to share ideas needed for .

successful implementation of the strategies.

ERIC ’* » -
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Consistency of "V'" Map Scoring:

As with our procedures for concept map scoring, we have continued
to evolve new scoring procedures for "V'" maps, and we would encourage

continued experimentation wigh scoring procedures. For the purpose of

of summative evaluation, howWrer, we have:applied the criteria shown

in Appendix I, page V-14, for all "V' maps reported here. To test for
theﬂggnsiSténcy in "V'" map scores from rater to rater, ''V' maps for six
different ;tudEﬁtS; and for three different laboratory exercises were .
scored by six raters. Thevfelévantiexperience_aﬂd mean scores for each
rater on all eighteen "V" maps are shown in Tabie VI.4, T .

The mean ratings for the éighteen'différent:mapsfafe relatively
consistent, except for rater #3, a teacher who worked with our project
for éighﬁeen moﬂthé, S@mércf the difference may accrue from the fact
that "V" map vratings require somewhat more sophisticatad 'nderstandin% !

of the theory behind the "V maps and comprehensive knowledge of the

relevant science. W NN

H

Table VI.5 shows data from an analvsis of variance which indicates a

1ificant difference in both raters' map scores and scores for each of
D

Jdin

5
the eiéhtéén maps (F = 8.61 and 16.58, respégtively), While considerably
more variance occurred in scores for the eighteen 'V maps,. the data also
show significant variation among ghe raters' scores, A Duncan's Multiple
Range test was zoﬁducteﬁ as shown in Table VI.6, These data show tEat
raters #1, 5, and 6 are cénsistent, and raters #1, 2, 4, and 6 are consis-
tent, Dﬂiy rater #3 (the cla%sroam teacher) stands aparﬁ from the

others. Taken together, the data suggest that consistency in "V" map

scoring is more dependent on knowledge of the relevant theory on which

Fl
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the knowledge "V" is based than are concept map scores. All scores for

vy

'V'" maps were done by project staff members. (mostly by raters #1 and
and hence we can reasonably conclude that there is consistency in these

ratings.

Table VI.4. Wean tatal scores. from eighteen labafatafy etércises usinq*

thé,"Learnlng How tD Learnﬁ,?rcject,

T L - Heans af T t,,,Score
Rater and Experience ; (18."y" ﬁgpgj B -
#1 - worked in project eighteen months; - 11.833
helped devise criteria ST
#2 - gradgate student at Ccfnell§ not
involved with project, but familiar 11.500
with strategies :
#3 - project teacher; worked with project © 9,333
for eighteen months ' 9
#4 - graduate student at Cornell; not
-involved with project; but familiar 11.389
with strategies )
#5-- involved with project for one year 12.667
as staff member T
#6 - graduate student consultant; not at’ 11.833
Cornell; fam;llar w;th pTGjECt ldeas T
juf')

) =
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Table VI.5. Twélﬁay;anélygis of variance (ANOVA}, Eepending on rater
- r N ] ) aﬂd ii\ﬂv maps. R

Source df Sum of Sqliares. Mean Squaze F P

. Model 22 850.0370 1 38.6380 14.77 .00l

Error 85 222.3703 2.6161

Corrected - .. , i
Total 197 10724074

Table VI.6. Duncan's Multiple Range Test for Variable Totals. Means with
the same letter are not significantly different.
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VIT. TRANSFER OF LEARNING AND CONCEPTUAL QUESTIONS

the eet half century of’ fefmal test development has been how to aeeese
gains in knowledge&tbat can be evideneed in enhanced ebilityxte solve
efebieﬁeeor to transfer learnine’te new areas of epplleetlon. A éieneer
in this work, Ralph W. Tyler LIQJQ 193¥j§ eev1e;d some gngenleue tests to
meeeure ee;l;tieertc epply_ehd use.knowledge, but this evaluation p;eblem

[

pefeieﬁe tede;;fiﬂere recent efforts such ee.Bleom'e (iSS&) "Taxonomy, "'
Novak's (1961) "prob‘em SOlVlﬂU test" and Nedelsky (1965) and Hodges (1966)

su ggestigng must be COnSldEI’Ed _NEVEI‘th lee—', these evaluation hDI‘]\S have ﬁOt

led to evaluation instruments that are at once 'valid, reliable end preeeieel.

Many educators have reeorted to .modi fied Piegetien clinical interview as the

NI\ -

only valid alternative to this evaluation problem (see Pines, ethal,! 1978).

Although we have elee employed the elinieel interview strategy for evaluation
purposes, we sought to develep elternatlve evaluation epproeehes for assess-

"ment of meenlngful learning that could bear on the issue of whether or not
f!“

the ”1earn1ng to learn'.strategies in this proaram wvere effective. This, in
some weye, has been our ereeteet ehellengei -

Qe have already presented erﬁumente to indieate-thet‘”eeﬂeept mapping"
and "'V mapping' can be effective etreteglee for assessment of meeningful ®
learning.- However, educators cannot us€ these eve%uefien strategies unleee

- students are first instructed to understand and construct eoneepe mepe and

"Y' maps. While the most significant outcomes of our recent theoretical
p : g L ;

-wérk mey be the development of strategies for teaching concept mapping and

=7

riym mapping, and thus elmulteneouely to provide better pedagogical tools for

assessment of educational-achievements, these strategies cannot be employed
B = "5-1‘
O 7 . , I,g i
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with "uninstructed" students. We have found ourselves in a kind of "Catch-22"

where the best evaluation strategies to demonstrate the potential effectivencss
of our "learning to learn™ strategies cannot be u%ed Consequently, we have ¥
had to resort to other, more conventional strategles for assessment of

meaningful learning.?as indicated through students' abilitvato use knowledge

acquired in novel protlem-solving settings. What follows are descriptions

of some of our efforts toward this obiective

= —" =
Pendulum/Elodea I[nterviews:

Our efforts began in late 1978 and early 1979, as the starf began to

.
deévise a two part clinical interview involving a pendulum and Elodea plants.
The inteﬁ%ian of the interview was to determine whether the students could use
L - - : .

the strateglies of concept @apping to organize their own concepts about the
events of the interview and the knowledge '"V' to apply those céﬁcepts through
‘the evengs to reach a knowledge claim. ; |

After showing a demonstration of a pendulum and the period of its

motion, the students were asked to identify those variables that might affect

fha_pericﬁ of the pendulum. (See the interview protogol on page VII-3.)

Alter thé'studenﬁs had identified,a number of variables -(mass of weight,
height above théétabléj or the length of the string), the iﬁterviéwee was .
encouraged to test each one to see if each individual variable did indeed
affect the period. These wereu%ested in turn and knowledge claims were

constructed from the inquiry. ' -

In the glodsa example, the interviewee was DTESentEd with a demonstfatlﬁn
involving the presence of light and the generation ‘of bubbles (of DXVEEﬂ)

the 1Tght was abso b%dib? the Elodea plants. (See interview protocol on

)y
£

=

page VII-4.) S a o .



VII-S

‘PENDULUM PROBLEM - Marerials Needed for Interviews

ol

waights of unequal mass wich hooks on them

plece of string with at least two loops in it

stand from which to suspend the string and - pendulum weighc
pleca of paper and pencil '

e
ir

1. INTRODUCTORY SEQUENCE:
1 ‘Mhat we have hare 13 3 scand, a string wi ‘1
. ehat do inco cha loops like this (demons

&

d the

loops on it and tws weighecs with

E ]
ace).

€

£, Uo you know wha& this ching i3 called whan ?Qu put a weighe hicched to
sopathing 8o it can awing freely? (in:gaduza 'sendulum')

1es an

3. Have vou evar seen one of Ehgsg befgfe?
Where? ) .
Véfl,jﬂihgté_ alse? -

A

4, Have you ever seen a grandfacher clock or a cuckoe cleck with a pendulum on it?

$. Why do you chink they would use a pendulum on a clock?

6. How do you think 1t works to keep :Lﬂ
(It keeps rime by the number of times it goes back aad forth every minuta.
On a carefully buile pendulum, it will swing back and forth a leng time
before it czhamges the nusher of cimes it goes past gome mark ia one =minuca.) -

This and Elodea example were the

7. ‘wihe.n pecple Ei’st made elocks with pendulums, théy had a lot of tcrouble makiag
them run on time. Some ran Eoo fast, some rad too slow. How do you zhi*k
chey Eixad_ﬁ&i.s problem of getting the pendulum to run at che right speed?

the variables and write. them dowt)
tht do you think would have to be changed?

1I. EEE:{I“‘E:{T BESERIEI‘;B‘I.
1. What we want-to know is what vou'd have to do to change the numbar of tinmes
this dandulum goes pasc che \:enzaz post in a certain time pgtiad. You've
_and .

mentionad __ °

Boynton Junior High School and Lansing Middle School,

2. Do you think thac’any of chese things would make the pendulum move pasc

pts to evaluate the concept mapping and "V'" mapping Strateg

=
1)
-
=
o
1
=
=
-
i
e
3]
i
=
-
=
[3]
d the center post at a differenc number of times per minu:e’ o o
: [=] %=1}
s s _— L B & (=3
3. How could wa find ouc which ara che ngst: important. How could wve tesc ig? s} =i ‘;
What would you ueed co do to figure out how to chamge the number of times it — Evéi
goes past cthe center post? Whieéh of chosafactors you mentionad. S g .
4. ‘How would you check ro gee the nimber oftimes it goes by the center pesc? "s - ;;,’
L e ' Eoag
5. Héw would we see if those things really did affect the number of timeg che ;“ H;—z%—
pendulum-goes by the cencer pose? CoRE %: =
¥ ) Lo B e
e - 2--
,II " CONDUCT OF EXPERIMENT: , 2 =R
¢ L. What do you chink Hill happen :L: you c;&ange che -~ ? e B dEg 2
- . a 5 B
2. ¥hy dan £ you try ite? - E :j’ g g
5 S -
- = 3 e - T T — « *;jgd
3. Y¥ow what wvould you dé&? Try ic.--- - — = . BE
: o v . B ~00,
4, -Iz thar what you thdught weuld happen? o B8
B o oo
5, What other things would you test? )
, o
.6. Ia thact what you expeccad? ) —
. - - - o —
7. Whac would happen if wou Jut the other or® Try ic. . ;
. 8. Is chat whar vou ezpected? ; - - o
_ a T ' =
IV. CONCLUSIONS Coa Ty ) S 2
. * 1. Se,sow chat vou've deome this experizent, what do you think affeccts zhe nusbes -

of times the pendulum goes past the cencsar pas:’

2, 1If 'yauilcal; ar the differences, whac eould you- .say?! Whac could you ;aﬂgludg?

.

. Fi

3. Whar did e lgak‘ae* Did ength matter? o
Eid che Hgigh\: msx::gf*’ How abaug ;hg Eﬂfég, che dis:aﬂge?

;- 4. If you weras ;h;: scientise of SDD years agg now, how wauld :rau fix
Q clock chaé 'ax; :urming toe fast?
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ELODEA PROBLEM - Materials Needed »
1 concainers, at least 5 laches deep and large enough to put a funnel ia
. 3 funnells with long narrow neckd (powder funnels will not do)_

three test tubes or clear poly=boctlas to fir over the Fuanel aeck (for

%

colleccing cthe gas that tha planes will evolwve) O -
a lamp” to aczach to tha large containers % S &
Elodea .plants = buy sh Lf possibla. Do not use saze glants Sor =—ors = z.=C
two days. One bdunch is pleaty Zar twe or mavbe three inrarviewsrs. @ i
BAKING 50DA - gt
SEaY o
. SXEDE 1ighe bulss s =
" é:f' L]
3 Lo E ¢
L e
E &) b
b=+ T —
— e
General set-up of the Elodea experimenc. ,§ g A
1. Cut off che base of the Elodea 555 :
plant at an angle so lots of surface = o5 rg
area is exposed. o e e
2., Fill the poly-bottle with water f 'g «
from the already filled large container. [
31, Place the plants in the large 'g % S
concainer, under a funnel, and slip a8 2
the poly=bottle ovar the neck of che _od
funnel. Set the funnel uprighe, keeping Lz v
the mouth of the poly-battle submerged. § - f:
4, Bde sure that the cut and of the =
plants are pointing upward into the * (==
neck of the funnel, but not blocking ;;.: B0 B
exit of any bubbles which will ba O E o
formed. ; 'E ’g
5. Attach lighe, 23
O g =
= B
- . . B =
Set up cwo fumnels with glancs, one in each of tha large comtainers. Illuialnace - E S
one of these, keap the :other in the dark or id ouly room light.  Sec up a concrol = g s -
(funnel without plants) im the centainer im the light. Add a tablespcon or so 0 g 3
of baking sodz tp the plants:inm the light, (fo stimulace bubble evolution.) ‘E S =T
ALLOW FIFTEEN MINUTES FOR THIS THING TO WARM UP AFTER YOU SET IT UP. ': o - .
. If all else fails, let more air into the setup with plants ia the . -2 ; g E
light than the one in the dark. Don't let any alr into tha cemtrol. FE2a
g oo
=
~5E = 0 O .
ELODEA QUESTIONS: S o=
= =
1. Here's an experizenc that somes scientists are doing, and this -is how they sec S b
up tha materials. CoBuld you tell me what che d cas are between E _S ‘g} =
- Thesa? Firsc, I'1l tell you what's not important (healch of planes, SLEE 1
age of plants, axcra bubbles on tha side, temp of water, height of wacer e % E’ o
in big container). Ca'uld you describe these three 3actups? D P @
; a0 &
- _ . S ©° E~
2. Wnat do rou think the scientists are crylag tco scudy *:i:‘-:. a satup like chis? [=]
%hat do you think che setup iz cryiag to prgvg’ a‘i‘- g o
. [P
3. ‘a‘hy de you say that? S ewuE
1 g L
4. Do you see anything else? How.ab the space ia che bocclaa? . = he 8
W og
5. Whera do you chink EhaE comas from? .
6. I =
2z =
aﬂyt&ing to do with the air in the béEElE7 -
=
7. So whar do you chink is going dn hare? ) o
What do you think the seclentists are csying fo get smart aboue? g
= ao
8. Do you have any ideas jusc from vour everyday experlence shac mignc help E. ) B
axplain this experimenc? : . 3 .

9, wWhar kinds of obsarvations will thay Eke’ wnae will chey notice?

le. Do the scieaciscs need co 1‘5‘?& any s,ga;?alf ideas to understand what L3 nameﬂ.

- 11. What do you think che selaenciscs H‘auld be a;nl’ é'a conclude at the end of the o
e;?lr‘igﬂnﬁ’ ) { . Z - Coe
-ohe 5‘%’“ look at the di E ences, what could you say? . £l

;E_a_isggs _question #8.
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Two set-ups were presented: one in a darkened room or room light,

the other exposed to more intense light. After a few moments the set up '

with the greater light exposure began to generate bubbles. The interviewce

i H i

was then a%ked to account for this observation. Approximately twentysfi?e
éliﬁiZEI interviews, using these two protecols, were conducted in Lansiné
and chnéon‘(lthaca) during the-fourgmonth_ééricd of December, 1978 -
through March, 1979.

Several prabléms with this aﬁproach became apparent either immgdiagely
or as the staff began to focus in upon the objective of this phase of tﬁe

 evaluation. First, the interviews were too lengthy. While the .pendulum

example was shorter (15-20 minutes), the Elodea example ran in some cases

! tozfort} minutes. This, of course, would discourage widescale implemeﬂ;a—
tion of tﬁis evaluation strategy siﬁge it réqﬁi:ed too much time to evzluate®
a ;afge sample of stﬁdentsi _ . ) - |
Thésseaond reason for the inadequacy of the protocols derfved fron, the

. number of cmnéepts needed by the student for ghe_interview inquiry. In the

pendulum example, the interviewees were required to ﬁndérstand only a féw
" concepts and principles in order to make sense of the gfeﬁt.’ In fact, most i
"eﬁéryday"-ﬁnderétandiig of concepts~such as "ﬁime," "mass,'" "length," or
"swing' were sufficient. In contrast, the Elodea example required a vast )
. store of concepts and priggiples;invalving ""photosyntheésis,' 'carbon dioxid§

generation;'.''light intensity," and the like to sort out that inquiry.
So in one interview we found a paucity of concepts, while in the other,
too many; This reflects in part the difference in assessment of ''spontaneous' .

“versus 'mon-spontaneous'' concepts (Vygotsky; 1962).

ERIC

Aruitoxt provided by Eic:
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The experience with the pendulum and Elodea interviews led us to
reevaluate again the prajecg objectives regarding assessméné of transfer
of learning. It was clear that problem solving tasks unrelated to class-
room instruction, or only remotely related, were too often tests of general
reasoning ability Cuse of "if...then" propositions) or willingnéés to
perservere with an obscure task. Once again we were brought back to our
basic .theoretical premise that problem soiving ability is largely dependent

on the adequacy of relevant concepts that the student has, and we were

failing to provide appropriate problem solving tasks for this fact.

Problem Solving Related to_Class hbrk:

Lansing Miﬂdle School was working with the 1aboratcryé0fiéntéd .
-"Intfoéugtcry Physicél Science Praéfam (IPS). Therefaregrﬁhe staff -
décided ta.employ a §r@§13m solving situation involving phases of matter,
ané boiling and melting points. Further, it w%s decided thét the pfétégol
shaﬁid'be‘a pencil and paper test "so thaﬁ a lérge sample éould be evaluéﬁed
with a cnrrespandiﬁg reduction in the amount of Fime necesséfy tolperfogm
the evaluation. See Figure YII_E for a copy of this task.

g’Whilehthé approach elimiﬁatedlthe difficulties inherent 'in the clinical
interview prqfoééls used earlier, our fi?st effort in this classaécntént;
related problem was less.than satisfactory. First, the appraacﬁ ;eéuifed
too few zongéﬁts to answer the questions. Upon inspection of the questions,
it sﬁould be evidentlth;t only the concepté of "solid," "liquid," Ufas,“
and,"phése change" would be required to answer the majority of the questions.
S In pther'wards, we had failed to delve deeply enohgh into the relatiggghips

" among the concepts to prod ‘the student into revealing their understanding
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[

Figure VIL,2, Problen solving task based on the Introductory Physical,Science (IPS) Prograr.,
This task was tried in Lansing Middle School, March-April, 1979
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of the conceptual structure surrounding the event. Second, which is .

~ @ corollary to the first objecrion, since the task required too few concepts,

it was reduced to a logic problem, involving mostly "if...then" kinds of answers.
These shortcomings were clearly evident from the records we collected.

A similar problem format was tried with seventh grade students at Trumans-
burg. This problem dealt with a paragraph describing mosses and liverwarts,

followed by a series of multiple choice questions. Upon further analysis

=

of responses and test items, it was concluded that there were serious objec-
tions to the validity of this problem as designed. The 1978-1979 zhocl
year ended with much work remaining to be done in our efforts to assess

transfer of learning.

‘l‘u

of the purposes and goals, and a review of previous prﬂblemé and progress. .
Out of these discussions emerged.a guiding protocol tgat was subsequently
« employed to develop our "evolution problem." The protocol for this example

is shown on page VIT-9.

) i@gﬁEVDiutiDﬂ Fréblem:
It was dec1ded early that perhaps th he best wéy for students to demon-
stfatg their undersﬁaﬁdlng of the congeptual structure of the discipline ‘

was to have them write an_essaystype&anéwef; rather than dependiﬁg on their

ability té identify tﬁe conceptual relationships among several reléticnsﬁips

. ‘,F - ~ . . ’
' glVéﬂ in a mult iple choice questians, The "evolution problem' was con-

Scorlng was done by :hécklﬂg students' answers to 1dentlfy‘ concept relat10n= .

ships shown in the concept map (Figure VII.3) and any other relevant statements,

e
[
]

o
W
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PROTOCOL FOR CREATING QUESTIONS REQUIRING TRANSFER OF LEARNING

1. Select a subject area to which the students have already been
exposed to in class. : :

2. Construct a concept map of this subject area (see below).

3. If necessary, split up and rewrite the concept map so that they
are never wider than.two concepts at any point in the hierarchy.

- 4. Design a SE:iégiCor set) of questions that address the concepts
on the map in a fashion that leads from the bottom to the top
of the hierarchy.

- - 5, The questians should be structured so that each successive'
question relates to the ones that precede it.

6. The student should be able to answer each question in a few
short sentences. :

The actual questions should incorporate material that the
student has been exposed to, but should be different enough

- so that .only meaningful learning can be employed to ansver
the questiomn. ‘ '

~Jl

THEORY OF EVOLUTION

other species

natural selection

) 5,
> - NG ‘
: ji/// s%%séér'

- R =T = - 3 &
small differences environmental
among organisms - change

$¢ “survival -

Figure VIL.3. Concept Map used. to develop "Evolution” conceptual ques
7 ’ ' f o - = JUCS

o . 116

tion,
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Jir=ciians: ?
Fmiong tad
inforaati )

¥ou havs
the back of

ts |
Wk
.
("1}
[vi

have besn scudied
=.°Th
=] yea <
' Fige tE=3eriturs 9n both islins degins o gzet zalder and zaider
o 5
-
i
. Figure VII.4, The "Evolution' conceptual question given to students in
- Trumansburg, Fall, 1979. '

ERIC :
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) While the "evolution problem'" did require students to use the concepts
of evolution presented in class to answer the questions.posed, some short-

comings were found. First, the items were too difficult for most of the
students to answer. It required the studeﬁt to draw upon a 1ar§é éroup of
concepts that were‘rélatad,>bu} not explicitly discussed in class. Aléos
there was not enough structure to the questions to focus the students',
é&tentign to the problem i.e., trying to reach a claim about an event

using the conceptualizations of the theory of natural selection. CSeeiFigﬁre

I VII.4 for the actual question.) Some insights did emerge from this attempt. Fir;t,

the task did concentrate on and required the use of concepts é@ explain .
an event. Second; the event waé a true inquiry event, even if it was

a contrived exampié, ‘A scientist could theoratically come upon such a

pair Qéxislapds End could make pTGJEEtloﬁS as to whlch population would
survive béttér given certain enviranméntal changes. Third, it required
- the 5£§deﬁts to write and éxrress their understanding of the relationships
among the :oncepté. This attempt helped to definé the general format

for the construction of these kinds of questions during the last six
months>@f the year. Although the format did indeed change as new examples
éere tried, all these changes came as a result of necessary re;onceptualiéas
}ions abéutithe éva1u§tion task. I E

The Acetabularia Example: : 1 .

Encauragéd by the ?nglngs about the cgnstructlan of thlS kind of .

I

' "cnnﬁéﬂtual question' (the Iabel used after chember 1979), the staff began to

‘devalop another example based ona plece Df primary research Reported

SC NTIFIC AMERICAN " the . example dealt w1th Aaetabglarla CMermaid 5

i =

Wineglass), a largé one—ceiled algaé that is especially. c@nduc;ve to

LR F . . = .

&




cytology studies.
A description of the organism and the questions administered to the
students is illustrated in Figure VII,S. ’ .,

A report of basic research was selected for the questten to again

H

provide ‘the students with a true example of inquiry.
.the reporting of the research was necessarily '"'scaled down" to accommodate
the j-mior high science student. Concept maps were prepared from the

article (see page VII-14), and the subject matter of the cell and the

1

-cell theory were presented,tc the students in thecir ;1ésseéi The function
of the two concept maps’;as to guide in.ﬁhé construction of the questioés
which were then devised for each of the éxperimenté ;ép@fted'in the afiginal
SCIENTIFIC AMERICAN artiglég i

In our first attempt with ﬁhis inétrumentj we worked with small groups
of studeqzé (N =6) in Trumans%urg to "waik them through'' the example. From
this initial experience, we détermined that the task was too difficult - |

in its original form, since students were unable to relate what.they knew

about the structure of the cell to this example. Also Acetabularia was

too exotic to the students; they had only worked with the more common <

i : :
_classroom examples of cells: onion, Elodea, and .cheek cells. T

From our experience with this question, the staff decided to pursue

a problem more conceptually relatable to what the student could ordinarily
be expected to encounter in the course of conventional classwork. This.

i

was the impetus to the development of the 'winebottle example."



) 2
.’I B
*sber Rigron. Aestabuliria: A Useiul Glaac Coll. _ﬁ!}_ﬁ imerioan,
R8s, Tovansar, 1968, 11300,
\ s-gﬂ,;-j ioeglass L3 4n axamole of 1, You cin see that chevw i3 4 siagle muclews in & ol of Yermaid's
3 larze call that can be waasiied o Wlanjliss. 1f this iy liks gty ghint oalls chat you have studied,
_i o ,j =i _ = = ie
the 4d 93 4 ﬂﬁm_gg?'* If‘ sm aaly 30 whit other seTucEuTes of call parts do you thipk ure pragent in che
soen vich the naked ey, Sclmcisti have warzaid's Winegiaas, Wt aze pot shown!
tued thiy plant in samy axperiments chat ; :
have exied £ m'ﬂ‘ ust how 4 zell 3. Why w23 ctha buse si;:im of the ¢all nhh to jiw i vhale Aev ;:11
Wi, iad ““ m welations betuaen the ;ﬁps baing cut away from the Sest of the coll?
mucleus 284 the gehar pared of zhe cell.
*.6 of thess axperisanty will be described )
bolow, ind vou #LlL be asked to describe 4, Why Jowsn's che ziddle yectien T IC all ifcer baing euc?
vhat causes the eules, '
) 5. #hy does the base section yrev {ate ia emtire 3w enll?
Fipure L: Mermaid's Wlaeglass _
‘ EFEDET Y : ;
SPERDENT A: = |
e —— 5 . -
4 youg Jlant i3 cte et o places (A]. The aiddle feczion romRRial A young plant {s sue and the nuelows 14 sucked out with a deogper (A)
oLive, but does ot grew (B). The tip develops 3 cip {C), The hae e nucleus 13 chan placed lnside the aiddle section of & cug plant (B).
advalopt: 1450 & — e xiddle section vith the nucleus"then grov ineo & comlacely forawd
£ ‘ sl (G, Lot
A 3
ﬂa - N A E .
- ¢
\ o 7 | . | | | |
L E— F 3
Fiqure I umtnz ¢ Lmertame A iavolving Meranid's finegledt fipire 5 Drmipg of Experidan § Lnvolviag varzaid'y Wiaeglaad.
N I, from +hat you have jusé Teid iz chis eqerioant ind“the background ibove, wratd's Shaet
B I e ovk urth] 6, How doss the nucless affeet the Jrowth of i xid'y Wineglass!
shat umied :!hs!!-id'!___.itnlglm 4 goad and ey Dt f; 3 R4 H . {Incla d. ovidence £ E;pm:lm;; A ind 5.) _
l , - \

Figure VIL.S, The Acetabularia Example" of the cnnceptual questions, This was the first time

the stafE,aftempted to use primary pieces of research adapted for ]unlur high
level. Trumansburg, NDYEmbET 1979, _
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s . )
The Winebottle E'(am le: _ . ’ = ( . -

- . £ 1 N . N
The '"Wwinebottle example" déSgribed below was. essentially the culmina-

tion af several months of theoretlcal”dlscusslaﬂ on the content and con-

text of a conceptual question. Ftom the valuable experﬁences Df prev;aus
- , L, . ‘ )
attempts, the staff devised this example. One departure; however frqp

the previous attempts was included in’ this éxample. In addltlnn to the

posing of an inquiry event and a description of some TECDfd, we also

ingluded the concepts that we, yisheéd the students to use in the explanat%an
S a X

of the event. This was done to preégribe lipmits and deﬁ%ge the parameters
that would ferm the bases of the students' answers. The lmpartant idea

to keep in mind here is that to identify the concepts that could be used

. to sort out the event, these coﬁcepﬁs must ne:essafily be 1eafned meaning=

fully or the students wauld not be able to use those concepts in their ~
answers. In other words, 1f the students were unable to relate the ;Bncepts

to the event or to each other, it would become very evident in the

explanations offered in the answers. !

Upon examination ofthe "winebottle Example" on page VII- 16, the

elements described. aanP-ShDuld be clear. Flrst an event is ldent1fled

- -

"the bottle has been rioved from the.refrigerator to the w;ndow5111 where

the warm ravs of the Sun shine upon 'it. Second, a record- of the key event

is also indicated: the cork pops off the bottle. Third, the major can&épts

a &

ecessary for the explanatlon are 1ncluded 1n a non-conceptual manner,

>Cin this case) alphabetically.

To facilitate the discussion-of the construction and use of this

example, a diagrammatical illustration of the winebottle ¢xample is

pfovided on page VII-17. This is_éceampgnied with an actual answer by

ons of the.students in our study.

. - s 5 - [ Ry &
.
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o Figure VII.7. "Winebottle Example" of the conceptual questions, This is
. . the first time concepts that we wanted the students to use
were: 1nc1ud§d in the.evaluation task. Vestal, Spring, 1980.
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Why does the cork
pop out of the
bottle?

?

gas
volume sy . .
[simple transformation

expansion of '"before and after"]

temperature

heat’ 1
cork pops off after.

~ kinetic energy a few minutes

pressure
molecules

movement of the
_ bottle from the
refrigerator to
\ - _ windowsill

The bottle was left in the
refrigerator, cooling the air
inside the bottle. - The bottle
was taken eut to e windowsill.
The sunlight warms the bottle, and
increases the temperature. .The
molecules then start to move faster
increasing the rressure on the bottle
(expanding). During the expansion, the
volume increases until the cork can't
' hold the air, and pops off.

Kinetic Energy

\

Gas | Molecules
Molecules’ heated by Sun

‘' more pressure &
volume in bottle

exerts less ;
pressure on | ~
the bottle causing pressure on

‘ ¢, cork, making cork pop

of question, event, and concepts
xample  (above); actual student's
jon posed in the wine-

Figure VII.8 . Diagrammatic¢ representation
» given students in the winebottle e
. (#160) concept map and answer to the quest

bottle example of a conceptual question.
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Data from the Winehottle Example:

The '"Winebottle' examples was administered to both instructed and
uninstructed groups of eighth grade students at the African Road Juni@?
High School in Vestal in March, 1980. Students wrote out their answers
on pieces of paper, and then these were marked according to the number
of ccfréct relationships améng concepts that the étudénts wrote. Also

- evaluated were the number qf misconceptinns thét these same students
wrote in their answers. Results from the two groups are reported below =

in Tables VII.1 and 2.

Table VII.1. Frequency distribution for the number of correct conceptual

relationships identified by both instructed and uninstructed .
students in the "winebottle" example. ’

[Ep A

) ) ) Nﬁﬁber of Correct Relationships B

Instructed ( N = 46)

Uninstructed (N=42)] 16 5 11 7 2 1 0 O 1.45 1.72

Table VII.2. Frequency distribution for the number of misconceptions
identified by both instructed and uninstructed students in
the "winebottle'' example.

) ) " Number of Miscéﬁééptiéﬁ%ﬁ4:1 T 7

) o 1 2 3 4«5 6 7 Mean  S.D.
Instructed (N = 46) 27 16 3 0 0 O
Uninstructed (N = 42)] 25 12 5 0 0 O
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in relation to the total number of students £rom each group are represented

in Figures VII.9 and 10, respectively,

i

- instructed

— ) ,
=== uninstructed

L.

correct relationships
. ,
‘I
|

Percentage of N writing

0 — i - —— A

=l

ol
L¥y]
o
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3

A Number of Relationships (Correct) Identified

Figure VII.E_Céméafiséd of number of relationships identified to number of,
)  students in the sample for both instructed and uminstructed.
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=== uninstructed

conceptions

Percentage’'of N writing mis-

0 1 2 T [
[5)

Number-of ‘Misconceptions Identified

Figure VTIgliiComparien of number of misconceptions idéntifigd to number of
students in the sample for both instructed and uninstructed.
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The Electricity Example:

With growing confidence thatlaur "winebottle' exémple had laid the
foundation for the evaluatioﬁ of student use of the strategies of con-
cept mapping and the knowledge "V" for meaningful learning, our next
attempt tried to enhance our understanding by providing variation in
the type of evaluation strategy used. In this problem we sought not only
to determine if students could rela;e a theoretical structure to an
iﬁquiry event, but a theoretical structure that the student had not’
previously used in classroom for similar events. The event of the ques-
tion dealt with electrical conductance: two bars, each in turn, ére used
to complete a circuit. One bar produces a-brighter light than the other.
Rather than have the students explain that event in terms of "candﬁctigﬂ;"
"resistance,'” and "current" alone, they were asked to expiain the event
inlterms of atomi£ theory. (See Figure VII.1l1 for "electriéity example,"”
in;ludiﬁg event and concepts provided to the students.)

Another departure from the '"winebottle'" example dealt with thelcon%

of the question. In keeping with the notion that concept mapping is only
aéhEinStiC device that functions to facilitate meaningful learning, one
sample of students who haa been exposed to the mapping strategy in class
were not asked ﬁa construct a concept map ‘before answering the question.
One half of that same sample were askéd‘ta construct the concept map.

Our null hypothesis, then, was that the construction of a concept map
immediately prior to the evaluatiﬁn task has no effect on the quality.

of the constructed explanation. Of course, the uninstructed grgué was
not asked to make a eangept‘map)tg answer the question.

o d

o
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i
.
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Figure VII,11, '"Electricity example'" of the conceptual questions, Like
the "winebottle example,” this task also provided students
with concepts and major event, '

-
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One final departure of the "electricity'' example from the "wine-
bottle' example was the distinction among the kinds of correct relation-
ships and misconceptions that students indicated in their answers.

In this task, the students were asked to apply an atomic model to
what would otherwise be called an electrical event. For that reason,
two types of relationships were identifieé, atomic and electrical.
Further, students employed logical principles C"if;;ithéﬁ" statements)
' to support their arguments in the explanations. A category was estab-
ﬂlished f@f this, therr, also. Finally, hypothetical principles (such as,
"Bar A could possibly contain more electrons than Bar B.') was also
included as a category.

The atéempt of these categorizations was to determine the actual
source of students'conceptions and miscanéépticns about the nature of

_the phenonmena of interest, in this case, the differential lighting
due to the presence of two different conductors. This, of course,

- can have important implications for plaﬁning and teaﬁhiﬁg;wéiﬁte by
knowing the source Qf students' understanding about certain events,

the teacher can adapt the instruction to reinforce correct relation-

ships and rectify or reconcile misconceptions.

Data. from the "electricity" example:

'Tables VII.3 and 4 contain the data for the "electricity" examplég:
Tﬁé first table compatres the instructed and uninstructed groups relative
to their ﬁerformanéé for each of the categories mentioned above. Included
also in that table is the number.of misconceptions that students wrote
in their-attempt to answer the question. Because no iogical or hypothe-
) ' ];f;}

O
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conceptions were tallied from the responses of the student:,
these categories of misconceptions are missing. (The reason that
our staff did not want to record these areas, but rather concentrate
of the content-related atémic and electrical principles, was to
discguragé the reduction of this assessment to one involving the
testing of logical operations.)

Table VII.4 contains the data for only the instructed group divided
into those who madé a concept map pr1or to the evaluation task, and
those who did not. Appropriate t-tests fbr these two tables will be
discussed in Section IX, showing that differences between means for

instructed and uﬂinstruﬁtédkgfoups students were significantly different,

Table VII.3. Mean correct relationships and misconception and standard
deviations (in parentheses) for instructed and unlnstfucted
students for the '"electricity' example.

- . Mean ~ {  Mean .
Carrect Relatlcnshlps MlSEDﬂEEpleﬂS
' Electri-| Hypothe- 7 Electri-
-Group Atomic cal Logical tical | Atomic cal
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Table VII.4. Comparison of results of the "electricity' example for
those instructed students who made concept maps prior
- to answering the question, and those who did not. Num-
bers in parentheses are the standard deviations for those
means.

o 777177 ) Mean - Mean
. Correct Relationships | - Misconcepticns

. . Hypothe- . o
lectri- . T . ctriq
Elz§§r1 Logical]l tical Atomic Electrl

Graoup Atomic cal

Concept Map | 45 . 1 ;.17 0.10 0,28
nat written - -
(N = 41) ©0.71) | .11) }(0.38) | (0.64) | (0.68) | (0.74)

Concept Map 1.09 1.93 0.00 0.05 0.02 0.24
written =
(N = 40)

- Table VIIiE;IéérESEﬁtS the frequency distributions for all of the
correct relatiéﬁship caicgories. Thesé are then transformed to percen-
tagesgaf the total N number and represented in Figure VII.12, Frequency
distributions for the total miscénceptions are represented in Table VII.6,

with accompanying percentage in relation to N-number in Figure VIT.13.

124




Table VII.S. Frequency distributions for combined categories of correct
' relatlonahlps for both instructed and Uﬁlnstructed groups
for "electricity” example.

Number of Correct Relatiénships

Group 0 1 2 3 4 5 6 7 8 g Mean  s.D.

Instructed , - i A - )

3 , , 2 5, 2 1.

CV—Sl) 3 7 16 18 25 6 3 0 ) 1 3.28 1.68
Un;ﬁstructed 5 - , . . i i , A ] L -
(N=42) 2 9 7 12 10 2 0 0 0 0 2350 1.33
— — —— — —— e i = e ——— e = — — = "; —

Table VII.6. - Frequency d;strlbutlans for combined categories of
misconceptions for both instructed and uninstructed groups
for "electriclty" example, - .

) Number of Misconceptions
Group 0 1 2 3 4 5 Mean 5.D.
CV*SI) 46 23 9 2 1 0 0.63 0.87
Unlnstructed
5 Q 0 0,80
(N=42) 25 11 5 1 0 ). 57




relationships

Percentage of N writing correct
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: instructed

uninstructed

| 4 5 6 7 8 9
Number of Relationships Identified

Figure VII.12 Comparison of number of felaticnships identified to number of

Figure VII.13,

Percentage of N writing miscon-

students in the sample for both instructed and uninstructed.

Lol
o
A

-
-
13
1=
Q
ey
-
=5 -
s
(3}
-

- instructed

:—; ﬁfﬁ uninstructed

Number of Misconceptions Identified

Comparison of number of misconceptions identified to number of
students -in the safmple for both instructed and uninstructed.
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VIIT, ATTITUDE ASSESSMENT

Although the ''Learning How to Learn' Prolect was primarily concern-
ed with cognitive learning. the staff was also interested in determining
if any changes in attitudes would accrue as a result of exposure to the
strategies of concept mapping and the knowledge "y, We did not expect,
nor did we observe,substantial changes in attitudes toward science for
saverél reasous. First, the attitudes, as reflected cn questionnaires
by students, may indicate how they feel about their teachers or other
factors :elated té school, rather than feelings related to use Or non-
use of the stratégiesii Second, the assessment instrument used, which
is described in detail below, was limited in the number of items .
representing each of thé four attitude areas surveyed. Third, the
attitude effects of intf@duéti@ﬁ of the '"V'" and concept mapping strategies
perhaps may need much more time to develop-‘in the students than the
six to eight month duration of exposure to théestrategiés in this pro-
ject. Furthermore, éveﬁ in the '‘'best case,’ only limited timg on task
Cestimated to be 10-15%) may fall short of the time needed to effect
significant changes in attitudes about science, learning, and kﬁpwlédgei

N

4 This section reports on the attitude instrument's development,

=,

administration, and observed results.

ssment Instrument:

Development of the Attitude Asse

The staff identified four general areas that might be affected by
the introduction and use of these strategies in the classroom. It was
felt that concept mapping might have some effect on héw students felt

about reading in science class. A section on attitudes about reading

= -
-

Lo
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in science was included. The knowledge "V' was though: to affect how

J

students perceived the labcraturv expericnces as a means of carrving
on inquify, so this subject also was addressed. The combination cf

these two strategies might provide a changed perspective on how

knowledge is created in science, and a section on this issue was

developed. Finally, all these areas should provide a general effect

on sgudents' attitudes about science class, and thus a fourth area
o o

of concern was{;dent;fled
e f

With thes four areas -- attitude about reading in science, atti-

tude about laboratory work, attitudif)out the nature of knowledge,

and general attitude abaut science class -- a preli minary forty-eight

&

item quEStannalfé was devised in August 1979, and was based on the
work of Russell and Hallander (1975). Each item consisted of a pair

of positive and negative statements. For instance, a positive item

could state, "I like to read abouﬁ science in the newspapers and maga-
‘zines that we get at home,' while its negative counterpart would read,
"I don't read any more science than I have to." -

;5 For each of the four general areas identified above, positive

énd negative items were devised. A Likert-like scale of one through
five acé@mpaniéd each statement, with numerical values indicating‘a

"range of feelings from ''strongly agreee' to "strongly disagree.'

During the marking of the questlonnalres positive statements would

pr@grESSffram one being . ''strongly dlsggrEé” through five being

‘”str@ngly agree. If the statement was negative, the reversal was

true. In both kinds of statements,a three indicated no preference
fro- : :

:“*‘lJ

either way, or '"'undecided."”

ERIC :

Aruitoxt provided by Eic:
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This initial quésiiaﬁﬁaife contained fé?ty—eight items with the
" following breakdown into. the four general areas:
GENERAL ATTITUDE ABOUT SCIENCE CLASS. = 14 items
ATTITHDE ABOUT READING SCIENCE = 12 items .
ATTITUDE ABQUT LABORATORY WORK = 14 items
ATTITUDE ABOUT PHE NATURE OF KNOWLEDGE= 8 items

- After some initial editing by the project staff, an editing that con-
),l N ) . . . .

./ , L L. ) . X
;j}féentfated on the reductiori of ambiguity in the wording of the statments,
the preliminary questiornaire was administered to the entire eighth

grade class (N = 102) at one of the schools with which we were working.

The eighth grade was selected for this sample because it was representa-

(]

tive of the type of student with whom we were working in the project, .

Ed

but was not directly part of the project: the pzrticipating teacher. at
. [} .
these eighth graders were involved with our project materials during
the previous schcoi year (1978-1979), and in the analysis that followed .

this preliminaTy assessment, these 28 ‘students' scores were deleted

and the remaining responses analyzed (N = 79).
The averages for each area were computed. Total scores for the

entire assessment were @also calculated. Based on Russell and Hollander'
recommendations, the upper 25% and the lower 25% of these preliminary

assessments were used for the carréiation analysis; the middle 50% were

.averagé score for the statement and the total score within the general

category. For example, the statement, 'I usgally do well on science tests

when .I have studied," was correlated to the total score for .the category '
] : : - L)

-
™




VIII-4

""general attitude about ssién;e ciass:" While Bugsell and Hollander

Qfeéamﬁeaded that the final Questiaﬁnairé should be composed of only

:_thase statements whlch carrelated at a 0.80 level or above, we-had

*
ta re%gze ‘that to a 0.60 or abcveis' Ancther factor whlch affected the

selection of items for the final product was the pairing af positive

and negative items. The flnal assessment that was to be admlnlsté:ed

A

as planned to include both the pasltlve Statements and their negatlve

=

cauntérpaﬂs ..

_Copies of the preliminary assessment and the ‘final assessment

that resulted fram the furmer's analys;s appear on the following

i pages.  Included alsn but whlch dld not appear on students' CQPLES

= i

. ) . s s . O 3 ¥ : . + 4 :
“are the cﬂass;flcatians according to the general categories 1dent1£13d

(G = general attitude:about sc;ence, R = attitude about reading;

L= attitudesabaut laboratory work; and N = attitude about the nature
of knowledge). Whether these statements were considered positive or

negatlve Crepresant as + or =, respszt;vely), and. the :erelatlon

value detarmlned from thé item analysis are also 1nd1cated after each

statement Items EiIElEd of the prellmlnary dssessment were the ones

ﬂhQSen to be 1n¢luded in the final attltude 1ﬁstrum3ﬁt.

among individuals. .

Settlng a criterion of very high correlation leads to items that measure
jdentical traits and reduces potential for identification of d;fferences
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SCHCOL: C ] . DATL: i CLASS :
. S { o - - - -
st:.axm;;re gc dete*r:ii"le vour feelings abcut sciznce

There are no dorrect answers,
" y Y new wrou feel about certain topics.
ur i‘éllings ‘:\jf c:ircl,i;gths response thzt most clesely
Key S4A = strongly: agree
= agree D = disagree
[ = g+vpnely dizsacree
U = undecided SD strongly dizagree
Sample Items: . - C . ’
A. I like hamburgers. | A U D 8D
f s . :
B. Tg-ziaﬁsii:n is good for pedple. SA A U fD 3 8D
*@ I den't read any more science than ‘ , T ,
- . 1. EA A of D gD
_ I have to. R~ .893 : f ; |
2. I like to discuss a lab in class ’befara 2. SA A U D gD
we do it. L+ .420
3. Planting seeds and watching them grow 3. SA A U D =
is e scientific experiment. N- .380
@ I feel. comfortable in science class. G+ -769 L., saA A U D ST
I like to read about science in the . ) K
newspaper or maga.zi:.gs that we get at nome. R*-8275, gA A U D SD
‘ = = 3 =1 _ _
You have to be very smart to ufirier and the 6. SA A U D sD
work in science class.. G- .716
@Lap exercises have nothing to do with the T, SA A U D SD

other work we do in science class., L- .641

‘8. The methods of science are fine for thes
cutists, bub there is little in these g g 4y D 8D
methods o help people with sveryday L- - 51- 7
b .

s

have g‘*udleri c:.'+_ .650
Science class makes me Teel very uneasy. G- .802 10. SA L U D 5D

Th2ories never try to explain more than what 11
is already known. ~N- .739 *

m
I
ot
(w)

5D

*Giftled items fépresant items selected for the final 1nstfurn3ﬁt. R- indicates attitude’

toward reading science;L- indicates attitude toward laboratory work. N- indicates .-
gttitude towaru tne nature of ‘science and G- indicates general attitude toward science.
O 1s and minus signs indicate if the scale was regarded fi pcsiﬁive or negative for

]:KC'eement Numbers indicate correlation values. 25

wll Toxt Provided by ERIC
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Laboratory exercises help me understand the
29

Attitude Assessment - page 2 = -
’ L VIII-6

12. It is hard to do the laboratory exercises in
- science classes. L- .601 ’

13. Scientists use theories because they are
useful to explain natural events. N+ .283

14. I don't think anything would help me under-’

. stand what happens during laboratory exer-
cises, L- .542 ’

15. I don't look forward to coming to .science
class as much as my other classes. G- .135

Theories are used in science because they

- are true. N~ .780

17. I learn more sbout science from labs and
activities that I do on my own. L+ .031

18. Laws in science are statements which never
change. N- .486 .

. 19. Usually, I find the labs are easy to do. L+ .558

20, I like science because all my friends are
in the same class. G- .254

I like to read about scientific topics. .R+ .97l
22, T have trouble remembering what conclu- -
sions or observations or hypotheses are
when I do a lab in science class. L= 649

23. I would like science even if my friends
‘ were not in the same class. G+ -628

Generally, I think science could be under-
~ stood by almost eveyone. G+ .681

25. I believe that the meth@dsgaf seiénge can

be used to solve many everyday problems. L+ .616

I am usually more confused about a topie
after I read a section in a science book.
concepts in science class. L+ .614
Science class is boring. G- .821

. Labs and activities I do on my own
confuse me more than class discussions. L- ..0l0

30. When I do a lab, I can tell which parts are
the observations, conclusions, etc. L+ -467.

12y

16.

17.

lgg
20.

21.

22.

23.

‘ol

25.

b 54526
27.
28.
29.

. 30.

5A

SA

SA

SA

5A

SA

SA

BA

EA

SA

A

SA

SA

54

SA

SA

SA

U

‘U

{w

\U‘

[w ]

o

SD

sD.

SD

sh

o
]

sD
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Reading is a waste of time. R- .765

1eral, I have a good <=eling about.

L
]
e
61
o
vy
&
1]
o
)
et
O
E
&
&

to the sgsjéct;ﬂgu%erg L+ .557

It males ‘me nervous when I have to do the
work by myself in a lab exercise or
activity. L= .577

I find science class interesting. G+ .883

. After raading scrething, it is important
to ask yourself questicns about %hat you
have just read. R+ .397

I like working in lab exercises and activities

7 better than class discussisns. L+ .115

Just doing thinzs in the laboratory doesu't
make something scientific. N+ .649

. Theories are used to explein existing feacts
and predict futurs events. N+ .009

. Scientific laws ganrﬁe modified as theories
are changed. v+ .592 .

Sc;;nce readings are always difficult to
understand., R- .628 .

After I have read something in seience,
- feel comfortable: that I understand what
have read. R+ .270

= o

When I read, I don't like to try and find
the major concepts. Riu_ééé

[}

enjoy reading. B*S-ééﬂ

I think it is important ito pick out the

major concept when.I read science. R+ .769

z ¢
Labs only canfuse me more about what I am.
supposad to know in science class. L- .682

Sc;enﬁe tasts ara too hard even when I do
study for them. G- .721

To understand what you nave read, all you have
52

to do is'read i%t; nothing el R- .586

t we learn in the lab *

&

sSa

SA

5A

34

- BA

SA

SA

SA

SA

A

SA -

[

o)

o

=

L=

o

SD

SD
§D

8D

sD

8D

o
0

W]
i}

gD

sD

gD

8D

s
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ATTITUDE ASSESSMENT .- NSF Project _ . -

(e
-
=
]
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scHOOL: ___ - __ DATE: _.__________ cuass:

Instructions: This is a questionnaire to determine vour feelings about Science -
class, readings in science, and science in general. There are no correct answers
to the statements. They only try to determine how you feel about certain topics.
You are to indicate your feelings by cireling the response that most closely
matches your feelings.

Key: SA %“éiigﬁélYEE§§EE==%%=ZZQLE%di§éEEEESI"“_
='agree SD = strongly disagree
= undecided

o

Sample Items:

A. I like hamburgers ' A U D SD

B. Television is good for people. SA A U SD

3 _ i 3 5 P 4= =g 5 5 7 MOTa 77’{ o =} $ i F N w i
fl. ;idan t read any more science than I have sA A u D sD
to. . R- .893 _ ,

2. I feel comfortable in science class. G+ .869 SA A U. D sD

3. I like to read about science.in the newspapers

arjﬂégasines that we get at heme. '~ R+ .827 sa_ A

a
o
0
o

4. You have to be very smart to unde;stand-the@
work in science class. G+ ..716

g
[
[w]

sA A U

5. Lab exercises have nothing to do with the -:SA A U D D
other work we do in science class. L- .64l .

' 6. Science class makes me feel uneasy. G- .802 5A A L] D 5D

7. Theories never try to explain more than what ca A . é o
" is already known. N-  .739 g =

8. Reading is a waste of time. - R- .764 sa A U D SD

9, ?ﬁ ;gne:alp I have a good Egel}ng ab@gt science sA° A .U D 3D
class. G+  .848

c‘q\
U H
Ly
v

find science class interesting. g+ 883 sa A

[ o]

10.

L
wr
\U\

11. Science readings are always difficult to , i )
A a - : ¥ A 4] D
understand. R~ .628 '

a
o
Ly
[w]

12. 1 enjoy rgaéiﬁ§-R+ .680 sA . A

. 11§
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}13. Labs onl confuse me mors about what I am
supasséd ts %now in science class. L-  .682

14.Theories are used in science bégause they ars
true. - N- . 786

15. I like to read about scientific topics. R+ .971

16. Generallv, I think science could be understood
by almost everyone. G+ .68l

17. Laboratory exercises help me un érstand the
" concepts in science class. G+ .614

18. Science class is boring. G- .821

*See footnote on preliminary questinnnaire.

C.M
-,

oo

SA

SA

7]

W\

[w)

o

]

gD
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Results of the Attitude Assgssménts;
The final form of the eighteen item attitude assessment was admin-
istered within the first ten dayé of the school year (1979-1980) in each
of the ciésses with which we were working; fgﬁr in Trumansburg, the
five seventh griude classes in Vestal, and the four eighth grade classes
in Vestal. Since we were trying to determine if there had been any
ehgnge in aﬁtitudes relative to the areas that we defined, the first
adninistration would provide a baseline for subsequent assessments during
thé school year. Three assessments CSepﬁember; December, and March)
were conducted in Trumansburg. Only two asséssments (in September
and March for the Vestal seventh grade,>ahd September and April for
' the Vestal eighth grade) were administered in Vestal since they were
d§layed in using the strategies, |
Questionnaires were completed anonymously, thus only class averages
were computed. Since‘this instrument did not live up to the expectations
of the project Sﬁaff; only totéls for each entire group, that is, all the
students for each teacher, have been reported below. Sée Table VIII.1 on

the next page.



Table VIIL. 1. Results of the Attitude Assessments given to the three groups of students. Numbers indicate
| average score for all students in that group, Numbers in parentheses are the N nunbers for
that sample. Fluctuations in the N numbers due more to daily changes in attendance, rather

than movenent in and out of the school districts,

KTTITUDE ABOUT LABORA- | ATTITUDE ABOUT THE

GENERAL ATTITUDE ABOUT | sdfode soniie oRant
ATTERE ABOUT READING TORY WORK NATURE OF SCIENCE

SCIENCE

Sept. | Dec. |March | Sept. | Dec. March | Sept. | Dec. | March | Sept. | Dec, March

—— it

ot | s s s | sse | ses | a6 | e | 425 | 36| 508 | 300
(79) (84) (?7] (79) | (84) | (77 (79) | (84) (7 (79 | 849 | (77)

TRUMAMSBURG—71th

GENERAL ATTTTUDE[ ATTITUDE ABéUT ATTITUDE ABOUT  |ATTTTUDE ABOUT IR
ABOUT SCIENCE READING IABORATORY WORK ~ |NATURE OF SCIENCE|
Sept, | March | Sept. | March | Sept. |March | Sept. | March

WVWESTAL-7th

v s |as | s |30 [a2 |sm | s
(15) (1‘0%) (118) | (102) [(11§) [(o2) |(us) | (102)

1 R N 1 I I N

GENERAL ATTITUDE| ATTITUDE ABOUT | ATTITUDE ABOUT ATTITUDE ABOUT THE
ABOUT SCIENCE READING LABORATORY WORK  [NATURE OF SCIFENCE

Sept. | April | Sept. Aﬁril Sept. April Sept. | April

WESTAaL—-8th

3.60 | 3.48 | 331 3.3 | 411
(

| o |30 |
63 |y ey | ey | 6y | ey

RIOERED 1

TT-IIIM
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Agglfsis;gf Results:

Although some of the classes and groups showed statistically

significant positive changes in attitudes in most of the categories,

of these strategies. Several reasons that could affect the validity

of this type of instrument should be discussed. While the students

)

‘showed scmé'gains in attitudes, that does not preclude the influence

of other factors such as teacher PerSOnality, difficulty of the ;ubjegt
matter, or students' Iiﬁing laboratory work (notice®the generally higher
s:éfes'fﬁr attitude about laboratory work in each of thEnggups)Q

It is encouraging, hQHEVéf; to see that all the groupé are géﬁerally

bout their schooling (anything above a 3 suggests "'agreement”

n

positive

with the statements and categories). But, agein, other factors can

‘influence that attitude level.

Formative Information on Attitudes:

During the course of clinical interviews and the more informal
interviews with the students of tﬁe projéct, impressions and feelings
weresolicited regarding the value of concept mapping and the "V" ,
strategies. In addition, their attifﬁde assessment questionnaires
:pravided space for,students to react to the class, the project, @f

. 4
from all these sources are reported below. If a question was asked, it
is shown in caps. Théughimany of the questions and answers deal with
cognitive elements, attitudes and feelings é}& also éxpfesséd in the

students' remarks.

c
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Sometimes the "V" makes it éasiér to understand the labs we do in class.
At first, I didn't enggg them, but I do now because they help me to under-
stand the labs.

Generally, the "V's" help me understand what I'm doing better == but at
times they get me more confused. I get most confused on records and
transformations.... Concepts are pretty easy most of the time, but
sometimes they're extremely difficult [too].

IS THE "V" ANY GOOD? .
Yeah, it gives you an answer to your gquestion. It gives you a detailed
answer to what you want to know in a ... Simpler form.

How IS IT DIFFERENT, THéUGH, FROM é LAB WHERE YOU DON'T USE THE "V"?

Well, the lab where you don’'t use the "V" -- I don't know. I just have
trouble remembering. the basic th;ng in the investigation -- what the
investigation is all about.

—

The staff collected many more comments about concept mapping than

the "V" strategy. This is, of course, due to the fact that éon:eﬁt

mapping was assessed in part with clinical interview on a one to one
asis as indicated in the previous section on concept mapping. (Section
V of this report).

Is CDNCEPT HAEPING ANY GOOQD?

Yeah... 1f you save those [concept maps], it's alot easier to review
instead of reading all those chapters over again. And iL takes 1ang§r
than just reading, but it's worth it if you want to review for a test
or something.

HOW DO YOU FEEL ABOUT CQNSQPT MAPPING?

At first, it was confusing. We didn't know what to do, but then it got
easier and you sauld do it faster... [it got edsier] after we did a

couple of them.
ARE THEY [CONCEPT MAPS] ANY GOOD FOR YOU?

Séah; they help me alot.

WHEN DO THEY HELP YOU OUT?

well, most of the ‘time, when I read, I can read fast, but it's fun

when I go through it. It [concept mapping] gives me awhile to understand
what'“ going on in my reading. But concept maps belp you, so you Kknow
Jhaﬁ ‘you read, and you understand what you read.
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We.asked students to compare the strategy of concept mapping to,

conventional note-taking. Although reactions were mixed, we did find

students thought concept mapping to b% of value.

WHAT DO YOU THINK ABOUT PUTTING STUFF IN [CDNCEPT] MAEVFERH?
[Tt] helps me understand Ehiﬁgvaetterg =

It helps me understand things more than a bunch of notes and stuffi
all scrambled together.. - a
YOU MEAN THE NOTES fﬁU TAKE IN CLASS?
Yeah, 'cause you can put them right in order and then just separate
-them from what you're doing.
If you study for a test, you got all the right nates, All g@u‘gatta
read is, a Wﬂrd a word right there. B
IF YOoU HAD A CHOICE EETWEEN NGTE-TAKING AND CONCEPT HAPPINE, WHTCH WOULD
YOou USE?
Note-taking.
.YOU LIKE THAT BETTER?" -
well, it'* easier for me to do. o .
TO MAKE A CONCEPT MAP IS HARD? , )
v SéméﬁlEES, yeah ... to figure our what th;ﬂgs braﬂgh cff From athers.

COULD YOU USE OUTLINING [NQTE*TAEING] THE SAME WAY YOU USE CONCEPT
MAPPING? ) , .

It would be easier to do the outline, but with 4 concept map it matches
together better. It makes a little more sense.

WHAT DO YOU MEAN "IT MATCHES TOGETHER"? "
Well, like you can tell of the different parts of the topic. .
WHAT DO THE REST OF YOU THINK? &

I think autllngng is easier. You're not dealing with as much stuff.
: You're not, like, drawing lines, [putting] lines on this side and
L that side. .You're just putting them down under: certain categories
' like A, B/ and C. Stuff like that. .

Fa

|-
i
e
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IX. STATISTICS AND ANALYSIS

Although the preceding chapters provided the major overview of the
*' introduction of the concept mappimg and the "V' strategies in the classroom

and, some. preliminary analysis, this’ chapter will rePQrt a more ccmprehEﬁ51ve

&

" statistical analysis of all the data, To thara;te7i;e the populations of

students with whom the project worked, scores from standa™fized achievement

tests for each group of students are rep@It@di: These will then be followed

by an examination of the change of concept mapping scores over time. Further,

concept mapping performances will be ?elated to the étaﬁdardized scores
reported. |

Since the "V'" for laboratory exercises was only done Witﬁ&thE)%éVéﬁth
grade students in Trumansburg, therexéén be no Eomparison between that group
of students and the ;nstructed seventh ﬂrgy; studenés in Vestal ‘The scores

=

standardized sco res f * Trumansburg. Dné‘comparative study between the
Trumansburg group and the Vestal eighth grade group can be réported; Each
of these was evaluated on their performance to identify, define, and pick
out examples of parts @f the "V',
The most comprehensive evaluation involved both insgructed and unin-
structed students and dealt with conceptual quéstion%. Both the "winebottlé"
and "electricity"” examples will be discussed in detail. |

= In addition to the evaluation strategles employed by the pTDjEEt

staff, we also examined the mean scores on classwork and final examinations

-4
for the three groups. -
The final aspect of the analysis reports correlations among thirteen

variables,

L)
s
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Stdndardl*ed Tests to_ Charactg;d;e the Student Populations; i ) L

The three groups of students ‘with whom we worked dUT;ng‘the

1979-1580 school year had been administered some sort of standardized

“test tp assess prdgress in the schcol program and to offer diagnostic

1nfdrmatlon regarding prdgfums and placement dur;ng subsequent years
The Schdlastlc Apt;tude Test (SAT) was admiﬂlstéréd to the students in
Trumansburg at the mlddle of their sixth grade (January, 1979). Similarly,

the SAT examlnatldn was admlnlsteréd td the (then) sixth grade of Vestal

during ;hd anth df Jaﬂuary, 1978 These. were the eighth grade tdd nts

A Sc h 1 and College Abilit y Test (SFATf;WES administered
to the Ve;taL,SEVEnth“gfade in January, 1979.
Since there exists a difference.in time betwdeﬁ,ddministratidn df'

a standardized test and the participation in this project, some of the

information .given below must be read relative to the time the students s
¢ . ; -

L

were examined. The project had no control over what examinations were

. given, or when they wére ddministdred. We had to rely on dniy ;he;infdr-‘

mation that-the schools were klnd enough to pIBV1dE to us.
Table IX.1 on the next page reports the mean averages for the SAT
and SCAT scores for the ;hrée samples of our study. Table IX.2 reports

scores into quartiles for each sample.

M\v

the analysis of these

vii}
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Table IX.l. Standardized achievement test results for experimental groups
expressed as national grade equivalents or raw scores and
national percentiles.

TRUMANSBURG 7th Grade (N = 81) administered -in January, 1979
- Standard
Mean Deviation

Tl

SAT Reading: Grade Equivalent . 8.20 2.0
_SAT Reading: Nat'l %tile 64.64 25.30
SAT Math: Grade Equivalent 7.91 - .1.84

SAT Math: Nat'l %tile - 61.82 25.02

VESTAL 8th Grade (N = 77) administered in January, 1978

Standardl

Mean Yoy 8t 1o
—_ Deviation

SAT Reading: Grade Equivalent . 9.06 1.69
SAT Reading: Nat'l %tile 78.00 19.96

SAT Math: Grade Equivalent 8.82 1.61
SAT Math: Nat'l %tile : 78.00 : 20.51

' VESTAL 7th Grade (N = 101) administered in March, 1979

Standard
Mean p§y;atian

* SCAT Verbal: Raw Score 444.59 13.66
SCAT Verbal: Nat'l %tile 66.49 24,95

SCAT Quantitative: Raw Score 459.23 18.15
SCAT Quantitative: Nat'l %tile 73.93 23.15

|
oy
e




Table IX.2, Experimental groups standardized achievement test results
bv quartiles as ranked on national norms. :

~ . — Mean Nat'l.
School & Test Quartile N Stile -
Fﬁ’”fefsz—f e
Trumansburg
SAT Reading - - lst 17 28,88
2nd 23 52.43
3rd 21 78.04
4th 20 85.00
SAT Math l1st 18 28.55
2nd 20 48.80
B 3rd 23 71.48
o 4th 20 95,65
~ Vestal-8th
" SAT Reading lst 18 48.06
2nd 21 75.67
3rd 20 89.80
4th 18 97.56
SAT Math . 1st 18 48,33
2nd 19 | 74.95
3rd 21 89.71 |
4th 19 97.89
Vestal-7th
SCAT Verbal . 1st 32 28.00
2nd 30 | 57.50
3rd 31 79.26
4th 28 94.82
SCAT Quantitative 1st 29 37.74
| ' 2nd 36 51.61
sd | 26 | 87.15
4th 30| 97.67 ,
. 150
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Examination of these two Precedi'ng tables show that the samples of
students in thé project dem@ﬁStrated higher mean scores than the national
norms. This can be expected, since thé two school districts of the study
Qere either ruralssﬁburbaﬂ and comprise populations with average or above
dverage soclo-economic status. However, as the data are analyzed in
the following pages, iﬁ will be shown that students who mcasﬁfe :aﬁparas
tively low on standardized tests can perform adequately on the concept

mapping and "V' strategies.

[
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Concept Mapping:

One

o]

f the corrollary questions to this project was whether students
improved over time in their ability to construct concept maps. Several
clinical interviews were conducted in Trﬁmansburg (October-November, 1979).
Clinical interviews were also conducted in Vestal with both seventh and
eighth grade instructed students (January, 1980). The Tesults of these
interviews are reported in Section V. The data showed a general trend
from early improvement toward a "leveling off" for the remainder of the
interval. |

Other assessménts,-caﬁductedxduriﬁg April-May, 1980, did not use the
clinical interview prétacal, but rather dassesSed students during regular
class time.. For the purposes of cdmparison, thirty-two of the students
who were part of the earlier clinical iﬁtE£Viéw5 received the same para-
graph as previously, while thirty-four of those previously interviewed
received different paragraphs. In all cases, the students received a
paragraph to map that was related to course subject matter that had beeﬁ
-discussed-that year.

Figure IX.1 shows a frequency distribution for the change in concept
mapﬁiﬁg scores for those sixty-six students who were assessed at two
different times during the year. Generally, 15% of the sample performed
at a lower level than they had during the previous assessment. Althaugh"_

it is not shown specifically in the figure, 21% of the students (14/66)

ment than the first. Of interest, though, is the average scores for those

I

., ‘:



Figure IX.1.

= X

£1°91

 ydex8exed ,aues,,

- ———-—— - ===y = X
ydea3exed ,,jusisyjip,

2 t0 126 to 51 to 76 to 101 to
~to *~ 25 50 75 100 125
=25 -1

Frequency distribution for change in total score for students.
who mad. concept maps during two evaluation sessions, Means
indicated for those "students who had identical paragraphs
.as previously (''same'") and those who were evaluated with
different paragraphs ("'different'), N = 66.
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students who had the same paragraph and those who did not. As indicared
in the figure, the mean score gain for those students who had the same
paragraph was 16.13, while it was double that (34.74) for those Studentsv
who did not have the same paragraph, suggesting either that thc“5§ccnd
paragraph was easier to map or that students showed more mqtivation in.
this '"new' paragraph.

From this #@a, it can be suggested that the majority of students
improve in their ability to make concept maps over a four moﬁth period;
Although we could not conduct further assessments, it seems reasonable
to assume that students, after a time, wil% begin to '"level off" in
Pgrformance,’as was the case in Trumansburg where students had more
experience in concept mapping over a longer period of time. A féctar
that might have also affected these results was that the first assessment
was in a clinical interviewing setting and the second in the classroom.
Admittedly, students are nervous during the clinical interviews, no
matter how comfortable the interviewer attempts to make them feel, and

this could account for the lower scores on the first assessment.

Another question that may be important to the imﬁlementatian of
concept mapping is the pérf@rmancé’for each quartile of students as
measured on standardized achievémént tests. Table IX.3 illustrates the

results of the seventh grade Vestal students for percentage total of

.baseline map scores against the four quartiles for those students as
measured on the SCAT. Figures IX.2 and 3 shown the general trend for studerts
in the highest quartiles to show higher performance on the concept mapping

task. Nonetheless, there are clear indications that students in all

quartiles can acquire and perform adequately on this strategy, Thirty-one

ERIC
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Table [X.3.

mapping and performance on SCAT classified according to quartiles,
Two cases received a grade greater than 100% since those two students

con

stru

cted concept maps better than the baseline map,

Frequency distribution for percentage total of baseline maps for concept

Frequency Range
of total of the
% of baseline

Ist
(28.00)

SCAT - Verbal

SCAT - Quantitative

(Mean for that quartile: Vestal - 7th)

nd jrd  4th

(57.50) | (79.26)

Ist  Ind
(94i82)"(34,74) (51,61)

rd
(87,15)

4th

0 29 |8 1 s | no | s 4 4
30 - 59 14 14 12 9 12 17 12 8
i} I R N D i} . . i
60 - 89 6 | 7 13 s s |10 Jw | 10
9) - 109 0 | o 0 2 o | o l |

S-KI



Frequuncy-

1X-10

90 109

Frequency dlStflbutlDﬂ for percentage tatal of baseline

Table IX.2.
maps for concept-mapping and performance on SCAT-Verbal
according to-quartiles, Those cases where:students scorcd
higher thdn 100% indicate where they made a concept map
.better ‘than the baseline map,
ZDE
15 ]
= _
5 104 _
=
o _
ﬂ L
[
=
5 4 :
0 4 ' :,, = 77? e
| 1st 2nd 3rd4th 1st 2nd STd 4th 1st 2nd STd 4t? 1st 2nd 3rd 4th
0 - 29 30 - 59 b 60 -89 ! 90 - 109

Table

Frequency distribution for percentagé tatal of baseline
maps for concept mapping and performance on SCAT-Quantito-
tive according to quartiles. Those cases where studenis
scored higher than 100% indicate where‘they made a cnn:cpt’

i

map better than the basellne map. \

IX.3.



percent of the students in the first quartile for SCAT-Verbal and 23%
of SCAT-Quantitative first quaftilé.haVE_SCDfES greater than ED%QDE the
baseline‘sccre. Again, it is believed tha{ if §tudéﬁts have been given
sufficient instruction in the criteria for making concept maps, the
general scores for these percentages would have been greatef, Further,

if the amount of time on task had been increased from its low rate

have increased in their proficiency with a tendency toward mastery learn-
&

s

ing. 7

It should be noted that sigﬁ%fiéant numbers-of students in the top
quartile on SAT tests were among the low scoring group on concep* mapping
performance. In part, this was due to their lack of effort and/or mis-
understanding, but at least some of the lower pérfcrmanté-éauld indicate
a lack of ability to perform the type of evaluation tasks demanded in
concept mapping. There is increasing evidence that students who perform
high on standardized achievement tests or objective classroom tests do
not necessarily understand the material they have studied. Concept mapping

may prove to be a more valid indicator of meaningful learning than commonly

used evaluation methods.

Q . F
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The Knowledge "V':

As mentioned earlier, the "V'" strategy was introduced too late in
the Vestal school to accumulate any records of students' perfermances
on using the "V" for laboratory exercises, This, of course, caused a
IDSS!DF an important aspect of comparison between the Trumansburg group
who had been using the strategy since the beginning of the school year
and the Vestal groups. -

What cén be assessed, however, from the Trumansburg students was
hc& weli they performed én laboratory exercises using the "V'" over time
in campafisBp to their standardizéed scores; this has élready been
reported in Section VI, Examination of those data indicates that students
do appear ﬁo improve in their ability to use the strategy of the knowledge
"y gver -the course of a school year. The initial low scores in lab exercises

€

and %3 (exercise #1 had a small sample number, and will be disregarded

I

= ]

in the analysis), might have been due to the feiative difficulty of the
exercises. But after several weeks, the students did begin to perform
adequately on the subsequent exercises. It is realized thatffﬁ compare

these laboratory.exercises together is inviting a criticism of invalidity
sincé we must assume that all thé exercises be considered of equal difficulty

and comparable in terms of time spent on each exercise in- class, as well -

as other factors.

There is another consideration that should be discussed concerming
the scores of students using ‘the 'V'.—The 'ideal" s ore.for each laboratory

_exercise was eighteen, and most of the exercises written on the "V clustered

around the range of twelve to sixteen, indicating a percentage range from .

E - 1 f,,l » ' » ;
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68% to 23%. The reason for these comparatively low scores® may have

ik

heen due to the lack of effort on the project staff and the teacher to make
the criteria for assessing the "V's" explicit to the students, If the
students had been made aware of the range of sccriﬂg for each criterion,
and had been provided with clear cases of each marking, it is believed
tnat the average score would have been higher, Another factor is that
clear emphasis on theories and principles is generally lacking in junior
high school science programs, resﬁltiﬂg in a "ceiling" of about sixteen
points. Thus, we might conclude thatrmast students reached as high a
level for the "V" strategy as could be expected, given the circumstances
under which it was intrééutéd and used.

For the purposes of comparing performances on using the "V for
laboratory exercises against standardized saore%l Tables IX.4 and 5
are given below. Table IX.4 represents the quartile breakdown for all
the 1aborat@r§ exercises campleted on the "V (N=446) during 1979-1980,
, One- huﬁdred and eleven laboratory exercises were completed by students

classified in:the first quartile for SAT Reading, Of those students,

44% scored in the high range (13-18), 44% scored in the middle range
C7=i2), and only.12% scored in the low range (0-6). For the SAT Math,

the peraentaéés*are not that different, For the oneihundred and fifteen

4

- the first quartlle of SAT Math 51% scored in Ché h;gh range, 39% scored
in the middle range, and anly 10% scored in the'féh rangei Table IX.S

illustrates the mean for all students who completed 1aboratarv exercises

“#Teachers often use Scores around 90% to indicate mastery. Considering
the limitations of the EELEHCE curriculum, hewever, an 80% mastery criterion
might be hlgh ' - ! . ‘
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Table IX.d. Frequency distributions for scores of laboratory exercisés completed
in Trumansburg (N = 446) against quartile scores rfor SAT. Numbers
“in parentheses indicate mean percentiles on national norms for each
quartile, i

- 7 SAT - Readiiﬁg T — SAI; :7;\Iath
Scoring | lst | 2nd 3rd - 4th 1st 2nd 3rd 4th
Range 1 (28.88) |(52.43) |(78.04) |(85.00) | (28.55) | (48.80) |(71.48 55

13 - 18 49 90 82 97 59 64 90 105
7 - 12! 49 59 59 45 | as 61 66 | 39

0 -6 | 1

o

3 0 1 11 4 1 1

Table IX.5, Frequency distributions for means for all students who completed
laboratory exercises (N = 61) against quartile scores for SAT.
Numbers in parentheses indicate mean percentiles on national norms
for each quagtile.

"SAT - Reading " SAT - Math
1st 2nd I 3rd 4th
(71.48) |(95.65)

Scoring 1st 2nd 3rd 4th st ) -
Range (28.88) [(52.43) C?Sigfzi (85.00) (28.55) |(48.80)

13 - 18 1 6 o | 13 2 3 9 s

e

7 -12] 15 7 6 4 14 S 2
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using the "V'". While 76% of the students classified in the fourth quartile

for SAT Reading averaged in the high range, 94% of those students classified

in the first quartile for SAT Reading were able to achieve an average within
the middle range. No students, from any of the four quartile for each of

the parts of the SAT, averaged within the low (0-0) range,
The data from both these tables support the conclysio that students

in all ability quartiles, as measured by SAT tests, can perform satisfac-

torily (7-12) cr'well (13-18) on e mapping. When we take into account

2 :

that a few students in the Trumansburg classes were doing next to nothing
in any of their science work (our strategies notwithstanding), the data

are indeed encouraging. This claim receives additional validity from the

fact that some students in the top quartile perform poorly, suggesting that

the usual measures of ‘ability do not necessarily indicate facility in

%
H

AT
A

mapping.
’,Dne opportunity did present itself to seek a comparison between two
instructed gréups,:glative to the use of the '"V''. Both Trumansburg and
the eighth grade Vestal group were éssessed to determine if the students
could identify, define, and give examples of terms of the "V". Preliminary
data, from both these groups, are répafﬁed in Section VI..

As mentioned earlier, Trumansburg was assessed twice, once in October
and again in April (week 26); Eegéuse of the very different nature between

the first and second Trumansburg assessments, the results of the second

administration ar%}pnly reported. Further, the question of whether the

assessment seems at least very minimal since the two instruments were very

different in structure and content. Vestal had the revised instrument

-administered in May (week 33).

oF
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‘. asked the studen: te place each of the nine terms of the "V in their
proper positions. CQuestion #2 asked the student to define, in their own

words, each of the nine terms, Question #3 asked the student to pick out

grade and Trumansburg seventh grade were covering different material, we
necessarily administered different comnleted laboratory exercises for
th:s third question. (The entire instrument with the two laboratory

~ exercises are illustrated on pages V-10 and V-11 in Appendix I1.) Both

1]

of students, then, had identical Questions #1 and #2, but a different

-

3 group

e

Questions #3.

Tables IX.6 and IX.7 report the t-tests comparing the p2rformance for .
the Vestal eighth grade and the Trumansburg seventh grade on the first
two que%éians on this task.. The statistically significant difféfeﬁcé

between the Trumansburg and Vestal groups seems to indicate that students

. perform better on this type of evaluation the longer the exposure to the

strategy. Trumansburg had begun usigg the strategy at the beginning of

the school year; there was a three month delay in its‘im@lémeﬁtatian
in the Vegtal aighth grade. Wﬁila we realize that there is a problem of
validity of comparing both groups on;their performance in Question #3,
* .Table I£.8 shows no st;tisti:allf significant difference between the two.
i Whi%g any claims that attempt to explain this result muét necessarily be:

very cautious, it does seem to suggest that, even. after limited exposure.

to- the "V strategy, students are able to identify parts of an'inquiry
v - [ e G
1‘41
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- Table IX.6. éompa:ison of means for Quastiéi #1 Cfdentifying parts of
-" . the’"V"), Trumansburg - April, 1980; Vestal (8th} --May,
1980. ) ) .

,4,r;é%§%P . |Week hmﬁii; Mean ﬁrffisgﬁtriéftfyglue idfffiir P B

Trumansburg 26 75 . : 17.87 1}15'

. Vestal -~ | 33| 80 14.39 - 3,87

Table IX.7. Ecmpaf%son;of means far'Questian #2 (Defining terms of the
ey, Trumansburg - April,ﬁlQSO; Vestal (8th) - May, 1980

Trumansburg

Vestal

‘Table IX.8. Comparison of means for Question #3. (Picking out examples of
" terms -of the "V given a laboratory exercise), Trumansburg -
April, 1980; Vestal (8th) - May, 1980.

Mean _S.D. Wﬁtevalge' _df B

Truﬁansbgfg

Vestal 80 12.89 4.85

e
P~
- -

U
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according to "V" terms if they are familiar with the subject content.
‘While not reported in table form, a breakdown by individual terms

1_ . ) A 7 ) ) . B
of the "V" (e.g., ''theory,' '"records," etc.) showed that the Trumansburg

ﬁtransformatians," "knowledge claims," and ''focus gﬁestion," Vestal, on
“the other hand, was significantly higher than‘Trupénsbufg for the one

term of "theory.'" This may reflectsthe strésévpia:edAan scientific theories
in that particular science program, and the généraiiy greater emphasis on
tﬁagréticél models in junior high physical science curfiﬁuiums, The
theoretical struzture of the biological sciences was not stressed in the
Trumansburg c¢lassroom. _This-wés due in part to the descriptive nature

of junior high school biology programs that stress descriptions of plant
.and animal structures, and miﬁimize discussion of broad explaﬁatary
theories or principles. |

Ccnsideriﬂg that the Tfumansburg seventh grade sample averaged at

the 65th percentile on national norms and the-Vestal eighth grade group

averaged at the 78th percentile, we have further evidence that the 'V
- mapping strategy can be acquired by seventh grade students as well as

eighth grade students. In fact, both groups seemed so successful at tﬁis

i

kind of task, and the "V" in general, that there seems to be no reason

) | I — . ) N )
why the "V'" mapping strategy cannot become part of those grade levels.

ive
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Conceptual Questions: !'Winebottle! Example:

As mentioned earlier, the conceptual questions provided our best
means of comparing instructed and uninstru¢ted groups of students rela-
tive to their use of the strategies_ 'The'majcr theoretical issues and
the problems that had to be overcome are discussed in detail in Section .
VII of +his report. The following is pf@vided to demcnstrata the
significfﬁcé of this type of evaluation, and the impli¢atian5=that can
be drawn from its administration with both instructed and uninstructed
‘'students.

Both the '"Winebottle'" and "Electricity" eXamples were tested with
eighth gréde students in Vestal. In this case, we worked only with
two of the four eighth grade instructéd classes. For the uninstructed
., group we solicited theshelp of another part-time eighth gra&e teacher
'who taught two sections in the af¥erngong in order to :hara:terigé
both populations for this, and tha "Eiectrisity" example, we pe;farmed

a t-test to compare the means between the instructed and uninstructed

groupé of their performénce on the reading and math parts of their

SAT tests. Tables IX.9 and 10 reﬁresent the findings of this analy-
sis.” With the low t-values for the reading CD,EB)‘ and the math

thSZ) with c@rres?andimg probabilit%es of 0349§V_an& 0.413 ‘respec-
tively, we can state that there is no statistically significant differ-
ence betwéen the two groups in their mean Sgéres for both the reading

and math parts of the SAT.
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Table IX.9. Comparison of means for SAT reading pergentileb far“the
' instructed and uninstructed groups of eighth grade students:
in Véstal New York. .

~ Growp . | Mean  8.D. t-value df __ p

77 78.00 19,96

Instructed '

“ Uninstructed

Table IX.10. Comparison of means for SAT math percentiles for the
instructed and uninstructed groups of eighth grade students
in Vestal, New Yark

— EG?G@, .

Instructed

Unlnstructed

~_The "'Winebottle' example was. administered to-the four groups (two

instructed, two uninstructed) in March, 1980. The instructed grau?

the mym strategies. The students' papers were evaluatgd in the following
_manner: for every correct conceptual link that was made between two

concepts (g.g., expaﬁéign is due to the movement apart of the molecules

< in a gas), one point was awarded. The number of correct conceptual
relationships were then tallied. The number of conceptual links that were
1oy
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- incorféct‘Ceig_, the size of molecules increases as heat is added),
were tallied as well. Tables IX.11 and IX.12 represent the findings
between the instructed and uninstructed on their performance of using

winebottle example.

Table IX.11. 'Compariscﬂ of means for the number of correct relationships
written in the "winebottle' example for both instructed and
instructed students; Vestal - March, 1980. :

Groun | N . Mean S.D. t-value

" Uninstructed 42 1.45  "1.40 _
Instructed 46 2.61 .1.71 o @

Table IX.12. Comparison of means for the number of misconceptions (in-
correct relationships) written in the winebottle example for
both instructed and uninstructed students; Vestal - March, 1980.

¥

_ Grown df p

Uninstructed

Instructed

14y
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Examination of Table IX,11 reveals that students who had -
training in the use of concept mapping and "V mapping performed

signficantly better on the number of correct relationships used in

nswering the '"Winebottle' example. This leads to- the inference that .

‘the use of these two strategies can significantly increase the meaning-

=
I =

ful learning process by providing a means to analyze some event, and

. then to-organize the relevant concepts in

uch a manner as to '"make

oy

sense' of the proposed event. Without these strategies, fewer correct
conceptual links are made.
What is interesting, though, is the comparison of the number of

misconceptions offered by both groups of students in their answers.

v Table IX.12 shows that there is no statistisally significant difference

in thélméans of the number of misconceptions written by both groups.
Although concept mapping can be a useful tool forrrevealing concept
misconceptions, we observed little instruction that employed concept
mapping as a tool to hélpiétﬁdents (and teachers) explicate misconcep-
tions and move to identify requisite additional or alternative concept

- relationships that could result in recognition of and/or uprdqting
of theée misconceptions. Déviousiy; the degree of meaningful learning
that is occurring is not related to the conceptual structure as it is
undéfstcad'ﬁy experts in the dis;iPline, but is related tp the ability of
the student to consciously link new concepts Eo ones already possessed.

This will be discussed further in the next chapter.

\_ .
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Conceptual Questions: "Electricity" Exampie:

The gelectricity” example provided some intéfésting information for
our project group as we atiempted to become mére sophisticated in
this kind of evaluation strategy. In the "winebottle' example, we )
lumped all the students' conceptual links into two main categories,
"correct relationships' and "misconceptions.'" In this EXSEPIE;XWE
classified the answers into a number of different categories which reflected,
we believe, the kinds of conceptual” links establi%hedﬁby the students in
their answers. Section VII re%orts on the number and identification
of these catégofies. |

Here, as in the example previously, the means bet&een the instructed
this comparison for each of the four categariés of correct '"atomic,"
"electrical,' 'hypothetical,’” and "lagical" relatignships, as well as the
mean total number of correct relationships.. Table IX.14 represents the
comparison of means of the categories of misconceptions, "atomic," and
velectrical,” as well as the mean total number of misconceptions. Because
no "hypothetical” or "logical" misconceptions were recorded, these have
been deleted from Table IX.14. . .

In each of the éategariesi "atomic" and "electrical,” the instructed
students performed statistically significantly better than the uninstructed
group of students. In the category of “hypothetical' relationships, thé |

_uninstructed group performed better than the instructed group. This may
indicate that the uninstructed group was more speculative in their attempt
to provide an adeaugte“explanatian for the electrical efent posed in the

17
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Table IX.13. Comparison of means for the numbér of correct relationships
" identified by instructed (I) and uninstructed (i}) students
in the '"Electrical' conceptual question. Comparisons for
each .category and total score. N for instructed and unin-
structed are 81 and 42, respectively, Vestal, June, 1980.

t-value o df P
2.78 121 2.01
Electrical V 147 L1 -2.67 121 0.01
cctr I 2.05 1.14
oo v 0.07 - 0.26 0.44 121 0.66
Logical 0.05 0.27
U 0.45 T0.80 .
Hypothetical [ 0.16 1 0.49 2.51 121 0.01
U 2.60 1.33 _ ,
Total -2.31 121 0.02

—
L
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Table IX.14. CemparlsOn of means for the number of misconceptions
identified by instructed (I) and uninstructed (U). students
in the "Electricity” conceptual question. Comparison for
categories of "atomic,' "electrical' and total. N for
instructed and unlnstructed were 81 and 42, respectively.
Vestal, 1980.

Category/Grsup ;l, Mean.  S.D. t- value 4,,:df o P
o u 0.41 ~  0.59 0.64 121 0.53
Atomic I 0.33 0.59 . _ -
7 U 0.17 0.44 -1.21 121 0.24
Electtlcal I 0.30 0.62
77777 U  0.57  0.80
Total -0.36 121 0.72
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question to the studénté. In tﬁe category of ''logical' relationships,
thé-twa groups showed no statiétigally significant difference. Further,
E?n the cdategories of misconceptions of "atomic" and "electrical"
principles, no significant différenées were found between the two groups.

These findings seem to corroborate what was already detgfmined in
the "winebcﬁtle“ example: instruction in the strategies of concept
mappingfaﬁd ;he "y haé some effect Bn meaningfui learning-of concepts,
and that?these'students‘are able to make the conceptual links better
than students wﬁo were .uninstructed.

With the category of ''logical" principles, no significant'?ifference
was f@und between the two groups. The 1é%ic skills may be -independent
of subject matter, or ;hey may be dependent upon y§afs of acéumélated
cognitive dévelépment; and hence, dé not show change over the compara-
tively short duration of the study. (see Novak, 1§77a, Chapter 8).

. jAsgin the previous example, thete is no difference between the
number of misconcei :ions written by both the un%nstrugted and instructed
gfoups}‘ﬁﬁgain, the stratégies of coticept mapping and "V" mappihg appear

- only toigrgaﬁize.whatvfhe student beliéves are the reiati@nships among

i the concepts they possess, but do not necessarily disfiﬂguisﬁ between
conceptual links that are correct or incorrect. While the strategies
may help students and teacgersuta see misconceptions, there were no
explicit instructional efforts to reconcile theée misconceptions.

In the "winebottle" e&amp;é described earlier, all the instructed

students made concept maps prior to answering the question posed. In

‘the "electricity" example, half the instructed group was asked to make

a concept map while the other half was not asked to make a concept map.

Aruitoxt provided by Eic:
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A

.The entiré group bf instructed students was composed of four classes:that .

met with that teacher every day. These classes were selected at random

to prepare or not to prepare concept maps prior to constructing their

different from each other, since the policy of the Vestal schools was to
achieve heterogeneous classes.
The intention of this’inqu{ry was to determine whether the task

of answering the question posed was related to the making of a concept 7
map immeéiately prior to the task, or whether the strategy had '"done its

. Job" already and would not be necessary for the new task. In @tper words,
had meaningful learning, facilitated by the;use of the cocept mapping
andgﬁvg mapping strategies, been accomplishted before thé administration
of this kind qf evaluation instrumentg Table IX.15 and‘IXilé represent
the anaiysis of the t@ﬁparison of the means for those instructed students
who made concept maps and those who did not for the number of correct
felatianshiés in each of the four catégarié% and for the two categories -
of misconceptions.

Examination of the data revealé that in only one :atégafy (correct

"hypothetical relationships, Table 'IX.15) is.there any statistically

significant difference between those students who made a cancept’hép

as part of the evaluatién task, and those ‘who did not. This seems to
indicate that the making of a canéept map immediately pféar to the
evaluation task is of no substantial value. Ratﬁer, the imﬁcrtance of
using concept mapping comes during the regular instruction. This is

.
Ly . g
i
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Table IX.15. Comparison of means for the number of correct relationships

: identified hy instructed students who made concept maps (Yes)
and, those who did not (No) in the "'Electrical" Laﬂ:eptual

nquestlﬂn Camparlsans for each category. ¥ for those who
‘made a concept map and. those who did not are 41 and 40 re-
spectively Vestal June, 1980

Hypothetical

=

Gy

) i : : : &

Table IX.16. Comparison of means, for the number of misconceptions identi-
fied by instructed students who made concept maps (Yes) and
thase who did. not (VG) in the "Electricity" canceptual ques-
tion. Cﬁmparlééns for categories of "atomic" and ''electrical”

" onlys N for those who made a concept map and those who did
not are 41 ahd 40, respectively. Vestal, -June, 1980.

£

: Categary/Sub Grﬂup L,_ﬁga? . S.D. t-value - * df )2)
atomic Yo . 0.43 0.6 130 . 79 0.17 °
L VYES - 0.2} . Qi%?ig,,,_ L .
® NG 0.35 0.74 S
s oy . .7 . i - s e
Electrical "o - 7 0.77 79 0.45
‘ Yes 0.24 0.49 : -
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ii‘
consistent with our thesis that concept maps are heuristic devices,

*

. needed only to facilitate meaningful learning. Once the meaningful

learning has occurred, the -construction, or re-construction, of a

concept map may not be necessary. Indeed, it may be a duplication of

effort and result in negative motivation,

7=
i ,

?
-
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/

Conventional sc%Fnce tests are, of course, uséd in bﬁth Trumansburg
.and Vestal to track studggts' progress. Since there™is.only one seventh
grade science teacher at Trumaﬁsburg, we sought to compare achievement

: scares for students 1n seventh and eighth grade classes in the larger
Vestal schocl, Also, a comprehensive final examination test 15,I
/

comparison purpbses: This final examination requires glmost exclusively
recall of specific knowledge, so the evaluation Dbjective is substantially

different from what we were doing with concept maps and the "V" strategy.
o > ~
Since we were working with only one of the four seventh grade teachers

and one of the four eighth grade teachers in Vestal, some comparisons

car %e madé. The average of the final examination for the experimental

students in the seventh grade was 86.51%; for the entire seventh grade
.is was 81.92%, showing a difference of almost five points. For the
eighth grade, the experimental students' average on this examination was

82.15%; for the entire eighth grade, 82. Dda, indicating no 1arge difference

between the two groups.

- : From this, we can see that the introduction of the strategies of

concept mapping and the "V appears to have no substantial effect on

the performance of students with respect to conventional classroom and/or

s 0 L= el LWLl

~school-wide evaluation. We will show below that correlation analysis
supports the claim that our evaluation strategies are measuring something
substantially different from school achieveément test and tynical standard-

1zed achievement test.

O

FRIC =+ =~
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‘Correlation Analysis:

Ed
¥

To see if there are pdtterns among the various elements or variables

that formed the basis of the evaluation for the "Learning How to Learn"

Project, and other more conventional achievement measures, a correlation

Y

matrix was run for thirteen of these variables. Tables IX.26 through

IX.29 show the correlation matrices for the variables studied. These

i

are divided into four broad categories -- scores for concept mapping and

the "V'', conceptual question, standardized tests’, and final achievement

5
£

grades -- to make the matrices easier to examine,

The task of ﬁaﬂcépt‘mapping! repfesentedgby thérﬁotal pétgentage
scores in relation to a baseline map, c@rrel&%ed significantly with the
ability to iéentify,@défiﬂé,;and pick out exémpies of terms of the "V
(.36, P=0.001). Concept mapping was not éafrelated, however, with
pérformancé én fﬁe "V for laboratory axéfcises_CD;D?,rP%D;SS)i The
,data suggest.that concept mapping involves different kinds of cognitive
operations than does using the 'V, “

Correlations between concept mapping scores and conceptual qﬁestiaﬁsa
was not significant, ranging around the valué of 0.00, This su*gests
that different cognitive performances arévrequired in the two tasks and,
therefore, we see ﬁhese evaluation tools as cémpléméﬁtafy rather than:
redundant. 5

In relation to standardized scores, abilitv to construct :én@ept

maps has essentially zero correlation with SAT scores kRéading, -0.20;
Math, 0.02)}, but a sigﬁificant correlation with SCAT scores (Verbal, 0.34;
Quantitati\é, 0.31) Suggésting that the SAT»’and SCAT test measure some-
'whag different cagnitivé.pérféfman:esg» Relative to final ggade and final

-

[ -« Ve
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Table IX.17. Correlation matrix for Concept Mapping scores, Identifying, Defining, and

Giving examples on the "V", and scores for laboratory Fxercises using the
P "W" apainst other categories of data. Top number is the correlation co-
v efficiert; the middle number represents the significance level; the bottom

An asterisk (*) indicates that no records were collected to compare those
variai les.
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Table I.}LlS,

Correlation matvix for Correct Relationships and Misconceptions for
"Winebottle" and "Flectricity” exanples of Conceptual Questions against
other categories of data, Top number is the correlation coefficient;

the middle number is the significance level; the hottom number, in paren-
theses, represents the size of the sample for analysis, An asterisk (%)
indicates that no records were collected to compare those variables.
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Table 1X.19. Correlation matrix for Standardized SAT and SCAT scores against other categories
of data, The top number is the correlation coeflicient; the middle number repre-
sents the sienificance level; the hottom numher, in parentheses, represents the

-
—
L]

sizc of the sample for the analysis. An asterisk (*) indicates that no records
were collected to compare those variables,
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[able [X.20.

Correlation matrix for Final Examination scores and Final Course Averages
against other categories of data. The top number s the correlation co-
efficient; the middle number represents the significance level; the botton
nunber, in parentheses, represents the size of the sample or analysis,

An asterisk (*) indicates that no records were collected to compare those
variables,
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examinarion scores. concept mapring shows a low correlation (0.20, P=0.08;
0.11, P=0.16, respectivelr These low correlations indicate that con-

ventional school achievement measures do not measure what we regard as

important aspects of science education that might be better assessed with

RiVAT]

the use of concept maps and maps.
Two%fafms of evaluation of the '"V'" were performed: identifying,
defining, and plcklnﬁ out examples of terms of the "V" and using the V"
for laboratory exercises. The correlation coefficient and significance
level for these two are 0.44 and P=0.0001, suggesting a strong relation-
ship. Unfortunately, the entire séuf:é of laboratory exercises using the
"V'' came from Trumansburg, and the conceptual questions administered
there possessed enough difficulties to preclude their use in the analysis.
Thus, no correlations were computed between ''V' mapping scores and concept-
ual questions. For both aspects of the "V'', there is a high correlation
between each and performance on the SAT, both reading and math. Similarly,
high correlations exist between both aspects of the 'V'" evaluation and
final etamination grades (0.24 and 0.53, respeztiValy) and fiﬁal average
grades for the yvear (0.39 and 0.63).

In general, the correlation tables support the conclusion that the

. evaluatiobn strategies used account for substantlallv different cognitive

°

nerformances than school achievemenf tests and standardized achievement
tests, with only some 4% to 38% of shared variance between these measures.

These data may account in part for the fact that school achievement does



X, CLAIMS AND RECOMMENDATIONS FOR FUTURE RESEARCH

Major Claims of the Four Research Questions:

The discussion of the major knowledge claims of the ''Learning How
to Learn'" Project will follow the format of the original four research

questions that were asked in Section I of this report. After these questions

have been answered, a list of recommendations for future research will

»
be discussed. In addition to these recommendations, it should be remem-
bered that Sections V-and VI discussed ¢aveats concerning the introduction

of concept mapping and the knowledge '"V'' into the classroom. These should

be consulted as well. : .

N

CAN SEVENTE AND/OR EIGHTH GRADE SCIENCE STUDENTS LEARE TO USE THE CONCEPT
MAPPING AND THE "V" MAPPING STRATEGIES IN CONJUNCTION WITH EXISTING SCIENCE
PROGRAMS .

There appeared to be enough accumulated evidence that supports the
claims that junior high science students can indeed acquire the strategies
of concept mapping and '"V" mapping, and that they can utilize them for their
readings and their laboratory eiercisas_ The introduction of these strategiésx
into the c'assroom takes little time away from the conventional curriculum
while potentially increasing the meaningful learning process, thereby making
the learning of the content material of thé_cbursa more efficient. Although
students with higﬁer ability, as assessed through standardized aghieveméﬁt
tests;and classroom evaluation, perform at a higher level of compentence with

‘ these strategicsj high performance wa% also demonstrated by significant
numbers of students in lower quartiles on standardized ﬁests,

With respect to concept mapping, the students appeared to like to use

LR
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this strategy recause it allowed them to '"'pick apart'' ' a piece of text reading ‘
or scmeﬁthéf study material and to construct relationships among the concepts
?Tesentedg This was evidence that more leaningful learning was occurring,

since there was a conscious effort on the part of the learner to find the
relationship of one concept to another. The mechanics of making a concept

map presented no major difficulties, to the students, . They _appeéred to
understand well 1e ideas of "conceptual Telatiéas” and’”hiérafzhy;" but had
more difficulty constructing '"cross links." This mayxbeédue in part to the
nature of the instructional materials, ﬁbst of which present information

in a‘'linear fashion with little effort to show interfejatianéhips among concepts

and to refer back té relevant ideas presented earlier.

[
=

Generally, students improved over time in théir abilityvta ccns@ruct
concept mapsi-:Sixty—four percent of the students tested twice during the
197’94980:5;}1@@? vear were able to increase their total score by at least ‘
25%. We believ;{thaﬁ by making the Tules for constructing concept maps more
explicit to the students, we can anticipate an increase in ﬁoﬁ:&pt map scores,
probably approaching ''mastery" afﬁer some period of time for all students
who complete assignments. As with any school work, some students made little
effort to construct concept maps or 'V'' maps. _ ’ N

It shouldbe remembered also that the amount of time on task involving
concept mapping (and also th? knowledge ''V'') was estimated to be only between

5 -1

Ly}

% of class time. Differences that existed in performance measures for
the Esn:ept mapping strategy Favored the Trumansburg group (7th grade), and
mightlbe due to their greater amount of time cﬁ task. In any event, it is
gratifying that most students perfcrmed at a high level of competence with

such limited exposure.

[
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The Knowledge '"'V' can be'used by students to represent the laboratory
.exercises they perform in class, and to relate the conceptual and methodo-
logical sides of any inquiry. Generally, students found the "Y' harder
to do than concept mapping, but that might be due to having to '"juggle"
50 many différent terms in their minds: What is the event here? What
are the principles and concepts? How should I word the focus question?

Another possible reason for students having more difficulty with the
"V'' mapping deals with teacher expectations from the students. The "V's"

o that most of the students made were completed after they had already written
conventional” laboratory reports for the teacher. Since the laboratory
o,

report was written twice, students saw this as a duplication of effort.
That is not a popular position with junior high students. E

This notwithstanding, students did report, and the evidence seems

to‘support this, that the "V" helped them ;Q'determine what the lab was
all about, and helped them to separate what was needed to be known from
the lab. We believe that even this is a significant step to understanding
ﬁhe role that concepts play in any inquiry, and indicates that a more
meaningful 1e§r§ing of Eéntent material is occurring.

As with concept mapping, the criteria for assessing students' "V's"
should be made explicit to the learners. We believe that this is the
reason that students' '"V's" began to Fover around the tweleve to fourtéen
range of scores during the latter part of the project, rather than moving
toward the méximum of eighteen on our scale.. If students ﬁad been told
»what counts, for instance, as a good focus question, and h%ﬂ been giveﬁ
clear cases for each of the levels from zero through three, Stude§ts
probably ébﬁld ha&e improved in each of the' five categories of criteria.

£
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acquired aon using the "V'" for laboratory exercises came from one school.
Differences inteachers, students, and programs would have been a E%uitful
medium for exploring the range of "V' mapping performances, and this
There must also be a consideration of the term "ex’ ‘ting school

program' as identified in the research question. Alt - no evidence 1is
reported, there was a growing impression by the staff over the twg year
period that many of the curriculums with which we became familiar were
seriously deficient in the conceptualizations of the subject matter.

All toc often, we found gapping '‘holes'" in the laboratory exercises, or
where the text presuiédrthat the learner knew more than what he/she actually
- did. 'Reading pasSagés,_whiih were identified as answering some question
often did not answer that question at all, but rather led the student

off on a descriptive taﬁgént of some other event or EIPEfiEﬂGEEEg‘Q to

say that these strategies can be used in conjunction with cgnventiénal
curriculums warrants a qualification. Teachsr% who adapt-these strategies

and their theoretical foundations must be wary of the limitations of

text -and curriculum.

WILL STUDENTS' ACQUISITION OF SCIENCE KNOWLEDGE AND PROBLEM SOLVING P: -
FORMANCE CHANGE AS A RESULT OF THE STRATEGIES?

We must be careful to identify what kinds of knowledge we are

discussing, and how students' performances are evaluated. If we discuss

the acquisition of science knowledge (as noted in ths q *ion), that is,” -
the relationships among the conceptualizations of the fields of science

and their relevance for making sense of events, we can state that the
’ ’ ] v, e
-~

Q . _ ;
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introduction of the s-rategies has facilitated the meaningful learning
of those conceptualizations and their relations to events. If, however,
it is knowledge about knowledge that is being discussed, our case is less
convincing., We are less confident that student and teachers, as well,
have acquired in any meaningful way these ''meta-" concepts about knowledge
and the knowledge-making process. This is most likely due to a lack of
familia?ity about the strategies and the .epistemological and psycnological
principles that formed the basis of the project. |

But this does not imply that there is no evidence that "meta-'"

concepts could have been acquired. While one of the most important aspects

[l

of the strategies is that they‘caused student: to begin to understandqthe.
subject matter in a more meaningful way, there seems to pé some suggestion

that concept mapping and "V'' mapping facilitated also the understanding

of the structure of knowiedgé in tﬁe science field. As students made con-

tept maps,;they had to identify the most inclusive_gancépt of the reading,
iliustraté its relationships to cubordinate concepts, and then show these
relatiaﬁships‘through-theslines drawn among them. Given that, students acquired
a deeper understanding of the relationships among the concepts in a subject
‘matter, even though it is doubtful whether they had actually articulated

any "meta-'' concepts about the structure of knowledge.

When we turn to caﬁcepts about learning, that is, '"'meta-learning,"

we are even less confideht. Although the project teachers did present - .
. the activities from the Teacher's Handbook (Appendix I, Section II) to

the students, there is no clear evidence that the principles generated

from those activities became oper »onal in the classroom. In all of thé

x

! -~ elinical interviews and more informal interviews we conducted with students
. * -1
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and teachers, and all the classroom visitation we made, no evide..ce
exists that the teachers were utilizing these learning principles in their

clas

7]

g3,
3
We must also be careful when discussing student performance relative

to the type of evaluation instrument used to determine whether there has

been an acquisition of science knowledge. In terms of conventional class-
room evaluation, we found no significant difference between the instructed
groups of students and the uninstructed in the same school and grade in

relation to performance on district-wide final examinations. But we

_believe that these examinations attempted to ascess something very different

led to the ccnclﬁsion that they were Serigusly deficient in 1iﬁking concepts
in the subject matter, and appeared to require only rote learning to paéfo:m
well. When we turn to student performance on our own}zogceptuél questions,;"
whuse design utilized the Str3te§ié5 of concept mapping and the "V, we faun§
significant differencés between instructed and unins;ru:ted,studéntgg

The strategies, it is ckaiﬁed, assisted the students in Drgan;zingﬁ%heir

conceptual understanding of “the subject matter,_and utilized that organiza-

tion to make sense of some new event. Thus, the evidence suggests that !
conceptual questions have tapped the students' cognitive structuges to
see the comparative degree of meaningful learning.

If we define problem solving as the ability to offer an explanation

to an ‘event using Cénzéptiuthat the student has legrned in a meaningful
) k] .
. o, : s ek _ . _ i
way,then our concentual questions can become.an important aspect cf the
: - . ’ . * 2 I
problem solving evaluation of students. Although there is much research

‘ g i ) ' = o = __ 1
to be conducted with these conceptual questions, there is signficant know-

< : ! . 0 1=

i



X-7

b ledge now that suggests that this form of evaluation has important ramifica-

. - A . . : - : .
tions for -the eXaluation of student understanding of the subject matter.
One point needs to be made in relation to these conceptual questions,

and the use of the strategies of .concept mapping and "V" mapping. . While
our evidence shows that the strategies can be taught to students, and
that conceptual questions are a form of evaluation to test for meaningful

learning, the use of the questions cannot alone rectify misconceptions

) \ ) . l . o &

that exist in the students' cognitive structures. The strategies are
! -~

tools for organization to assist in meaningful learning, so their employment
i 4 . =

automatically reconcile these misconceptions. In other words, there is

no substitute for good teaching.
i, Does performance on conceptual questinns increase as the student.

is exposed to this evaluation strategy? It might be expected that students,

: &
r

having become -familiar with the evaluation task, would improve.over time.
) . . ,
Although_the evidence from the 'Winebottle" and "Electricity'' examples

_— &

Py s

iy P i . f o ,
showed no significant change from the first to the second conceptual

question for those experimental students who” hat—both, we beliéve that

given znuugh instruction cofistitently over a.period of time in the strate-

gies a

d, employing conceptuai quegtions ds part of conventional classroom

evaluation (tests, homework, laboratory exercises), we can expect a

positive difference in student performance on this type of evaluation..
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IS THERE A
A RESULT O

SHIFT TOWARD A MORE PQSITIVE ATTITUDE ABCUT SCIENCE CLASS AS
T

F THE INTRCDUCTION QF THESE STRATEGIES?

From the data that was collected during the second year of
the project, the evidence 1s inconclusive to answer this quesrion. Two
forms of evaluation were done to determine whether students became more
positive in their attitudes about science class. The eighteen item
questionnaire, we believe, might indeed probe some of the feelings that
students have abéut science class, reading, laboratory work, and the
nature of science, b§£ there aré many other factors that might affect
the validity of any claim to be drawn from the;results of such an
assessmén%. For instance, does the shift toward a more positive a€titgdé
about Séiéﬂcé class increase as students' exposure to the strategies
increase? How much is teacher perscnality affecting the results? How
me Lh isxthe presence of friends (and adversaries) in the class affecting
the attitudes? Is the program laboratory-oriented or more didactically

y

presented? What is the general milieu of the school? Of the class?

is a good science program in the school? What kinds of science programs
existed ‘at the elementary level, and what effect do they have on student
attitude? All of these, taken individually or taken collectivély, might

have some effect on the attitudes that students ha®about science class.
Much more sophisticated assessments of affective factors would be needed
. !
b I = I o
than was possible in this research project..
]

Fértuﬁately; however, there are some other sources, more direct than

questiéﬂnairesi that can be used to assess students' feelings about these
, ‘ s ec

strategies: we can ask them how they feel., In the clinical and informal

LY
H

. 1:31,
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écenaeﬁtual side from the methodologic;

interviews canducted with the students during the last year of the project,
we had the Qppartugity to ask students how they felt about concept mapping
and the knowledge '"V'", and whether they saw any value tfor them in che.r
science <lass. Although concept mapping received better reviews than the
"Y', generally most students thought that both had helped them in their
understanding of the subject material. But whether improved understanding
of the subject material is related to attitudes in general about science

class remains to be studied further.

CAN CLASSROOM TEACHERS BE TAUGHT TO INSTRUCT PUPILS IN THE PROPER USE OF
THESE STRATEGIES?
The answer to this question has to be a qualified 'yes." It must

be remembered that.the strategies of concept mapping and "V' mapping

involve several levels of i aderstanding: concepts of learning, concepts
of teaching, concepts of the structure of knowledge, and concepts of the

knowledge-making process.

For the tea;heL; in our pilot study, we believe that they had

" attained some comprehen%ion of the strategies as organizational anc

diagnostic tools, thereby becoming important aspects of teaching.
Concept mapping could be used as a means to Tepresent the concepts and -
their relationships that are presented in the text. As a diagnostic

tool, concept mapping could be used to represent the meanings that =

students ascribe to concepts. Similérly, the "'V" strathy provides the

teacher with a:quick overview of a laboratory exercise ko organize the

dvidesclarity with

respest to the intention of the exercise (focus questions and events).

i

The "V" can be used to visually represent where students went wrong in
E | i

SR )
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their laboratory exercises, or what concepts were not used as nmart of
the left-hand side of the "V,

However, reiative to using the strategies to foster concepts of
learning, knowledge-making, and the structure of knowledge, our evidence

+ There can be many reasons for this, some of which have already been
mentioned in the preceding sections. Teachers are very busy people.
As such, there is littleitime, given all the duties that they perform, a
to sit back and reflect on the ideas of this kind of project. Unfortunately,

this situation necessitates a sort of '"shoot from the hip" approach to

any new ideas, or forgetting the new idea in favor of older tried and true

o

methods.
Second, in the two years of the project there was no forum to teach
the teachers the major epistemological and psychological foundations of

‘the project involved refining the pedagogical strategies, bases upon
i &

the theoretical foundations. A large turn-over of project staff alsc

compounded the difficulties. This, coupled with no opportunity to work
with teachers in a leisurely pace with these ideas, say a two day workshop

away from the home school, resulted in limited understunding of the theory

5

behind the strategies.

We do not wish to imply that the teachers working with us were
uncooperative or limited in talent. Indeed, the ¢pposite was true.
Every teacher we have worked with often sparkled with enthusiasm and
all would have to be regarded as superior in terms of knowledge of science,

and talent in wafking with children. We, the project staff, were struggling

[

RN
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with .finding practical ways to implement teaching strateg.es derived
from a psvchology of learning and a philosophy of kno iedge that was

only marginally zomprehended by many of us: we too were learners!

in working with us when we were lerrning how to ''get our act together."
We believe -our experiences, as reflected in this report and in the

Teacher's Handbook will make it possible for teachers with comparable

t

ducational skills, or perhaps even less, to achieve a large measure of

S

L}

success with these strategies. -

Thus, we are optimistic regarding the improvement of science

gl

teaching. There can be significant changes in the levels of conceptuali-
zations about teaching, learning, knowledge, and curriculum if énly the
forum were provided for teachers. Recent work at Cornell University
withH a modification.of Kagan's (1975) Interpersonal Process Recall (IPR),
suggests thatlteachers can indeed change their éénceptuali;ations about

teaching even with the very busy schedule and within a comparatively

small time committment [Wayjlgsij!

O
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Recommendations for Future Resegrch:

Several recommendations for future research have already been men-
tioned in various sections of this report. For the sake of brevitv and
conciseness, though, th@y ars included in this 1as§§§eztian.

1. It was remarkable to the staff that Studeﬁtégpérfarméd so well
with these strategies relative to the small amount of time on task.
Further, use of these strategies were limited to one teacher during
the course of one school year. It would be enlightening to determine

what effects woulu accrue with a horizontal introduction of these strate-

gies across subject areas, and longitudinally across grade levels. Per-

haps one year's, one subject's exposure tu the strategies is not enough.
Could a school using a team approach adopt these strategies in their
English, science, social studies, and math classes? Of caurée, the

nature of the knowledge in each of ‘these areas would necessarily be differ-
ent, but that does not dismiss the idea that each is a field that
conceptualizes about some esvents,” and that each field has a structure

of its own knowledge. Longitudinally, students could be introduced to
concept mapping as early as first grade. Work in progress in Australia

by the project director has demonstrated that is 1is feasible. While the

"Y' might be postponed until later, elementary students should be able

to grasp key epistemological ideas and later to use Gowin's "'V'' - Repeated - -

exposure to these strategies over several years could lead to significant
changes in learning, and students' perception of the nature of knowledge

%
and the nature of rational thought (Novak, 1980).

[
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2. A second recommendatign deals with the structure of 'conventional"
curriculums and the adoption of these strategies to fit into that curriculum.
Although we have found that the strategies can be incorporated into existing
school science programs, we believe that a re-conceptualizations of the

curriculum is necessary to effect the full power of the concept mapping

and the "V'" mapping strategies. Some work, involving the reorgani:zation

of curriculums to a psychological organization, has already begun with

staff members who have returned to teaching during the 1980-1981 school

vear. Research is now being :Gnductei to psychologically and epistemologically
o-iant students in tﬁree separate zreas: chemistry, the IPS Program,

high school biology, and an animal behavior course.

3. It should be evident that the teacher's knowle@gé is also important.
We caﬁnat expect that students will be able to arrive at higher levels of
conceptualization about learning, the structure of knowledge, and the
knowledge-making process if the teachers have not been taught to recognize
such order. Thus, the preparation of the teacher must be improved substan-
tiallyv Again, fhis year, preliminary research to determine if teachers
can be taught to restructure their previous knowledge, as well as to acquire
the techniques for teaching the learning strategies is now being investigated.

This is*a new set of challenges, requiring much extensive research, and

we need colleagues to join with us.

=

[y
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4. Students participating in the ''Learning How te Learn

Py

Project

were higher ability students than we had originally suspected. Correla-

7]

tions between ability, as measured by standardized achievewent tests, and

]

performances with concept mapping and the "V do indicate a stron:
positive felatiaﬁship between the two variables. However, the evidence
is also encouraging that a significant number of lower ability students
can acquire and use thes: strategies. Given this, a replication project
needs to be conducted to see how sffective these strategies are with these
lower ability students.
. : ,

5. Concept mapping and "V" mapping provide a powerful new evaluation
strategy, once students are taught to use these tools. The data from this
study indicates that these evaluation tools are reliable and valid and
that*the/ tap substantially different abilities than conventional achieve-

ment tests.

o. We believe that the creation of conceptual questions can provide

a powerful means for evaluation of meaningful learning, and which can be

"

adopted in any classroom. However, with only two examples for our evid§nce,
“no matter how encouraging that evidence might be, further research should
be conuucted Ghich attempts to determine if there is any improvement over
time in students' ability to. answer this type of question. This: can be
done over the course of a single year; or longitudinally where students
have been presented new material without the assistance of concept mapping

and the "V'. Some research in this area is also being conducted this year.



- 7. As mentioned in Section VI of this report, the use of the "V' was

restricted to knowledge claims with no research relative to the value

of science. This we believe is an important aspect of science

education, bu

¥

rt

was bevond the resources of this present project. We
recommend, therefore, that future studies, whenever possible, include

the idea of value claims together with the other concepts of Gowin's "V'.

8, There is a need for .esearch on classroom climate and the possible
effact of "learning how to learn'sstrategies on teacher-puril relationship.s

The work begun.by Way (1981) with college students could serve as a model

for elementary and secondary schools.

In conclusion, we believe the regeirch reported here shows promise
for a brighter future in education. The practical strategies represented
in concept mapping and Gowin's "V'" is derived from a theorv of education,
and as such, the technology is both gpided by and will serve to modify
and improve the theory. Theory-based educational strategies have not been

common in educational history, and therefore we have hope for progressive,

teaching strategies that may improve human understanding.
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MEANINGFUL LEARNING .

id

The "Learning How to Learn Program' is designed for dse in

any classroom tcgethcr with the regular prugrnm‘uf instruction, AlthSugh
the m.iterials in this handbook were preparcd for junior high science
teachers, they might be used by teachers at other grade levels and in
other subject matter ficlds.

To understand how to become a better learner, students need to.
pain some understanding of (1) the learning process, (2) the nature
of knéwledge, and (3) how to extract meanings from miterials studied.
This program is based on Augubel's (1978) cognitive learning theory
which places emphasis on the difference between meaningful learning
and rote learming. In fact, the major objective of this program is

to help students .learn how to learn meaningfully. 7o acquire knowledge .

meaning fully means that the learner must incorporate new Knowledge into
,gongepts that the learner already has. Our program is designed to
extend, modify and elaborate these concepts, partly through providing

instruction in new relationships among the LDHLEPt§ that the student

:alread} has, and partl) by providi-:g new relevant tcntcpt% ahout

lgarnlng

. THE KNOWLEDGE v

We have,faund that students gain in their understanding of mean-

ceioewo .. .ingful learning wﬁgn,ihgyﬁggqpign kanlEdgL JhOutwthe knowledge- mdk1ng

. pfOCESS;=§TD'ﬁ¢C0mPliSh this, we have found a simple device invented by
Gowin (1979) to be "elpful. We teach students té undérﬁtﬂnd cach of

the elements represented on Gowin's "V'" shown in llguré 1. At the
"point" of the "V" are objects and events, and these occur in the natural
world or are made to occur by pcgpic (as in a laboratory experiment).

At this point, our key conceptual activitics come together with our

methodological activities. We define a concept as a regularity in
*A more cxtensive treatment of the '"V'" and its accompanying terms can be
found -in section IV in this handhook. ’

\)4 ' R Hs
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events or objects designated by a sign or symhol. For instance, to
study digestion of 5tnrch;hy saliva, we need concepts of enzyme, starch,
digestion, maltose, sugar, solution, and others. Students begin to see
that even to set up a meaningful experiment, or to be selective in

observing objects and events, we must use concepts.

CONCEPTUAL - METHODOLOGICAL

KNOWLEDGE CLAIMS

-3

- FRINCIPLES

[a]
o
=
e
m

OBJECTS/EVENTS

_ Figure 1. ' Gowin's Knowledge "V" (i979) used with_seventh and eighth . . - ——
-grade students as a heuristic device to help in understanding
how knowledge is produced in the sciences.

The V-shape of this device serves to emphasize that both conceptual
and procedural or methodological elements are brought to bear on objects
and events in the process of knowledge production. A "focus question"
serves to direct the process. of knowledge production. ‘

Concepts can be 1iﬂke§ tageiher to describe a-specific regularity,
such as, '"'the sun rises every morning." This kind of statement or prgpf
osition is often called a princiﬂlei Principles, in turn, may be related

. . < 5 . . - . . - C . 5
together in broader, more inclusive ideas that we call theories, such

- F L] -

~as the atomic theory or ‘the theory of naturgl selection.
: 31,5




) FCDﬁceptsj principles, and theories ulso guide the ﬁbthod@logigul:
aétivitiés on the right-hand side of the "V''. These activities include
record-making, such as gathering instrument readings or notes on ohser-
vatignsj and transformations, such as graph or chart preparations or
statistical aﬁa;ysis. The knowledge claims represent what has been
constructed through the active interplay among thz concepts, principles,

and theory we use and the rccords and transformations about the cvents

3
and objects we have examined,
~ R K]

CONCEPT MAPPING
Another device we have found useful is to have students construct
concept maps. Concept maps help students understand that concepts derive

their meanings through ''connections' or relationships with other concepts.

d!SSﬁlFEé ﬂ\lngr‘q!:,

Cdli ovnioe Se. | i A H‘ 5scpmma .
Tfﬂﬂnd{r; SEE/-I'. i 2 nloride

,l::::ﬁh lei‘i 'h"-ig )
I;BIF N ) I
“ blue calar . ) , h'*]'l“éfﬂl Zone
é < blye ra;a's ot Gﬂ—em ;gja‘? rnnrj’ﬁ link (near 5‘\-:?‘1,)
Fha sun '?FF““‘""j-) ’ ih oceana
L - oo webs

Figure 2iA (an;nt Map of the biome "Oceans,” prn;nrcd by a group of four
* seventh gﬁdde students From a section of reading ‘in their text.

i_,_j!‘
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To define a pen as a

a writing instrument is to relate the concept ''pen'
to the concepts of "writing" and "ifistrument." Figure 2 shows a concept
map coenstructed by a group of-seventh grade students from a textbook A
reading on world biomes., We will discuss the procedure for teaching and
using concept maps in Section III of this handbook. '

In summary, the "Learning How to Learn Program" is designed to be
used in classrooms to help students understand the nature of kﬂéﬁl;dge

and the 'nature of cognitive learning.

"
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OVERVIEW OF THE AUSUBEL NOVAK THEORY
%  Throughout the elementary school progrum, it is common for students

to memorize definitions or procedural rules without relating the mean-
ings of the words in the definitions or rules to ideas they alrecady
understand. In fact, students often come to belicve that rote memoriza-
tion of school information is the only way to learn. As teachers, we may.
want to reduce rote learning, but often find ourselves helpless to achieve’
more meaningful learning in the classroom. ‘I'wo majer rcégans for this i
‘dilemma are: (1) the student is not aware that there is an alternative
to rote learning, and (2) concepts that are to be learned are presented
in such a“way as to encourage rote mcmorization.

The intention of this section of the "Learning How to Learn Hand-
book" is to provide the student with an alternative to'rote memoriza-

tion by showing him/her that it is morc cfficicent to learn in a meaning-

ful way. Further, this section and the ones that follow will provide

- the téacher with information about how instruction can be ofganized

Thé Ausubel Novak iearnlng theory attempts to prOVIdE a descrip-
tion Df how learning takes place in the lcdrncr how the learner
) processes new information, and how that.information is stored. Already,
7 twp terms of the Ausubel-Novak theory have been introduced. The first
is rote learning; Rote leafﬁing occurs when information that is lecarned
" is stored arbitfarilyrhithin the cognitive structure” of the individual.
’ In other words, thé new'inFormation-or concept has no psychological
connection to other cancepﬁs and their méﬁnings Activity #1 in this
section is an example of information that is learned rotely. If quizzed
on the meaning of the words (concepts) of the Pledge of Allegiance, how
many students would be able to give adéquate answers?
Th

‘learning eccurs when the learner is able to link new information to

opposite of rote learning is meaningful learning. Meaningful

(4]

concepts and meanings that s/he already has in his/her cognitive S$tructure.

LOEnltIVS structure is the composite QF stored knowledge representing
the concepts, propositions, and other information lcurned by an individ-
ual. ..

O
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In other words, new information to be learned is not taught arbitrarily,

* but always in relation to_what the learner already knows.

In the following'‘sections, learning activities are suggested that

will help students understand the differences between rote and meaning-
&

 ful learning. Azt;v1tle; #2 and #3 illuStrate the differencé between

rote leayning and méanlngful learning. List #1, on page 11-4, requlres
that the student memorize the terms in a rote fashion. List #2, although
the same instructions are given, has the concepts arranged ih a more
meaniﬁgfui way. That is, they are already organized according to ice
creamiflavors, animals, furniture, and colors. While doing this acti-
vity, the teacher Shoulé find that the group of siudents with List #2
is able to learn the list of items more.quickly than those students with
List #1. Lists #3 and ¥4 on page II-5, demonstrate the distinction
between' rote learning and meaningful learning is not always a~5implé one.
List #3 gives the names of a group of flowers; List #4 gives the botan-
ical names for parts of a plant. Which one is more meaningful? Which
is more rote? ) :
‘Activities #3, #4, and #5 will demonstrate the use of prior experi-
ences and knowledge to provide the Dtg&ﬂlilng links that make new
information more meaningful. Activity #4 does this by giving one group -
of students an organizing sentence which provides the meaningful link
between the prior knowledge and the new information in the paragraph.
Activity #5 introduces the idea of concept mapp g as.a means of
'organizing the information, learned into a more meaningful fashion. And
Activity #6 111ustrates the idiosyneratic nature of the zcnzepts that

a learner possesses. Althaugh each person stores lnformatlon in an

' 1d1@zvncrat1z way, there are enmugh regularities among the meanings of

our stored concepts so -that EDmmUﬂlEatIOﬂ £an Qccur.

In the-laﬁt activity, the distinttion between- rote and meaningful
learnlng is considered more directly.  In this one, the learner is asked
to 1dent1fy those concepts that s/he considérs meaningfully learned :
and those s/he considers rotely learned. The meanings -of the CGﬂCEPtS;‘
indicated by the regularities we recognize for that concept and the
specific events and objects as example of each concept, demcnstrate the

relat1Ve meanlngfulnebs of these concepts to, students,_

£
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[t is hoped that through the examination of the concepts of rote

learning and meaningful learning the student can recognize what is re-
B - i L]

quired to move toward meaningful learning and cway from rote learning.
Further, it is hoped that the teacher can begin to re-cxamine how infor-

mation is Presented to the learner, either in lessons or in textbooks.

can facilitate this transition to the more meaningful, cfficient

teaching and learning of concepts.
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ACTIVITIES IN MEANINGFUL LEARNING )

ACTIVITY #1 - Rote Lé‘élrﬁlﬁg 2

|3

Say the Pledge of Allegiance to tﬁé‘tlag. This is an éxample of

something which is learned rotely. It is shared by everyone, and it

must-be- said exactly ds written o it is wrong.
Perhaps you may wish to write the Pledge of Allegiance on the

board and circle key concepts, such as "allegiance' and ”repuglic,"

and ask who knows what these concepts mean.

ACTIVITY #2 - Rote Learning and Meaningful Learning

[f some information is going to bc learned meaningfully,. that-infor——— ———
mation must be linked to existing concepts that the student already

possesses. This can be shown in the following exercises. Give .List #1

to half the class; List #2 to the other half, Give the following direc-
tions: ''Here is a list of words.. Everybody has the same words. You will

be given thirty seiondsito memorize the list that you have."

List #1 X List #2

vanilla ’ *  vanilla
.y chocolate

elgphgnt strawberry

desk

elephant

camel : e

chocolate’ horse . :

yellow

red _ desk & N
table chair ~ -
, ' table
_camel
strawberry - red
- " yellow

green o
green

horse

-
chair




After the thirty seconds, have the students list as many words -
is tﬁéy can remember.  Tally the number of remembered words for each
student using List #1 and for thosc with List #2. The number of words,
each student remembers is a record of thl% [Ldrnan—ICLlll event.
‘Détéfmine the average for each ‘group. The Averagg nﬂmhct of words :
. 1
recalled (usually about G+ for the group with List ﬂl, and 8+ for -

the original records,

and serves to illustrate hDh the learning princi

plé% guide the inguiry.
(Bee IV-2 through IV-12 for further discussion.)
Discuss with your students the idea of OT;JRIZdthﬂ and meaning-

fulness of the material. List #ﬁ alrecady had the words organized into

\I"i

) a pattern of 1; cream flavors, animals, piec

let #1 did not have that organizati Qn, or at least, the DIEQHlZﬂt]OHV

cs. of furniture, and LOIDT%

may not have been apparent dft;r only th;;ty seconds.  List #2 is
* meanlnEFUI for the student who realizes that the items are categorized.
You may want to try the gext two lists to stress the point of -
meaningfulness for the Studcnisi Bach list deals with plants, but List
#4 may present some dlfF1CU1LIE% to the students since the terms arc
uﬁfami{lara It wlll 5c very diffic u;t for the students to learn thé
list in the 1d:t column.~ This is an eﬁdmplg of arbitrarvy learning

or rote learning. -

List #3 C List #4

petunia . © tracheid
gardindia sclerenchyma
marigold o xylem

" zinnia cambium

goldenrod ‘ epidermis

sunflower mesophyll
maple . pafcnghyma
gycamore : pallisade
cottonwood i stomata
walnut E - . ﬂpQTt:fC

Figure 4. Lists of Familiar and Unfamiliar Botanical Names.
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How we 1nrmpn: aml relate to o problem often dL‘pL‘ml Gun

our

past i‘\[?LIlL‘an Theuze experiénces help us to sort out bur new

*

Lnfurmatlon, Dn this page and the next are two paragraphs, identical

except for the first %entence' bivide the Cld%% once again iﬁto two

groups, dnd ng; them thc following leQLfloﬁ% "You will hc Y

s

2

a paragraph to read. After you have read it, you will be asked

questions about the contents of the paragraph

#*

5 dis

"Figure 6A. Washing Clothes Plassage with Organizing Sentence.

from

TION

£ Mp

11 N +

cussin

b

= £

F o, )

This paragraph s about washing fioth es. It is actually

quite simple: Flrst yDu‘ﬂrTﬂﬁgé thlngs into difféyen
groups dependlnu on their makeyp. Of course, one pile may
Le enough depending on how much there is to do. If fgﬁ
have to go somewhere else due to a lack of equipment, tﬁat
is the next step, otherwise you are pretty wiell set. It
is importdnt not to overdo any particular part of the job.
That is, it is better to do too few things at once than
tog man}ia-ln the shortﬁrunj this maf not seem important,
but trouble from doing!tdb many.can’'easily arise. A mis-
take can be expensive as well. Working' fﬁe eﬁuipment

Shauld be. self-explanatory, and we need not dwell on it

i - , , / ,
here. At first, the whole procedure will seem complicated.

Soon,. however, it will become just EﬁothET facet of 1ifé1
It is difficult to see an end to th; necessity for thlS

,ﬂﬁk in the immediate future, but then one can never tell

1

R.E. Mever.. (1977) THINKING AND PROBLE SOLVING: AN INTRODUC-
Foresman-"

TO HUMAN COGNTTION AND LEARNING. Glenville, IL: Scott,
mnany .

iven,

, and what the paragraph

A

i

|
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[t is actually quite simple. First, vou arrange things
intag different groups depending on their makeup.  OfF course,
- : ~one pile may be enough depending on how much there is to do.

If you have tc go somewhere else due to a lack of equipment,

that is the next step, otherwise vou are preity well ser.

7, _ It is imgartunt not to overdo any particuiar part of the job.

< That is, it is better to do too few things at once than too

many. In the short run, this may not secm important, but.

By

" trouble from doing too many can casily arise. A mistake
can be eypensive as well. Working the equipment should be
sc}E—ethinntary, ard we need not dwell 6n it here. At
fiﬁstj the whole procedure will scem iomplizufcd, 500 ng?
howevef it will become just anothcr facet of life. It i=s
difficult to see an ‘end to the neces aizy for this task in

the immediate futuré, but then one can never tcllg
[} T

Figure 6B. Washing Flothca Passa g without Qrudﬂl“lnv SQnthcé;

¥ i §

- ; Questions for the Class:

" Who understand the story? Ihdicate by raising vour hand?

Who does not understand the story?

For those who do understand the story, read the first sentence

of your paragraph.

Students who had paragraph 6A will generally say they understand
the story, and those with pdrdgfﬁph 6B may make some "'wiid guess"

This etercl,e serves to illustrate that we

to what it was all dbout

can sometime aid the process of mcanlngFul lcafn1ng by statements that

‘ help to ”orga*' ze' ideas by linking these ideas to what 1is alreadv

familiar.
tle new ;nfarmatxan to knowlcd ge they already understand.

O
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ACTIVITY #4 - Organizing by Means of a Concept Map

The purpose of this activity is to illustrate a valuable strategy
for Dfédﬂi;iﬂg material to be meaningfully learned. It introduces
the idea of concept mapping of verbal material.

Ay divide up the class into two groups. Group #1 will
receive the pgragfaph reading; Group #2 will receive the concept map
on the next page. Give the students the following directions: "You
will be given a sheet of paper with some informatian on it. The two

groups have the same information, but in different forms. Study the

picce of paper for four minutes. After that time, you will be given a

“quiz about the information on the papers."

Lvervone is familiar with metals. Metals that occur
naturally are called pure metals. Some pure metals like
g@ld,F51lver, and platinum are ch51dered precious "metals -~
because they are rare. Copper, lead, iron, and aluminum,
on the oéﬁer hand, arc considered common be:ausé they are
more abundant. People havé learned to combine pure metals
and other subs:ances to create new metais, called alloys.
-Steel, brass, and bronze aré alloys. We see metals every
day in cars and buildings (alloys ﬁostly); in jewelry
(rare metals) and in plumbing pipes and cooking foil.

(common metals).

Figure 7A. Metals Paragraph.
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Man-Made

Natural i
Alloys

g
Common Steel
B 3 BT ==
'—EQ, o Bronze
Gold Copper
Silver .Lead %
Platinum . Aluminum
Iron
E - 3 Cars™
' H Buildings
Jewelry Plumbing Pipes

Foil Wrap

Figure 7B. Metals Concept Map.

Activity #4 Questions for. Groups #1 (Parigraph r;adgrq) 4nd #2 ([oncapt
sap readers). :

1. What is the best- ‘word ‘label for the subject of this 1nForm4t10n?

2 "Write the difference between pure metals and allnys

3. Why are gold and silver called precious metals?

4, List two common pure metals.

Choose two from this list that are alloys.

Platiggm  gieo)

Bronze e
. Aluminum
Copper

[%a]

6. Metals usced in cars and building are mostly

7. Precious metals are mainly used for __
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ACTIVITY #5 - Concepts and Stored Mecanings

this aceivity illustrates that meanings are stored and that these
meanings are idiesyncratic. That is, not evervone has the suame meanings
L
stored for cach term. In asking the students to share their definitions

f each word, they can come to realize that definitions do not match

o]

exactly since it is the meaning that is stored, and not the word. Also,
there are .aspects of the definitions that students do hold in common.
These EDmmoﬁrféatufés of the definitions could represent the regulari-
tiesyéffthe concept word. (See Activity #6.)

Ask the students to write their definition for each of the

following:

ANIMAL FOOD AIR

s

Have the students share their definitions.

Questions for the Class:

Where did the inf@rmatignx(given in the definitions) come from?
Why doesn't everybody's .definitions match exactly? (Because it is
their meanings which are stored.) '

What aée“the a%ﬁects of the definitions that are held in common?

(These could be the regularities of the concept.)

This activity also seems to illustrate that concepts vary in the
meanihgfgl when they are reiated to larger sets of ether concepts
through meaningful prapasiﬁionsg such as "animals include vertebrates
and invertebrates.'" The next activity seeks to help define concepts
and.to emphasize that each concept symbol or sign represents a spééific
regularity in objects and events. It is not always easy to describe
the regularity represented by a concept label, even when we are very

familiar with the concept, as in the examples given above.

ERIC - SR |
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ACTIVITY #G6 - The Rote=Meaningful Continuum

The extent to which anyone can learn something meaningfully dcpcnd5:
upon, (i) the potential meaning of the material, (2) the degree of Je-
velopment of related concepts by the individual, and iS) the.effort to
relate the new material to what the learner alrecady knows. These
three criteria can be illustrated in this activity. The potential
meaningfulness of concepts relates the our ability to see the regular-
ities that those concepts possess, and our ability to point to objects
and events which are examples of those concepts. Give students the

_following directions: "Here is a line which represents a range from
meaningful learning to rote learning. Choose eight to ten concepts and
arrange them according to how meaningful they are to you. Try to use
some concepts that represent regularities in objects and some that
represent regularities in events. Those which are most rote should
ha;e the least meaning; those which are meaningful should have the most
meaning. Indicate what the regularities arc ftor cach of the concepts and
identify the objects or events of that designated fegulafityg"

=

A . .

MEANINGFUL Concept Event/Object

love concern, feeling acts of caring
for others and feeling

examples wind moving air air in motion

- . usually edible, apples, bananas,
fruit soft, food tomatoes
from plants

phone number assigned §pecifié ng@ber,
ROTE number : e.g. S5sélﬂQD

Figure 8.: The Rote-Meaningful Continuum, showing examples.of concepts,
their regularities and the events or objects.

@
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SUMMARY R

After these activities are completed. it would be helpful for the
teacher to summarize what information has been obtained. The use of
the summary is to provide the student with some principles about learn-
ing, specifically about how. s/he learns in school, and to provide the
teacher with some operating principles that can guide the construction

of lessons and units in a meaningful fashion.

-Rote learning occurs when new information is stored arbitrarily.
That is, the information is not linked to existing concepts that
the learner already has.

-Meaningful learning occurs when new information is acquired and

-Existing concepts that the learner.possesses act as organizing
concepts that provide "anchorage' for new information and facili-

_tate meaningful learning.

-The relationships among the concepts in individuals are idio-
syncratic. That ., the concept meanings are unique for each
individual.

-However, the meanings stored by individuals should have

enough regularities to allow communication.

-Concepts gain in meaning when they can be used in more and

more meaningful propositions.



CONCEPT MAPPING
FEATURES OF A CONCEPT MAP
CONSTRUCTION OF A CONCEPT MAP
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FEATURES OF A CONCEPT MAP: =
Concept mapping 1s a gweans by which concepts and the organization
of subject matter can be represented.  Both students and teachers find

that the use of concept mapping helps "sce the subject matter more

clearly, and learn that subject matter more meaningfully.' Two concept
maps have already boen presented in this handlbook; the metals concept
map, Figure 7B, page I[-9, and a more complex example on the ocean
biome, Filgure 2, page 1-3. Both of these demonstrate the c¢ommon

feutures of all concept maps, and it is sugeested that fnu refer back to

A concept mép is a two-dimensiovnal representation of a discipline
or a part of a discipline. (Stewart, et al, 1979) And it is this
feature that allows for the representation of the propositional
(principle) relations among the concepts. This is a much different
perspeétive than traditional note-taking which is one-dimensional and
illustrates po relationships among the concepts. The concept map not
only identifies the major points of intercst (concepts), but also
illustrates the relationships among the canceﬁtﬁ in much the same way
the links among cities on a roadmap are illustrated by highwavs and »
other roads.

Another feature of a concept map deuals with its representation
of the relationships among the concepts. Not all concepts have equal
weight. That is, some are more inclusive than others. For'iﬂﬁtnncc,
the caniéﬁt of "natural selection'" is more inclusive than any of the
propositions that identify that theory. Thus we can sec that cvery
concept map should have at its top the most general, most inclusive
concept, and progress down through until the least inclusive, more
spécifié concepts or examples are illustrated at the bottom of the
map. The ocean kiome concept map " ( Figurcﬂ}i page I-3) illustrates "Salt"

and ""Sodium Chloride" as examples of "Dissolved Minerals.'" The "littoral

example. : ’ <
The next feature of a concept map is that of hierarchy. When two

PQ
i
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or more concepts are

illustrated under a more inclu

onc

I'W
L
"”J

ptL, i

hierarchy is produced on the concept map. Again from our ocean biome

example, the cencept
for the process of "
the tood production

metals are classifi

the examples of "cop

s of

photosynthesis,

in the oceans,

11 ri

ed intoe "rare

per,' '"lead,"

relation to the concept of '"common'

illustrated.
In addition to

a pattern of general

maps have other feat

criminating.

the features

to specific,

of being two-dimensional, showing

"sun" and "p

ankten' are more specific cvoncepts

" and illustrates a hierarchy of

In the metals concept map ''pure"
and

"aluminum," and '"iron'" show a linear

metals, and thus no hiecrarchy is

and

e
-es. These Features are morc elabordte and dis-

ind cating a hierarchy, conc

"common' metals. By contrast,

-

ur
a description of these other features, see Section V,

udent-Co ﬂStTuﬂtEd Con:ept Maps, page V-4.

CONSTRUCTIGCN OF A CDNCEPT MAP

To illustrate the points made

more clearly, it will be helpful to

procedures nec

essa
development. Although general

are established for
the teacher is advi

.5
rules will have to b

ed that these.

¢ modified and

adapted to the partx;ular tEiChlng

situation of your cl

The concept map

assroom.

that will be

constructed is based on the reading

to the right, and is

junior high science

taken from a

text.

onstruct a concept map step by step

so that you can see the features and

1. Select a readifig from a text

that is not too long.

At least at

first, the reading should be short

5.

S

X

i

-

T o vthers, iF there are more faster-moy

Heat and temiperatire are closely related. However, they
are uot the same, The kinetic theary can be used Lo es-
plain expanding, contracting, aud < Langing phase. Can
the theory also be used o eaplain the difference between”
hieat sl temperatore?

According to the kinctie theory,
moving, Sciculists agree that a mo ing ulqul has cinermy
hevase it is Hoving. This energy s called kinetic CACTEY.
ach molecule in o picce ul

molecules are abwavs

Or cnergy of 1notion. Sinee ¢
matter is moving, cach has kinetic energy. The
eIy of molecules s the key o esplaining the difference
iperatre,

y seientists believe that the temperature of a piece
of watter depends on the average speed of ity moleenles.
ln any picce of matter some iolecules are moving faster
g molecules

thau there are slower-nios ing molecnles, the average speed
of the molecules in that piece of matter will be greater.
Flus greater the average speed, the higher the tenpesture.
A enp of beiling water has a higher temperatore than a
cup of warm water, The dilference in temperature is due
to the dilterence i the average kinctic energy of the mol-
cotiles of swater in cacli cup. The water moleciiles o oip
of boiling sater have more kinetie cueris, on the average,
i the water molecnles in a cup of warm water, So the
average speed of the moleenbes of boiling, water is greater
than the average speed of the moleciles of warn waler,
The anwnimt of heat energy in malter is thonght of as
Lt the soin of all e anunints of kivetie enerey of every
molecule i that matter.-So the wnount of heat in matter
depeuds on two things: (1) the amount of kinetic energy
uf eich IIllllLlll‘L amd (2) the Immlu; nf moleenles,

Figure 3: Readlng from Blecha, Fisk,
and Holly. (1976). "EXPLORING MATTER AND
ENERGY, PAGE 148.
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I1I-3
so that the concept map does not become too large and contain
too many concepts.
[dentify the major relevant concepts, that is, %éiéncc concepts | by
either underlining them in the paragraph or by writing them indi-
vidually on pieces of paper or small cards.  The relevant concepts

Y obhelow.,

-

or the reading are shown in Figure

KINETIC THEORY,

HEAT, TEMPERATURE, EXPANSION, CONTRACTION, CHANGE
OF PHASE, MOLECULE, MOVING, ENERCGY, KINETIC ENERGY, MATTER,

AVERAGE SPEED, BOILING WATER, WARM WATER, NUMBER OF MOLECULES,

Figure . 9: Relevant Concepts from the Reading on Heat and

Tempcrature.

While the list above generally shows how the concepts appear in the

reading, this may not necessarily represent how the concepts arc

related to each other in the discipline.

The next step then is to

Drder or rank the concepts from the most inclusive (Lanfalj to

Each reading,

or ;ELEIOH otf text

the least inclusive (specific).

chapter, or even the entire chapter should have some ‘concept which,

of all the concepts presented. Sometimes, though, the inclusive-
ness depends upon the learner who uses his/her stored’ meanings to

designate the most general concept. The examples will form the

bottom of the concept map. What lies betweer the most inclusive
concept and the examples at the bottom will be the intermediate
concepts. Although these are not arbitrarily assigned to positions
on the concept map, their positions on the map are less crucial

to the overall function of the map. On the next page is a chart
showing the range of inclusiveness of the concepts presented. in

the reading on previous page§§

00
"
L

because of its lng1u51ven255, is scleected as the most general, Or inclusive



mast inclusi.e KINETIC THEORY

EXPANSION, CONTRACTION, CHANGE OF
PHASE, HEAT, TEMPERATURE, MATTLR

AVERAGE SPEED, MOLECULES, KINETIG
ENERGY, MIVING

L . LESS5, CHEATER
least inclusive ’

(examples) | WARM WATER, BOTLING WATER

o+ — — - - .

Figure 10: Chart of Ranking of Concepts from the Reading on
’ Heat and Temperature

4. Now begin to arrange the concepts®on a table or piece of paper,
starting with?the mcstbiﬁclusive at the top, followed by the
next most inclusive. '

5. This same procedure continues until all the concepts have been
laid éut. The connections among the concéptsﬁmust now be
established. .Lines are used to connect the concepts aﬁd a
statement is written on the line that indicates what the rela-
tionship is between any two concepts. The completed concept
map for the reading on heat and temperature is shown on the
next page in Figure 11,

6. The teacher is now eﬁcouragéd to examine some of the teaching
materials they have and to prepare concept maps for short sectiouns
of that material. Practice is the key to good concept mapping:
proficiency will come as the map constructof makes a number of

attempts.
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11: Completed Concept Map for

Figure 7 for 7
the Reading on Heat and Temperature
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There are some clements to a concept map that arc not mentioned

in the rules for their construction.  These are viven to facilitate

- il

the development of concept maps by both the teacher and the student.

l..

Fend

el
»

=

= N

A concept map does not have to be symmetrical. The concept

map on page II11-5 is lop-sided to the side of "Heat' and

little concern. (You will

]

"lemperature.” This should be o
notice, however, that if the concepts of "Expansion,' "Contrac-
tion,” and "Chasve of Phase" were developed. in the same reading,
that other side would have been devéloped morc complctely.)

Remember that a concept map is visually efficient. That is,

it is a shortcut way of representing the concepts of the
discipline. This should remind us that, as we first develop
concept maps, we find that a final map comes only after a few =«
tries. These attempts represent an effort to show the details
of concepts and their relationships in the most efficient and

consistent way.

f—

As vou cxamine the concept map on page [10-5 more closely, you

may realize that.some of the concepts are not in the same form
as they were in the reading. For instance, "Expansion” and
"Contraction'” were changed from "Expanding”™ and "Contracting.' -
Generally, it has been found that changing the verb concepts

to noun concepts facilitates the map'seconstruction without
losing any of the intended meaning.

It is sometimes advisable to add certa}n concepts,..even though
they are not '"relevant” 5¢ience,con;3ptsg Their purposes are to
clarify the intention of the map, and more faithfully reﬁres&nt
the form of the rcading. The concept '"Difference' was added
for just these rcasons. ’

Finally, /it must be remembered that there are no perfect or

~correct concept maps, only maps that come clbser to the meanings,

of the concepts for the map maker and others who read them.

L
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SUGGESTIONS FOR' TEACHING CONCEPT MAPPING:

In the last part of this section on concept mappin., sSiroest: o
for teaching this technique to students 15 discussed.  The pacing of

-

the introduction of concept mapping Jdepends apen the Docal conldivios

SR L

in the school, Ehe level of the student, and the difficulty ot the

subject matter, o

P 1. Wnen QDncgpﬁ mapping is introduced, it7is advised that the
! teacher make up the map prior te coming to clg;md hand
out: copies to the students.  Let the stndcﬁtﬁ sfndy the map
along with their rcuding; This will give them an idea of

what a concept map 15, how it 1s structured, and how it-can
: : = . ;;f i

be used.

' 2. When the students arve ready to attempt aomap construction on
their own, choose o reading which is particularly short ol
that contains concepts that are Familiar to the studénts
already. , 7

5. Instruct the students to identify the major concepts in the..
reading, rank them in order of importance, and construct the
map from the information they have. (It might be hcipfu}’andv
interesting for the students to use small pieces of paper :
or "1x3" cards to write the concepts on. Students, in QQ? '

studies, have sdid that making concept maps is like.puzzle

™y

itting, and perhaps the teacher should approach the task from
. that Stindpcint!) ’

4. The teacher should expect that therc can be reasonable dif A
among concept maps that' the students develop. Not all t

®

cepts will be identified, some will not follow the "genei
specific'" rule, while others may have diffigulty identitying

’ the most inclusive concept. As the students become more familiar

with concept maps and their construction, these difficultics
usually disappear. Students can usually produce very adequite
concept after only a period of two to three weeks of exposure -

- : - to this technique. o ) w

Q . . - e s
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5.
- on the chalkboard or the overhead:projector.

fes]

~J

]

—

. L]
[

o 00

s . . 5 ) ’ h] .
You may want td have studerits develop a concept map with you

Sometimes groups of students can work tegether and_construct
a concept map of a section of text material. ‘The ocean biome
concept /map on page I-3 is an example of a coeperatlve effort

by four eeVenth grade students. . o
i

As the students” become more preflelent w;th the construction of

eeneept maps, the teacher should begin to examine closely the
line LOﬂﬂECtlQns among the eOncepts on the map . _Because these

lines represent the feletlonehlps ameng the eoncepts, it is

Aimportant to assess the students'’ understanding of’ these
=re1ationehipei Two forms of criteria have been designed to

- assess concept maps done by students. One form'has what can

be de cribed as a large '"field of view" which attempts to give
Yan everallnp1cture of how the students are progressing in their
abullty to make concept maps. The second form has a small
"field of view" and magnlfles somexof the features of concept

meps by eetabllshlng more stringent criteria for the map'

5
’esseeement Refer to Section V under "Assessment of Studen

¥

Constructed Ceneept Maps," for theee teehnlques,

Ultimately, the ObjECthe 15 to heve etudents coordinate what

they have leerned about coneept mapping end the Knowledge ''V" Cdle-

cussed in more detail in the next section). Essentially, a eoncept

' -i_mep can represent the left-hand, eoneeptual side of the "V'" and

! already you may- heve noticed the correspondence between the terms

for eﬁﬁtept mapping end ‘some ef the terms-on the 1left-hand side of

the "V 07 ' ' : : : ,

examples are giVen,:enégeuggeetiene for intrbdueing_eﬁd teaching

In the next sgction, the terms of the "V" are discussed,

“the "V'" to students are provided.
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IV. THE KNOWLEDGE "V”
INTRODUCTION TO THE KNOWLEDGE “v”
BACKGROUND INFORMAT]JON AND DEFINITIONS OF
TERMS AROUND THE "V
USE OF THE “Vv" AS A PRE-TEACHING, TEACHING,
AND LEARNING TOOL
SUGGESTIONS FOR INTRODUCING THE KNOWLEDGE "V

n,. . n

INTEGRATION OF THE “V” AND CONCEPT MAPPING
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INTRODUCTION TO THE KNOWLEDGE "v” .

The nature énd organization of cognitive structure not only plays
a major part in our individual'i&arningi but also Fo?msrthe basis of
the collective knowledge in the 52ien¢es?(aszwéll as other disciplines).
The nature of knowledge and the-analysis of knowledge can be tahght
through the uée of Gowin's Knowledge "V''. Briefly, Gowin defines two
types of concerns that are used in conjunction with the intent of
reach{hg or arriving at some knowledge claim. They are the conceptual
and methodological activities. The left-hand, conceptual, side of the
"y indicates the appropriate questions to ask, and what theories, princi-
ples, and concepts bear on that question. This conceptual side is
balanced with a methodological side which identifies what has been
observed, gathered, and manipulated in the lab0fa£afy so that records
and data are accumulated to stibstantiate the knowledge claim. What
binds these two activities together arec the objects and events that
occupy the bottom of the "V'. '

Nlné terms arc associated with the "V'. In the following pahu

these terms will be defined,. and examplcs ‘From actual laboratory

exercises will be given. Ihe-skelgtgn form of the "V and its JELDWHdﬂVLnU

El

terms are given below.

CDN;EETHA;, o o METHODOLOGICAL

FOCUS QUESTION -
< THEORY KNOWLEDGE CLAIM

PRINCIPLES TRANSFORMATIONS

. ~ CONCEPTS RECORDS

F

i

EVE TS/GBJECTSg

Qo Figure 12: Gamn 5 Kncw]edi{e "V".

e
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BACKGROUND . INFORMATION AND DEFINITIONS OF TERMS AROUND THE "V"

The introduction of the "V'" into the classroom requires that the

teacher modi fy some of the definitions that are normally used. Although .
there is a great ‘deal of commona lityffrom the previous definitions
associated with the so-called "scientific method' and the "y some

clarification of these terms is necessary. The following is written

d
to accomplish the task of acquainting the teacher with the terms and
to

facilitate the smooth introduction

definitions around-the "V' and t
of the "V'" as a teaching and learning strategy in the classroom. Two
laboratory exercises have also been’included; and will serve as reference

oints as the definitions are discussed. The firs

t example is a labora-

]

TS
tory exercise that was taken from a published laboratory handbook designed
for'a junior high physical science course. The 1lab Ex@fcise was laid
on the "V" fDr analysis by the class. It is taken from the laboratory
manual (pp. 27-28) which accompanies Blecha, et al. ClQ?é) EXPLORING

MATTER AND ENERGY. - %

,__]\

THm:uN ) * : METHODOLOGI CAL (DDINE)

In]
o
ot
il
m
]
—
=
b
y IS
R~

FOCUS QUESTION: How maﬂg calories of heat are last by KNQHLEDEE CLAIMS:

hot iron washers when they are placed into a

1. Washers lost heat to the
water. Water pained
__calories of haat,

" Kinetic Theory of Matter '
calorimeter?

&

e, 2. Washers lost an equal amount
PRINCIPLES: of calories as the water,
. A F wrseay gained,
1. Heat iz a form of enargy.
2. Heat s the measure of the metion TRANSFORMATIONS ’

of molecules in i substance, .

M, = mass of the water

5. A calorie is the amount of heat
nesded to raise the temperature of
1.0-g of water 1°C. e

. = change in temperature

Heat Gained = mass of water x change
in temperature

[Change in Heat = (M:,—-Hl % TgsTl)]

4 L;m aof Conservation of Energy.

§. A thermometer msasures the average speed
of the molecules in a substance.

[
5. A calorimeter i3 an instrument that measurss

heat.. M, * mass nf calorimeter = - .
Mz = mass of calorimeter + warer = _ .
. ) . TI * temperature of water in calorimeter -
CDNCEPTSE " before washers added . e

¥ass, temperature, cilorie, heat, energy. calarimeter, T, = highest temperature of warer after -

molécular motion, thermometer. = hot washers added T e——
EVENT/ ilot washers placed in water
OBJECTS: in a calorimeter. Record mass
o and change in temperature,
Figure -12. Sample "'V'" #1, roduced from;§n exercise published in a
laboratory manual ; &ej<j
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The second example, for the purpose of contrast, is a laboratory

[ e

gxercise developed by a teacher for a sévgnth "grade biological

science course.

_CONCEPTUAL (THINKING) ' = CMETHO
KNQNLEDEE C;AIHS.

FOCUS QUESTION: Using the microscope ta ghscrve
cells, whiat 15 the Jifference

THEQRY!
Cell Theory

L. Onian <¢ells and cheek
<¢lls have d;ffercnt
shapes.

2. wot all the same structures

are in the onien cells and
cheek cells.

onion and cheek

structure hetween these

cells?

in shape and

PRINCIPLES:

aGTe

3. Union cells contain
structures than ¢

d

I. All living things are <ompose
of cells.

il

TRANSFORMATIONS:

Summary chart indicating what was recorded

in each type of cell.

W

. Cells contain structures which per-
form activities that benefit the
entire cell (or organism).

3. \ microscope is an instrument that is
used to magnify small objects. ON LON CURES
1, 3taining is a technique used 30 thar parts T o o
of the cell can be seen more easily. P vell wall cell memhrane
cell membrane nucleus
, nug leus cytaplasm
N vacuole generally round in
cvtaplasm shape

“hrick like" shape

CONCEPTS:

Cell, cell watl, cell membrane, cvtoplasm, nucleus,
chloroplasts, vacuole, microscope, iodine stain,

RECORDS;
Draw a picture of the onivn cell and cheek cell.
parts that were seen under the migFoscope.

Lubel

EVENT/ Cxamination of stained cells
OBJECTS: under the microscope. Draw
) © pictures of gell, indicating

infernal structure,

sample "V #2, produced from a 'classic" junior high biological
science laboratory exercise. '

't

QQNQEPTUAAL[ME@QDQLD(. CAL_

S [DES

In our work with junior high stude we have found it helpful

to use these two terms in coordination with two other terms that the
students are more familiar with. We can talk of the conceptual side.

as the thinking side, and the methodological side as the doing sidc.

Whether the teacher wants to use-the "five dollar" words or the morec

common terms, or both, is left as an individual choice.

: ¥

O
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FOCUS_QUESTION
The promotion of conceptual change is
\ Focus / fostered by the development of good ques-
\  Question , s tions. A good quéétiOﬁ is one that leads
\ / to an examination of objects and events,
\ / theory and concepts, so that new knowledge
\ ’ is constructed. Thus, a good focus ques-

\ / tion will arise from the examination of the
concepts that a student has, will steer the
methodology (right-hand side), and will
eventually lead up through the knowledge
_ claim.. New knowledge claims enhance the
meanings of the concepts, principles, and theories. As each knowledge .
claim is collected, it can lead to a refinement of the concepts used
to form that knowledge claim. But what is the function of thérfOEuSi
question in all of this? The focus question indicates the kind of.
knowledge claim that will be made, whét concepts and principles need
toc operate in the inquiry, and sbould suggest the major event that
will be examined and recorded. ,(In our example of the difference between
onion and cheek cells, the focus question indicates clearly what con-
cepts are being used (cell, difference, structure, shape, onion, and

cheek), and the major event of -that inquiry (looking at these cells

£
[y
‘H‘ "
=2
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=2
‘m‘
=2
i
e
H‘
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Of course, there are several kinds of questions that can be asked
as a focus question. In some laboratory exercises, the questions only
asks for a "what', for instance, ''"What is the difference in stiucture
between onion cells and cheek cells?" In these cases, a Simple
idgnﬁificaFion of something is required. To ask, by contrast, '"How is
the structure of a cell related to its function?" requires a different
operation. In this case, the question asks for some kind of descrip-
tion, not an identification. | '

Another kind of question that is sometimes asked in the laboratory
exercise is a "'why' questidn; Thé function of this kind of question is

to focus on not an identification or a description but an explanation.”
., - _

4, T
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'In this case, more than any other, a thecory or some theory-hound

principle must be used as a conceptual ingredient of the left-hand
side. For instance, to ask, ”Wﬁy are onion cells different than

cheek eells?" or 'Why do the hot washes give up heat to the water?”
requires that we bring to the knowledge claim some explanation that is
consistent with the theory that is identified on the upper left-hand

zide.

L

From this, we can summarize two functions of a good focus question.
First, it focuses upon the concepts, principles, theory, and event that
will be used in the construction of a knowledge claim. Secondly, it
focuses upon the kind of knowledge claim that is to be made as we ask

"what,” ”hCW," or "Wh}";"

OBJECT
/ "Object' is one of the terms that is
N\ Focus 7[ defined in a specific way when using the
7\ Question / "', Closely related to the "event,' "the
\ — objects are the things in the inquiry that
/ allow the cvent to occur. In the éﬁamples
\ / given previously, the objects are the
\ microscope, the cheek and onion cells, the
\\// ' calorimeter, the thermometer, and the water
: in the calorimecter. g v
Object ' We can also distinguish the key object of
the inquiry from objects that are relevant,
but less centrdl to our focus question. ‘The key objects of the cell
experiment are the onion and cheek colls. The microccope is an object'
we need to perform our observations and to make our records.

We will return to a consideration of objects in two places fufthéf
on in this handbook. When we consider the "event" of an inquiry, the
objects will be distinguished from the "event." Also, when 'concept' 1is
discussed and defined, the distinction between 'concept" and "object"

wili be examined.

RN



EVENT

Even though we can talk about future
\\ Focus / é "events,'" an occurrence is not an actual
\  Question ~event until it happens or unfolds and we
can take a record of it. Thus, we can
\ / conceptualize about and plan for our next
\ ” _birthday or an experiment to be done, but
\ / it is not an event until it begins to occur. .
g é}ents and objects are related in that
\V, objects are always involved in an event,
Objects/ and may even be the event itself (for in-
Event stance, examining tree rings to determine
the tree's age). Look back over the procedures from the laboratory
* ©  exercises you have taught. What was going to occur? This is the major
event. What was there so that the event could occur? These are generally
* the objects. ' !

In the two laboratory exercises given as examples, the major event
appears at the bottom of the "V" for each. In the lab involving |
onion and cheek cells, the major event is to look at stained mounts of
these cells under .the microscope; for the lab involving heat loss, the
major event is the plunging of the hot washers into the calorimeter and’
recording the temperature change.

Events can either be made to happen (as in the two examples above),
or the event may be occurring and we, at some time, come upon it. In
either case, the event is the thing that we take a record of. This

will be examined a little further on.

| CONCEPTS ,

To understand the conceptual, left-hand side of-the ", it is
imperative that the student and teacher understand what a concept jis.
Concepts refer to‘regularities in events or objects. For example, the
concept of ''cell" which is used in the experimeﬁt_with onion and cheek

cells has certain regularities that distinguishes it from éthergabjeéts;

ERIC
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V-7
Not all onion ceclls are identical and
Focus * ! not all types of cells look alike.” But
Question ”' there -are enough common features or regular-
\ o ities among wllekinds of cells so that the
concept "cell" can be used for a number of
examples. In biology, the usc of the term
"typical cell" points up all thc‘regglafi—

ties that can be found generally in cells,

In the experiment on heat loss, 'calori-

Objects/
Event

meter'" is a concept used to designate the

the instrument that will be used to mea-

sure the heat loss by the hot washers. For junior high school, the

insidé another, a top, and a thermometer. This is much different than
the more sophisticated calorimeters used in formal science laboratories,

but the simple calorimeter shares cnough regularities with the sophisti-

“ cated type to warrant that name of ."calorimeter."

The final point to consider about concepts is how they are denoted.
Language provides signs and symbols to designate the concepts. Simply,
the sign o%fSymbcl of a concept is its name. Explore some of the
kinds of symbols and signs that studentsuse in scicn%c class and examiné;
‘the regularities that those signs and Eymhols denote. You may also want
to return to the consideration of meaning which was discussed in

Activity #5 on page [[-10. *

PRINC [PLES

Principles- fit right above concepts on

v Fatu§ / the left-hand side of the "V". A principle
Question ]

is a conceptual or methodological rule which
/7 guides the inquiry. Conceptuai principles

/ may find their source from knowledge |

/ claims chéomc previous research. Thé?e
have been several examples identified in
this handbook: llcat is a Form of éncrgy,

ivent > Carbon dioxid¢ is given off during fermenta-

210 |



tion; and,As the temperature increases, the rate of fermentation also

.increases. LCach of these were constructed as a result of performing

* an empirical study.

Conceptual principles come also from theories. Theories contain \\

‘principles, as propositions, which state the relationships among the

concepts that the ‘theory attempts to relate. An illustration of this

felationship among concepts, principles, and theory will be discussed

~below in the section on '"Theory."

There are also methodological principles which, as the name

%

suggests, guide us primarily on the right-hand side of the "V'. To

state that a thermometer measures the average speed of molecules in

a substance is a methodological principle derived from a theory guiding

In the activities reported previously, try

‘to pick out those principles that are methodological and those that are

the use of that instrument.
c@nceptualQ

Focus

Concepts

Objects/
Event

Question ,

THEORY

Theories are statements, developed by
people, which attempt to explain and pre-
dizi the interactions among concei:tsj
events, and knowledge claims. Theories

are labels, but these labels are not the

"theories themselves. The theory éncampassesi

the relationships among the principles and
concepts of that.theoryi

Perhaps che best way to illustrate
how theories work is to provide an example
of theory and its relationship to concepts

and principles.

L2

Expansion is a concept that denotes the regularity of a substance .

increasing in ‘volume which is caused by some agent. The caloric theory

of heat stated that heat, since it was a "fluid," infused into the

3

substance causing the increase in volume.” This illustrates the rela-

3

O
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tlonshlp among the theory (caloric- theory), ts proposi tlons (heat is
a fluid which moves from hotter objects to colder nb;ects), and the
concept (expansion). - But the caloric theory could not explain all

' the phenomena associated with heat and heat transfer.. Friction, for

" instance, did not easily fit into the caloric model of heat.

A _ Another theory, the kinetic theory of matter, replaced the older
theory, and stated different principles and different relationships
among concepts that more adequately explained the phenomena of heat.
The kinetic theory stated that heat was not a substance that moved from
DﬁE body to another, but was the result of molecular-motion within a
substance. Thus, the heat energy in a substance was directly related
to the molecular motion within that substance. The concept of expan-
sion was explained in terms of the molecular motion. As more heat
was added to a substance, the space between the molecules increased.
This increase caused the increase of volume of the substance, that
is, expansion. '

In many instances in a junior high science class, the theory that
stands behind the subject matter may not be evident to you or the
students. Therefore, there will be times when you will not be able
to fill in this part of the "V". However, it is important that students
realize that some theory does indeed operate in the explanation of

" events and the prediction of new knowledge.

. RECORRS

In order to be a record, we must take

our sense perceptions of objects and events

Focus / and produce them into a relatively permanent
Theory rocus / . , . ,
Question form which can be conveyed to others. The

/ record may take the form of a written docu-
ment, a photograph, or a tape recording.
The records of the onion and cheek cells
iConcepts Records laboratory exercise are the diagrams that
the students prepared. In the heat loss
v experiment, the students were instructed to
Objects/
Event

%
"y
!

Q
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record the temperature of the water in the Cnleriﬁeter before and
after the hot washers were plunged into the water. Other records
about the mass of the water and calorimeter wére also included.

It is important to realize that a record is made about the
eveﬁts and objects, not iEout concepts. We can-take a record of
a thermometer reading, crﬂdraw a cell, but we cannot make a record

. of the concepts of 'temperature' or 'cell."

TRANS FORMAT IONS

/ As you probably realize from the two

Focus examples given, making records of eggpts~j

Theory Question ' ) ) , ) e e o

/ and objects does not complete a scientific
Principles Transfor- 1inhquiry. In science, these records-are often
‘ mations  reorganized or rearranged into a more

Concepts Records manageable form. When this is done, a

transformation is performed. The type of

transformation needed.

Objects/
Event . . The difference between records and

transformations are often subt}éi' dénerally,

a record can be made of some sense perception, such as reading the
temperature on a thermometer. A transformation requires some type of
manipulation of several of these sense perceptions, such as computing
the difference between the temperature before andgafter the hot washers
are plunged into the water. . -

- Transformations can take many forms, and may involve Seveééi steps.
The most common in science and in science classes include graphs,
simp'e'differences, charts, statistic¢s, or any comparison of two or
more records. You might want to discuss-this further with your
students, indicating or soliciting from them exémples Jnf records and
transformations fahnd in the work that they have done. Examples could

come from everydgy experiences or from previous laboratory work.

i

o
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S IV-11 o .

KNOWLEDGE _CLAIMS -

There are two things that knowledge

claims do. First, they arc the answers

Knowledge
Claim  the start, and as such, provide information.

Focus

Question to the focus questions that were asked at
yestio

Second, they can suggesi new questions that

Transfor- - can lead to new inve;tigations_
matio‘ns

Records that has lead to those knowledge claims.
They must be conalstent w1th the focus
Dbjeété/ question, ﬁoncepts prlﬂClples ab;euts,
Event T events, records, and transformatlans that
preceded its construction. In our example
of the onion .and cheek cells, the cheek cells wexe claimed not to possess
vacuoles. This was done because the DBSETVEF, using the microscope,
did not or could not detect vacuoles in those cheek cells. To state
the claim that cheek cells, or an.mal cellsiin general, have vacuoles
requires still anotHer inquiry, using verhaps different repfeéentatives
of animal cells or a stronger microscope. It is this'activity --
realizing the limitation upon the knowledge claim madé -- that spawns |

new questions and further 1ﬁVE5t1gatIDﬂ5

i

@ -5,

To familiarize yourself further with the structure and function -
of t%e knowledge "V'', take a look at several of your own laboratory
exercises and "iay them on the ryt.n It is'only through this activity
that you can fully comprehend the.sim%licity and power of this device

both as a pre-teaching tool and a teaching tool.
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USE OF THE “v" AS A‘PRE’TEAEHING,rTEACHING; AND LEARNING_ TDDL

The veraat;llty of the knowledge "V hecomes evident as the range
of possibilities for its use are examined. In our work with,the "V''
we have identified tﬁfee different areas for its use: it is a pre- |
teachlng, tea:hlng Xﬂﬂ learning tool. ‘

As a pre- tQJthnz tool, the "V provides. a %trategy ta analyze

labgratory exercises prior to 1ntrodugln5 ‘them to the 5tudeﬂt5 The
< ' teacher can take an existing experiment, and, u51ng the "V, determine
if‘iha;'exercise is structured in such a way that it can facilitate
meaningfui learning. That is, the "V" allows the teacher to assess
what concepts the students mu;t knaw before beglnnlng the exper;ment
in order teo make sense of the experlence. Furtheg, the "V'" can be
used as a device' to construct ‘individually-designed laboratory g;erﬁises a8
for classes. '
l If it is kept in mind that-the "V" is-primariiy a strategy for =
analysis, by asking certain questions, the teacher canyanalyze a |
élaboratary work. In a m§nne? of speaking, the taﬂcher "unpacks' the
“work to examine its’ constituent parts. As thg teacher unpacks the
experiment, the "V'" is used to answer a number of questions about the
structure of the work. For these questions, you might want” to examine
the criteria, both general and specific, that are presented in -
"Assessment of Student-Gonstructed 'V's'" on pagegrv-lz through V-17

Eal

in thiﬁ:handbaa};iq B . "

As a teaching tool, the "V" fits nicely into what is traditionally
known as Qhe-labnratgry discussion. It can precede the actual labora-
tory experiment, where the left-hand, conceptual, side might be compléteé
‘as a form of summéry to re-cap what the stud.nt already knows about
the tasg at hgnii -Indiaating what kindé of records and tfaﬁsférmétions
that will*begﬁade could facilitate the smooth movement of the lesson
so that as ‘little time as possible is expended yith methodological
problems. ) )

The "V also has versatility as a guide during the experiment.

A partially filled "V in f?ont of the Student during t%e actual rurining

2
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of the lab and record collection can give the student a short-hand
approach for-determining what to do next.

And finally, the "V'" has worth as a summary technique after the
experiment has been completed. As such, the student can see where
his/her knowledge claim came from, what basis it had in the conccpts
that occupy the left-hand side, and the methodology on the right-hand
side. As a summary device the "V' can be discussed as a whole class
activity, where different groups of students compare results and
knowledge claims, and attempt to discuss any discrepancies in the
results.

can represent the. short-hand form of that report, or the teacher can.
opt to have students prepare "V's'" as the outline for an extended

laboratory write-up.

Throughout this entire handbook, there have been two themes that

have been developed about the "V'" and its relation to education. First,

than the "V is a means of unpacking an inquiry, and is therefore a
method of analysis. Second, the "V provides a piece of knowledge about
knowledge Ereatianil If thésc two aspects of the 'V are kept in mind,
then the use of the "V as a learning tool becomes dpparentg By prQ%
viding a means of analysis, the '"V" separates and identifies the major
:anapté and principles:that are used to sort out and create the know-
ledge. This identification of what is fequired to make sense of the
eipariment provides the means by which the students can indicate what
canéepts they already know, how those concepts are related to each
other, and how this linking of existing concepts can bring about new

knowledge and new concepts. This is tightly consistent with the theory

of learning deveioped in Sections I and II in this handbook. Thﬁs, the

"y along with concept mapping, can provide strategies for meaningful

learning.
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lfowever, the versatility of the "V'" does not stop there. In essence,

as we teach the "V", not only arc we teaching for meaningful learning

of concepts, but also teaching tor the meaningful learning of how know-
“ledge is made. While it is important for students to learn what the
accumulated knowledge of science is, another type of learning is going

on as the student uses these strategies -- that is, how science is con-
structed. Students learn what counts as a concept, how theories work

in providing explanation, how concepts change over time, what are the
intellectual commitments for record-making and transformations, and'the

limits of the constructed knowledge of the sciences. They come to

realize that knowledge is the product of inquiry. And that inquiry
comes about as a result of the ihteraction of the ‘conceptual structure
we possess and the ‘methodologies we choose in the task ofAbgilding
that knowledge. , '

ERIC
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SUGGESTIONS FOR INTRODUCING THE KNOWLEDGE "V

Given all this introductory material on the "V", it is also
necessary to discuss some practical aspegt% of introducing the "V'" into
the classroom. These ideas are preaented to facilitate the smooth intro-

duction of the "V, and also provide options for you who will ultimately

make the decision of what is best for your students.

[
»

Do not present the "W'oand its ECCQmpAHYIHE terms out of
context. That is, don't just teach the terms abstractly.
The "V' should be introduced with respect to a laboratory
exercise done, a demonstration completed, or some other

- relevant material.

2, Don't worry about the struéture of the "V" immediately. As
you and the class perform laboratory cxercises, get them used
to using the terms of the "V'' -- '"What is the record of this
experiment?', "What is the fazuséhuesticn?”j etc.

3. When the time is approprlate and the students have a good
understanding of the meanings of each of the terms, the
structure of the "Y' can be introduced. In some classes,
you might want to complete some of the ''V" for the studEﬁts,
having them finish the "V'' as a result of having completed
the laboratory exercise. In some other classes, you might
want the students to complete the entire '"V"'. That will be

up to you. .

4. As the students.become more familiar with the "V", you might
want them complete the left-hand side as a,pIEslaE and/or
homework assignment. i

5. Large poster boards of completed ”V s'' could be placed up

around the classroom; a list of the theories and major

principles used in class could be put on a bulletin

board; alép, concept maps could enhance the ggnceptual

" nature of the program. Not only will this give students

handy reference sources, but will also reinforce the no-

tion of conceptual teaching and learning. : -

ERIC
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INTEGRATION OF CONCEPT MAPPING AND THE KNOWLEDGE “v" | ¢

The final part of the knowledge "V'' section relates the two strategies
discussed in this handbook -- concept mapping and the "V'. It has alrcady
been suggested that the left-hand, conceptual, side of the "Y" can be
represented by a concept map. The concept map has the purpose to con-
éeptually guide initial and further inquiries through the formation of

good focus questions.

Theory of
Evolution

Variations exist in the
number of bean seeds in
bean pods.

apdwexa Tog

‘Natural e,
Selection .

3

Mumher of
Seeds/Pod

Pods having the same ﬂun"
of seeds _

Record the number of seeds in
each of the 20 bean pods.

over g;d ction variation limi environ-
verproduction iy mental
change

[
3

uy

living food
offspring thing§
Count the number
of bean seeds in
twenty (20) pods.

Figure 15: Integration of Concept Mapping and the Knowledge 'V''. Exercise is
adapted from Kaskel, et al. (1977) Life Science: A Learning Strategy
for the Laboratory, pp. 31-34, -

Using the concept map and "V'' above, the question could establish
the relationship between two concepts that are represented horizontally
on the map, e.g. betweén "limits of food" and ''environmental change." )
Or the question could ask whether one concept is sgbardiﬁate to another,
such as, "What kinds of 1imits are imposed on ovgénisms in an environment?"

Or, as in the example above, whether a concept can be demonstrated. The

%
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focus question then sets the stage for the inquiry and provides the Key
for meaningful learning. As each focus question is answered, the
conceptual structure of that part of the discipline grows for the student,

and his/her knowledge becomes more completc and more complex.

In the next and final section, issues of evaluation are discussed.
Given the psychological and nature of knowledge orientation of this
approach, the evaluative instruments are somewhat different than what
is usually used in science classes. Clear criteria for assessing students'
ability to use concept mapping and the knowledge "'V" has been devised to
assist the teacher in determining how proficient the students are in each

of these areas.
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V. EVALUATION
ASSESSMENT OF STUDENT-CONSTRUCTED CONCEPT MAPS

i, H

EVALUATION OF KNOWLEDGE "V~ - IDENTIFICATION,
DEFINITIONS, AND EXAMPLES OF TERMS

ASSESSMENT OF STUDENT-CONSTRUCTED "v's”

USING THE “V” IN SEQUENCE
INTEGRATION OF THE "“v"” AND CONCEPT MAPPING
H,.H

CONCEPTUAL QUESTIONS: USE OF THE "V AND
CONCEPT MAPPING

o
- u’t‘;.
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Materials for evaluating concept maps and "V's'" have been devised
that arc consistent with the information and background given in this
handbook. Althcugh these material$ have becen divided into various
parts in this section, they actually work together to give the teacher
a broad spectrum of ways of seeing how well students are performing
with the various strategies. '

- Before each evaluation method is given, a description of what
that method is intended to do is discussed. These objectives should
be kept in mind as the tcacher both reads the methods and uses them

in the classroom,

== *
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ASSESSMENT OF STUDENT-CONSTRUCTED CONCEPT MAPS

Several features that characterize concept maps have already been
discussed in Section III: they aré two-dimensional, thé} procced from
general to specific, they show the relationships among concepts; and
they illustrate some hierarchy among the concepts. Given these features,
it is not difficult to develop some forms for assessing the concept
maps that students complete. ‘

Two forms for assessing concept maps are provided on the next

few pages. The first form (A) is designed to give a "large field of

_view,'" providing the teacher with a quick overview of maps. The

sccond form (B) provides a more compr:hensive scaling of the features
of a :ongeptrﬁap, including some features not already mentioned. Of
course, the second form requires a greater amount of time to use pro-
perly, but thi's is weighed against the advantage of ;horaughﬁessi
Further, the morc comprehensive form indicates weaknesses in the maps,

and can thus suggest future instructional needs.



GENERAL OVERVIEW FOR STUDENT-CONSTRUCTED CONCEPT MAPS (FORM A)

NEEDS
_YES___ NO__ WORK _

1. Are relationships between
concepts indicated on line
and are they content correct,
that is valid? { ) () ( )

2. Are the concepts arranged
from general to specific?
(Look for the most. inclu-
sive concept at the top;
examples at the bottom.) . () () ¢ )

3. Are the concepts linked?
(Look for lires between
the concepts. The rela-
tionship between concepts
should be indicated.. That
is, somethin: should be

4. Is the map hierarchical?
(Look for more inclusive
concepts connected to
two OTr more lower or
subordinate concepts.) ()Y .(C { )

. Figure 16. General Overview for Quick Scoring of Student-ConsfruztEd
Concept Maps. :
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COMPREHENSIVE FORM FOR ASSESSING STUDENT-CONSTRUCTED CONt
In this form, the features otf a concept map are expanded. ‘These
ddditional features reflect a more complete view of concept maps that

students develop. ‘They siould be used oaly atrter the students have had

enough exposure to the strategy, and feel confident to expand the strategy.

Ignors 1ll garcs of rne map for reluarionships criterion if no relationships are

eaplicitly identified by proper labeling of the connecting line.

RELATIONSHIPS: Nne point is given for each relationship between two condepts provided
the relationship is content correct and’explicitly stated. o additional
credit is awarded for @wmlication of the same relationship on the concept
map. B

LY

YIERARCHY: Points are awarded Jepending on the degree
of hierarchy in the concept map. The num-
ber- of points given for hierarchy Jdepends s
upon the numbef of levels that are identi- -
fied in the constructed map. Use the map  LEVELS
\ to the right for illustration. 1

= One point is given for at least one cor-
rect: relarionship per level, up until two
levels beyond the last branching if the
map remains linear. 4
BRANCHING: The branching of the concept map refers
) to the level of degree of differentiation
R ameng the concepts that are illustrated
: in the hierarchy.- That is, it atcempts
to rate the degree that specific.concepts :
are cornected to more general or inclusive
1 concepts. That rating is as follows:
One point for the first branching where two or more goncepts are connected
to the concept above.

Three points for any subsequent branching where there is an example of
two OT mOre cONCepes connected To 1 concept above. The illustrated map
above would receive a score of seven: 1 point for Level 1; and three
points each for Levéls 2 and 3. Note that since no branching oceurs in
Levels 4 and 5. no further points are awarded for this eriterion.

. GENERAL TO'

SPECIFIC: © The concept map receives an additional rating for illustrating a general
e to specific pattern. Whether one concept 1s more general than the ones
pelow it depends upon the line whieh connects-the two concepts. If no
zeneral to specific relationships exist, or less than 10% of the rela-
tionships are general to specific, the map receives a score of zero.

poeint
points .

If 10 - 29% are correct
0 - 19% :
50 -,69% "
0 - 395 "
90 - 100% "

L e Bk T

=

€ROSS LINKS: Interratedness in a student’s concept map i.Jicates an integration of
concepts, and is Jepicted as cross links on the concept map. Cross links

show .4 relationship between concepts on ane branch of the hierarchy with
concepts on inother branch. YNotice thewiwo examples of cross links in
the illustration above’ A rating of one point ir given for each cross
link showing the integration among concepts. No additional points are
awarded for Juplication of the same cross link, that is, showing the |
same integration of concepts. .

YTOMADPS (FORM B)

Figure 17. Comprchensive From for Assessment of Student-Constructed Concept Maps.

l)\;. . .
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SAMPLES OF STUDENT-CONSTRUCTED CONCEPT MAPS WITH ANNOTATED ASSESSMENTS

The.next three pages show examples of concepts maps that students
have made during the evaluation phase of our "Learning How to Learn
Project." These examples were solicited from seventh grade students
.during clinical interviews. The interviewees were given a paragraph
reading that was based on material that they already ggd in class.
After reading the paragraph, the students were asked to construct
concept maps of the reading. The reading used for the sample of
students whose maps appear in the following pages is presented below.

In addition to the reconstructed concept maps, an annotated

rating, based on the comprehensive scale on page V-4 has been included
in order to familiarize the teacher with how this type of réting tzchnique
can’be used.

Living things all need energy. Plants and animels use energy
for life activities. Some life activities that both plants
and animals have are growth, reproduction, respiration, and
transport of materials. A life activity found only in green
plants is the production of food. Animals cannot produce
their own food, so they need the life activity of locomotion

. : to find food. ,

Figure 18. Sample Paragraph for Clinical Interviews used in the Evaluation
of students' Concept Mapping Approaches.
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. RATING:

Living Organisms

Relationships 0  (Student has not identi-
~ fied any connections -
among the concepts.

_ Since these connections
Hierarchy 0 have not been explicitly
made, no credit 1s given
for the other criteria

as well.)

Energy

;;;f j Branching

General to
Specific

SN

Reproducticn Respiration ; Cross Links

Student-Constructed Concept Map #1. This map is included to illustrate the
importance of the connections amorig the concepts. Without these connections,
no other criterion can be determined, and thus, the map receives a total score
of zero.

Figure 19A.




ORGANTSHS

Animals

TR,

Fool Fnergy Locomotion

1]
El

. N 1
Reproduction CGrowth Respiration Transport

Figure 198.. Student-Constructed Concept Map #2.

RATING:

Relationships

flierarchy

Branching

‘General to
Specific

Cross Links

9 (Student has identified
"~ nine connections anong
the concepts represented
on the map, and all of
these are content correct.)

2 (Student has identified

" two levels of hierarchy:
from ORGANISMS to PLANTS
and ANIMALS and ENERGY,
afd from ENERGY to REPRO-
One point for Level 1, one
point for Level 2, for a
total of two points.)

4 (Student has branched the’

concepts at the two'levels
of hierarchy. One point for
Level 1, three points for
Level 2, for a total of four
points.)

5 (AL of the concepts and their
~ levels 1llustrate the general
to specific rule, resulting in

five points.)

) (No cross links are indicated on
the concept map. )
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Relationships 11 (Student has identified
a eleven connections anong
the concepts represented
| o on the map, The connec-
A . S tion of LOCHOTION "for”
: TRANSPORTATION represents
a misconception and thus
is not computed in the
total.)

'
r
4

o

n)

D Rrima suek 848 anl g g kBt t8 : b ; T e nf |
. Mnivels ——e DPEE“1?m5 Flents - Hierarchy 3 (Three levels of hiergrehy
- are identified.)

Bfanching f 7 (% branching at level 1,

| | _ N - Branching is represented
Locomot Lon Life Activities Green Plants . at levels 2, 3, and 4,
o One point for Level 2,
three points each for-
levels 3 and 4, fora
total of seven points.)

o
0
i

R e

[
o
L]

TR

 Production of
Food General to

. Transportation
| Specific 5 (AL but the misconception

| | Q1 = - nentioned above show the
Grovlh  Respiration Beproduction .+ general to specific rule,
. - This is greater than the

50% level, thus the nap
is awarded five points.)

i

- - o Cross-Links 1 (One cross link, showing
- Figure 19C. Student-Constructed Concept Map #3, : | the integration of concepts

is represented: ANIMALS-
(RGANTSMS-PLANTS-LIFE

ACTIVITIES.)
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EVALUATION OF THE KNQWLEDGE “V" - IDENTIFICATION, DEFINITIONS,
AND EXAMPLES OF TERMS ’

This aspect of the eValuatlan Df the implementation of the
”Learnlng How to Learn Program'" in your. classroom is a simple, straight-
forward pencll -paper format. Its objective is to determine if students

can identify the parts ‘of the "V," define each of these terms in their
o~n words, and, given an example of a laboratory exercise, identify
an example of 'record, " "concept,' 'knowledge claim,' etc. in a labora-
tory exercise. . The format is given on the next two pages.

You will notice that page V-11 ccntalﬁs two laboratory exercises.

~ These are examples that we have used in our research. For a test that-
you would devise, one example from work previously done by your students
should be used. | N

i
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WE UME sl

DEFIN TIDNS AND EXAMPLES OF THE TERMS OF THE "V"

[nstructions: Below is an outline of the "V that we have been using in class, As you know, there

; are ning terns that are used with the "V", 1In each of the spaces with a double line (—), fill

T the praper tern, and write the definitions of that term in the space designated by the sin single 11ne [ )
3
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similar to one you have done already in cluss. Read through the escrcise
earefully, and then 1dentify which pare of the laboratary exercise is
in etample of each of the tems arwind the "V,

lnsuumuns erm iz an E\x’lmpl; of 2 gimpie Iakoratory eacrcise flmt is

IN‘ﬂR‘I( Tl 1N" Relnw 1% i Hdmllll‘ nf 1 hhurnnn PYRFRSD Hm! is 'slﬂll ir ru oAt ;lm
you have alrendy complefed | in elass, Read !hrmlgh the exereise capeluily, Then, it iy
Iy wderiining ar circling that part of the exercise that corresjunds 1o each af te tens

around !hc Hy L:bcl tnrse part% using the tems nl e "V,

© L TROBLEM: i variations exist in the mumher of seeds in bean puds?

2
BACKGRONSIr: - Are Fhere two people 1 vour ¢lass who look alike? Fren if
identical twins are present, the aswer to this question will aliavs be
that i teo people are ecactly alike. Jatural selection states that
ALl living things show some differénces when compared to cach other
Scientists have made the statencnt that there i3 wuch variation even
amang iving things that are elosely related. Sometimes the variatim
ean be helpful (o llxung things 1nd mlv pive them an advantage over
others, :

WUERTALS: Tresh baan pods (ereen or string heans)

PROCEIHRE:

1. Open fuenty hean pads,
N i

-

L Count the mumber of bein seeds that vou find in cach, Tount all sizes
pven i1 they are 4m1il

5, Weite dewn viuir n"‘iixlt% belns ns g the mark {/) 19 shew Uhe ipmhet
af pls having those nuher nf sppds Jisted, Then prepare a har L”[‘h

of your results.

WARER OF SEENS {% L9E PO

R EREHDBEIE

™ it Ll
i

Tods lving
Sime Yumler
af Jeeds

£
F]
o
A

LY

AT TS
LT
BT o

RERTEERERER
5 Husher nf Speds i fine Frd

CONCLUSIONS s Raspd on the resulte, vaeiations in the mimber of =erds in

lean plants dige axist, 1he nomher of epads enuld he neeful
th the nrganign because it rives them'an advantige nver ather

arganizie of the smme species,
i

08, Two examples of laboratory exercises
a used to determine whether students
can identify examples of terms of
the Knowledge "V".
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FIAD OUT: Viaw wach hieat ie Tast by et irnn ﬁnﬁhvrg whin they are placed i water?

BACKTRIND:  The kinetic moleiilae mode] states that the amounf of heat BIRTY ing snhstince
15 related to the kinetic encrgy of the malecules sl the mber of ml i
inlrhn! substance,  As hear is piven off hy i substanee, the woleenles in that
substance nove more slowly, As heat is added 1o 4 wmhbetance, the mojecnles
move iire quickly. *When two sibstances of dilTerent temprratires are bronght
near wich other or are wixed, heat from the wimer sobstance s plven ofT fo
the conler substance until hath substances reach the sime temperature, The
anount of lieat lost by the warmer substance i el to tie amom! of heat
prined by the conler substanc, I

A Hmrmqimﬂer is an instrument that measies the pverpe #perd nf' the fioleciles
in 4 suhstance, To meastiie the amout of heat, 3 persin can use 2 calorineter,
Rasically; a calorinerer is nathing more than an inlatel container with a
thermometer fitted into it. The name "ealoriseter” cones rom the fact that
heat {4 meazured in ealovies -- 4 calorie h?lnp the aneont of heat lh'lt will
I'll%f the temperature of anc gram of water e degree Celsins,

MATERTALS:  cardhoard, Celsius themometer, ring stand dnd ring, 61 of Kifowil massps,
styrofoam cups, wire gavte, iron washers, é'&l anee, heaker, string, tnn|=
hinzen tirmer, matches.

FHEEDURE: 1, Make # simple calorimater by placing viie styrofoam cup tnside another. Make
o 1id feok 2 pieee of cardhodnd. Tieh hale in the 11d and place the therma-
meter in the hﬁlc.

i i 3 N : ' 4 ' N ) N <
1. lking the halance, Tind the mass of the entive caleriseter, includine the
thermometer. Write this mase (M1 10 the space helow,

TT—M

E HalF £ill the ealarincter with water, Find the miss of the ealorineter
with the water in t. Write the wass of the ealorimeter and water () in the
space helow, ' ‘ .

1. Measure the temporature of the water inside the calorineter, Krite this .
femperature as the initial temperature of the witer Hll in the space beloy,

5, Tie ahiut ten iron washers together with a picce of string, Set 1 beker
of water over the hunsei burner.  When the witer hails, {lnee the washers in
the water. leave then in the water far scveral minutes, Then, using the tongs
fuickly renve the washwers fran the heaker anid place them ip the calorfneter,
Ohserve nd write down the highest temperature Ahached o the themaneter in
the ealorimeter. ‘Write this temperatiire (1, ] in the space he o,

BSERVATIONG ;
Al DATA: MI : _Mda prms 'I'I s _“___Z_V__‘__'['
# ”1 # _E@ frams Tw T _Zj_ ér’

Compite the Follaking:
s of the water iy -1 = §0 g
(ange in Temperature (T, « T, ¢ iI r

| mre freee EmEn

Talaries ﬁninfd hy the Nater [I'l““j il x{(T: : jj B E_ZE§ ealories

CONCLIBT0YG: The washers last ht‘nt ta the water. Siies the water p,'iinnl:‘" -calories af
lieat, the washers must bave lnst nﬂ gijual amut of heat {370 rataries).
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ASSESS MENT OF STUDENT~CONSTRUCTED “V's”

Although the title indicates that this evaluation method is
intended for use in assessing Studén?-constructed fyrst it 15 impor-
tant to remember that the "V" is also a pre-teaching tcal, and thus

The abgc;tlve of th;g part of the evaluaaticn is to determine how
good are the "V's" that students prepare. The first form of the .
evaluation gives an overall picture of the "V" énd attempts to locate
large holes in the students' work. In other words, it gives the
teacher. a iarge field of view so that a more general picture can be
determined. The second form is more comprehensive. Its function is
to give the teacher u closer look aﬁ each of the parts of the "V"
and to assess the StudEﬁts' performances at developing a focus question,

at recognizing the major event, at checking the records and transforma-

. tions, etc. Tor cach of these parts of the "V'" a range of scores can

be assigned. The range is EDnSfTULtEd from zero éD) which indicates

that there has been nothing WTlttEﬂ for ‘that part of the "V'", through

an optimal score for that part. This form can function in two ways.

First, it can help track the pfégress“cf“a ;tudent over time in each’
part of the "V". The "Progress Shcet" on page V-17.can be used to
follow individual student progress to see where major difficulties
gtill stand-Ouﬁ, and where the teacher shoﬁld concentrate in subsequent
work with indiQidual students. ‘Second, the total of all the parts of
the "V'' can be used to ﬁrov1de a single mark for laboratcry exercises.

This mark is repreggnted‘at the bottom of the 'Progress Sheet."

g~
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GENERAL DVERVIEW OF STUDENT CONSTRUCTED "V's" (FORM A)

ThlS checklist gives the teacher a geheral assessment technique
for- evaluatlng ‘student- constructed "V's", As the students and the

the teacher will prgbably want to use Form B on the next page.

However, this form will serve the purpose of initial assessment.

Figure 21. General Assessment of Student-Constructed "V's".

Needs

:’ o S - Yes  No Work
1. Does the focus question attEmpt to
relate two or more congepts? (1 [ 1 [ 1]
2. Does the focus question relate
to what-going to occur in the N
laboratory exercise? [ ] [ ] [ )
3. Has the student properly
 identified the major event? [, ] (] [ ]
4. Are relevant concept identified? (1 -0 1 [ ]
5. Have relevant principles and
theory been identified? - [ ] ] [ ]
" 6. Has the student made adequate
records znd transformations? [ ] [ ] [ J
L
7. Is the knowlédgc claim clear, (}
complete, and consistent with
the focus question? ) B I [



COMPREHEAS VF FORM FDR ASSESSING STUDENT- CON%I” CTeD

Focus Question:
0 - no focus question 15 identified.

L - a question is identified, but does not focus upon
the objects. and "the major event OR the conceptual
side of the-"V".

2 - a focus question is identified; includes concepts,
but does not suggest objects or the major cvent OR
the wrong objects and event are identified in

~ relation to the rest of the laboratory exercise.
"3 - a clear focus question is idéﬂtified; includes
* concepts to be used and suggests the major, event
and accompanying objects,

Objects/Tvent:
"0 - no objects or event is identified.
l - the majar event DR the ijELtS are. identified aﬂd

dﬂd obJeits are 1dentif1ed but are 1nccn51stent
with the focus questlan

b

vl
|

tified, and is consistent with the focus question,

3 - same as above, but also .suggests what records will

he taken,

Theory, Principles, agg_ggg;épts:
0 - no_conceptual side is identified.
l - a few concepts are identiiied bﬁt without princi-

knawledge_cia1m 5@ught=1n :he labaratcry exercise.

2 - concepts and at least one type of principle
(conceptual or methodological) OR concepts and
a-relevant theory is identified.

3 - concepts and two types of principles are
identified, OR concepts, one type of prin-
ciple, and a relevant theory are identified,

- the major event with acccnﬂanv1ng objects is iden-

II\H : H . . . : /

]

4 - CDHLLpt% two types of principles, and
relevant theory are identified,

!

Records/Transformations:

0 - no records or transfomations arc identi-
fied,

1 = records are identified, but are inconsis-
tent with the focus question or the

"major event, .

2 - records OR transformations are identif ed,
but not hoth.

5 - records are 1dentiried for the major event;
transformations are inconsistent hlti the
intent of the focus question.

4 - records are 1dentified for the major event:
transfornations are consistent with the chus
question and the grade level and ability of
the student, : :

- Knowledge Claim:

0 - no knowledge claim isidentified,

] - a claim that is unrelated to the left-hand
side of the "y,

2 - a knowledge claim that includes a concept that
s used in an improper context OR any general-
ization that is inconsistent with the records
and transformations,

-3 - a knowledge clain that includes the concepts
from the focus question and is derived from the
records and transfarmatlons

4- same as abave but the knowledge clain eads
to @ new focus question.

{
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Below and on the next page are three examples of "V's' for the
same iab@ratcry exercise involving heat loss and heat gain. Each "V" is ;
“-completed and annotated to indicate what mark that part of the "V" -
would receive based on the criteria on page V-14. The mark for that ;
section appears in parentheses at the start of each annotation.
Qn‘page V-17 these three sample '"V's'" are recorded en the ''Student / |
j

Progress Sheet."

£ .

(13 Focus question does
not focus on major event
- ]

What 1z heat loass?

Claim not tied to
left-hand sid%?

As hot vanhers are
placed in vater, tha
1svel of the watsr rises.

Difference in
Water Lavel ———— s ’

. . (1) Records and
Transformations
Level of vater after 10t related to
Hashers put In " ithe major event

Fnd focus question.

(2) Concepts and

one type of prin- i
a FiVern: A thermomater measures
CLPIEIS given, . the degree of hotness or
no 1_;]’1301’)’- coldasss in an object *

SAMPLE v #]

Lavel of vater befors
Waghers put In

N Aeat, Energy, Tempera-
turs, calarimeter

B

(2) major event is indicated; .

: Hot wvashers placed in 1
calorimeter B , : o T ~© o
: —nho indication of what records

g Co will be taken.

i
= #

. )
Sample V#1 with Annotated Evaluative Rating for a total of

Figure 22A, - _
seven points out of a possible eighteen.

ERIC

Aruitoxt provided by Eic:



ﬁ : 1}
V-16
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7
- (2) nD event suggc%tﬂd N
é;sl'ilneﬁie Thesry rlfﬁf A yors m-!aau.rrr the neat L«;m-_] fnly hat Vg!hgfﬁ;_‘lﬂggj ' 2) Genéralization
i by iron washeral sheat ro vatar. s e
: —ils too broad.«y Im-
? proper contekt for
) /‘* ‘only."
L. Heat s a form o7 I / =
. nergy . SAMPLE "y #2 / )
(3) Concepts, |2 Heas is's neasure of ' {2) o transforma-
7 ) . the aoslecular motion Ao i
one type of in A 3jubstance. .[tions made.
principle, and '
a relevant < )
thEDI‘Y. Temparatur= After Washers = _
: " Tempsraturs Before Washers =
Znergy, Temperaturs, “ass of Talorimeter _ T
talorimeter, calorie, mole- ot ¥ T o—————-
cuied Maga aof Calorimaster =
'3mfmgwf;]C1) No event given; only object.
° Figure 22B. Sample "V" #2 with a total score of ten out of a possible eighteen. II»
*
. (3) Focus question relates
concepts; suggest majcr event
7,77 . . ‘ H;; ﬁ;n;;;m;nm;e the heat Lam’.l ~+Jashers. lost heat to
Kinetle Theory of Matter \ , '\ ¢ iron washers when they are/ toe vatar. Water galaed (3) Includes
placed .in & calorimeter? ____calories pf heat, concepts;
2 -Wagshers lost an =qual I %
L. Heat i3 a form of anermy. amount f;f E'!;:SF?.ES 38 the aﬂ?NEl’S Tocus
., i . 2. Heat s the measure of the water galned. ) questiorn.
) Contepts, twol :ié?iué:: motion In a SAMPLE V™ #3 -
. F =1 FubaLRACE .
PeS OF PTINCI- | 3 4 cioris ts the smount of M, - ¥ = nass of vater (4) ‘Records
B85, and a rele- J‘ll‘s\‘; nseﬂaﬂ Et: ngae "he trmp— -] 1 L wvat 4t . O f
’ - T. = change {n %= turs an ran or
int theory N, T2 7Ty 7 chanae dn temperature mafibné caﬁ
ven 3 i eat oy, oM ) x (T, -T,) ylete: con-
of hotness or coldness in a sub- 3 2 L 2 1 P ete; con-
stange. cletar P
5. A ealorimeter i3 an 1n5€ment that sistent with
] measures heat. focus' ques-
- Masa, temperature, calorie, heat, znerg "'l'ﬂémperntur 3 _,tlon"
Lalarlmﬁﬁgr. molesular motion, thermomet T,*higheat Eemperal:ur 3 14 = i 3
. 2 after hot vAshera vere addeﬂ — l
Hot washers placed in | . i R
water {n a calorimeter. E e s
Record maas and change with Dbj ects .
in keémprrature. 5 to be taken
o Figure 22C. S§mplg W3 with a total score of.seventeéen out of a pos 31ble
elghtcen. B ,
O : : ;—} Ty,
= 42

E

Aruitoxt provided by Eic:




Focus Question

Objects/Event 3 -
2 ’%\:\ — = = — SR —_—
A |
0 M — — - — — L. - —

Theory, Prin- 4 - :
ciples, Con- 3 e 1 I T _ _
2

cepis

o e
[

i

|

|

[

S
|
|
|
I
U
|
i
|
|

Records/
Transformations . _ 1 _ A 4 i —

T
[
|
|
|

|

L= I e
[
|

.
[
|
I
|
|
[
o
I
|
|
\
|

Knaﬁledge
- Claim

\

t
|
|
L)

}
.
T
)
|
i
|
I
]

] a |y
—_— - | =

STOTAL /g / g /3

a5

Figure 23. Fhe Student Progress Sheet. The purpose of this sheet is to
provide “the teacher with a quick visual overview of individual
student progress in relation to the parts of the "V". The
total score at the bottom provides a single defensible rating
for the student's laboratory exercise. e
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ciawm that carbon
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the

previous

-NCE

cvaluation attempts to determine it

vxperiments

iments,  In "V #] helow, the

toxide ts given orff during fern

student r

cntation.

the knowledpge

can operate as conceptual principles

caches the

Knowing

that, *he student cuan use that information as conceptual principles for
determining other knowledge claims about yeast fermentation. [In "V'" #3
the student tahes the knowledge claims from the previous two experiments
and usecs them as conceptual principles for the new focus question. Each
“V'" can be evaluated on the basis of the criteria already identified on

page V-14

on whether thesec pr

princ

5¢
‘thQ 5L

[g)
e

iples in

:a Carbon Dloxide given
SEf by ysast during the
proceas of fermanta-
tionl?

BILET:
thymol

‘Teat with
pegard any
puler.

feast and Molassed
Yolution, <2nersats
gas producsd ;gtu
Bromthymol [ndicsior

in this }llndb ok.

Carbon Diocxids
is glven off by
yeast during fer-
mentatlion.

Compare "befors and
colors of brom-

The teacher
evious knowledge claims
nts

Ibsequent -experimen

temperature?

Respiration;
O, given off
dufing fe

+ tlon;

(from ¥ #1)
Bromthymol; LD7.7;easz
changes n fermentation,
Bromthymol, temp=
eraturs.

I8 yeaat cell fermentatlon/As the tamperature
affected by differences In/increases, thia rais of

fermentatlon locreasea.

Chart comparing color
change of Bromthymol apd
température.

Hecord temperatures of tests;
Recoard colorz of Bromthymal
alfter certain time.

aalde =vents as

#1

Lures

[s farmentation affected
by the kipd »f rood fiven
the yeast cellal

\

Héaﬁifgtlan,
Bromthymol as
Ilndieator or
presence or CO,,
temperatjure af=-
Peoca Cedmentatlio
(from ¥ #2)

STUDENT CONSTRLLTS

HEEDED RICHT=ilAND SIDE
OF THE "V
t0,, yeast, fermen=

takion, Bromthymol,
fomni sodrces,

claims.

Figure 24.
AR shcwing zunstruathn Qf
principles from previous knowledge

but undsr
verying tempera=-
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V=19

INTEGRATION OF THE “V” AND CONCEPT MAPPING

At this stage of the evaluation of the introduction of thesc
strategies into the classroom, the student should have a firm grasp
of both techniques. What time is appropriate to integrate concept
mapping and the "V" dcpéqd; upon a number of conditions: ability of
the students, pacing of the class work, and how intense the exposure
to these strategies has been previous to this time. llowever, when
the teacher feels that the students are ready, the integration can
begin.

In our studies, one teacher eased into this integration by having
students construct small concept maps for the "background" information
of an experiment. This exercise was given for homework or in the
pre-lab discussion. After the experiment was completed, the students
proceeded to construct the "V'" for the cxercise. After a few trials

with this method, the students were asked to take this preliminary

" concept map and make it the left-hand side of the "V'.

Evaluation of the integration of both concept mapping and the "V"
involves taking certain aspects of the assessment techniques already
mentioned in this handbook. Herec then are some general guidelines

as suggestions for implementing the integration:
1. When assessing a student's "V'" delete "Theory. Principles,

ii'T'
and Concepts" from the criteria for cvaluating ‘ae "V (page V-14).

[

Substitute either the general format for assessing concept
maps (Form A), or the more comprehensive (Form (B). 1t is
recommended that the more vseneral form be used at first,
and then switch to the more comprehensive form as students
become more familiar with the intcgration.

3. If the students have already come this far with these
strategies, it 1is not recommended that the teacher use
Form A for assessing the "V'". Form A is too general to

ﬁrovidé the kind of specificity that Torm R provides.
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V-20

CONCEPTUAL QUESTIONS: USE OF THE “V" AND CONCEPT MAPPING

As in the previous section, the student should be completely
familiar with the strategies of concept mapping and the Knowledge '"V',
fhis scction of the handboorn attempts to suggest techniques that can
he used to determine if the strategics have had any effect on meaningful
learning (Section 11).

How students learn is atfected to some degree by the kinds of ques-
tions which thc} anticipate on tests and quizzes. If the Stﬁdéﬂt? are
asked only questions that require rote memorization, and if they have
experienced success by learning that way, then there will be less

incentive tfor them to learn in a meaningful fashion.

can be called '"conceptual questions.'" There are not what some may think
of as "thought questions" or "brain teasers." Answering a conceptual
question requires that students cmploy meaninggully learned concepts,
facilitated through the use of the strategies of concept mapping and

the Knowledge "'V'".

Although it is highly improbable to devise questions that totally
eliminate the rote mode of learning, it is possible and desirable to
devise questions that minimize this factor and which are more conducive
to being answercd by the student who has learned meaningfullyi These
kinds of questions can also bhe used in a variety of situations, including
review 5@55i@n51 independent study, as well aﬁ»téﬁt construction by the
teiacher. ) ]

Two cxamples of conceptual questions which were used in our research
are described in the next few pages. Both involved a description of an
experimental Qvéht which paralleled one that the students had previously
done in class, and which contained concepts that the learners had alrecady
encountered. 'The first example illustrates how a laboratory exercise
al'ready completed can pave the way for the construction of a conceptual
questiqn. The second cxample relics on.a different conceptual system
{(atomic theory, in this case) to offer an explanation for an event usually
associated with electricity. Following the description of each example,
the method for evaluation of the questions-is given. -




CONSTRUCTING CONCEPTUAL QUESTIONS: EXAMPLE #1 (THE WINEBOTTLE)

The following is a method for constructing conceptual questions.

This first example will be used to illustrate each step of the method.

1. Select an experimental event that the students have been
exposed to, and construct a concept map for the left-hund
side of the "V' if one has not already been constructed.

{See Figure 25 below.).

What is the relation-
ship between volume
and temperature of
a closed contain-
er of gas?

KINETIC THEORY
oty | ,
T =

* Expansion Temperature

Y \
= =]
Las)

2

\.
\*

Heat
2 \\Q'ﬂ
. &

Pressure Average

Speed

&

=

Closed 7
Container=w=i___

*Molecules’

r F——
Gas Liquid 5olid

. ae 7 o Flask with thermometer and
Figure 25: 1Incomplete "V with Concept tube with water droplet in-

@ for purposes of construc- sidg. Heat in bath of hot

ting conceptual questions. water. Record changes in
temperature and height of
water droplet.

K

Select another experimental event for which the same concepts
would be relevant. In this example, the event was a capped
winebottle that had been moved from the refrigerator to a

sunny windowsill.

3. (Construct a conceptual answer to the question to anticipate the
kinds of conceptual links that the_students might offer in their

explanations. ''Dissect' that explanation, picking out those

™

\‘1 ) ) . ~ i,;!
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sentences which indicate o0 link bhetween or among concepts.

tor dnstance, vour anticipated explanation might include

stuch sentenves as:

CDUE 1O AN INCREASE IN THE DISTANCE BETWEEN

HEAT IS DIRKCTLY RELATED TO THE S{H@".J’N’f OF MOTION OF THE
MOLECULES IN A SUBSTANCE, or

THE PRESSURE (F A GAS INSIDE A CLOSED CONTAINER INCREASES
AS THAT AS IS5 HRATED.

4. In addition to the correct conceptual connections that should
be anticipated, the teacher should also prepare a list of

misconceptions, commonly held by students.

AS HEAT IS ADDED TO A SUBSTANCE, THE MOLECYLES EXPANI?;
TEMPERATURE AND HEAT MEASURE THE SAME THING, or

GASES ARE HOTTER THAN SOLIDS.

5. The actual test question should include four elements consistént
with the ianformation above:  a clear focus question, a major event,
some record of that event, and thc_cancept% necessary to sort out
the event and answer the question. Below is an example of a con-
ceptual guestion used in our rescarch. Please notice that all of

the necessary elements are present.

DIRECTIONS: Read the paragraph below very carefully, and then do the

the following: _ .
-construct a concept map which includes the Eéllcwing caﬁcepts:‘
kinetic thcory, heat, temperature, gas, molecules, volume,
pressure, and expansion.
-using that concept map as a. guide, and including as many of
the concepts into your answer as you can, explain th the cork
popped out of the hottle. '

An ‘empty winc bottle is left in the refrigerator overnight. In the morning

it is taken out. A cork is stuck in the mouth of the bottle, and the bottle

is left on the windowsill where the warm rays of the Sun can hit it. Several
minutes later, the cork:pops right out of the botitle.

[3

\k -
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6. Several variations of this kind of question is, of course,
possible, but the major clements mentioned already should be
included. You may, for instance, decide that you do not want
vour students to construct a concept map as part of the answer.
Although the constructed concept map may be helpful in indicating
arcas where misconceptions exist, our research scems to demon-
straté that the making of a concept map is d@t necessiarily
imperative to answering the ques tion. i

»
% One final feature that our research has shown to be important

should be consideréd. In our attempts to construct conceptual
questions, it has been found that the list of concepts must
include one superordinate concept under which all the others

can be subsumed. In the example given above, that superordinate
concept was "kinetic théory.“ In the next example, it is the
vatomic theory,' implied because of the presence of the concepts

"electron' and '‘proton.'

CONSTRUCTION CONCEPTUAL QUESTIONS: EXAM: .E #2 (ELECTRICITY)

) Using the methad{dgscribed in ihis section, another example of conceptual
questions was designed during our research. Again, the major elements are
present: a clear focus question, a major event, some record of that event,

and the c@ncepts necessary for the student to answer the quéstion! On the

Thl% is consistent with our thesis that concept mapping is_a hguristic
device, needed only to facilitate meaningful learning. Oncc the mean-
ingful learning has occurred, the construction, or re- construction,

of a concept map may not he necessary.

i;jgg)!'
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Bar "A'"
Bar ''B"
&

The apparatus shown in the figure above was set up by a science
teacher. Bar "A'" and Bar "B" are exactly the same size, but arercoma
posed ot different materials. When Bar "A" is use to complete the cir-
cuit, the bulb lights up very dimly. When Bar "B'" is used to complete
the circuit, the bulb lights up brightly.

QUESTION:  What must be happening inside Bar '\ that is different
than what 1s happening inside Bar "B"? Use as many of the following
concepts as you can to answer this qﬁeﬁti@n, or include any other

concepts that you feel necessary to answer the question. The concepts

include: ¢, elect

proton. - - -
L
i»\\i .
-2 i
2
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APPENDIX I1I

Sample concept maps from clinical interviews and class assess-
ments (1979-1980) in Trumansburg, and Vestal. Each map 1is

identified by the student number, and is rated according to

the criteria for assessing concept maps (Appendix I, Section
[II-4). The following key is provided to identify each
criterion of the assessment instrument:

R = relationships identified

H = hierarchy o

B = branching

GS = general to specific

CL = cross links

- 1

Two sample clinical interviews involving the construction®of

concept maps. First-ene from a student in Trumansburg, the second

from a student in Vestal.

L
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INTERVIEW FOR CONCEPT MAPPING (B.1) A

Student #éDS Seventh G:ade; T-burg JHS ’ Octcbér 10, 1979
Doug:Lafiscn - Interviewer

| (T-1-3) |

- I'M DOUG LARISON, I'M .FROM CORNELL. WE'RE WORKING ON THE PROJECT ABOUT
) CONCEPT MAPPING WHICH YOU'VE DONE IN CLASS.
~Yep
-JUST TO MAKE SURE WE'RE TALKING AOBUT THE SAME THINGS COULD YOU TELL ME WHAT A
CONCEPT MAP I57 -

-It's a map that you have one main thing (UH-HUM), then you draw lines to add parts

" about them,...and then you draw more lines that tells about the space (UH-HUM),...and
then sémetimes you might draw lines that cut across that match. different ones from
this side (UH-HUM),..match up. We did one about resplratlon (UH-HUM)...and blue at the
base (BLUE IS FOR BASE¢], Yep (0K, GOOD),...and beef bulllon (BEEF BULLION TOO, HUH?)

-Yep :

-GOOD. . .WHAT DO YOU USE CGNCEPT MAPS FOR?

~To...find tlings more about 'em. (TO FIND THINGS MORE ABOUT THEM?). Yep.

f—WELL, WHAT KIND OF THINGS? ’

’-Well you could ...sometimes you might want to find what they eat, what animals eat
"(UH HUM), and maybe they could have sumething like scales...or gust to knaw what they
ook like, and..

-UH HUM, GOOD. '... WHEN WOULD YQU USE THE CONCEPT MAP?

-Sometimes in tests maybe. .

-ALRIGHT, YOU MEAN AN EXAM LIKE WHAT MRS. DE FRANCO WOULD GIVE YOU?

=-Yeah ~ ¢

-0K. ANY OTHER TIME? -

. =Um.. Probably'd be some but I can't think of any right now.

-THAT'S ALL RIGHT ... HOW DO -<YOU THINK THAT CONCEPT MAPS HELP YOU. UNDERSTAND THE

- MATERIAL BETTER?
-(long pause) ...... IS THAT TGD HARD A QUESTION FOR YOU? .
-Yes, I'm not sure about it. i
-0K. SOME.OF THE STUFF I'M GOING TO HAVE YOU DO AND WHAT I'M ASKING RIGHT NOW Cyeah)
YOU SHOULD UNDERSTAND. THIS IS JUST FOR THE PROJECT THAT WE'RE DDING. OK. THIS IS
NOT GOING' TO AEFECT YOUR GRADE IN ANY.WAY, (ok)™QK, AND IF IT'S ALL RIGHT WITH YOU, WE
. MAY LET MRS. DE FRANCO HEAR THE INTERVIEW SO SHE KNOWS WHERE YGU ARE WITH THE CONCEPT
MAPPING. 1I5 THAT 0K?
=Uh-hum. .
-0K.- GOOD. COULD YOU GIVE ME YOUR NAME AGAIN JUST SO WE HAVE IT FOR THE TAPE
-David Andrews.
-0K. I'™ GOING TO GIVE YOU THIS "PARAGRAPH TO. READ (uh-hum), OK?. (uh-hum), AND TAKE
YOUR TIME; YOU MAY WANT TO READ IT MORE THAN ONCE. (ok), SO YOU CAN GET ALL THE IDEAS IN
IT, AND WHAT I'M GOING TO HAVE YOU DO IS I WOULD LIKE YOU TO WRITE ALL THE CONCEPTS :
-- 0K? _ .
-uh hum. o B
" -AND- AS YQU FIND THEM IN THIS PARAGRAPH, JUST WRITE ONE ON EACH LITTLE SLIP OF PAPER.
THERE'S LOTS OF THEM THERE. OK? YOU MAY WANT TO READ IT-THRU FIRST AND THEN KIND QF
WRITE IT DOWN, 0K?

~Yep. (Pduse while David reads the paragraph and writes on the slips---2minutes)

- --IS THAT IT?

- -Yep : L N , By -

- -0K. NOW IS THERE ANYTHING IN THE PARAGRAPH THAT YOU READ THAT YOU DIDN'T UNDERSTAND?
-No. . o o,

- <NO, “YOU'RE SURE?

-uh-hum.

-0K.. COULD YOU TAKE OUT THE CONCEPTS THAT YOU Wﬁ%%E (yeah), AND YOU'VE DONE CONCEPT
- MAPS BEFDRE?(yes) CDUEH YOU USE THESE YELLOW SLIPS OF PAPER -

:sand lines? ¢
D KIND DF SET IT UP THE WAY Y0OU WOULD A CONCEPT MAP Ef'}l

. L
s s SR : . A .
= B ~
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- (-pause while David sets up his concept map ---1 minute 55 seconds)....,
=GQQD - YOU'RE SURE THAT'S HOW YOU WANT IT? Bl

~Uh-Hum. ) . )

-0K. NOW FIRST I'D LIKE TO JUST KIND OF IDENTIFY WHAT YDU'V‘E DONE FOR THE TAPE RECDRDII\.

SO THAT WE CAN REMEMBER IT AT A LATER TIME. - YOU PUT ENERGY ON THE TOP HERE AND YOU

CONNECTED THAT TO PLANTS AND ANIMALS. NOW WHY ARE THE ANIMALS CONNECTED TO THE ENERGY*

-Well, animals produce energy (UH HUM), plants produce energy (UH HUM), -

- AND DO THE ANIMALS ALSO HAVE, WHAT IS THIS?

-Reproduction

-0K. HOW, WHY IS REPRDDUCTIDN IN THERE? ...
—zWell; to keep 'em growing, to hdve mew bables and stuff.

]

L3

-I SEE, I SEE,
-1 connected th@se two because all af the four go together. (OK) That's why I connected
all those. )
=ALL 4,--YOU MEAN REPRODUCTION, ANIMALS, PLANTS AND RESPIRATION?
-uh-hum. _
-THAT GQES TDGETHER? e g @
-uh hum. - : .
-HOW DOES THE GROWTH AFTER RESPIRATION? HOW DOES THAT WORK? -
-um lé;lang pause) (youn)
K¥YOU PUT TRANSPORTATION AFTER REPRDDUCTIONiON THE OTHER SIDE,
~Yes : *
-HOW DOES THAT WORK? (- pahse by student) : ' : P

-Well, maybe I should have switched them around. It would be easier...
-WHAT, WHAT, IF YOU SWITCHED THE GROWTH FROM THE TRANSPORTATION?

- =No = here.
-LIKE THAT? i

~-Yeah. ’

-0K. NOW HOW ‘DOES THAT CLEAR THINGS UP? ' ‘ .
-I'm not sure about that one yet, but when they reproduct, they have to grow more
to reproduct moTe. . rys.al

-OK. TO REPRODUCE MORE, \THERE'S GROWTH THERE. . =

-0K, THEN I SEE YOU ALSO HAVE A CONNECTIDN TO LOCOMOTION. DO YOU UNDERSTAND THAT
WDRD LOCOMOTION? ‘
Somewhat.

=0K, YOU KNOW WHAT A LDCOMOTIVE 157 ' 5

-Yeah : ‘ _ . . =

‘=A IN ' . - ’ : - '

_-Yeah . ;
-AND LOCOMOTION JUST REFERS TO THE MOVEMENT, DF THINGS. WHY IS LOCOMOTION PUT WITH
ANIMALS? .

-Cause they have four legs and they run..and walk..and

~G00D, GOOD, GOOD. Lo

-YOU ALSO CDNNECTEDAANIMALE AND FLANTS WITH ORGANISMS. WHY IS THAT?

-Because plants § animals are organisms. '

~GOOD. GOOD. (ONE MORE? (-long pause by student)

-1 DIDN'T MEAN TO CUT YOU OFF. THAT'S WHY I -- DC YOU WANT TO SAY

" ANYTHING MORE ABOUT THEM? OR IS THAT IT?

-That's it, I forgot the other part.

-GOOD. THAT'S ALL. : -

-1 just read it a little while ago. , . o,

-OK. THIS WAS. KIND' OF RELATED TO IT. AR

-Yeah. '

L

¢ : N
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-THIS IS "LIFE ACTIVITY?" /

-AND THAT'S RELATED TO DRGANISMS

~uh hum. /
-HOW S07 Y ,

_-All organisms, plants and anlmals, have all life activities. Animals will die,
then before they die they'lf have their life activity. )

~G0O0D, GOOD, i

-AND THEN THIS IS- PRODUCTION? .FOR PLANTS, RIGHT? HOW'S THAT? HOW CO THOSE WORK TOGETHER?
- (long pause).... Well, /the production of food, and they use the -- they product

‘ faad.ii.., yes, they caﬁ @roduat food.

-PLANTS. . . NHAT?
LI lts a praductian of food.

-1 SEE. PLANTS ... OK. / ¢

-DO YOU HAVE ANY QUESTICNS? DOES THIS, DOES THIS FOLLOW THE RULES OF CONCEPT MAPS _

AS YOU KNOW THEM? ; . ) \
-Yeah. ; ' ¥
-0K. COULD YOU TELL ME THE RULES OF CONCEPT MAPPING. YOU USED TO DO THIS? \
-Well, you use it to ﬂelate to things COK), the relation cf them (UH HUM), (-long pause).
=ANYTHING EL,'?E‘?l f . -
-(-long pause)...,..{ They all have, they all do the same things. i
-WHAT? I DON'T KNOW;WHAT "THEY ALL DO THE SAME THINGS'' MEANS. WHAT DO YOU MEAN?

-They all have respifatlan, and they 'all have reproduction, and the ones that don't

reproduct are..get extinct. .

-I SEE"... OK, DO YDU HAVE ANY QUESTIONS FOR ME? ‘ /
-No. ’ o
.=0K, THANK YOU FOR TALKING TO ME, OK? - : : ) :
-ok. . , R , -
elapsed time = 12 minutes
Time to read paragraph = 2 minutes . . :

Timeé to construct map , = 1 minute, 55 seconds

Time for entire- interview = 12 minutes

-
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Uh huh (affirmative)
AND WHAT'S YOUR LAST NAME?'

(she then spells it out)

. - | -
O0.K. I'VE GOT TO PUT ALL THIS INFORMATION DOWN. JANUARY 16, 1980, YOU'RE AN
EIGHTH GRADER. WE KNOW THAT, BUT I JUST WANT TO....IN VESTAL, AND THAT'S ME.
0.K.? GCOD. AIL RIGHT. AS I SAID, WE ARE HERE IN CONNECTION WITH THE CONCEPT
MAPPING THAT YOU WERE DOING: IN CLASS THAT'S WHAT WE'RE GOING TO ASK YOU TO DO
TODAY, MAKE A CONCEFT MAP., WHAT YOU DO HERE TODAY IS FOR DUR PURPOSES ONLY.
ALL HI@HT” IT'S NOT GOING TO AFFECT YOUR MARK IN ANY WAY...IN SCIENCE. O.K.?
MR. DECATUR MAY WANT TO SEE THE MAP BECAUSE HE'S KIND OF CUEIQUS ceee
KIND OF CURIQUS ABOUT WHAT'S BEEN GOING ON, STUFF LIKE THAT. DO YOU HAVE ANY

‘_DEJECTIGNS TO.HIM SEEING IT?

Uh uh (negaﬁivé)

0.X. MOST PEOPLE DON'T. O.K. WE GOT THAT. JUST SO WE THINK WE'RE TALKING
ABOUT THE SAME EHING WHAT DD YOU THINK A CONCEPT MAP IS? HOW WOULD YOU DESCRIBE
I[Ii} L L: - e ‘-,

Wéll,_it‘s like if you have a paragraph. You can make 1t like into a diagram,
. and 1it's easier:ta Understand. Cause you don't have to read so much.

- . UH HUH MAKES IT EASIER THEN? IF -YOU HAD A GIRLFRIEND OUT IN CHICAGD-QALLING

©.YOU KNOW, TO FIND OUT WHAT'S GOING ON" AND HOW YOU'RE DOING AND YOU'RE TALKING

ABOUT CDNCEPT MAPS AND SHE ASKS YOU, "WHAT DOES A. CQNCEPT'MAE LOOK LfKE*"
HOW WBULD YOU DESCRIBE IT?

'It s llke, um, it bfanches out —_— yau'd have a genefal tapic on top and then yau‘d
» put, like, a line going down "from each one, “and 1t has, like, specific things,

and keeps getting down to mdst specific thing that there is

I SEE. THOSE LJ;NES \WHAT DO THOSE LINES DO? ‘

Like, they're fill ins for wards and stuff, like, if ycu have a plant aﬁd you want

to put it's called, you stick it on the line.
UH HUH. ALL RIGHT.. GOop!, I THINKEWE HAVE. AN IDEA ... HAS IT HELPED YOU ANY?

Un huh (affirmative)

byt
N

Y@UL&EC@NCEET MAPEDIG? P - . :
Eean.“ _ _ o
1S ITEASEETHANNQI‘ETAKU\IG‘? - - Y

A

Uh huh Caff‘imative) | o . 3ug.
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HAVE YOU USED T TO STUDY FOR A TEST?

Yeah.

DID YOU GET A’BETTER MARK?

‘Well, we only took about two tests, but I got a better mark this time.

‘GOoD!  VERY GOOD! O.K. GOOD. THAT'S WHAT WE'RE INTERESTED IN ... TO SEE IF

WE CAN DO THAT. O.K. WHAT I'M GOING TC DO IS I'M GOING TO GIVE YOU & PARAGRAPH
TO READ AND IT'S KIND OF SHORT, SOME ARE WORDS THAT YOU'VE HAD ALREADY;. YOU KNOW,
SO .IT'S NOTHING BRAND NEW, AND WHAT I'M GOING TO ASK YOU TO DO IS READ THE,_
PARACRAPH AND THEN IDENTIFY THE CONCEPTS IN THERE. C.K.? AND YOU WILL BE ABLE
TO WRITE THESE CONCEPTS DOWN ON THESE LITTLE SHEETS OF PAPER. O.K.? NOW, WE

0.K.? AND YOU CAN WRITE ON THESE...THE CONCEPTS ON THESE AND YOU CAN WRITE ON
WHAT EVER CONNECTION YOU WANT TO MAKE THERE. O0.K.? S0, IF YOU'LL JUST READ
 THIS TO YOURSRLF, YOU MAY WANT TO READ IT MORE THAN ONCE. I WON'T TAKE IT AWAY
(Pause for 16 seconds while reads paragraph.)
0.k., got it. ¢

18 THERE ANVTHING IN THE PARAGRAPH YOU DON'T' UNDERSTAND? ANY CONCEPT...ANY
" WORDS? NO? [LOOK PRETTY FAMILIAR? THAT'S THE WAY WE WANTED IT. O.K. NOW,

'IF YOU “WOULD, YOU CAN.....NOW,, ANC START WRITING OUT THE CONCEPTS...THE CONCEPTS
ON THOSE PAPERS.... ' :

(Pause for 15 seconds while writes c@gceéts.)
Is it all right if I stick them here?
- . YOU CAN o
SUT=.. WHATEVER YOU WANT. /MAKE THE MAP AS YOU GO ALONG.
(Pause for 1 minute, 13 seconds)
Oh;f bay- =

. (LAUGHTER) THAT'S THE WORST PART. THESE THINGS....FALL APART A LITTLE BIT.
- _.THERE WE GO. NEATNESS DOESN'T COUNT, SO DON'T WORRY ABOUT THAT. O.K.?

(Pause for 2 minutgs, 44 seconds)
. ) , . \_\ 7 g - - )
I guess I'm finished. ’ :
0.X. GOOD. VERY 60O O.K. YOU'RE NOT STUCK WITH{ IT. IF YOU WANT 10 MAKE ANY
CHANGES,  ADJUSTVMENTS, ADDITIONS, -SUBTRACTIONS, MOVE IT AROUND. WHATEVER YOU WANT
TO DO, YOU CAN; O.K.? o ) =

(Pause for 17 seconds)
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) 1 guess that's 1t.
0.X. FINE. I WANT TO IDENTIZY IT FOR THE TAPE RECORDER, 0.X.?
Uh huh  (affirmative) |

S0 THAT IT KNOWS. O.K. PUT "MATTER'" UP ON TOP CONNECTED TO THE CONCEPT
"MOLECULES," AND HAS WRITTEN "HAS" ON THE LINE IN BETWEEN. MOLECULES IS

CONNECTED TO»"MOTION" AND THE WORDS "ARE IN" CONNECT THOSE-TWO CONCEPTS. MOTION
IS CONNECTED TO "TEMPERATURE" WITH THE WORD "DETERMINES" ON THE LINE. TEMPERATURE
HAS TWO LINES COMING OFF IT. ON THE LEFT CONNECTED TO "FASTER MOVING" AND THE

WORD "IF" BEIWEEN IT. THEN FASTER MOVING CONNECTED TO THE CCNCEPT "HIGHER .
‘I‘EV[E’E'BATUFE" WITH THE WORD "I-LAS" IN BETWEEN. ON TEE RIGHT I-IAI\E) SEE OF TE‘E‘EATURE
TE EDHD "IF" IN Bﬂ'@ AND 'THAT'S CONNECTED TO "LOWER TEVEEBATLEE" WITH THE

WORD "HAS" IN BETWEEN. O.K.? ALL RIGHT. WHY DID YOU COMNECT THESE TWO UP HERE?

Because all matter is made of molecules.
UH HUH. WHY DID YOU CONNECT THESE TWO?

Because molecules are in constant motion.

DEE\I‘EE ‘ﬁ'E WAY Y@U HAVE TT.
Well, the motion determines the temperature.

' IS THAT WHAT.IT IS? THE MOTION DETER MINES THE TEMPERATURE? OR DOES THE TEMP ERATURE
DETERMINE THE MOTION? - : : : ‘

" The motlon determines the tEITEDéI‘a’ELII‘E, cause if they're faster mord ng, it's got a
higher tamperature. . "

UH HUH I SEE. .O.K. FINE. BOY! YOU JUST WANT TO.ZIP RIGHT THROUGH THIS! .
30 YOU WON'T HAVE THAT MANY QUESTIONS ON IT. WOULD YOU USE THIS FOR FOR SOCIAL .
STUDIES OR MATH OR SOMETHING. COULD YOU, USE A CONCEPT MAP FOR THOSE.

Yeah, for social studies. ‘I don't know about math.

fIAVE'. YOU GIVEN IT ANY TLDUG}E"?
~

Yeah, I'd use it for socia; studies

YEAH? OH! IS.IT SIMPLER TO LOOK AT SOCIAL SﬁmES'?’ YDUENE\]TIOI\E) AT THE BEGINNING
THAT YOU PUT YOUR MORE GENERAL CONCEPT UP HERE; AND THE MORE SPECIFIC CONCEPTS
OUT HERE. IS THAT HOW YOU DID IT HERE? DO YOU THINK?

Yeah, I'm pretty sure.

YOU'RE PRETTY SURE? ¢ O.K. GOOD! WELL, I. DON'T" HAVE ANY MORE QUESTIONS FOR
YOU, YOU REALLY ZIPPED RIGHT THROUGH THAT. VERY GOOD. DO YOU HAVE ANY QUESTIONS

FOR ME? , .




No. S

NO? SEE? IT'S NEVER AS BAD AS PE.rIE SAY IT'S GOING TO BE. O.K.!

E3

Time to read paragraph = 16 seconds
Time to construct map = 4 minutes, 29 seconds
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APPENDIX III

Sample laboratory exercises reéresented on the Knowledge "V"
from students in Trumansburg, 1979-1980.
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APPENDIX 1V o

A

Samples of students' explanatioﬁs and concept maps for the 'Winebottle'

and "Electricity" examples of conceptual questions.
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