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ABSTRACT

- . S
. : ‘ ! . et
The purpose' of) this' study was to ascertain-the’ relationship

between selected student misconceptions in chemical equilibrium and

performance on specific tasks involving cognitive transformations
characteristic of thée concretfe and formal tbgnitive levels of thought.

The study was conducted in'two Edmonton high échools on a sample
of 99 students enrolled in four chemistry 30X’classes during the 1973
spring semester.

* Four main test instruments were used.’ The Mi 'on.Identi-~

fication Test (MIT),:developed for the'stud dealt w1th the 1o'row1ng

N ‘ . B . . i -
six misconceptions: 1) mass vs. concentration, 2)_rate vs. extent of
‘reaction, 3) constant, concentration, 4) misuse of Le Chatelier's

principle, 5) the‘conékancy of'the equilibrium ’conétant' and 60 com- .

petiné/Equilﬁbria. The Chemistry Achlevement Test (CHAT) ased on

four chapters of . the CHEM Study text provided the measure of aChiene—
ment in chemistry. The Pragetlan Tasks (PT l PT 2 and €K6) ermed
the basis for cla551f1catlon of: the. SQmple into the respectlve level
and sublevel of concrete and formal thought. ,PT‘l and PT 2 were o ?

equiaaientvcombinatorial tasks ihvoiving five %olorlessichemical solu-

:

tions. The three sections of the Skemp Test (Sh6) based on ten

:-deflned op@ratjons '1nvolved traﬁsformatlons of the INRC phy51cal group

model;; The grade nine SCAT scores were also obtalned for the sample.,;

em analy31s of the MIT revealed that the nrobabllity of

> -

students ch0031ng the keyed mi sconception regaahse consistently
‘Aexceeded that_expected by'change alone., Eighty two percent of the
‘sample possessed three or more of the six misconceptions identified.

a1
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PT 1 and SK6(2) were significamtly contributing predictor variables

“the CHAT scores. Cne-way andlysis of variance carried out on all the
. o - ) Ry : )

7

iv~

‘Correlations between ‘the CHAT: scores and the separate Piagetian

P

G L b ‘ . :
Task scores were significant-at the .05 level.‘ A stepwise regression

b

. ) < P s . ) . .
.,analysiilgﬁ{’the prediction cf achievement in chemistry revealed that

¢

~and together a@%ounted for 58.7:percent of the CHAT varidﬁee; Neither

the verbal nor quantitative SCAT scores entered intoc the regression

+  equation.

« In terms of cognitive anctionlng the sample was classified as
A

folioWS' early concrete (Cl), 3 students; late concrete (c.),

K

students, early formal'(Fl), 61 students and late formal (F,),
students. \

' Thersample was, divided into three achievement groups based on

L

..test scores revealed that,'With'the'exception of the two sections of

the Skemp Test, SK6(1) and SK6(3),. the three*groups differed signifi-~
cantly (p < .01).

Correlations between the MIT and the Piagetian Tasks indicated

S R ) e - SN
a,51gn1f1cant relationshipvbetween the number of possessed misconcep—‘

' tions and performance on the tasks. Two of tnc Spec1fic miscon eptions

N

"were found to be 31gnif1cantly related to cognitive level. ’ Ana1y31s

: also revealed that the number of possessed misconceptions was_ related

. LS .
to achievement in chemistry. Three of the six spec1f1c misconceptions

were found to be rel?ted to achievement
No significant sex difRerence for either the number of miscon-

ceptions possessed or'specific'misconceptions held was observed.

., o . . N {
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4 . ) Qi l N . ! . : “ ' - . " .4 v \'. ) b '-,o ' ‘
S S THE PROBLEM : 4o~ % 7%
. . 2 ' > ) NE N - , . . E o .
Introduction to the Problem ' T "
. o > B L } & ff e . e

‘ ‘ ‘ ' e
The alternate Chemistry 30X course pre. ontly ‘taught. in Alberta

A .
C

%

"high schoo]s COﬂblSt‘ of a noma&fhe%% ive program based on thie Chemical
Material Study (ommltt ce (LIFV SLudv) (leLﬂLO , ]§é3n) The incro-
duction of CHEM Study in the early 1960's has had a pronouncéd effect L

‘on chemistry tééching.' Studies on the -effect of thée CHIM Stud 1y CLul\C ‘ e
on the teaching of high school chemistry indicate tlrat: )
A . : ~ ' . . : . ’ : he'd
Students who showed a strong preference for memory of
specific facts were at a disadvantage in CHEM Studw relative
‘hose who showed a strong preference for fundamental
principles, critical quedtionirg of information, and practis-
‘cal application (Atwood, 1967) . . . '

v

.

CHLi Study incorporates a number of differernces tlor more tradi-

- L4

tional courses, possibly .the most obvious being the shift of thie ,cmphasis -
B : ' : SN - i
o . . - . . i3 . - ) : ‘ ‘.' 3
from descriptive chamistry toward' chemical principles to prescent the

?2 schange of chemistoy over  the last‘two decades. "Chemistry ig gradualiy
and. logically unfolded, not presented as a collection of facts, dicta,

o °

and dogma" (Campbell, 1964). - - : _ R N

Approximately forty pefcentuof thé present Grade Twelve CHEM-~
Study. Conrse is devoted to chemical equilibrium and related topics
Much of the ffdterial in these chapters, in addition to requiring certain
ST . ‘ N
basic prerequisite skills and conncpts in cbem.st ', requires a con~

‘siderable amount of abStractioh for a firm understanding of chemical

equilibrium.  Chemigal equilibrium cannot be taught in isolation as it

oy N L . d N o ? : P N

"draws heavily ‘on several gereralized concepts ¥n science such as kinetic
. R . i ) N

)



molecular theory (KMT). KMT is only one example of a generalized con-

~cept which underlies a number of topics taught in chemistry.

* Lantz (1972) in hls study emphasizes the 1mportance of the. per—~.

ceptiom KMT for the understanding of chemistry He reports:

There appears to be a 51gn1f1cant relatiOnshlp between
student's perception of the kinetic molecular theory and
thelr achievement in chemistry (p. 124).-

In addition, Hobbs (1972) in his study on conservation of weight
~and volume in secondary school students, clearly identifies an important
factor to'be considered:

If learning involves 1nteraction between experience and
developing thought structures, then the restrictions placed’
by each of these two upon the other have to be- taken’ into

~dccount in the development of science curricula (p. 145).
Hobbs would Suggest that certain difficulties or misconceptions possesse
by students in'major topicﬁ‘in science may better'be understood if a
lsequence of‘development of concepts relative to phys1cal quantities can’
be describedgx : ' K y

P

On a much broader basis, increasing emphasis is being placed upon

the work of Jeah Piaget and the implications of his theory of intellec-

tual.development for science teaching. Piaget and\his research gieﬁg-'
have identi fied a sequence of mental actions leading to the child s
understanging/ot\pr1nc1ples and relatlonships in numerous phenomena
commonly taught in.science courses‘(inhelder and Piagea,‘1958):

The developmentai sequences which'Piaget has identified might ’
well serve as the ba51s of 1nstruct10n that is con51stent with psycho—
‘ logical processes and the ex1sting body of knowledge icV 1964)

'Piaget is among the few contemporary psychologisﬁs whe rtalize the fullt

importance of the existing body of knowledge, its formation avd effectsff

v

RS
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.R. R, Skémp; a British psychologist, writing on reflective intelliglnce

/
. w? ]
and mathematics, recognizes this in stating: : : g
N . s :
A theory is requiréd which takes account (among other

things) of the systematic developmeup of an organized body

of knowledge, which Egﬁ only jntegrates what has been
Whiey learnt, bug is a major ‘factor in new learning . . . (1962).

Skemp's‘work is firmly'bééed on Piaget's theory and his ideas 5n
reflective tﬁi king ip children closeiy‘barallei Piaéet's‘notions of
formal thought (Ha fison,21967). Skeﬁp has_dévised a'Seg.éf'test itgms
to meaéure;sﬁudeﬁt performédce onlthé Piagétién transformagions of
réversibility (negation and reciprocity) and'their combinatorial conse-
& -

quences. o ‘“\w\\

K detailed discussion of"the principal stages of the development

of intelligence as identified by Piagét is not‘intended here. This study
is rimarily'coﬁcerned with the stage characterized by formal operations.
e R . ) ‘ .
B : . .
This.stage, beginning on the average at abou; eleven orf twelve years of

age, is characterized By the development of abstrgc‘ tHought’operations
with which the child, now virtually én.adolescent,fis capable of
reasbning in terms of hypotheses and not only in tetms;of objects. The

formal .operaticnal adolescent_is capable of constructing new operations
. N y

ofnclasses, relations, and numbers, a capability not appafeﬁt in the

© concrete operational child. o

In order to describe how he adolescentvmanipulates data which he-
derives from experiments, Piag-: .ntroduces a logical structure or model,
the INRC group. The INRC grou; is an attempt, to specify the rules which
a e L ' N . . S o
the adolescent uses in the above transformations. There are four

elements in ~he group: identity'ﬂl),-negation N, reéiprocity (R), and

a g

’Coffeiativity ). @i — .



The natute and extent of the use of‘the INRC transformations‘
.serves to distinguish the concrete operational'childaytom the fotmal
;herational adolescent. Although the concrete‘operational child
carries out opetations on c%asses, relations or.numhers, their,struc—
tnre does not govbeyond the level of elementary legical "grOUpings"
or‘additive and multiplicative nnmerical.grenps. During‘theiconcrete

HY

- stage, the child is capable of utilizing the two*éomplementary forms

of reversibility (inversion for.classes and. numbers and reciprocity \

for relations).. However, he is unable to integrate them into the
single total system. 1In contrast, the formal operational adolescent
débelbpSAa mechanigp * hich re%}lts'in the integratidn of inversion and
reeiprpcity. - 3 o T _\\
The adolescent s thought structure is marked by a hlgher degree
of rever51b111ty than is present 1n pkev1ous stages. The two forms of

rever31b111ty, negatlon and recipro-. ity, become united in a fully oper-
atlonal system (Plaget 1953) In:1nvest1gat10ns dealing with equili—
brium in the balance (Inhelder'and Piaget 1958, Chapter II) the manner
. | -

}n whlch SUbJeCtS deal with the- transformatlons of the INRC group at’

th concrete and formal substages is 1llustrated.’ It is only at the
/-

. stage of formal operatlons that the subJect is able to understand
. :

transformatlons by‘1nversion (N) con51st1ng of the . removal of ‘weights

R

and. by rec1prqc1ty (R) con51st1ng of puttlng on equal welghts at. an

equal dlstanee‘on_the other ‘arm of the balance. Herehthe inverse (N)

- cancels the driginal operatidn, whereas the reciprocal (R) com§Ensates

for it without canceiling it. However, N and R have:the same final;»“

‘

\\g;‘jefggt, that of btinging the arms of- the galance back into the hori;
N ’ - v E

4 »
~zontal plane. ' The formal operational subject is able to group’

’

w



transformations into a single system (I, N, R, and NR=C).1 Moreover, he
is able to make use ‘of the equality of products ln aamore general form
than in the multiplicatioh of~relations fouﬂﬁfzz the concrete'stage

The p0531b111ty of reasonlng‘ln terms of the group structure 1mp11es an
understandlng of the relatlonsplps between the products of two or‘more
transformatlonsl NR=IC, RC=IN, NC=IR, etc.> According}to Piaget, the .
‘acquisition of theAlNRCrgroup structure characterizes the stage of formal
‘operations in‘thinking. In the present study an attempt is made 'to
determlne whether certain mlsconheptlons in the area of chemical equlll—
brium are assoc1ated with the students'’ perceptlon of the INRC grcup as
assoc1ated with the concrete aud formal operatlonal stages

Another characterlstlc Wthh st1ngu1s es the rormal operatlona1
stage from the concrete operatlona- stage is t e ability to 1dent1fy all
p0581b1e factors relevant to a problem under . 1nvest1gat10n by formlng 4'

all p0531ble comblnatlons of these factors, one at a tlme two at a

- time, three_at a time, and so.on. The ihdividual need ho'louger confine
his'attention to what is real but canlconsider hypotheses‘that‘may or
may not be ‘true and work out what woulﬁ‘follow if they werigtrue. The
vhypothetlco deductlve procedures of mathematics and science have become
open to h1m (Plaget,‘l964).

An example of formal operatlonal thought is that carrled/ag by
the adolescent in coplng w1th a problem in which he is glven five
bottles of colorless llqulds, of whlch the f1rst third and fifth
combine to form a yellow color the secoéd is neutral and the fourth

‘bleaches out ‘the color (Inhelder and Plaget 1958, p. 107- 122) The.
problem is to flnd out how to produce the yellow color glven the

i

required solutions, labelled l, 2, 3, 4, and "a", reSpectively.- At



( ' C } ' : v' ' :vl 6

the early concrete stage (Cl),.SUbjects begin by mixing each solution

- with "a" or by taﬁéﬁg\iﬂém all at once. Although combinations are

involved these are the most elementary and. limited combdnations.that
operate in multiplicative "groupings" of classes and relations. The
idea of constructing combinations two-by-two or three—by—three, etc,,

does not occur at this level. In the later concrete substage, the

C2,

appearance of n-by-n combinations is noted. However, :he Lubject does
. L - : .

not as yet-discover any system and only tentative emp:rical efforts are

involved. he fact that these romblnatlons -are not systematlc deflnes

the upper 11m1t of tl.i . vubstage and subjects typically do not

1nvest1gate even the six p 551b1e two-by~ two (w1th " a'") combinations.

The ‘cause of the yellow color for the concrete operatlonal subject is

still sought in partlcular elements rather than. in their combination.

Although some subjects‘dollocate the color by fortuitous means, the:

o

roles of other solutions are misinterpreted -The negatlve effect of

solutlon 4 is also sometimes noted but a spec1f1c method of proof is
Tacking.
The two innovations which'appear at the formal operational level

are the systematic method in the use of n—by—n comblnatlons and an

understandlng of the fact that the color is due to the comblnatlon as

such. Formal Stage subJects form .their Judgements accordlng to a.

comb1nator1al system having the form Qf the sixteen blnary propos1t10ns.

r

. Comblnatlons one~by—one, two—by—two,'three—by—three four or zero of

the four base p0851b111t1es are taken. - This formal mode of reasoning,

founded on the.combinations of factors, leads the,subject to a new

'conception of the cause of the color. ‘This cause’ is no 1onger sought

‘in one or. another of the solut "»ns but in thelr being-%rought together,



id‘the very fact of thejr chmbination.

fn“the'combination of chemical bodies'problem the dlfference
between subjects at tﬁ@'two‘substages of the formal level, designated
Fl and F2 respectlvely, is ene of degree. The:only%innovatiOns_Qf.the
later substage F2 are that the conbinations, and morehparticuiarly the
proofs, emerge in a more systematic fashion. Although the results are
the same as ;n7suhstage Fl’ they ate diseoyered by a more.direct methed.
T is‘is because the suhstage F2 subject makes use of combinations

involving substitution and addition with greater efficiency to determine \

" the respective effects of the respective solutions. For example, once.

the F2 subject establlshes the fact that the color is due to the

— T
v

combinations of solutlons 1, 3, and "a", he then replaces solution "a"

with solution 2 and then by solution 4 to see if they have equlvalent

effects. He then goes back to solutlons 1, 3 and "a" and adds solutlons
. ~
2 and 4 alternately to the mixture to determlne the effects of these

additions. 1In thls manner. the thsubject arrives at the solution'by a
mofevdirect;and'systematic meanss This type of reasonlng is clearly
beyend the oncrete’ operatlonal subject. In.their class1c study on
~formal ope/atlons; Inhelder and Plaget (1958) descrlbe fully. the tech—
niques used in experlments such as the above tO‘ascertain the stage and.

-

substage of cognitive'deyeiopment of the subject.. Two -of the instruments

’

hused in the present study closely parallel the combination of.eoloriess
chemlcal bodles task descrlbed in The. Growth of LogtcaZ Th%nk%nq.

These 't sks, labelfed PT l and PT 2 are used as measures of the degree
of cog itive development of the students..‘ 3

Many of the problems that beset students in the area of chemlcal

equi}lbrlum require reasonlng at'a formal 1evel Certaln mlsconceptlons

~



s _ C

held by students in this_a&ea of'chemistry may be related to their4
inability to.GGGQUately deal with certain cognitive transformations
associated with formal operatiodnal thaught. !

¢

Statement of the Prablem
~-crement of the Prablem

The main purpose of this investigation is to determine the

»

nature of student misconceptions in chemical equilibrium_and ascertain

the extent to which certain misconceptions are related to the student's

performance on specific tasks involving cognitive transformations

characteristic of the concrete and formal, operational stages.

Need for the Study - RN \ﬁ\\\f\
———- 10T the Study

v - ' i . _

In supporting the need for the study ét is assumed’that inteliec;‘
fual development fdilows an orderedvsequence——a sequence which, until
‘proof to the‘contrary,iabpears te be univereal. in‘an earlier work
Piaget(l95o) writes: : >~

Every structure is to be thought of as a particular form

of’equilibrium, more or less stable within its restricted field

and losing ‘its stability on reaching the limits of the field.

But these étrucﬁmreﬁ, formihgrdiffetent levels, are to be

regarded. as succeeding -one another accdrding to a law of
development, such that each brings about a more inclusive and

stable equilibrium than at Lhe.preceding_level; Intelligence is
. thus only a generic, term to indicate the-shperior forms of oo
ofganization or equilibrium of cognitiVe'Structdrings (p. 16).

Thought develops‘through'avseries o¥ stages where new mental structures

e€merge from the old ones’ by means of the'dual’processes of adaptation:

, o ., S ‘ _ R
assimilation and accommodation, The: development ‘of intelligence

involves a Progressivaly more complex balancing or 'equilibratiqn' of

these tvwo rocesses with each stace of schemsta containing the. receding
: P 2 , 29 5

stage within its organization. Faced with novel experiences the subject .
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Seeks gp assimilat th@m into his existing mental framework.
S Sl .

1

Mental development.i;‘more than a mere accumulation of

* isolated and unrelated experiences; it is an hierarchical
process with the later lacquisitions being built upon and

-/ at the same time expanding upon the earlier onés (Ginsburg
aad Opper, 1969). ' '

Hence it would seem to serve little purpose to'attempt to teach = .

chemical equilibrium, or any other abstract notion whifh requires the
existence of reasoning at a foéormal operational level, without some -
o : } o
, e y o o
awareness of the current cognitive level of the student. Three of the
. - .

instruments used in the. present study are used as measures of. the .

cognitiT; level of the student. Certain misconceptions that may be
- . o E : Y

. préseﬁt Concerning chemical equiiibrihm are®also investigated. Any

'ihstructional)strafegies thatbméy be devi§Ed to promote a,ﬁetter under-
standing.of Eﬁemiéal equilibrium must cleagly be based on a éleérf. ﬁ
deiineatiéﬁ of theVCOqceptual problg?s encbunte;ed byfgtudents‘in this .~

area. . f . .

'

¢ Ausubel (1965) supports the necessity for teachers to be aware

of the student's developmerital level of cogﬁition, if effective teaéhing

is to be achieved in science. He writes: : .

In my opinion, the most Significant advances that have
occurred in recent years in the teaching of\such subjects as
mathematics, ¢ emistry, physics, and biology_have been
predicated onlzﬁé assumption that. efficient learning and
functional retention of ideas and information are largely
dependent upon the adequacy of'éognitivé structure. That ¥s,
upon the adequacy of an individyal's existing organization,

- Stability, and clarity of knowledge in a particular subject
matter field, ' o ' o
e : .
It should be noted that the concept of cbghitive-sgructUre to
Ausubel refers more to the~sttucture of the existing subject-matter"
) N i . b A . .
. concepts than to the structure of cognitive opeqatioﬁs in_a Piagetian )

sense. However, while Ausubel ‘and Piaget differ in tﬁéir views on the
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\ nature ofACOgnitive structure, they would hoth agree that it is only

when some degree of awareness of the student's current level of cogni- .-

tive' development is achieved that experiencds can be made available to

##r fac1litate development

{

Hence it is largely by strengthening ﬁelevant aspects of
cognitive structure that new learning and| retention can be
facilitated. When we deliberately attempt to influence
cognitive structure S0 as tgrmaximize meaningful learning
and retention, we come to‘fﬁ; heart of theieducativée process qk‘g
(Ausubel 1965)." ‘ , /

RN ST ‘
The relatiopship between student achievement in chemistry and

»

Jnerformance‘on selected problems involving cognitive skills needs to be

investigated. There is'little,justification_tq be found in aSsuming
- . ) ¢ h ‘ ) . . .
.- uniformity of intellectual development among students in any given.

classroom. Unfortunately, much df the science teaching one observes all |

too frequently reflects such an assumption. Recent studies in science

teaching based on Piaget's theory of.intellectual'development (Buell

e ‘.
and Bradley, 1972; Bass and Montaque 1972) show that many students do
P
“‘not’ always function at the cognitive level of Wthh they are capable.

The study conducted by Bass and Montaque (1972) concerned two

,

problems from the general area of physical science: equilibrium in a

simple see-saw type balance; and equilibrium of a cart on an inclined

P

plane. The purpose ofbthe study was . to translate,Piaget's‘developmental

sequences into an hierarchy of ‘instructional objectives and instruc-
3
—N

tional materials for the two problems. Objectives con31stent\with

Piaéet's findings on the'balance and the inclined pldne were evaluated
through classroom trlals w1th 133 nlnth—gradelphy31cal science students.

It was,c.wacted that the ninth—grade students, most of whom were either
. B v - . . ’
14 or 1% 'ﬁars of'age, would be capable_ofqthinking at the formal or

Sy . h

i

0y
L3
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substage Fz‘lével. ,Dafa‘wére collected by means of a pre- and-po§t—test‘.
designed for the study and through analysis gf ﬁhe student's réspoﬁscs
oh thé sclf—}nstructional seduenccs.. Results on the.pretest shéwed that
for'the-Balance and inclined plane problem only 45 and 44 péféenﬁ,
respectively, of’ the éfudents were at substage Fz. Therperceﬁtage of
the sample Qperéting at_substége F2 6h the balance inctreased from 45
percent on thé pretest fo 75 percent on the posttest. Fof the inc¢lined
plaﬁe psoblgﬁ the percentage of étudeuté operating at substége F2
increaséd from 44 percent to 61 pércent._ ' '

The results of the Bass'ahd Montaque study suggest tﬁat the
hierzrchy ‘of objectives derived from Piégét's'analysis of ghe balance
proolem and the ingtructioﬁalvmaterials basediqs these_objectivcs were
effect%ve‘with'the ninth. grade sample. However, the ijectives for the f

' ‘ ‘ IhY : . S .
inclined plane were not found to be hieiarchical. These findings AP

Ea

strongly suggest ‘that, where”feasible, the instruétionalAseqﬁence 5h§hld

parallélvtheVSequtuce of'dévelopmcnt df the child's area. Iutheg@;‘

rcg&hé&fx’ role of
\v“«‘a e

ﬁ
ﬁlemlcal

Plaget s work is important for the.psychdlogy Qfdcpgﬁition

sciente education. The present étudy
formal reasoning as Seen‘by Piaget in the specific Q;

equilibrium at the hlgh school level,

especially as it pertains to children and adolescents because it
identifies, at least tentatively, significant changes in cognitive N
capacities, processes, and phenomena as a function of age, experience,

and intellectual sophistication.. Science curricula such as’ CHEM Study

increasingly de-emphasize concrete and empirical methods while requiring

c



1z,
a éreater degree of abstrection énd propositional tninking by .the student.
This suggestsAan even'greater need for the science educator to cleariy
distinguish‘oetween the cnronological age and tbe current level of cogni-

tive development of his students.

The concept of chenlcal equ1llbr1um has lon” been recocnjzcd as

.

one of.thc most.lmportsnt principles in chcmlstrv “If a relatlonshlp
between student mrsconceptrons in chcmlcal equ171br1um and ablllty to
deal with certain logical cognltlve ﬂ&ansformdtlons can.be cstab11q¥§}
tcachers may be bettcr equ1pped Lo dﬂLlCdeLG and_ﬁerhaps minimi;e
problems whrle teachlnn specific sections*on chemical'equiliorium; The
identification»of misconceptions in chemicalrequilibrium may allow
specific 1nstructronal stratebles to be devised which resu%p\gn a more

efficient treatmcnt of the LOplC.
: . R Lv
Further, thejextent to'which certain miscpnceptions occur in
oy . T, '\

chemical equilibrium may reveal the need for 2xtensive beforehand review

.

of certain prerequisiteuconcepts in this arda, 'Itvmay.also reveal 'a
need for review of more fundemental-concepts like Kinetic Molecular
Theory (KMT) While concepts such- as KMT are not unlqu to chemistry,

_they are nevertheless necessary for a firm understandlng of the d1sc1p—v

line. Problems arlslng from questlons 1nvolv1nO quantitative aspects

of chem1ca1 equlllbrlum may - subgest cert in deficiencies in basic mathe-

N

- matical opelatlons and skllls. prerlences may  then be’offercd to the

students to fac1lltate de\elopment 1n these are
The approach used in thls studv, togethcr with the type of instru-

'y

. ments used may well prove useful in 1dent1fvrng mlsconceptlons held by
students 1n other aleas of hlgh school scicnce teaching. The basic \\-

design of therinstruments used in the studv is lnjcpendent of the subject
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content andccouid be'readilf’adépted for study in oﬁher areas.
If résearch.in scieﬁéé teaching is to Be truly heipful i; must be
‘concerned with detailed ctrriculumispecificationé‘énd presc;iptibns
(Belanger, 1964). In this regard it shohld‘be noted thégvPiageﬁ is b
basically'cohcerned wiﬁh describing the 'generalized knower'? (the |
eﬁiétemic subject) and while such dgsdription sheds-profound insight‘on

epistemological problems, it lacks the fine-structure required for use . *

i :
7

“in the science classrooti. The dégglopmen al sequences outlined by
B Y

Piaget can -only serve as a guideline for detailed éurriculum‘develop‘_

ment¢'_The studies of Bass and Montaque (1972), described earlier, and >

: gf ﬁavens’(19é7); dealing withlthe’;92§ept of momeﬁtum iﬁ children,istand

6ﬁt as examples of thé kind of research so badly needed in.this area.
 The‘a£proa¢h taken in the present study to identify aﬁd éiassify

_;yﬁes;of_misconceptions.in_chemical equilibrium séfﬁes a two-fold

purpose. First, it determines specific misconceptions and ascertains

the extent to which they 'occur. Second, by virtue of requiring .
students to state their reasoning for their responses, greater insight .
into_thé nature of misconceptions present may be possible. This pro-

cedure serves to distinguish between those students who incofrectly
answer a question because of a misconception and those who/answef‘
: N : ' : ' : A
incorrectly out of ignorance of the 'subject matter. /
The present study may further offer suggestions as to the most ..

#

ef cient method of presenting the t

opic of chemical equilibrium to
hig. school students. If, for example, misconcebtions are found to be
prevalent in vgrious kinds of equilibrium problem as covered.in the

present chemistry course, one may question the merits of the essenti-

ally deduétive CHEM Study approach taken. to this topic. 'The'adoption



14
of a more Inductive approach to chemical equilibrium involving ﬁany ﬁore

specific exampl-s of equilibria may have merit as a psychological‘basis
# .

for preseqtatlonf ‘ j

Definition of Terms B : DR

Chemical EQuiZibrium:z A state of affairs in which a chemical

reaction and- its reverse reaction are taking place at equal rates so that

A ! a

: %&e concentratlons of reactlng substances remain constant Specifically

IJ
Qh : .

those examples of chemlcal equllzbrlum whlch will be con31dered deal with

I

hOmogeneous gas reaptions,'phase‘changes,’and aqueous solutions of ionic

solids,
: ’

- INRC Croup ModeZ (Piaget) " The sroup of‘foﬁf>transformétions:

identlty (), negatlon (N), rec1proc1ty (R, and correlat1v1ty (C),

correspondlng to certaln fundamental structures of thought at the formal.

"

level " For purposes of the study the INRC group model .refers to the

_ phy31cal INRC group as deflned by Flavell (1963, p. 217) and clatified

by Parsons (1960)

¢ ' .

G4, Misconception: The act whereby-a studeht through 1ncorrect

N . . - . . . . .

reasonlng, afrlves at an 1naccurate or erroneous answer to a problem as

‘Q%?

_measd%ed by gbe Mlsconqeptlon Identlflcatlon Test (MIT) Misconceptions

'u ' )

:&ype I -

3 _ThehchOSen tesponse>is correctvhut'the stated
£easoning is_incorrect, or nqt applicable.\
Type II _ — The chosen response'is-inoorrect‘but the stéted
reasoning is’cortect askfar’as~it éoesf
A) ) Type III -~ 'Both the chosen'response and stated reasoning are

PR

incorrect.

‘



. The sikvmajpf miscoﬁce@tioﬁs ;ﬁﬂer investigation.afe.thev ) \\\ N )
.fofldwing: } |
Misconéeptiop l.f.Mé§s>Versus Concentfation — ) ' -
—~inabi1i§yvto distinguiéh betwgen_the .
concepts of mass and concentrationf
MisconceptionIZ;" Rat'e veréus Extent —_
s i i ’ -
—_inability to distinguish between how fast a I

3

-

reaction procéedé (rate), and how far (extent)

I _the reaction goes.

‘Misconception 3. 'Constancy' of the Equilibrium Cons
- uncertainty as to when the equilibrium

constant -is in fact a constant.

Misconception 4. 'Misuse of Le Chatelier's Principle —

= the appliéation of 'Le Chatelier type'

~Teasoning in inappropriate situatioms.. °-

.

Miécongeption 5. Constant: Cbhéeﬁtration'4—
- inabiiity to appréCiate that certaip
substénqés display avfixed or constant 
cdncenttétidnbin certain §hémical reactions.

~ 3

Misconception 6. Competing Equilibria — e,

—‘ihability\to consider all possible factors

affecting ‘the eqpilibriﬁm~¢ondition of a
.. chemical system. ‘.
Misconception.Identvlf‘-ica‘tion Test . (MIT): 'A‘-30 item, 4 distractor

multlple ch01ce, open book test based on examples of chemlcal eguilibria

constructed for the study which regulres students to predlct the - :Lect
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'of maqipulatiﬁg variables on the equilibrium conditioﬂ b; 3é§erai chem—
ical systemél The MIT“consists of six subtests éorreépC“ ;ngvto eacli of
the ;i%‘major misconceptiéné (1—6) defined above. ‘In addition some

, qugétions %equiré tﬁe\SgHgént»tofjustify-his ;redicgioﬁ for several‘}temsj

by stating the reasoning involved in ! .. c<noice.and the law or principleh\\\

uéed inlarriving at his ;espdnses. The MLT is presented in Appendix A.
. . N i . -1

- Misconception Score: Refers to the score a student obtains on
subtest of the Misconception Idéntification Test (MIT) when the MIT is-

. keyed according to a givén‘miéeonception{
Performanee Score; - Refers to the score a student obtains on a
Lo : o . o : : i )
subtest of the Misconception Identification Test (MIT) when the MIT is
keyed accurately in a chemical sense. _ R : .
_.“The performanéé(scpré,and the misponception score for each student

on each subtest of the MIT are qsed»to determine whether or not the

student possesses a particulaxr misconception. -Performance and miscon-.

o

© ception scores are more_fuliy discussed in’'Chapter fV,
“ ’ ' ‘ l . ' . e ‘ A : .
Operation: Any representational act which is an integral part
| . . . A . v' ) '_ R X ‘ X . ‘ c - !
of an organized network of related acts (Flavell, 1963, p..166). Opera-

tions constitute among thémselves'closéd‘systems whose most important

‘characteristic is their reversibility. The isolated_operatign cannot
- be. the proper unit of analysis, because it gains its meaning from the

system of which it is a‘part. =
» o . v R L .
‘Piagetian Tasks (PT 1 and PT 2, SK6): Refer to three of the
test instrumeﬁts used in the study. Thése;are the'combinatigﬁlof e

’cqlorlesé cheﬁical bodies,tasks,‘designated PT 1 and PT'2, and the

Skemp Tést‘(SK6). Performénce'oh'these taéksjiS-used.aé a meésufe of
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the student's level of cognitive development. "PT 1 and PT 2 are

presented in Appendix' D.and SK6 is presented in Appéndix C. (The
Piagetian tasks are discussed more fully under the section dealing with

experimental procedure in this chapter.)

Reversibility: The possibility of performing a given action in

a reversed direction.  Its two-chief forms are: mnegation (not male =
' - . e, - .A

*female) and reciprocity (not better = worse). Reversibility is the

basic criterion of an -underlying operational structure,
Transformation: The name given to the process by which operations:

“can be changed in form. For exanple, the inverse or negation’of the

oberatioﬁ of édding wéight to a balance is tﬁe femoval of,that Qeight.
The system contains twq distinct and. different oberatidns, p and q,
which have exactly equivalent ogtcs%és'and'two other operations, p* and
. . S o . . A
q*, whichlnullify'o;‘uhdo P and g respectivelyi,
Tﬁe four tranéfofmations With?n this sysfem éf Operations_are as

ol o | A ‘
follows: DA : - : : , . -

1. .Identity (1)« The"null' tranéformation which chénges

: nothiﬁg_in the,opération:on whigh.it is perfbrmed. T (p)=p, I(q)=q,
I(p*)=p* and so oﬁ.; Fér example; in}dealing;with the problém of the
lscalé bglance fhé'idéntity”tranSformation ofjfﬁe ope;étion of'adding&
weight to ﬁhe pan‘(p) is ghe Qrigiéal operétion'itsgif._.Identitygaoeé
-not éhange the original operatién apd ié_similar to‘Ehe mathemdticiah';

unity., : oo . ‘

2. Negatibn’or Invefsion'(N): The transformation which results
N K R : [ ' :

. in cancelling»or'undoing.the,ofiginéi;operation. N(Ez7g*"N(q)=q*’

'N(p*)=p, and 'so on. Here the inverse or negation of 'the operation of
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adding weight to the pan is the removal of that weight from the pan.
< 3. Reciprocity (R): The transformation, having the same ulti-

-~

mate effect as negation, which compensates or néutralizes the effect

of an operation by.a symme;rical, eqﬁal and opposite counter force.
R(p)=q*, r(q)=p*,hr(p*)=q, and so on. .Fhr‘example,,the operation of

' addi?g weight . to thé right—hand é%m of the balance is the reciprocal
transformation of adaing weight to the ;eft—Vand one: Although the
reciprocal has thé same effect as'the.hegation-tran;fdrmatihn, that of .
restoriné thé scale balance to its originai equilibr;um, it is achieved
by a different route. In this.sense rehiprocity is a d;fferent type -

of reversibiiity.

4. Correlat1v1ty (C) "The product of negatlon and rec1proc1ty

p‘or'cancelled compensationi C(p) N(R[p]) =q,. C(q)= p, and S0 on."Herg
the negation of.the réqiproCal transformation carried out on the opera-
tion of adding weight to the ;ight'balancé pén resu;ts in a net effect
hfﬁremoving an equai,weight_ftom the‘ieft pan. Here C=NR (and§C=RN).
Summlng up we see theaébove transformation form a four group such thét f
the correlatlve Cis the inverse N of the tec1procal R so that C= -NR
(and C=RN). Likewise R=CN (or R=NC) and N=CR (orgRC). Also I=RCN (or
éRN). B : . _ ‘ o

>

Research Hypotheses

' ; o o . o
As the study is seen to encompass two main areas of concern, the

Al

B S
v

hypotheses are stated accordingly:
Hypothesis 1.0: The rate of incidence pf specific misconceptions in
chemical equilibrium consistently exceeds that’

Aexpetted by chance,



g
,Hypotheéis 2.0: There ié no significant relationship betwéen_studéﬁt
-~ achievement.in chemistry’and performance on seleéted
Piagetian tasks.
‘The following null'hypotheses series depend upon the rglatioﬁ—
;Tip betweén the performance oﬁ éelected Piagetiad'tasks nd student.
achievemeht iﬁ‘chemigtry. if a.relatioﬁéhip is fouﬁd ‘ exist betweeﬁ
achievement in chemistry Fnd performapce on the Piagetian tasks, its
effects on the following null hypotheses must beftéken into‘considera—
tién. If no;rélafionship is found, hypotheses 2.1, 2.2, 2.3, and 2.4
will Be.éeSted éeparately. | |
HypathééisTZ.J: There is no -significant relétiopship Between fhe
| ﬁumber of misconéeptions a studeﬁt demonst;ates in

"solving selected problems in chemical equilibrium .and

e

performance on selected Piagetian tasks.

. } ’ " .
Hypothesis. 2. 2: - There is no significant relationship between specific
misconceptions in chemical equilibrium and performance

on selected Piagetian tasks.

Hypothesfs 2.3: Theré'ié no significant relationship between the

 number of student misconcepticns in chemical equilib-

‘rium and achievementvin chemistry.

r .. : &'q . . ~ . ‘ . )

Hypothesi®s-2.4:  There is.no significant relaqionship between selected
misconceptions in chemicai7eqﬁiiibrium and achievement

1

“in chemistry.

Associated Questions

o, .

In additicn several associated questions which will be examired

‘in-this study ére: _ .
T L ()

Lo’




20
1. Is there a significant difference between male and female
students in the number of misconafptions in chemical
‘equilibrium? N
i .
2. 1Is there a significant relationship between specific
misconceptions and the sex of the student?

3. Is the degree of student misconceptualization in chemical

equilibrium related to mathematical ability? -

Experimental Procedure

The Sample

.The‘sample for the main study compfiscd 99 students enrollcd in
the Chemistry 30X program in two high schools in the Edmonton Public
and'Sepérgté School Systems. In . all, five classes were»involvédvdurigg

the 1973 » ng semester.

Testing Procedure
Four main test instruments were used- in the study:

1. The.Nisconception Identification Test  (MIT), described earlier;

which asked students to predict the effect of wvarious variables on the -
equilibrium condition of several chemical reactions. The MIT.is used
as .a measure of both the-nature of (that is, identification of)and

. degree of misconceptualization in the area of chemical equilibrium.

Q. Chemistry Achievement Test (CHAT): A,33 item multiple

choice, 5.distractor open book achievement test based on Chapters 7, 8,

9, and 10 of the CHEM Study Text.  The CHAT devised by Lantz (1972) has
a reliability of 0.71 (KRBO)_and deals with the following topics:
_'"Energy Effect in Chemical Rcactibhs,”‘”Equilibrium~in Chemical Reac-

1

tionsdi "The Rate of Chemical Reactidns," and "Solubility Equilibria."

y -
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* The CUAT is presented in Appendix B.

%

3. Sknﬁp Test (SKO6, Part II)E ﬁfhis test, devised by R. R. Skemp
of Manchestterniverfity, consists of 45 geometric test items based oﬁ
ten clearly defined oyuratio%s.' Prior to the administration of the

~SKé, Part 1T, students are givén a practice éheut and a demonSCration‘

sheet illustrating'ghese operations. This'ié’folléwed by thé SK6
& . . .

(Part I) test. used . to gain furthe;;familiapityﬂwith the operations.

 An ansver sheet is provided for SK6 (Part‘I), and qﬁcstions concerning
_ e ' , . .

the® operations are gnswered prior to the administration of the SK6

/(Part 1I). ICEmS on thé SK6'(Part.iI) involve transformations~of‘

..reversibility;.both negatioﬁ and fecjproéity,’and‘éqmbiﬁatign‘in
ﬁddiqg?n to items‘yeguiring various typés of ccmbindtions.of thesé
tréﬁsf@ggggiéns. Pefforﬁancé on the thfeé séctiqps of-thé Skemﬁ Test

vis'used as a measure of the student's ability to use thﬁ\INRC group

modei. - The Skap Test is'presented in premdix C.

mqg 4. The combination of Colorless Chomical'Bodibs.Tasks. PT 1 and

PT 2.

’Piagetian Task T (PT 1) is baséd 0n the combinatiéﬁ“df coldyless'
chemical bodies task deécribéd in'Iﬁheldef and Piaget (1958; P. ;07—122).
Thé‘task'requirgs tﬁc subject to~produ¢e a.yqliow color by ﬁauipqlatiﬁg
five col&rleéé numbered Chemical solutions. Thé Sblgﬁions are nﬁmberéd
as_folldws: (ij dilusé sulphuric acid; (2) Qaper, (3) hyrogen'peroxide§‘

(4) sodium sulphite and’ solution 'a' containing potassium iodide. )
Since ﬁhe pefoiide solupion‘will o%iaiée pbtasgium iodide in‘an}aé%d
mediuﬁ, thgvmixﬁure of solutions 1, 3, and 'a"ﬁill vield a yellow Lolor.
The water solﬁgion (Z)Mis,nguttal, whereas.the sulphitc solution-(é)
will ﬁleach the m;xtureiof‘l, 3,.§nd“'a'; The sﬁudénﬁ%is*ﬁsked to

i,
Y

w
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record his approach to the prohlem in a step—bp—step fashion on a
separate sheet provided. Further, he is asked to lhvestigate the solu;
tionslas much as he can'to‘determlnevthe effect of each.one. As such
PT 1 involves comblnational operatiohs in their general form and
includes notions relative to_inversion'and reciprocity.‘.In a manner
similar‘to the classical’investigation carried out by.Ihhelder and
'Piaget (1958) the student's method and approach used to solve the task
will form the crlterlahfor evaluation of individual performance on the
PT 1. A morevdetailed discussion of these'criteria’is presented.in
.thls c&apter. PT l is presented in Appendix D. |

Plagetlan Task 2 (PT 2) is a task dev1sed for the study whlch
closely parallels PT 1 in its format. PT 2 involves'the combrnatlon
of five labelled colorless, chemical solutions to y1eld a yellowl
coloration. The solutions are numbered (1) water; (2) starch; (3)
sodium sulphite; (4).chlorine water; and solutioh"B'vcontaining
.pota551um 1od1de. The chlorine water will oxldize the iodide solutlon
,resultlng 1h the mixture of 4 and 'p! produc1ng the yellow color. As =
bin Pljl the sulphite solution (3) has the effect of bleachlng the
mixtpre 4 and 'b', the water solutlon (l) has no effect.-ﬂThe-starch
solutlon (2) forms a deep blue color w1th 4 and 'b'. The smlphlte
solutlon (2) also bleaches the deep ‘blue color

The students are required to record their solutlon to PT 2 on
‘the. separate sheet prov1ded. PT. 2 is presented in Appendlx D. 1In |

‘addltlon, the Grade Nine Co- operatlve School and College Ablllty Test,

Form 3A (SCAT) .scores were obtalned for each 1nd1v1dual where p0551ble.'



Pilot Study
Pilot projects 1nvolv1ng the Mjsconcébtion Identification Test
(MIT) and two of the PiagetianAEasks were conducted priorito ‘the formal

administrationhof the test instruments The initial form of the MIT

“,
e

was distributed to several experienced chemistry teachers and professors
: RS

in order to assess its accuracy, clarity, degree of difficulty and

relevance to- its intended purpose. After 1ncorporat1ng suggested

changes deemed‘neeeSSaryvby the consultants, the MIT was then admin-

istered to three Chemistry’ 30X classes in order to further refine the

instrument. An assessment of the reliability and validity of the MIT -

was then made on the basis.of an item analygis for all questions on
5 e

the instrument. This resulted -in rephrasinéLthe wording of several
items in.accordance witn the CHEM‘Study tgrminologyvtogetner with the
decision to make thezMIT an open-book examination.

In aisimilar manner the two Piagetian tasks (both are formstfl-
the Combination.of Colorless Bodies Task) nere pretested using theﬁsame
students. Following the correction:of ceriain%difficuities associated
with .the directions for performing.thesé tasks, final versionsifdr Both
fOrms were deneloped To gain\familiaritv w1th the administration and
use of both the Chemistry Achievement Test (CHAT) and the Skemp Test .
(SK6) these were given to the 62 students in the three Chemistry 30X

classes used in the pilot study.
' ) @

N - ’
Sequence of Test Admantstratzon

In-the main study the Chemistry Achievement Test (CHAT) was
administered first, followed by the Misconception Identification Test

(MIT), the Skemp Test (SK6) and the two Piagetian Tasks (PT 1 and PT 2)..



< , ., ' a
. ~ b
both the QHAF and the MiT were dUthLSL@er follow1ng completloﬁ )
3 N . )"b .
topics covered in.the tests bLlng taughL in the rebu]qr classronm

"\\ D T " "1’1“‘_

setting. As the %Lemp Test SKG6 and the,Prdgetlan Ta Qﬁ (Pt l and “T a2) -

were deemed 1ndependent of the speclflc ‘chemistry . contemt covergd 'they

were administered approximately one wedk later.
: )

7

Delimitations

Slnce the ChLmlSLrv Achle\eme#t Test (CHAI) deals w1th only four
. " »

of the elght chapters in the Chcmlstry 30X course, any generalization
reéardLng chemlbtrv achievement will havc to be rcstrlcted to thc
topics covered by the CHAF ﬁhllc teacher methodplog\ and dcgrcc of
Qmpha51s glven'to the tqpics covered by the‘CHATwere nor contrpllcd;_the
‘participating téaéheré were asked fér this information in order to
derept‘any bbvious\omissiqns'or irregUIar éituatipns.

The nature of the Piagetianvtaékg, mainly of rhe.nonxﬁerbdl, npper

: AR g R ‘ R
and“pencil variety,.necessitates the delimitarion of anyrgeneralizgtions
.regarding thg-studentfs perrbrmancg‘on thesertasks.to those situﬁtions‘
rested.“Whiie.the inveétigator nptps that qerrain cdgnitiﬁe'skilis may
-be more relevant to chemical eqpilibrium; an.overemphpéis oprthe -
spccificity:of these competepcies éhouid not be encouragéd,” further,
the'applicatipn of the iNRC model to rhe.chemical equilibriﬁm problem
: : ; ’ S o

situations invesf&gated in this studqunly serves as an example of one.
area'%i application of formalvoperaiions in-adolescept rhinkingh. A'ﬁore
definitiye study to fpll? iﬁvestigate the roie of eéch of the INRC
transformations is clearly‘beyond fhe'scope éf this étudy, athough the

approach taken 1n the present study may rev;al some guldellnes for such

) research. - A e ‘
- [ . : : £ .
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Limitations
g 'pne limitation of the study concerns the possible‘ové;simplifi—
cation' of the néture of the miséonceptgalizatidn as measured by the
Misconception Ideﬂtification Tést (MIT). The items in the MIT were
desiéned“to elicit certain types Qf misggnceptions as perceived by the_
invéstigator, in consultation with éxperienced’people in the field.
é? glsconceptlons identified by this instrument are thése which are
éé? d";rltlcal to a firm understandlng of chemical equ111br1um at the
-high school"level, and mot necessarilylekhaustive'of thé‘domain'bf
pQszblé'miscdnceptiohs‘in this area.
A further llmltatlon concerns the valldlty 3pd rellablllty of
" the test inssluments used, Whlle the rellablllty of both the Chemistry
:;AchiéQemént Teét (CHAT) éna the Misconception'Identification Test (MIT)
canibe assesééd statistically,vthere exists. no statistical means ofi
‘aségésing the'validigyyaf_the series of Piagetian.fasks used ﬁq measure’
‘the“lével éf cognitive fﬁnctioﬁing of tﬁé students.v'Howevef, the
itasks closély'ﬁéfailel thdse uéed in classical’studies (Inﬁelder and
Piaget 1958) and the Skemp Test SK6 ‘has -been used in other studles'
(Harrison, 1967) ~ Both the‘f§a51b111ty-and approﬁ£1ateness of these °

A,

tasks were discussed with Piagetian experts.



CHAPTER 1I

- THEORETICAL FRAMEWORK AND RELATED RESEARCH

Introduction

In order to place the present study in theoretical~perspecfive,
Piaget's. thgory of cognitive development is outlined here. Speciali 2
emphasis' is placed upon.the INRC group logical mbdel, its role in

P e

formal ﬁhought and‘its applicability to the present study. The review

is presented from the point of view of a chemistry teacher who is

vprimarily coricerned with the practical implications of the model for

classroom téaching and learning situations.

_The_SéCond part of the chapter is devoted to a review of research
studies considered to be particularly relevant to the“investigatioﬁ»

beiﬁ_Md. L NS

Pia et's Cogﬁitive.Theor of'Intellectuai Development
28 _ y pm

~ Perhaps the most important concept in Piaget's theoryvof cogni-

tive growth is th'e_:”sc.hema.'-i By this term Piaget refers to an internal-

-

- iZed mental représentatioﬁ of a particular action, an internal structure

which iéilinked'with a certain pattern of behavior. Piaget uses the

" analogv of a mathematical "operator," and in fact referd to the highest
" analogy : athemati perator, e hig

levels of mental organization as "operational schema' or !operations."

. The.developménf.of mental structures is conceived as the

s

progrgésive_intefnalization and symbolization of action. Through a

series of#more‘andimore complex stages, the childVgradually is able to

n

free his thought_précesséé from the motor activities upbn which they.

o . ' Gb 426
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are based. Pilaget sees these internal;sttuctures as hierarchically
crganized. The earliest scheméta»are physicél actions-upon the child's
immediate_environment; These become internally represented as the
child moves‘throuéh symbolic and perceptual representations of action
to fuily abstract mental concepts. Each stage of schemata pontains
the préceding stage.within:ité organizationbbut the eatlier stage  has
been further broadéned,bcompiicat¢d5 and enriched bylinteraction with
other schemata. The new level is a teﬁsitively balanced ”éqﬁilibtipm”
of interlocking mental struqtutes.. ? |

.-Thought develops out of an encounter betwgen the growing child
dand his‘environment.' Piaget employs the biological conc;pt of'Vadapta—v
tion" td atcount for change and growth in ment;l life. "The'twodtomple—
@gntary principles of adaptation are "assimilation” and "accommodation.f
In assimilation, the qhifd'has an‘existing-échema or ‘'rule df actiqn‘d*
towards a particular group of.objects; In accomﬁddatibn he mﬁst modify.

t

his‘existing schema to incorporate ﬁ?w objects into his ddmainf The
critiCal»difference between the two procéssgs_seemsvto be‘indthe degree -
of discrepancy between the newly diScovered object énd"the'bld schema.
Theboﬁly real chahgé"in behaviot; arid thereby in mental stfucture,
~occurs in actommodation; Nevettheless, adaptation is a_balancing‘off_
of ‘both assiﬁilatioﬁ and'accoﬁmodation. The result at any'mdﬁent is a
_ "semi—mobilelequilibrium," an equilibrium in the sense of a balance
between the two prdcesses,-and semi:;dbile iﬂ the sense that itdis
always subject td teorgéhiéation wﬁghéyet'disérepédcy forces the child
tovhove;to a;ﬁew stége.b. ‘ | ‘» .

In a child's déVelopmeﬁthof operational structurés, the basiszof

knowledge, Piaget has distinguished four main stages: a sensori-motor,
j : : v _
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. pre;verbal’gtage, extending through approximately the first eighteen
- months of life; a pre-operational stage extending.from about eighteen

‘months to about-seven,years; a concrete operations'stage from atut

seven years to about eleven or twelve years, and a formal operatibns °
Stage whioh beg}ns at gbout eleven or twelve years of age. Although
the order of the developmental stages is constant the chronologlcal
ages correspondlng to the stages Vary a great deal from cultuge to

A

culture and 1nd1v1dual to 1nd1v1dual (Dodwell 1960; Price-Williams,

g

1961). " ) ’ ' - :
Between the birth. of the 1nfant and the ages of one aqd one half
to two years, the child moves through six substages of sensori-motor
intelligence. The scope of this development may be seen by comparlng
the earllest perlod where the Chlld has onky a few reflex1ve schemata

"

at his command and 'the final perlod where he is able to 1m1tate an

_absent model, search for and %ind a hidden object and show con31derable

év1dence of 1nternal mental actx@%ty. He realizes that Objects which
are no longer in the 1mmed1ate here and now still continue to exist,
but hls apprec1atlon of them is tied to concrete’ actlons.

From two to four years, the: Chlld increases hlS capac1ty for

,stable 1nternal ‘images of external events and actlons.' Imitatibn play

-

and- language development are ‘the prlmary achlevements of this perlod
Thought®, however, is _transductlve ; the child reasons from particular

to particular and his. symbolmc act1v1ty 1s frequently very 1dlosyncrat1cp

.

' fn the "intuitive" phase he beglns to shg@ beglnnlng of loglcal

thought but his thlnklng is hlghly unstable and is tied to perceptual

arrangement The issue of centration and decentratlon of thlnklng is

R

relevant to thlS perJod and is most clearly 1llustrated by reference
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to Piaget's studies of the concept of number.: Nonconservation occurs
at this stage with 'respect to number, space, duration, quantity,;classes,

series, weight and volume. The”child's concrete thought processes are

sald to be 1rrever51ble. - ~#k\

Between the éges of seven'to eight and eleven or twelve, an

S

important development of’ thlnklng, not yet separated from 1ts concrete
context ‘is formed Examples of operatlons developed in thls stage of
'concrete operations 1nclude those of classification and oﬁfo}dering. -

Included .are operations:of spatial and vtempo'ral nature, ope‘ions of

PV

- the elementary logic of classes and relations,:and operations of
elementary mathematics (associativity, closure), geometry and pﬁysics.
“All operations are concrete in the sense that they operate on real

ijects..
The -yet 1ncomp1ete systems of operatlons are characterized by two(\
\;:
‘in

forms of rever51b111ty negatlon, in Wthh a percelved change is seen ' \>

S
to be annulled by its correspondlng negative;thought operation;'and
reciprocity, in which, for example, "being a foreigner" is seen as a

' . 3

P ~ 1

rec1procal relatlonshlp and before—behlnd spatlal relatlonshlps are seen

as relatlve. At thlS level the two forms of rever51b111ty are employeﬁ/

independently of one another._ : ’ C “,. ' SN ‘
- : . T NS

" The capacity for formal, logical, abstrect‘thought appears @at.

" about

—

about age eleven or twelve. Reasoning about 'the "possible,

“ideas and events which are in the pést,'the future, or,the imagination,

'is now within the person’s scope; 'The ablllty of the adolescent to

transcend the 1mmed1ate here and now is’ on a theoretlcal basis and

‘therefore distinct from the child's fantasy and imagination>found‘in

L)

. . [
earlier periods. Such conditional ac "opts-as proportions, prdbabilities,
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permutations; and combinations’ are available to the adolescent, as is

'/
1"

the capacity to perform "logical expgriments,” to formulate hypotheses
and test _them, and to do all this without necessary reference to-

concrete materials or images. The adolescent's system of mental oper-
. ﬂ . °

R e

ations, now highly flexible, has reached a high.degree of.eddiiibrium.‘
Accordiﬁg.to Piaget, thinking ﬁow'ménifests the.quelities qf pure
mathematics or 1ogie, | | ‘

The essential atttibute of formal‘thought is its orientation
towards the possiblefandthypothetical (Fievell, 1963, p. 212). One

. - Q »

manifestation of'thie orientation is tﬁe adolescent's tendency to
’ekplore atl possibilities by sugjecting tHe problem variabies to a
‘combinational anelysis.“'in the present study the Piagetian faske
(pT 1 aﬁd PT 2) invoi&iﬁgvthe combination of colorless liquids clearly.
i;lustrates how theuaAOiescent deatslwith SUC% problems (Inﬂelder and
Piaget, 1958 p. 107- 122)u

For 1llustratlve ;grposes let > represent the formatlon of the
yellow coloration produced in .the first’Piagetian Task»(PT l). P
représents the absence of.thesyellqﬁ éoldr.’ If q'repfeeente the water
solution ﬁsed in the task,“then avrepresents.its absencevand the
folléwing is seen to:bccﬁt. As the adolesceﬁt.begins experimentatioﬁv

with the 16 possible eombinetions involved in the task‘he may correctly

-."

néte that the yellow color is present when the water solution is’W~#;

present in the mixture (i.e.; p.q). The ydunger child might’c&hclude-

. 3 '47 /J‘ o
(1ncorrectly in this case) that the water solution is respoﬁ;'ble for .

. P
the yellow color (1.e.,-that P 1mp11es q). The adolescent on the other

¢ 5.

hand, aware of the totallty of p0351by11t1es in the task proceeds to.

. . aﬂ\
test the poss1b111t1es bnyurther experimentation. /é abllshes that -

. o - . N . /
. S ! o . : €0y 2
s . vl.‘- N (4; g
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P.dq\ P.-q and p.g also hold and Lherefore correctly concludes that the -
water solution q is causally 1rrelevant to the yellow coloration p. -
In a 31m11ar manner other varlables in the solution tasks (the ac1d

'
' solution, the color-inhibiting solution,_etc.) are fully investigated
by thd adolescent before cOnclusions are draWnt The Inheldervand
Piaget volume on adolescent reasoning (1958) abounds with instances

<

.of-this kind of prohlem—solving'strategy. In extensive . experlments

. T
involv1ng the momh}natlon of solutlons task they have categorlzed
subjects according to both concrete and formal operatlonslstage in
addition to the substages at each level. Both Plagetlan tasks (PT 1.

and PT 2) are closely related to, the cla531cal experlment on colorless

solutlons conducted by Inhelder and Plaget The criteria used to deter—
mine the cognitive level of "students in the experlments conduc;ed by
Inhelder and Plaget (1958) form the basis for evaluatlon of - PT 1 and

- PT 2 used in the present study.

The basic criteria for determining performance on the Pizsetian’

tasks (PT I and PT 2) are as follows

‘Early Concrete Stage (C])

In the early concrete stage (C ) the‘only spontaneous reactions
of the student are elther to associate each one of the solut1ons 1 to
4 in turn with solutlon 'a' or to take all.four at the 'same time. At
this level the student does not thlnk of attrlbutlng the yellow color
: .to~the combination of severalf solutions as such. Rather he thinks of e
the'color.in terms of a single solution.itselfg

The idea of;constructing cdmbinationSjtwoeby—two or”threeQby~three;
etc.,vdoes,not occur-to students at this level. Further they are unable .

to account for the effect of solutlon 4 (the color—1nh1b1t1ng solutlon)
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Late Cor:»cte Stage'(CZ)
¢ N

In the late concrete stage, student reactions are similar to

those ‘of Cl but more advanced. The most visible progress is the !

appearance of n-by-n COmbinations.v However the students still do not

2

discover any system and only tentative empirical efforts are involved.

Students at the level of C2 usuaily bégin by multipljing each

solution by solution 'a'. They then spontaneously use two-by=-two or .
y y P y y

three-by-three combinations (each time with solution 'a'). The yellow
~ color is still gssaciated with particular solutions and not combina- |,

tions of solutions. Students here do not carrv out a systematic’
op arry y

)

investigation of even the Ssix poSsible two—by—two combinations of

solutions with golution 'a'.

The fact that combinations performed by students ét this level
are non-systematic defines the upper limit of this stage. 'Although maﬁy.
- . y'\ . .
students discoOver the cause of the yellow color and even the negative .

'effeét of solution'é,bit is only by direct ménipg}@tion and lacks any

specific method of proof,
Early Formal Stage (F1) - e

At the level designated F,

the major developments are the "emer-

"gence of a syStegmatic method in the use of n-by-n combinations, and an
understanding of the fact that the color is due to the.'combination of

the solutions. ‘The six possible 2x2 combinations (with solution 'a')

are easily'attained by students.
. ) : . ’ N
N Once the yellow color is found (solutions 1 and 3 and 'a') the
N % : R ) - g - . -

1

. ' : : . ) ' .
.studenﬁ\Qgerating at the Fl level is nqQt content with a single solution

to the problem and investigates other combinations. Students can



'distinguiSh between solutions 2 (heuttﬁl) and 4 (négative effecg)~by

oy

the use of addition and substitution combinations.

In contrast to the earlier concrete stages sfudents at tlie early .
»formal stage perceive .the totality of combinations possible .and
. : e y . e .

investigate the problem.. However in practice thg methods used by many

(S Lo n . . , o ..
students at this level arewscen to involve redundant combinations and

lack certain refinements. present in ‘the late forma}-gﬁage‘(Fz).“

) ’ . ) i tr i .
 Late Formal Stage (Fpl- . - .
The difference betweep stagGS'Fl and Fé is only'one of degrecait T

Students at theilevel.dcsigﬂéted.FiIare_seen to be %ore s?stémdtic thauj
_at‘Fl énd the‘solutions‘ﬁdr»tbe tas£ énd‘Fhe éffects'of particulﬁr
solutions are arfived ét:py a mbfe dirgct me thod. As‘with students;at
sy the early formaifsgage»sﬁb;titutign and-addition.éqmbinatipns‘ére used
to invéstigate the diffefeﬁﬁ:éffebts of'gélutionst and 4. However
their use at this levéi is m;re so&histiéhted and:th¢§vgié;cérried{outv

with greater speed. - . . o x .

Sﬁudentsgat the .late formal level, are fulTy‘qwaré;pf,the tnherent

possibilities of the solutionsvpfoblem and are‘éaﬁabiefoﬂidevising‘a_

minimum strategy to arrive:at the full sclution. ‘qf . B .o
: ‘ T HRRTE MR : S S

7 o L : o

’ v N . - N } - R o "

The INRC Group Model

The INRC group model is an attempt to spécify the rules which -
the adolescent uses in manipulating or transforming functions. The four

rules or transformations are: identity>(I);,negationf(N), reciﬁfobity

)
"

(R) and correlétivity (C).3 A Subject’s.ability'tq‘apply;these trans-
formations as a group in problem-solving situations provides the Basis,

kS
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for cogniﬁive lcuel categorizétidnr ' ‘ A
I£ should be pointed out that two forms of the INRC greup have
been distinguished: the logical INRC groupuand the physical INRC grouu
(Parsons, i960). The logical INRC'group deais with content censistihé
.of prop051tlunal stltements as described by Plagct (]946b),‘aud Inhelder

and Plaget (]958) The content of the’other;;the physical INRC group, .

entails physical operations. (Flavell, 1g63 N @l/) The need for

1

_distinction, according(fo IFlavell, ai;ses from thc differences in the
‘logical meaning of .the two transformations of negation and reciprocity
in the two, contexts. Tor purposes of the present study the.INRC group

model,refers to the physical INRC mofel as scen by Flavell (1963, p. 217)

.

and as defined earlier. The Hegatiou (or iuuerse) operation, as its

uame suggests, 1nvolveo'thu lltulai canccll1ng\or und01ng of an opc*aelun;
Although it ultimately has the Saue effect as the rec1p10cdl opcration it
is achleved by a diffcrent route. The compensating or néutralizing

effect produced by the reciprocal operation is a result of the intro-
' ' §

. v
ductlon of a symmetrical and. equal and opp051te counterforce. That is,

in the phy31cal INRC modcl negatlon d11ect1v annuls or undoes the

operatlon whlle its. rec1procal leaves the Oporatlon untouched by-neutrai—

o . -\
izing 1ts effect. L

The INRC modcl as uqed in the present study serves onlv as a

theoretlcal model or schcma for the descrlptlon of student rcason:ng in
: v

the area_of chemical equilibrium. Performance on both the Skemp-test

(SK6,_Part If@hqn ﬁhe Piagetian tasks (PT 1-and PT 2) are deemed'

measures of the studeutéi ability to use the INRC model. Piaget and

hls assoc1ag§s in del ng w1Lh prO)lems 1nvolv1ng phy51cal Systems of

: \

the (p p* g q%) ‘type have shown that their formal—operat'qnal subjeét
. A6 B v ’ - ‘ :

LA ¢ N . i '
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is capable of identifying all four transformations of the INRC group
and further'that he views them as a.system, with each operation bearing
a specified relation to each other.

»
A .

In experimentatibn inuolving prohlems of mechanical equilibrium
(the hyd{fullc press, the: balance) certain types of conservatlon,
‘probablllty and others, Piaget 1llustrates the dependency df reasonlng
at the formal level of the INRC group model. Only at the level of
formal operations do the two forms of rever51b111ty (negatlon and
' réciprOCJty).become truly 1ntegreted into- a 51ngie system
The nature of the phy51cal INRC group structure is 'well ilius—
trated in the snail problem (Inhelder and Plagét 1958 P- 318-319;
&///g;aget,vl946b,‘Chapter 5). In thls experlment a snall is set in motlon

on a plank which can be moved e1ther in the same d1rect10n as the motion
‘ . Y . >
of the snail or in the opposite direction. 1f we~let p represent a

1cft to right moVement of the snail on the board for a,distance X, thenv
p* represents the 1nverse, right to left movement of the snail on the
board»for a distance X. Hence p* returns the snall to the p01ntvof
origin;i Similarly q rebresents a left tohrlghtrmovement of the board“
on the. table for a .distance X~andvq*'representsvthe inversevmovement

.of the board on the table Here the snail fs assumed to be resting
1mmob11e on the board. The INRC»transformatlons of these four opera-—

tions constltute an example of the "phy51ca1 INRC group.'

For the sna11 board operatlons, the 1dent1ty transformation (I) 4%\\5

.
1

leaves them unchanged. The negatlon (M) reverses the direction of
‘motion. R reverses the directlons and interchanges the two objects,
the snail and board, For examg;e, R transforms p to g¥* and. p* to q.

In other words the reciprocal of the snail mov1ng from left to rlght on
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the board (p) is the motion of the board_from right to left. As we have
seen, the net effect of the reciprocal'transformation isvidentical to

. . N
that produced by the negation or inversion transformation.

In a similar fashion the correiative ttansformétion can be shown'
to be the composition of*N and R{ fo-apply C the'operation is firsL
tranSférmed‘by negation (N) followed by its féciprodal R, i.e., C(p)=
N(R[p])=a. | |

Easléy (19645 presents a more complete'aﬁalysiévof the snail
problem in termsuof the physical INRC group. Here the.focus of‘the
' investigation was on the con;éction between the INRC groﬁp and the snail
problem to see how this abstract group applies tola particular problem
which‘caﬁ be tested in the claésroom;

v.The préséntvstudy’is conéerned‘with fhe application df the
physical INRC group transfgrmatidﬁs to:problems involQing;chemical
‘equilibrium. . Coglider the exémple of tyo chemical reactants A and B in
'équilibrium with:the product C illustrated-by:
| A + BT C
~ Using this system for illustrative‘puréoseé it‘isnfossiblg to.identify
éxaﬁples’of the INRC transformation as followé£ 
1) Identity (I). Here the student must appreciate that féfbé
given»temperature‘thé eaﬁilibrium value, TZ%E%E;P remains}
co?stanf, i.e., the eqhiIibrium constant is avqoﬁstéﬁt‘for‘
‘a specified temperature.
2) Négation (N); Here the reduction in the concéntraﬁioﬁ qf‘the
reactant A éan be'negéted by;increasing'the cpnceﬁfration of‘

R
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3)- Reciprocity (R). Here the effect®of either increasing the
concentration of A or B or decreasing the concentratlon of C‘
has a compensating net effect on the position of equillbrlum
of the system. - . 7 ;

4) Correlativity (C). Here thé negation of a reciprocal trans-

‘formation (the addition of A by the removal»of‘B) can be

a

' 1
achieved by simply increasing B.

The two notions of reversibility (2 and 3 above)'arevclearly

fundamental to the.nnderstanding“of the equilibrium.‘ It is only when‘

the student comes to the'realization that‘a given net effect on a chemical
system at equ111br1um can be achleved both through negatlon and reciprocal
transformations that a f1rm understandlng of the phenomenon is achleved
For ehample, the neans by wnlch more product C is produced can be achieved
.in two wéQS- by negation of an increased conoentratlon of C (the removal
.of C), or by a rec1procal transformatlon, the addltlon of elther.or both
- A'or B. Further examples of this nature would support the underlylng
nece351ty of the 1ntegrat10n of the two forms of revers1b111ty in deallng
vwith the problems of chemical eoulllbrlum.

| Many of the ltems on the Mlsconceptlon‘Identlflcatlon Test (MIT)

1n addition to their use in 1dent1fy1ng major mlsconceptlons‘ln thls
'area, 1nvolve‘part1cular transformatlons of the INRC+ The attempt to
relate 1nd1v1dual 1tems to spec1f1c transformatlons revealed that this

1s a highly complex matter which probahlylcannot_be_accomplished by ai
priori lbglcal analysis of theyiten alone. while empirical'data on
- student reasonlng appears’necessary, ‘a prellmlnary categorlzatlon was

carried .out.



The INRC Group Model and the Misconception Identification Test (MIT)
Table 1 presents the specific transformation corresponding to
items on the MIT together with the relevant major misconception,
Representative questions from the MIT illustrating the four
transformations follow. All items discussed aré\takenfdirectly from
‘ : . v '
the complete MIT.presented in Appendix~A, | o -
' = NN "‘\.T ‘
1. Identity (I) . o -
Q. 30. o " Consider a cylinder (see diagram)
I Atms ' : ,
\ - containing an equilibrium mixture
3 . !
i of X, Y, and H,0 which react according
- e . L : R
) .
‘ to the equation:
f ‘ , .
2%+ {HZO _ ' 2X + H?Q;?*‘ Y, under a constant

‘ : . B B
/ ' : pressure of one atmosphere.. In the .

. e ’«\/ ) o P . s . . o . .
A % - ‘ . ‘. cylinder there is gaseous X, Y, and
- & Coa H,0, together with some liquid water
- IR & » (in which X and Y are quite insoluble).
t liquid water ,) ' - o
Water vapor is ddded to the cylinder through a ¢i.l valve, A. When the’
. 5 : -h= S _ .

[ . )

system returhs to quilibfium, the number of moles of ¥ will be N

| ‘ .

Correct answer O
. o o Relevant misconception 5 (Constant

' ' - : ‘ Jconcentiation)

To correctly. answer Q.-30; the student must realize that the

operation of adding water vapof to the system, already at equilibrium

"with ¢xCess'1iguid water,' has no.effect. That is, the student carries
out an identity transformation on the

operation (addiﬁg water vapor) to -

~

s

correctlj‘prediét’the‘éffect. .



TABLE T

INRC Transformations and Relevant

Misconceptions for the MIT

Relevant| INRC
Keyed Miscon- Transfor&
Item jAnswer | ception, |mation
1] A 2
2 B 2 - N
3 a 3 I
4| A 1 R
5 A 1 R
6 | B 2 R
7 A 1 R
8 | A 6 R
9} c 3 1
0 | b 4 N/A
11| ¢ 4. 1
12 B 6
13 { B 6
14 C 3
15 D 4 N/A

~
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Relevant| INRC
Keved {|Miscon- {Transfor-

‘jItem |Answer |ception {mation

16 D 4 N/A

17 A 6 c

18 B 6 C

19 C 3 I

20 B | 2 R

21 D 4 N/A- -

2 | 8 |6 R

23 A 5 C .

24 I B 1 N

25 A 2 N

26 C © 5 I

27 ‘B 5 N

28 A 6 . C

29 [ 3 I

30 C 5 1

of relevant items on the MIT:

1.

.2. Rate vs.

Mass vs.

'Constancy’

Extent (5)

Concentration (4)

Major -misconceptions by number - show1ng number

of EQuilibrium Constant (5)

v

4. Misuse of Le Chateller s Pr1nc1ple (5)

- 5. Constant Concentratlon (4)

6. “Cqmpetlng Equilibria (7
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2. Negation‘(N)

0. 27..Some’fihely divided metallic silver is added to a litre of 0.1M

‘.

ferric chloride with HCl, and the following equilibrium is set up:

+3, ‘ +2 .+
Fe™ (aq) + agle) TR T )+ Ag (a0,

Assume that this is the only equilibrium established. »

This equlllbrlum mlhture is dlluted to 10 litres with dlStllled
- water. When equlllbrlum is again attalned, the numbetr of moles
- of metallic silver present will be et
. Correct answer B :
, W)
Relevant mlsconceptlon 5 (Constant
: ™ concentration)

‘In Q. 27 the operatien of dilutihg the system has a hegating effect

- .on the number of moles of metailic silver present. That is, the addition
of water forces more metallic silver to ionize in order to maintain an

A
Ca

‘equilibrium. o ' S
. . - L
: " ’ oy ‘47 b4

3. 'Reciprocity‘(R)

Q 22, Formic ‘acid, HCOOH is a weak organicvacid and es suéh Parfially

dissoc1ates in aqueous solution accordlng to the follow1ng EQUathH

. HCOOH +H,0 =—= 3o (aq) + HCOO  (aq.)

2 N

To a‘O.lesolution‘of formic acid is added a small émouht-of con-

ceﬁttated-hydrpehloric acid ‘which dissociates as follows:
. . ~ ' + »- : _ » . N
: .HCl +H., O | e H3O (aq.) + C1 (aqg.)
7. When the system has returned to equlllbrlum, the molarlty of

formate 1ons, HCOO ™ w1ll be Ciesesaes.
Correct answer 3B

Relevant mtsconceptlon 6 (Competlng

equlllbrla)
< .
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This question, in contrast to the previous question, illustrates
the other form of reversibility, that of reciprocity. ‘Althdugh‘the net
effect of this transformation is the same as that of negatiqﬂ or inver-

. . ) ‘ : s ¢}
sion, it is arrived at by a different route.
In Q. 22, the operation of adding acid réesults in an increase in
P T . . . . .
the concentration of H3O (aq.) -which is compensated by a corresponding
decrease in the concentration of the formate .ion. Hence to correctly
predict that the addition of acid to this system will result in a -
decreased concentration of formate jion, the student is required to
. B y

perform a reciprocity transformation.;
. b\ P S

.
oM

4. Correlativity (C)

e

Q. 18. This refers to the following'syétem:'

e

‘negation and reciptocity; In Q. 18 the operation of addlng a gas (p)

ureaction (q).. That’ is, there are two. distinct and‘different‘operations

co

\ (g) +oCl

Z(g) COCl (g)

A certain amount‘cf/nitriC‘Oxide, NO, is dntroduced into the systém
at constant yéihme and temperature. NO also reacts with C12,

according to the fdliowing equation:

. ) ' .
Oy .012(g)‘-——-" Noclz(g) L

When the system returns to equilibrium, the concentration or
© - partial pressure of the COClé will be vovvannn.
’ ' : Corréct anSwer B

Relevant mlsconceptlon 6 (Competlng
equilibria)

Correlativity is defineéd as the product of ﬁhe'tfaﬁéformntiEﬁs of
. ) &

results in the 1ncreased concentration ef the product in the orlglnal

I3
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here: p and q. To correctly predict .the effect of the operation p on
this system the student has first to realize the reciproeel effect on
pb(this_would nerﬁally produce an increase‘in'the concentration of the

"tproduct). However since this is a competlng equ111br1a problem the

addltlon of another gas, nitrlc ox1de, has a negatlng effect and fhere-

S o :
fore results in a decrease in concentratlon of the product i.e.,

C(p) =N(R[p])= q. f_

In thlS mariner most of the items on the MIT can be associated
a With specific transformations of the,INR§ model. :It should be noted
that the above examples only serve to illhstsﬁte a way of interpreting
the four transformations in the area ef'chemfhel equilibriﬁm and are not
iﬁtended to implyxthat any given transformation is used in isolation.

éach operetien beats definite relatiohshibs to the SthErs; The four
transfotﬁd@ions form a group in the mathemeticel sense (Flavell 1963).
This contrlbutes to the dlfflcultles encountered when one attempts to
assoc1ate a glhennltem to a 51néle transtormation. The fact that four - -
of'the‘MIT items presented:ianable I (#10, 15, 16 and 21) ete.not
‘esebeiated with any single'trahsfermation.qf.thehINRC model attests to

the problem.

I ‘ '
‘The INRC Group MbdeZ and ‘the Skemp Test (SF6) - {

Ite?§\on“the Skemp Test»(SK6, Part II) cOrrespond to specific |,
. - N A . . -y "1 . . - ;“ - . ! .
transformations of the INRC group. The test is divided into three
 sections, each illustrating the application of certain eognitive'skills._
To.illustrate, the first section_requires'students'to petform
certain defined operations, in reverse, on certain geometric configura-

tions. An operation.F is defined as follows:



43

Operation F is:
add a symmetrical
lower half.

./

oo

¢cto

-

i

" The student. is asked to apply operation F,

-

following configurations:

in reverse,

to ‘the

Reverse F. -

[f_;,

0~

¢

' Here the effect of reversing the operation F has ‘a compensating

or reciprocal effect on the figures.
& ‘ .

subtracting -

¢

This results in the operation of

a symhétrical lower half.

Students operatlng at the late concrete stage (Cl) should be

capable of performlng the r@wer31b111ty operatlons illustrated by 1tems‘

in this sectloh‘of

ﬁﬁétr;g—;, é%i:,

odI.

The second sectﬁgﬁfﬁ ﬂthe Skemp Test deals with the questlons

involving the combination ofitwo of the previously defined operations.

on given geometric configurations.

defined as follows:

-+

For example,

two opérations. are

Operation A is:
turn the other
way up.

|

Operation i_is:
double the
smaller part.

[
O‘_,

++
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The student-then appliés bqth operations A and, I, in combinatioﬂ,

to the following configuration:

, (o) - o X : VA2
Combine A & I. >< - Lo

. . ) . -,
aThEs item requires the student to'carry out two operations in

A 4

combination to produce a net result. As such, questions;in this section
reflect both a measure of the student's combinatorial ability and his
ability to cope adequately with more than one variable at a time.

Students at the eéfly formal stage (Fl) shOuld-be-cépable'of correctly

4y .

‘answering the items in this section.

The last section of the SK6 (Part II) requires students to botH

"

reverse-and combine two operations on prescribed geometric figures.
That "is, each of these items requir he execution of one form of revers-

ibii}ty (either negation or reciprocity) . together with the manipulation
of two variables simultaneously. This section of the test is deemed to
. : _ - p

be indicativekof"the typé of reaéoning found at thé late formal ‘'stage

(Fz)-‘
To illustrate, first two Qp?rations-ére'defined as foligws:
. : — :
Operation F is: N\ - oo ojo |
add a symmetrical i B y p/,, -
lowér half. - | ‘ —
o e | . ] ) Nl . | . )O ° o
: ' : ) . : r ’ N 0
Operation G i's: RN \ / X X X
o ~ |\ = -~
er . .
g yHng Y \/ oo ocodo
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The student'then combines operations F and G, in reverse, tc the

’

following configurations:

Reverse and : A ' '
Comb}ne F & G. —> S . -
NN |

s pa

A N ' o s

-, Performance on each sectiOn of the Skemp Test together with a

3

. : . . o :
'taﬁ’cumulative score will be used as a measure of the student's level
2% . - . A ‘ - .
AL ) : . o ’ ’
f)cognltlve\development Students having the majority of items correct
V . " . )
on all three sections of the test will be considered to“be at the highest
e n . - .

stage of development (F,). That is those students who are capable of
answering the third section of the test correctly in addjtion to correctly:

‘answering the’two earlier sections, are considered ,to be operating at .
. . . . ,'/
the Fo level. Thls is because the thlrd section requ1res the students

H \

_to_perform operations on operations," a basic characteristic'of‘formalnfi
¢ . . . . ! . . : ST )

: . o - L : .
operational thought. Students answering the majdtity of items on the

first section accurately will ﬁe considered to be at the stage of early

concrete thought (C;). Students answering. the majority of‘iteﬁs‘éor—
rectly on the first two sections but not the, last section will be con-
sidered .to be at-'the 1ate concrete stage (CZ) or early formal stage (Fl)

The student s capac1¥y to use the 1ntegrated INRC group structure is
i <

most closely associated with thejlasthedtion of" the test.
Both the Skemp Test (SK6) and the Plagetlan Tasks (PT 1 and PT 2)

are used as measures of the students perceptlon of the INRC group model

Performance on these instruments serves as ‘the basis for the c}a531t1ca—

.

( )

-

. tion of the students ihto the stages and substages of concrete and

AT

formal thought.



‘the hydraulic press and equlllbrium in the bala ce, are fully described

equilibrium in the mechanical sense;fnamely_those of eQuilibrium in

;1n Inhelder and Piaget (1958 Part II) ~ Thes

&
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2iStudies of Chemical Equilibrium
fqlt The/concept of equ1llbr1um has wide currency throughout the
phys1ca1\and social'sc1ences as a way of characterlsing system states. -

LR

- ‘_‘,A & [

Flavell (1963) notes that the global conception of the equ111br1um.

model’ in the psychological sense had, as dts origin, Piaget's early

involvement in the field of biology. The classical studies involving

experiments are de51gned

o

to explore the scientlflc-thinking of the‘adol scent and’aré?ﬂnique in

L

thelr purpose and wide s1gn1f1cance in that it s claimed'that the . ;:?,

fthought processes revealed in these science expe iments w1ll also be

o

revealed in~other fields of human activity. .

L ’ . : , S '
. Eguilibrium in the dynamic 'chemical sense' has ‘received far

less attention than'models of mechanical equilibrium]in scienCe educa-
tion in relatlon to psychologlcalﬂtheory. A‘review'of the major studies
. Cge o - , N

and . the1r relevance to the present ﬁtudy is now con51dered
b4

D R.. Drlscoll (1966), in his study of the reesonlng involved in

?

the solv1ng of Gg;mlcal equlllbrlum problems in hlgh school chemlstry,

eldentified several maJorbmlsconceptlons or incorrect modes of thinking

° : . . ‘.4'/ -
posseSsed by students 1n that area. ‘In ordef to plnp01nt some’ of: the

e

-mlsconceptlons in’ thlS areg a test of, cpemlcal equlllbrlum involving

,v

‘ multlple ch01ce ltems was glven in }966{to some 500 first year sc1encee

.A‘c

'tand me%1c1ne students at the Unl"érsity of. Melbourne 1mmed1ately prlor‘

e : ’ '(

b3

to the start of the academfc ynar. V1rtually all aof these students - had

N >
5

passed thelr examlnation in Matrlculatlon chemistry three. nonths earller,

E
-1
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1

. -
] ' K

Items on the test of chemical equiiibrium_wére'designed in such‘a‘way

-y

[

that students were requ1red to predlct the effect of changlng certaln

factors (i.e., temperature, pressure .concqntratlon) on a chemrcal

1

system at equilibrium. - Items weﬁe prlmarlly of the four optlon ‘multiple

choice v:riecty similar-to. those in the MIT A selected sample of'
students .cre asked_to grve'free;responSefaccounts of'their reasoning
. ) i : ‘ - N

for particular questions. ‘Inferences about how they reasoned were -

drawn from their choicé of answers and, in partlcular, from the pattern »
. N . W ‘:r

. of thelr responses which dealt w1th smmllar mlsconceptlons. ‘This

<

served to validate an 1nterpretatibn of a'particular’answer'or 'pattern’

of answers. ’ : s T N \

*
~

For example, iffa”student'answered a question. incorrectly, this

does not in Y4tself mean too much. However if he answered several

.8 :\

questions incorrectly which all measured,theJSahe concept one could

be reasonably sure that the student was hav1ng trouble w1th the partl-
cular pornt. The above approach coupled with: the student ‘s free- - f\h
~ response accounts of just how he had reasoned toWards alpartiéular‘
answer).served'asithe basis for misconception5identiffcat}on.v1':

As discussed earlier, the interpretation*of multiple,choiceutype_
. » S : . ‘
diagnostic’items is not an easy task. A student can arrlve at the

correct answer either. by gue351ng or by maklng a 'wrong' mistakes{so'

-

to speak) or by Otherwise arguingv%ncorreotly.- He .may also arrive at
a particular incorrect answer by a Variety of incorrect pathways.

Driscollls :decision to interpret his results. using both patterns of

‘

answers to-a number of related items and the consideration of free-

response accounts for the reasoning\dnvolved for givenlquestions
i . SN ' » ' \ o ’ L. Co
‘represents anvefﬁdpt to overcome the;e\inherent difficulties,. The e

. LT
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‘involved in equilibrium.

. reasoning, that is, reasoning which is qualitative in situations

i , 48
:}17: P

\

inclusion of the reasoning section with items sampled on a random basis

in the Misconception Identification Test (MIT) of the present study

NP

represents a modified agbroach to the préblem. Inf this section of the

MIT, each student is asked to state his or her reasoning followed in
&) . .

1w .
X il

. |
choosing his or her responses for five randomly chosen items. 1In

ad&itio@htﬂe student is asked to indicate which law or principle was

used in gfiiving at each item response.
' . . . _
‘ The results of Driscoll's analysis suggested the presence of the

e
following misconceptiohs and faulty approaches in his sample:‘

R4

() Uncertainties abot//the gquantitative and/or qualitative signifi-

LA ¢

;ﬁcange of the equilibrium %fw. Thes; 1ncluded the 1nability to perceive

the algebraic/afithmetibal implications of thg equilibrium law, the
PR . . . Y . )

" Jfailure to consider all those factors which can produce a change in the

4
.

‘équilibrium conditiop and the .uncertainty surrounding certain concepts

n \

(2)  An excessive tendency to usc what he called "Le Chatelier-type"

. requiring ‘a quantitative approach.

(3) | A pfediéposition to applyméquilibiium relationsvto.otﬁer than
’équiiibriuﬁ coﬁsiderationsi _I; pariicular Dfiscoil found a téﬁdéncy in
hi;‘subjééts tQ confuse rate of reactién with“the,extent of a regction.'
Driscoll éiso suggeétedqsémelqéchniques and methods which’he fé1t
'wbﬁld be uégful to the Eheristry‘teacher in ofder_tduminimize or elimin-
ate certgin,miéconceptions;.‘For'example, he‘fbgna thét the cohfusipn‘
associated.with the constancy of thg equilibrium constant is larg%&y
eliminated whén’one introduces: a graphicél:appréaéh to‘teachiﬁg certain

. . A : _
areas of equilibrium.  The clarification made by combining various
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N

curves (e.g., concentration vs. time, reaction quotient vs. time, sumber

Il

/. )
.of moles vs. time, etc.) in his teachlng of equ111br1um was notlceable.

An important need se§9 b¥ Driscoll was for a more quantitative )

approach to.chemical equ1h&br;um in certain areas where intuitive or

'Le Chatelier type' teasoning provesgéfadequate. The limitations of
this qualitative approach in solving chemical equilibrium problems
. ' KZ ~ . . . P

should: be clearly conveyed to the student (Driscoll, 1960). Driscoll

. L4
found ‘a hdgh correlation (r = .90) between student performance on ;EG&&

kibrium questions invelving gases and comparable questions involving .

1

sd}utions; This may well reflect a need_for a firm understanding of

cheniifal equilibrium'in a specific area (i.e., homogeneous gaseous

. Teactions) before the students confront other forms of equilibria.

‘

Perhaps the present CHEM Study approach to the whole unit on chemical
eduilibrium,IWhichftends to deal withvthe two areas simnitaneously, will
have to be examined more closely in the 1ight of this evidence.

Although.Dfiscoll's work was conducted ;ﬁ an Australian school

. setting/, his findings strongly‘influenced the'approsch taken in the

construction of the Mlsconcepﬁ%aghIdentlflcatlon Test (MIT) used in the

R

.present qﬁudy ‘ The nature of the data by which the misconceptions are

classifged acéording to the earlier.dkfinedytypes (I, 11, or III)
closely parallels Driscoll's method of obtaining free fesponse accounts

PR
LRI "
[

to certain questions. Further, the six major:'misconceptions involved -
in the MIT inecorporate the three general misconceptions found by’

Driscoll. Obvious modifications'to suit both”terminology and content -

of the CHEM Study course wereé deemed necessary for the present study.

;1

A :
Several studies in chemlstry reflectlng Gagne s cumulative
b

1earning model have been_cpnduct{d (Kolb, 1967;_Airasian,‘l970;
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Nicodemus, 1970; Okey and Gagné, 1970; Capie and Jones, 1971). In this s

.

model Gagné proposes that the attainment of subject matter competence

1

™

is hlerarchlcally organized, and the normal ana1y81s gxocedure used to
s tey

“determine intellectual skills is called 'dérIV1ng a 1earn1ng hierarcny

or task analysis.
. B} . .
In task analysis, one begins with a clear statement of some

terminal objective of instruction. This final capability is then

analyzed into a hierarchical sequence of subordinate skills by succes-

sively asking the question of each,task, "What should’ the individual

: 1 ) . ) ) .
already have to be able to do in order to'learn this‘new capability
simply-by noting verbal instructions?" The resultlng hlerarchy ‘is then

_ emplrlcally tested and revised until students can 1n fact achleve the

1

L : \g

termlnal objective through instruction follow1ng the h1erarchy

The Valldlty of a glven learning hlerarchy can be establlshed
from an analy31s of the results of the administration of a test
especially constructed to yle;d pass;fail information on-each_entityu
within a totalihierarchy (Gagné; i9675. A necessar§ but not sufficient-5
condition for establish;ng the validitjhof a'leerning hierarchy“is that,
a‘larger percent of the sample ofstudents tested must be successfui

& . ﬂ . .
.onl@hjective 1 than oni.objective 2, than on objective 2 than »r. objec-

‘tive\3, and soion uh‘the_hierarchical ladder. 'To conclusively validate

the hierarchy, data ondeachbindividual"rather_than group data,Would
have to be obtained. If‘the,cumulative iearning model'is accurate,

" then eny inabiiity to perform a task should behettributable to failure
on SklllS subordlnate to it (Harke 1971) "A detaiIed asseSSment Ofv

the technlques used in hlerarchy validation has been carried out by

'Caple and Jones (1971)
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. . &,‘.
A-limitation of task analysis -is that it is initi;§¥y carried

out almost exclusively in the mind of the adult, and, i° general,:
N V .
~children's logic is unlike gdult logic. Nevertheless, a Gagné type

Y

o - _ .
task analysis used in conjunction with Piaget's developmental sequence

- could prove profitable in curriculum development. /P6r example, in

connection with the misconceptions in chemical equilibrium under =, @
- - . “ o o '
. C ‘ ' ' : K S
investigation in the present study, task analysis might ledd to a'é
. . ' ‘ v . "
workable instructional sequence designed’ to alleviate certain miscon~.

4

ceptions. However, one must be careful to distinguish between "facts"
‘which are to be learned and "logical operations' which must be developed.

Okey and Gagné (1970) -have deveiopéd‘a learniug hierarchy_fof’

solving so}ubiiity product problems;linvblving some fif

or préduisite skills. A group of 135 tenth, eleventh and twelfth grade

students from five chefistry classes studied an initial version of a

learning program follow by tests on the criterion. task (ability to

solve solubility problems). and on selected subordinate skills deemed

necessary. The program was revised by adding additional instruction

-

":those subordinate skills failed by'many‘studehts; A second student.
rhp studied the revised program and took the sﬁme'tests. Four dif-
ferent tests were used to measure student performance: a pre- afid

. T ’ b ’ o ) :

posttest on the criterion task, and a pre- and posttest on the sub-

- ordinate skills in the learning hiefarchy. The results showed that ’.O
k s - " - . . ‘ . . ‘ . . .
adding instruction leading to improved performance on subordinate skills

was successful in significantly improving performance on the criterion - .

£y

task. 1In the hierarchy eleven of the fifteen subordinate skiilsﬂdeemed
necessary to the criterion task were mathematical in nature.

% .~ - Although this type of study has several built—in diagnostic
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features, one wonders whéther an over emphasis is not placed upon the

. ' R ' 4 . .
mathematical prerequisite uflll&. It magstvell be thnt mathematical

3

condntlon for the un%%ystand g of certaido

1 RS % of ¢

of chemical cqulllbrlum but su101y 1L is nd& a su€l1c1a1t~

. . . . T
ablllty.ls a necessary

L

@
Studleo conducted by Pella and=Tr1e4e§berg (1969) dH=

Novak (1971) reflect an empha51s on Ausibel's thcory of meanlngful
7 :
learning. Aueubel S syBsumption model suggests that_central unifying .

ideas of a discipline be taught first and that less ikeflusive ideas be

related clearly andﬁlogically to the,unifying ideas‘by subsumption.

, : - : S,/
Central unifying ideas or conceptual schemes thus become advance

'organizers.ﬂ
4 )

Ausubel s model assumes the existence of a. cognllee structure

that 'is hlerarchlcally OIganlzed in- terms of hlghly 1nclu51ve conceptual
s

: tracespunder which are Subsumed.traces* of‘less‘inclusive subconcepts.

The major organizational principle, in other words, is that of progres-

sive differentiation of trace systems of :a given sphere of knowledge

~.

from regions of lesSer to greater inclusiveness, each linked to the
next hlgher stcp in the hleralchy through a- process of subsumptlon.

The task of 1dent1fy1ng those particular organlzlnb ‘and- explana—'

tory prlnflples in the various dlsc1pllnes whlch manifest the ~widest
/] .

" generality an: 1ntegrap1ve properties is obviously a formidable and

loﬁg—range problem. These should be capable of being derived froh

what Brunerv(l96l) has called the structure of the subject. Ausubel

*The term trace is used as a hypothetical construct to account for the

continuing representation of past experience in the nervous system and

-in present cognitive structure. . : : o R -
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the CEathng of ecology -using the subsumptlon modtl TheirelatiV55*“

(1963) maintains- that sequential organgatlon of cubject maLter
A v
comblned with the use of ﬂpproprlate advance 01ganlzers can_be.yery.

effective in classroom learning because each new,incréﬁentfofyknowledgev'

- W

T . TR . S EEVREEE Y
serves as an: ancloring post for subséquedt lenrning.' The bas1c o
paradlém of sequcntlal organization is not from ecSy to dlffléhit

s ‘ P ---..'n.

but from general to spec1flc.
Thus, if one is introducing equilibrium in a chemiStry courSe»

for the first time, a ‘relevant . organ17er mlght be - of equlllbrlum in

varlous t}pes of balances drawn from past e>per1enqes ot the chlld

However, an interesting paradox arlses: where and}how'does”onéﬁfirst'Q;
acquire the rudimentary concepts necessaryﬁto cbnstruét.the fipst'” '

organizers for the cnild?, Piaget has glven us a vasL array‘of

1ntcresttng data and Pytremely useful. observatlons all of Vhlch 1np1y

’

orderly deve10pment in cognitive functlonlng glven adcquate e\perlentlal

backgrounds. Adequate developntnt not only 1nd1cates the 1ntegrat10n

of relevant concepts within a dlsc1p11ne,dbutnbe1ng aware.of?the
similarities and differences between discipjinosgt7PiaQet'S'observa—

o
tions rcgardlng ‘the cognitive growth of chlldran have dtllneated

seq ces ,in the developnpnﬂal protess wlth at ltast two tmportant ;f'd

dlmen31ons 1) subjectlve ObJCCLlVG and 2) concrete—abstmact

: The studv conducted by Pelia and lrlezenberov(1969) 1nvest1gated

three types of presentation of the conceptual scheme of. equ111br1um/1n

A

effectlveness of ‘three levels of abstractlon (verbala5p1ctor1al and

N

- working model) in the presentatlon of the advance organlzer equlllbrlum,d"

was concucted w1th 270 puplls 1n Grades,7; 6 and 9 hffectlxeness of

[
)

the three levels of stlmull was testtd by comnarlng LhL results

n
‘-

iR
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aohleved by three treatment groups Treatment 1: The conceptual
&y ‘ o
scheme of equillbriuﬁ,was presented verbally. ' Tre: ' ient 2: Equilibrium

was presented,verbally supplemented by sketches of .ppropriate models.

Treétmencv3:‘?The‘conceptual scheme of equilibrium was presented
T T LS S :

- -verbally sUpplemented by appropriate mechanical models. The.threg

}faspects of/equlllbrlum utlllzed in each treatment were, in order of

v

’vﬂpresentatggn~ l) statlc equlllbrlum as exempllf1ed w1th a beam balance,
: “y / . &

‘2) dynamlc egu111br1um ‘as found in a closed system 1nvolv1ng evaporatlon
- 7 ',.

: 3 .
and: condensatlon, and’ 3) adgustment w1tn1“ a closed system that is

thermgstatlcally regulated Testlng 1nvolved multiple choice objec~’
':tlve pre—‘and posttests on the concepts found in the three aspects of

”equ111br1Um. Results of the study 1nd1cated that the use! of working
' .

W/

'models for reference to the organizer' iS’supErior to verbal reference
- or/the:hse ofréketchés.f

;
F

Rlng and NoVak (1971) 1nvest1gated the relatlve influence of

v
A

‘facts and subsumlng concepts on facllltatlon of new learnlng in

. v . "
-./ o : ' .

e chemlstny. The sample con31sted of 770 students taklng their

first cou. 1n college chemlstry at Cornell Unlver51tv. The subjects
R o E ,}r, : o ;
“were tested 1scerta1n thelrvcognltlve structure prev1ous to. any

L '»

COllége instﬁu: ion’ 1n chemlstry The funotlon of thls examlnatlon

N i
/r . ; ', g i

was to descr’bc the fact and subsumer orlentatlon of cach suhject S

e : : A FN

i

cognltlxe}strt _ure, An obgectlve Cognltlve Structure Lyam (C S. Exam)

was develor: gy the 1nve$t1gators. The crlterla used ‘in selectlng

.,/.- - : : i : . Al K

e

i:ems’werf clevance to hlgh school chemlstry, ghe subsumer, or tl

Lo /
and relevance to cqllege Chemlstry.;

fac nature of the 1£em. the;L
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e mater%glu. This type of study is representative of those employing the
.. 'subsumption' model which indicates that a minir@m of relevant concepts

Sighif&éantly enhance achievement;

he present study'rggggnizes that. the amount of factualAinform—
ati- ,ussessed"by a,learng;»méy>be positively rélated to the amount
‘of new:matcrial‘hé is ablevtbiassihilate. thever glittle account is

s

.taken in -the studles reviewediusing Au}ubel s model of the dcvelopmcntdl

level of the studcnts. It may well be that a certath leyel of abstrac-
. tion, 'as in the case of the Pella éné Triezénberg study, is‘more suc=
cessful wifh studgnts operating at the leQeliof concgg;é operatiéns
than at the formhl oporatlonél Stagc. | ’////;f/.“ “
The sLudlcs of Kolb (1067) Case (1970),‘éndlDence (1970) deﬁl

hw1th the relaLJonohlp betwcgn mathematlcal abijltx and achlevcment in

l‘

L

¢hemistry. Kelb dcalt with the effect tha t‘an instructional sequence,

1

in high school mathemaﬁibs, direc‘ly relatéd to selécted-quantita{ive
sciencé hehav1ors has on the aggd="

A "“ SN L .
bLhav1orb.A His resultC'lndJcate LhaL th effect is a-favorable one and

would support tlre work”bf Dence'in his study omvthé mathematical compe-
tence(required qutfreshmaﬁ college chemﬁé?fv (Dence 1970).
. <
1he %urpose of the, study carrled out by Case (1970) was to deter—
. !‘" ‘
mine the ChardCLELIGLqu af secendary school chemlqtr\ students who

veyre SU%&USqul in grasplng a mathematncal approach to teaching chemical

equ1k&brium. Thc qampla for - the study consisted of 89 senior high

} \
sclf ol students who,had chpleted a first vear algebra and plane

geometry course. An exporimental mathematically based unit on chemical
equ111br1um was dcvcloped fer use WLth second1ry qchool <tudenLQ

StudenL% devoted the sanie amount of tlme to the e\perlmenta1 unit as-
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had been allocated for the 'regular' representation of* chemical equili-

brium. The experimental unit consisted of six individual daily lessons,

-

six individual tests over each lesson :anéga flnal test over the entlre

‘

unit. Case found that a mathematical approach to teaching chemical
equilibrium is not beyond.the ability of sthe secondary.school student

but, in order for the topic to be most meaningful, it should be reserved

for essentially the top twenty'percent of the student population.
3 One of the suggestions offered by Driscoll (1966) in his investi-
gation concerning misconceptions in chemical equilibrium was for a more

quantltatlve approach to the teachlng of certain types of equlllbrlum

problems. This" arose from the finding that students had an excessave_

-
.

' 4
disposition’ to applv 1n

ive reasonlng to many problems on chemlcal

equ1llbr1um that requlred 4 “ma: qhantltatlve or empirical approach.

The present study w1ll attempt: to ascertaln the relatlonshlp (if any)

" that student’ mathematlcal ablllty has with the number and nature of -

v chemlstry accounts fOr“ 'y

..
mlsconceptlons in ch%m;%ﬁ} equ1llbr1um and achlevement in chemlstry
;;m.\..v . .
o .
It may beﬁthat an 1ndbll ty to appIy baslc mathematlcal skllls in .
ﬁp{ ' .

b2

in‘miSCOnceptions'in this area.

., - _\w

The only Plaget}an based study found deallng with chemlcal equi-
3

llbrlum spec1f1cally has ‘been conducted by Buell apd’ Bradley (1972)

~The study 1nvolved the appllcatlon to a blnary system (temperature of.

Fmqueous solu- .

B

tlons) of Plaget s 16 binary prop051t10nal operatlbﬁs and was-conducted

solvent vs. welght of solute per 100 gm. water:, usrq

.w1th 70 hlgh school chemlstry Students., Inltrally each student was

‘ ,"-'

' W .
given an Introductorv Phase packet con51st1ng of : l) a graph of the

solubllltles of flve salts over a temperature range, and 2) a- brlef

T

statement of what the graph was concerned with and the request ”wrlte

i o X
N\ B . .

v N
.

N
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.

~down your interpretations of the relationships which exist on’ the graph
. .

. . . e .
and, if possible, indicate how you arrivéd at your conclusions." The

vy

purpose in the Introductory Phase was to ascertain at what'Piagetian
stage the students were, -although detailed description as to the criteria
used to place the students into their respective developmental‘stages

and substages is not given.

o

A Directed Question Phase packet was adminigtered after two weeks
of laboratory work and-discussion of-solubllity/temperature'relations
at equilibrium,_to‘determine how mlny of-'the students were ai which
stage and substage of development. The Directed Question Phase‘packet
consisted of 1) thé same graphs but wi%P‘a separate .table oﬁ3solubilities

- and 2) a seriés of questions concerning%;arious conoepts illustrated by
the graphs. | | <

Results of the Studyiwere somewhat diseouraging. ‘Followiag the
th week laboratory treatment on solubility equilioria,_the{oosttest'

results showed a decrease in the percentage of students attaiﬁing the

logical operational stage, F . Eighteen percent were'thou it to be at -
gical op g 2 g p ug .

the stage of logical operations while on the Directed Questlon oacket
] _ DR

'no one was. cons1dered at the loglcal operatlonal stage. Most students

‘while only 9% .~

(91/) were found to be at the early formal stage Fl’

were atfthe'concrete'operational stagé; It was therefore suggested that
-laboratory contact with the realia of solubility does not improﬁe
logical'thinking about constants and variables. ‘Buell and Bradley (1972)

conclude by stressing a greater need for the teachlng of logical
S

ta}%klng; in additiOn to manipulation of chemical glassware.

The present studyﬁattempts to relate mlsconceptlons in chemical

equllibrlum using another aspect of Plaget s theory (the INRC group

A i

y -
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model) in contrast ‘to the 16 binary opérations model. - Performance on
. N ’ (;‘ : ’

.;ertain Piagetian tasks (PT 1 and PT 2)'used in t¥e present study was

measured according to specific criteria based on Piaget's own experi-

mentation. Unlike the study reviewed above no attempt is'made to

3

&7

as a .result of some treatment. The purpose is, rather, to determine if

measure any change in the dqveiopmental.stggé‘or,spbstage for gtudents

c

. the extent to which students use the INRC group model ‘is assgciated.with

misconceptions.in chemical equilibrium. .

JE oA~ L RIS

The studies reviewed abov. suggest that :ﬁe undefstanding of

chémical eqUifibrium is a'complex problem invdilving several factors

whlch need to‘be studied both from a psychologlcal and methodologlcal

[}

as been shown by Driscoll (1966) tv/t student . mlsconceptlons

basis. It

do ex¥sSt i chemlcal equlllbrlum. These may be related to-the cognition

athematical ability, approach taken and specific content'studied.
. + . ° T . ~

levél,

- The fact that most of thé studies reviewed are fairly recent is an

encouraging sign‘énd indicdtes an ever increasing concern for thég~

teaching of one of the most important prinéiﬁles in chemistry.

¥ S : ' . <. ) .
- A brief review of related research on misconceptions ipn.science

N
< - -

iS'now_considered.

]

-Misconception Studies in Scieénce, &

\
I3 . » .

N

P

Misconceptions can be assessed via an objective test (i.e.,

" multiple-choice by'observing-the number qf students chopstng the various

o

‘options which:jepgés%nt errors or misconceptions). This kind of

L R

énalysis.was:doqe by Merrill "(1970) on some of fhe'NatiOnal Aééeéément

of Educatioﬁal Progress (NAEﬁ)vscienCe data with the NAEP science

' testing program. As with most tests, the options for each item were not

¢ - : s : L

[y



7could be made. ' : ' : - : LT

P

L conceptlons concerning science concepts, the studies vary Widely in;

rd . ~ .
. ‘ . ) .2 L8

designed according to any underlying misconception scheme. Therefore

only statements rélated to specific misconceptions on isolated items

“ - -

_The work of Driscoll (1966) reviewed. earlier also involved e

multiple .choice test using item response pattern. Freé response 20
o . - ‘ L s ' .
reasoning for .the items was- also obtained to further strengthen the
S . o ST Q
‘interpretation given to his results. 1In spite of certdin inherent
dangers always present in a multiple choice situation this approach
appears to have some w%fidity‘for the determination of student miscon—'

Ty

ceptions in science. T = L f
While a number of researCh efforts (Atwood 1968 Gllman %t al.

1960; ‘Merrlll 1970) have been completed which assess student s mls—

o o a . -

R

their techniques and grade level and no clear-cut guideline-or proce lures

have.yet been ests ished; Furthermore, no. one mlsconceptlon scheme.

‘ \
has been w1dely accepted to date although many have been suggested.

Gilman; Hernandes and- Crlpe (1970) used the follow1ng system

i correct.reSponse, common mlsunderstandlng of the concept ‘and two other

reasonable and plausible distractors. Tn a study related to’classifi-

cétory behaﬁior, Tennyson WOoley and Merrill (1971) descrlbed p0551ble

errors as over—generallzatlon, under—generallzatlon ‘and mlsconceptlon.
VN. - PR "”.'(”uy *

The presegt approach involved asklng th qrespondent to mak% a predlc—

pais

tlonhbased’on-information given. \ ‘ L S K

Summary N . ‘ o ; Ll : oo -
. . L T '; L - Lo -
P “ l. fw .,

+ Piaget's theory of cognltlve development -was outllned here w1th .“,
« . J . _ '

spéc1a1 empha31s@6n<the formal operatlonal stage. The physical'INRC

'v o B T . o B o ' ,‘_ BRI
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group model was'presented_and discussed with reference to chemical

. 2 ) L. ! - '
equilibrium. Particular attention was given to the criteria used for
: N

v{evaluatlng performance on the Plagetlan Tasks (PT l and PT ﬂ§$@nd the

4

Skemp Test (Sk6{2§drt II) in relation to the INRC model.

- i
" Relevant science—-edueation research based on Piaget's theory
was presented togethef with studles on chemical equilibrium. Problems

associated with this area were discussed in relation to the present

investigation. . : ' , ' ' (
. : - i
' 1



;v‘two high schools, one in each of the Edmonton Public and Separate school
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CHAPTER III
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The Sanple '

The sample for this study was. drawn from the population of.

" Edmonton high schools on a semester system using the CHEM Study text

. book in a conventional classroom. Five senior high schools, three from

the'Edmonton.Public School System and two from the Edmonton Separate
School System, were selected at random from the ahove population. The
investigator %pptoached the Director of Educational Research at the'
Edmonton_Puhlic_School Board and Research Consultant of thé.Edmonton

Separate School Board for their permission to conduct the:study., Thls
wag done through the Division of Field Experiences of.thedFecuIty of L i
Education, University of Alberta. After receiving permiSSion\tofcondugtli.‘

T4

"the study,from the above mentioned individuals;.the in-vest‘igag;orﬁ1

4 . %

approached the Science Coordlnators of the. above schools through the

D ¢

respective prlnclpals ‘to request pert1c1patlon of thelr studenls;ln
the study. Although the prlnc1pals'and Chemlstrygjox teaohetsllh hll
. R vz - v e
schools  contacted consented to part1c1pate in the. stud;, tuo‘schools o
% Cl A ‘1 Coe : R
~had to be. dropped from the study due to- tlmgtabllng ploblems.'l R h;_%f °
) One of the schools was - selected to part1c1pate 1n'the pllot‘study

The pllOt study 1nvolved three out- of the total of elght Chemlstry 30X -

classes in that school and a total of 62 students ] All of the students

in the three classes in the pilot study were'taught'by the same teacher.
N . - . . e ,
The main study was conducted with five Chemistry 30X classes in

-

61 —
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systems. The final'sample for the main study consisted of 99 students.
. / ,
Of the three teachers 1nvolV€d in the main study, two taught two classes
each and one of,the teachers taught one class.
Since some students were absent on any of the four days that
testing was carried out, there were a number of students for whom

_complete data sets were not available, . These.students,were dropped

from ‘the sample. Of the total of 125 students in the five Chemistry

’

30X crhsses in the main studvlaﬂiéiéﬂqgf 26 students were dropped from

the sample because of 1ncompie*c;ﬁat N

The students were Lested on four separat days over a perlod of

b4

three weeks-durlué the months of April and May of the sprlng semester

,1973. Alﬁwre complete descrlptlon of the procedure used 1n testlng
A

follows the dlscuss1on of the tests.

.The Tests ' '

The—following section describes the test 1nstruments used in the

~>.

study’ and outllnes their development.e=The statlstlcal results obtalned

from these tests are discéssed 1anhapt”‘f

.‘ ot

L

The Misconc&ption'Identificagion TesgﬁtHITf;
The purpose of the Mlsconceptlon Identification Test (MIT) was-
" to prov1de a measure of both the nature of student mlsconceptlons in
/jchemlcal equlllbrlum and the deglee to which they occur. The. MIT is a
30 1tem four—optlon open book examlﬂhtlon of 60 minuteé duratlon uhlch
' ‘was devised for this study. ltems on. the MIT deal with examples of
chemlcal equlllbrlum udth regard to homogeneous gas reactions, phase

sehanges and aqueous solutions of ionic solids.
. ES . 4 o - -



The MIT reqnires students to predict the effect of varipus
-variables.on the equillBrium conditions of several chemical‘systems and
state tne principle or law nsed in their reasoning. The means by’which
the‘misconceptions are classified lnto_the‘previously defined types is
also nrovided by the reasoning"section of the MIT. Tnki;is, a Type l

misconception is’ said to occur when the item response is correct but

the‘staqed reasoning is incorrect., Type II misconceptions occur %hen:

o

the;response is incorrect and the reasoning given is correct, that is,
the stated reason is either too limited or incomplete. Type I1I miscon-

ceptions occur when both the response and reasonlng glven are incorrect.

R

' Itemsvon the MIT were deemed reprcsentatlve of’dlfflculty of
the Chemlstry 30% coursé in terms of content and degree by a number of
consultants.
The investigator prepared'a first draft of the MIT'consisting of
85 4;option multiple choice questions. The work of D. R. Driscoll at

the Canberra College of Advanced Educatlon Australia, largelv influenced

i A
the 1n1t1al form and "approach used in constructlng this version of the

MIT Written permission to use portions of Driscoll's,test on’Chemical

Equilibrium was’'obtained. The test was then given to three experienced
Chemistry -30 teachers whose classes were not involved in the present -
study together with two University instructors in science for their

criticism. This resulted in five items being dropped from the test for

: . o B R 14
reasons of relevancefand difficulty. In addition it was suggested:by

9

the-consulting:group that the instrument was too long for the intended
" 60 minute timeé period. This resulted in the decision to randomly sample
the student'réasoning section of the MIT rather,than to require each

student “ specify his reasoning for each of the 30 items on the test.

\ “ \" . . . . 3 o ) ' /*«.
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. /~ :
By this technique an indication of the reasoning used could be. obtainedf

for all items, although any given student was only required to spec1fy .

his reasoning for a few randomly chosen 1tems. To accomplish this six'

B 3

versions of ‘the reasoning section, each sampling five different items R
' i . A
on the MIT, were constructed. w o ) B ‘uuwi"'

a oy

Having 1ncorporated the suggested changes deemed necessary by
the consultants the revised MIT was then adminlstered as-a closed bodk3y§

test to the three Chemistry 30X classesﬂin_the,pilot‘Study. Thé 30 test .-

items together with the section requiring'the"students to stateftheir

regsoning for spec1f1c questions was found to be a su1table length for

completion in the 60 minutes allowed for the 1nstrument.‘ TWovteacherSj
who examined this forn o<@F‘Q‘VIT felt it was rdther a difflcult tesg

: *2% ,
However it was felt to ha%% high degree of content vallditv relative-.
to ‘the chemical equilibrium materlal in the CHEM Study course: : It“was_7°
agreed that the MIT should be made an openjbodKQExamination.

The-MIl was again revised on the basis of an item analysis carried

out on the 62 students in the pilOt study togemher with teaéher criticisms.'r

In an effort to increase the difficulty 1ndex or several items (those
w1th difficulty “index of less than 0. 20) terminolog§ more con51stent
w1th the CHEM Study approach to equilibrium was included in those 1tems.'
Several minor changes in format were alSO‘made,_including-the addition

of a small section. which asked students to spec1fy whlch law or. prin-—

»

ciple was used to arrive at their response for certain 1tems“

As 'stated earlier the MIE was'designed‘to‘measure the nature of
student misconceptions in chemical equilibrium and the degree to which

‘the&,occur. Six major misconceptions were identified for use in the

study. Agﬁiscussion of each miscﬁnceptionl illustrated“by an item from

<
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- the MIT used tc detect the misconceptions, ‘follows.

Miséonception 1, IM&ss-concentrdtion

Thls mlsconceptlon is concerned with the confu31on between the

fterms mass and - concentratlon and the relatlonshlp between them. Students

who associatc increased concentratlon with an increasé in mass and vice

‘versa .as 1llustrated by glven items on the MIT are con31dered Lo possess

3

g', a. mass concentratlon mlsconceptlon.
To illnstratevthis misconception with specific items, consider
the gaseous equilibrium mixtyre of COj ClZ’ and COCl2 initially at 200

and -1 atmospheré pressure, the originalireactiohﬂused in items 1 to 20

2" on the MIT. _
&‘1 e S '
~ - Thefbalanced equatipn{igggiven by:
P i . ‘ :
- Co Cco + c1 — Cocl - , :
i e (g) (g) S (g) N f

4

'?the ﬁorward reactlon belng exothermlc (1 e., taking place with the

evolutlon of heat)

R . .\ . : . y

TQuqstiqns 1-20 were answered by ch0031ng the most approprlate of the
o i S T T : .
followmng responses o P

A. Greater than at - the flrst equllibrlum
B. Less than at the flrst equ111br1um. : ‘

C. ’[he same as that at the flrst equ111br1um.

<,

. D:”'There 1svtnqujhctent euzdence prov1ded to deéide among °
. the aboVe alternatlves. S e -"ﬁw'

LT N . Ce 7

3 ..

/ ' ‘
AQuestlons 5 and 7 are\assoc1ated with: the mass—concentratlon mlsccncep-

~-

.‘tlon and refer to the follow1ng change made Qn the orlglnal reactlon.'
I‘\ \7 . - N

The Vgluhe of.the;svstem ;s\haived by 1ncreas1ng the pressure at con- -
stant temperature. When the ‘system has returned to equlllbrlum

R G
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/dmply an “increased concent%at

O oo

66

S

Q.5.  the concentration (or parLLal pressute) of COC12 prcsenL ‘will be

'/
R 2 T I T
1

torrect answer A.

Q.7. the concentration or partlal pressure of (0O prescnr will be

© Correct answer A,

'

\ Thiese questions illustrate examples of two important’.situationg+

\ . .
Orie 'in which Lhc mass or number of molcs of the substance 1ncrcases as

1

does the concentration of that substance (as in Q. 5) and nne in whlch

.the mdSs of 'a substance decre

Q. 7) bcchbe of a Vo]ume c¢han

anq Q.7 fail to appreciate th

,/‘
{

to possess a mass- concenLrat1

questions on the MIT that are

tions 4 and 24, 7

Misconceotion 2. Rate-cxtent:

»Miscbnception 2 refers
. reaction and‘ghe extent of a

betwveen 9ho veIOCJtv (rate) a

‘)

gd Students:who ihcorrectl&f@nswer’QMS

RS

at an increased mass does1not ﬁecessarily

ion. (or vice versa) and therefore are said

on mis LOHCCPLIOH or mlsconcepLion l Other

dSbOClath w1th m]coonceptlon 1 are quc¢~

w
A

of peaovbon
to the confu5101 beLWLen the rate of 5}

react:on. Ebat 15 the uncertalntles

t whlch a reactlon is procaedlng and the

'posltlon of equ1l:br1um (e\tqnt) whlch-;s“attained. lthough both

concepts are dCtleined by an

Lant for the studcnt to clear

energy con31derat10n it is thally 1mpor—
ly dlfferentldte between them in chemical

“equilibrium. ‘Students were gonsjdered to possess a 'rate—extent mis—

conception' if they COnL€nd od

reaction alterf the position of equilibrium (oerice versa).

/,

that 1ncrcablng the rate of a chemical

TR
- Y

ases AS the conccntratlon incregéﬁs (as in .

'
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the

'y
R

_The follow1ng dhange 1% madi

The mixture ‘is- cooled to 150 C (at h{temperature'all"threelSuhstanCQs

“are Stlll completely in, the gaseous sLate) keéping'the'Volume_tonstant}
Questlonsfl and 23COncern~the_systemﬂafter eqoilibriumhié again attained' .
and are as followsf
Q.1. the number of moles of COCl2 present w1ll bel.......q}.,:
o S0 B

Correct answerffA;
Q.2.. the rate atfﬁhich;COClé islbeing'forméa will?be ;..;L.;;lfﬁw
-‘Correct answer’f‘_.,B~

.

Students who predlct that the mass of ° qul formed 1n Q 1 w1ll

1ncrease but fall to reallze that the rate of- reactlon in fact decreases

v

will_be.consideredftofpossess-the;misconception'termedmrate—extent;of

reaction;- Siﬁilarly studentS‘Wholpredict that'the'decreased‘ratévof

reactlon w1ll therefore produce less mass of COCl2 fall to reallze the

v81gn1f1cance of both the rate and the ektent of a chemlcal reactlon.- )f

4

: ' : o : o p
QueStionsdﬁ;JZO,,ahszS'onﬁthe MIT»are;also associated_withf’//

. misconception 2.

B

..

‘Misconception. 3. »COHS;L:&nyI'EquiZibﬁium Constant

Yol

sy

* By miscdnception %is meant the inability to realize.when the -

" equilibrium cons¥ant is or is hot.in fact a constant. "‘Thosé  students
‘who fail to predict a change in the-numerical'value<Of'the4equillbrium.

constant because of a temperature.change are said to posSess misconcep-

’tlon53."’5imilarly stﬁdents who greaictfa change "in the vallue of the



\

‘mlSCOHCGpthnS 2 and 3 above, serves to 1llustrate miqconception 3

.ZQ.9 the equllibrium value of

téOci,:aﬁdd'
'the above
pThoae stud,
voonstant:an

‘misconception

s i i
‘consdént when the temperature is held constant a]so hold Lhe misconcep--

‘tLOH of the constancy of the equ1llbr1um constant

Questlon 9, deallng w1th the origlnal reaction as explained under

.'l'
; 1

4
i B
N

oo

Here some C12 is remoﬁedjﬁrpmfthe_syStem, the volume and ‘temperature

) : . . ‘ - ) .
.»r‘. S oy ) e . . ‘

'rbeing<held conqtant QWhen'thé-gyStem has feturned~to equilibrium:

ER
,/ ;
i

o c S 'fcoclzliv
[co] e1,1

will be «...li.......

‘Correct answer C.

In question'Q although the concentrations of both the product

2 e reactants €0 and C12 do change, the numerical value of

@

pression}‘the equilibrium constant, remains unchanged.

5% , : :
‘ﬁ hereby answver the quection 1ncorrectlv are said to possess

~Four other questions on the MIT are relevant to misconception 3,

namelyfqueétions 3, 14, 19, and 29. Only one‘Question number 3,

‘ 1nvolves a ahange in the numerical value of the equilibrium constant

/

because of a change in temperature. In all other questions the temper-
ature of the given reaction is held constant and hiiye the value of the

equilibrium constant is maintained. Students who fail to appreciate
; ; .

that the value of the constant is dependent on the temperature only are
N ~ f . L
con51dered to possess. misconcebtion 3. * . ‘

[l

Misconception 4. Misuse of Le Chatelter’o Prlnczple

The misuse of Le Chatelier s Prlnciple mlsconception refers to

situatlons where students, failing to-fully realize the limitations. of .

_M
vy,

A
S



69

this principle, apply it{to inappropriate situations. The application

of Le Chatelier's Piinciple tn chenical equilibrium problems which

require a quantitative, empirical‘apnroach ié considered a misuse of

this principle. The point tonbe made here is rot- a cfiticismiof Le

‘Chatelier's Principle (every principle has its liminations) bué tnat,

students fail to realize its limitations. This intuitive applicntion
: ~ , ’ :

of Le Chatelier type reasoning to' equilibrium problems not amenable to

N
—

this approach is the basis for identifying miéconcéption 4,

Consider questions 15 and 16 on the MIT that refer to the oi’igl

A)

inal reaction as follows:

Q.15. One mole of COCl2 and 0.01 mole of C12 is added at constant

voiume and temperature, - -When the system has returned to equili-
brium, the number of moles of CO will be v...vieeesv...

Correct answer D.

Q.i6. this time, 0.01 mole .of COCl2 and 1 mole of Cl2 is added at o

constant volume and temperature. . When the system has returned

to equilibrium the number of moles of CO will be e

¥

el : ) ; .C/

Correct answer D,
In. both Q.15 and Q.16 there is insufficient infgrmation given to cor-
rectly predict the change produced. A quantitative‘solution baééd'on_
iinitial,equiiibrium c&ncentratidns for the reactions would be réquired-
to answer these‘dnestions.v Studenté,whq in&é;rectly respondito tnese
dugstions by answering A;.B, or C are said to possess miscongeption 4,

' Questions iO, 11, and 21 on the MIT are also associated with a-

'misuse of Le Chatelier's Principle’'.
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Misconcéption 5. Constant éonacntraticn
Misconception 5 arises when students fail to appreciaﬁe'tﬁat
i e T .
icertain‘substances possess a fixed or constant concentration in chemical
reactions. The:équilibriuﬁ established ié therefore independent of the
'actﬁal mass of a substance with constant conécntratjoﬁ. This misconcep-
tion is seen fo arise mainly in chemi;al”proﬁlcms dealing with ionic
solu;ions in equilibrium Qith an exéesé-solid. lln,thisvinstancg £he
excess solid is saiq to have a constént,concentrétion and Femoﬁal or

‘addition of solid will not affect the éstablished equilibrium (dssuming
\\ . : ) “. .,

constant temperature).

Consider,questionj26 on tie MIT as follows: -
E v

Q.26. A vessel contains an aqueous solution of Ag+ (éq.)_~+ Cro&ziq\)
ions in equilibrium with solid A82cr0&' '
2Ag+(aq.) + CrO -2, ';;__). iAg CrO ts).
: : 4(aq.) ea——— 27774

Half of the solid AgZCrOQ‘present~isin6w remdved. Analysis’of

3

thée. solution after many hours would indicate that the molarity

)

of Ag+ (aQ.) 1S NOW..vuuvnnnernnn,
Correct énswer C.

...‘ )

%‘

Those students who will iﬁéorrectly
“predict a change in the silver ion

4

Agt b concentration, either an increase or

. C o 1. a deérease, are said to possess
. r —_ B . i . L
S Ga ) | -' o

+-Ag2Cr04(s)' mlSCOnEEpt?OQ}S.

- Other questiohs on the MIT that are'relevgnt to'mistonception 5 are

Q. 23, 27, and 30. . - o : . o
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Misconception 6. Competing equilibria
Misconception 6 occurs -when students fail to consider all possible

factors that may affect the equilibriwh condition of a chemical system. -
. ’ < . : ‘ T
-This inability.to appreciate that several factors may alter an established

-

equilibrium is best illustrated by questions on the MIT in which two

*

reactions are competing for equilibrium. In question 17, both nitric

[

oxide and carbon monoxide react with chlorine to fornyrespective products

| 4 | 7
as follows: ‘ : _ ’ ' /

- R i

NO(g) + €1, (g)

COlg) + Cl,(e) .

‘QuaEEiSE\i7 asks the student'to predict the®effect or the number of moles

of CO ag a cdnséquence of intreducing a small amount of nitric oxide, NO,
‘g:%.l ) B 3 i Lt N B

3

. - a
into the system at constant-volume and temperature.

. .

Correct answer A,
Unless the student realizes that the introduetion of Lhe‘nitric
oxide affects the joriginal equilibrium of the CO system by depletion of

chlorine gas, he will-bé unabie to correctly pfedict the effect on the

- original system.-
Other questions onnthe-MiT that are associated with misconception

6 are Q. 8, 12, 13, 18, 22, and 28. , - ¢

Each item on the MIT was~desi§ned té detect the presence of one

< . el

‘of thé(above six misconceptions. Table I -(p. 39) preseﬁts the complete

-

breakdown of the MIT items and their relevant misconceptions together
with the total numb;& of items wfittenlfor each- major misconcéption.

The six- misconceptions as reflected in the MIT afe those which are deemed

critical to a firm upderstanding of chemical %Suilibrium at the high

~
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sc¢hool kevel, and.ére not necessarily exhaustive of the set of-possible

- ) , . v
\

misconceptions. They are based on personal’ perceptlons by the 1nvest1;]
¢ gator whii< t.aching chemical equilibrium and in'consultagion with

experienced people in the field.
In additi‘onco‘ their use of ident#fying the.mafor misconceptions

* ’ S : . ’ T ' ' C
in chemical equilibrium, many of the MIT items also correspond to one

-

5 of. thé four tl‘.a‘ns_foﬁ'ﬁ.bns of the INRC group model. . The specific AN
ttransformations corresponding to items on the MIT are also shown in -
. Table I.- ) e Tt IR

e

. . . . . . * s . . .
Item analysis of the MIT dn_thé{basis of the 62 students in the

pllot study conflrmed the dlfflcult nature of the” test Of the 30 1temq

3 . Cger

g
on'the MIT, elght had an 1Lem‘ﬂlff1culty of less than 0.30. The average

item'difficulty index of  the MIT was 0.41. ‘\. ' v ) “'"“
¢ L By < .
) The rellahLllty of. the pllgg version &f the MIT, “as caleculated -

“by the Kuder Richardson formula«Z@ was found to be low. iThe KR-20 ~

< : »

reliabilfty coefficieq;_is a measure of "the internal'cdnsistenEy, or
homqgeneiﬁy, of‘the‘test As the quesLlongyon the MIT measure several
d‘” . \ : v . ! .". - . ¢ @é‘; X v ¢’ o .
different attributes déaling w1th various’ é?pes;of equilibria, the -

: ~:v " N L . \ . ) -—‘/“ N B ‘ . N “ s . . ‘.‘>

. %nternal consistency coefficient would be expectéd to be Jow (Ferguson, .
. . ‘ - o . o . ] ‘ o ) N .
1971, p. 368). -When the MIT/was keyed according-to the miscencelfions
that.students were expected to possess, the relidbiligy (KR-20® was Scen
. o T . - k R4 v W '

st " R _ - L2 . . N R L
.to_incfease markedly Cfrom 0.15 to 0.49)5 ThiS'wa ﬁéken-as -evidence

o e ‘. o " :
- for the con31qtencv of Lhe MIT in detectlng studenf‘ﬁisconceptlons 1“,71

.“. '. N ,al' N
‘g%g this ‘area.’ leen the hlgH-dlffitultV of ‘most: 1tems and the/nature of x
AN v : . . . ; . . ar -
”) "v“ , : . . . . . Y - - 5 . .
¢ the ER-20 formu}&s the rellablllty coeFf1c1ent;ag‘calculateé was nox o,
AR BN AL RO doet , . .
, considéged'unrealistie. - ’ B S ‘
- A more completc. discussion of the MIT 'test statistics is presented

v, : ‘ .
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in Chapter IV. The reviSed MIT is: presented in Appendix A. “A summary

s -

of the MIT statistics .is presented id Appendix E. ‘ ‘ 'JQ
R - "\, Sof : : o .
The Chemis tru Achtevemenu Test ( HAT) ) : . ' 3

The purpose‘of°the Chemigtry Achlevement Test (CHATDIWQS.tO

provide a measure of student achievement in the area of chemistry

«

involved in the presert study. 3The‘CHAT is based on Chapter5’7, 8, 9,
) : .

and 10 of the CHEM Study text. lhese chapters are entitled, rcspectlvcly

"Energy Effects ‘in Chemlcal Reactlons " ”The Rates of Chemlcal Reactions)
&, . o

,”Equrllbrlum in Chemlcal Reactiens," and Solublllty Equ1l’br1a @ﬁﬁ
such Lhe CHAT covers a\substantlal portlon ‘of the present Chemlsﬂlv 30X

, course and 1nvolves 1tems which measure understandlng of chemlcal equlll—

L4 : L4
“bria-and related concepts )

>

. The CHAT was orlglnally devised by Lanta (1972) f01 use in his
P \ “
\ftudy of the students perceptlon of the Kinetic' Molecular Theorv (KMT)

i
1

as. related ‘to achlevement in hlgh school chemlsirv 'The5CHAT;is a.§3

‘item five—option, multiple'choice open book exaninatigg_of'éo minute

- duration. o i ' - ¢ o -
N h ..’ - .

* The rellablllt} as reported by Lantz in his’ study (p 41) u51ng

the Kuder- Rlchardson 20 formula .was 0. 7l for the 275 students who wrote

b Ny w

the test and 0. 7‘ for the 198 students 1n hls flnal sample For the 62

“a
- 4

f»students 1n the prc Lp~nary study assoc1ated with the present 1nvest1ga—

:tlon ‘the rellablllL} was; found to be O 76 . The reliability was 0.75

®
A

for the students“fh the flnal sample. ' s \',': B ~,;ﬂ'"5~' 'Qg‘ﬁ.'a
T i . ~ DN s [
» _.,v [ ‘\ . s a
e Tl THE CHA% is plesented in Appendlx B and a Summarv of 1ts tes%\ ’
u"-.
A - - cr. . ) "\ , ) . - )
statlstlcs is. glven in AppendlxkE R L. .n
R . Lae w o .= ');_- . L ~
A o s ° /
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AE{ presenﬂﬁd 1g>Chapter II S ‘ L )

The Skemp Test (SKE) o Y o .

The SK6‘(Part'II) test was devised by Dr. R. R. Skempﬁ Lecturer‘
°1p Psychology, Manchester UnlverSJty, Lngland Written permission to

use the SK6 (Part I1). test was secured from Dr. Skemp beforehand with

»

~ - o

the understanding that it would be -Used only for the investigator"s

y

'personél research, "
. : [

The SK% (Part IJ) consists of 45 test items 1nvolving the - mant-

Buiatlon of certaln geometrlc conflguratlons based on ten clearlv de-

©

lflned operatlons. These items 1nvolve transformatlons of revers1b111tv,
4 ‘ ; .

both ne&atlon and rec1proc1t , nd comblnatlon as well as 1tems

g . .
7 ‘ ~

[ 4
requ1r1ng varlous types of comblnatlons of transformatlons. The test |

<

is d1v1ded 1nto three sectlons , each consisting of 15 test items. The
flrst secL10n,.SK6(l) deals with.operations invelving }eversibiiity,

‘while the second section,‘SK6(2Lg deals with operations involving two
". : b ‘;" 70 ] .
operations, in combination. The third sectibn Sk6(3) con51sts of

y .

Lo 1te?s whlch requlre Students to comblne operatlons 1n reversc.
%s the- 1tems on. the Sh6 “Part II involve exémﬁles'of the INRC

(© ' '
%rouﬁ performance on .the test was used as a measyre of the ' students

B B
\ . \ X - A \ N " T —

, T
ablllty to use the INRC model A more detallcd descrlpt‘xn of the SR6

-3 . w P

1t%ms and thclr relatlonshlp to the Plagetlan g}ansformatlons is

.

¢ "
. e
»

v

- " 4 B
3

e . - K - . ’
l -

Ra ’ s .
ddltlon to a total score for the test "separate scores,for
. ) o

< the SK6: (Part }I) were obtalned for the Lhree types oﬁ items i.é.,
, .o o

In

- R , i .
revers;blllty, comblnatuon, dnd comblnatlon of rever81n& anducoﬁﬁ;hlng

. - A. iy he . * >
- é&s proper admlnnstratlon is chtfcaL to the use of ‘the. Skemp lest ft

. 9. - B
’

was admlnlstered te the three Chemlstry 30X classes in the pllot study
‘to insure that the 1nvest1gator was familiar w1th the admlnlstratlon
. ]
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of the instrument. ’ ‘

-'The SK6 (Part II) is présented in Appendix C aﬁﬁ a surmary of
its teést statistics is givén in Apperdiz E.
® .
: ‘ .
The Combination ‘of COZCWZGSC C%eW4cG7 Bodies Teste (PT 1 and I'T' 2) R

_ The purpose ofvtﬁé Combination of Colarless Chemical bodies Tests
! ww . . ' .
(PT 1. and PT+) was-to provide a measutre of the present level df.cogni—
\ " I i

. tive develdpment°of’the studén;s. For the pﬁrpose of thié stud§ these
\i tests have been labelled Piagetiah Tasks I and II (PT 1 and PT\Z), PT 1
is based con the classical experimeni condutted4by Tnhelder and Piaget

. : . : | o -1V B o

(1958) and fully descrlbed on ps 107-122 of The Crowth of Logiecdl {
. ; \ & !

Thinking. - PT 1 1nvc;wc° comb national operatidns in Lnoar general form

l\

. . . L .- . . i
and 1Lcludes,notlons relatlve to inversion and reciprocity. Ip thé

L v.' ‘_ , . . - ) 1
. Y

problem of the colorless ‘vé,similar'beakerskoontain1ng

e

"colorless, odorless 1i 2, 3, 4, and 'a' are presented \
v 3 N 3 ’._ > 3 p

-, : to. the student. Twe beakers are then shown to the sfudénts, one con-

R ¢

taining solutions 1 and 3 and the other on%y'solution'Z; ‘While the
.students ﬁ}tcﬁ, the experimenter -adds several drops of 'a' te gach of @ -
R "’A ' ) - ) o ’-;’&_‘ . L, . L. .
these beakers. The solution in the braker -containing 1and 3 thrns
- .‘ . . .I . g ] * .-'v. , ‘ .' ‘ '
yéllow§whilg ng Qhénve isxnotedlin'theubeaker'cont&iwing‘solution 2.

o v

A On this, basis thL studcntb are aCked to 1epr&ducc the vellow coloratioh

(e Ly -8 . * . ‘ ot
.u51ng alL or any of the solutlons prov1d%m (\\Y , b, ﬁnd a')»as.theyx
)‘ * . '7
wish, Thex§are4also asked to 1r”estﬂgate futher to dptvrmlnc as’ much ’J
A . ro Ca
: M [ P “ ' avy vA LY -y Lo
N .as they ean,ébout b -h tne effect and nafurg 6% eaﬁf oﬁ’tnc sdﬂutlons._,
R . N ce . . L - % . . . oo

i
The sLudents afe asked to recoru on the sheet prov1ded steps ‘taken in’ .

- o

" tHeir apgproach to the:problem. o -
ki . D '\'\ “ : - . ,:‘ . . .
oo £ . e ’ " ey ‘
S second Piagetian’ Task (PT 2) was.d;yaﬁ%Q>by the imwvestigator .
.. . :» . . ; 5 . . N . w! .
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BN

and closely parallels PT 1 in its fbrmat.7 Both taské deal with the

i manxpgéPflon of - five colorless solutions and both ‘require the reproduc—

w . I
' tion of a yellow'coloration. Howeyer in PT 2 the yellowxcoloi is

. . . . B ) . \
produced by the mixing of only two solutions, 4 and 'b'. It is similar
to PT 1 in that it.involves the color-inhibiting solution, the sulphite

solution. \PT 2 also involves an 4Anterfering /starch solution which
produces a deep blue color -in,the prescnce of \freée iodine. The ‘written

and oral dixections given for both tasks are identical although -the

solutions in the two tasks differ in their chemical composition. Both

l

Piagetian fasks-(PT 1 and PT 2) are presented in Appendix D together

with directions for the preparation of the solutions 'involved in both
taslos. . ' , : .
The fact tth the group for@et admlnlstraﬁlon ©of both tasks

dev1ates from Lhe tradltlonal Plagetlan 1ntcrv1ew technlque was. not
. o .

con81dened to Be an analld approach for purDoscs of Lne present study.

A recent study b) Gray (1973) 1nvolv1ng the dcvelopment of a‘Plagetlan—

B

based wrltten test reports that there was no sugnlflcant dlfference
K‘bQQWeqn“studenﬁiperformance'on a written Piagetian* test'and an oral‘éne.

Fhrthér, both PT l.aﬁd PT'anergrﬂiscu§sed beforehand with two Univer-

. . . . N "
. , - N C T ‘ N ' . £
'sity Instructors for thedir criticism of :the format used.
< . ) ' - v 1

. \ R . . .

On”the basis of - their* performance on PT'l and PT 2,stud%§pé’52re
. v - - : S : . o
catcg0112cd 1nto rebpectﬂve substages of cognltave level. ~"The tasksx

‘s-.,o\ . [

b

-~

-

N v Ty » - . [

2 L N
\servedzto 1dcnt1f§35tnd€nts who, b} v;rtue of tﬁelr COmblnatorlaI" i T

ablllty faﬁptoéche& khe preblem in a systemﬂch and loglcaf'manner. J”(j

3 2

The step by step wrltten qolutlon to the tasks $e1ved tourdentlfv L

: 1' ﬂ-k ~ .

S students who reallzed the. Lotallty q; pOSblbllltleS 1nherent in these’

’

'

tasks and were ‘able to dev1se an approprlate strategv to fully investigate



¢
the tasks. Other studies (Buell and Bradley, 1972) have shown that
: _ ‘ , .
although students are at an age where™qne would expeq; them to exhibit

w0 w V
formal reasoning this is noggalways the case. Perfox\ance on Phe
. . /

Piag@tian tasks, together with performance on the Skemp Test’, was ‘

used to identify students operating at the diff?rent levels of cbgnitive7

development. - = . N

neo . S s . ’

!
/

L RTINS F K ,
‘ rFolloWing thé‘ e 1m1narv'demonstratlon 111ustrdt1n51§he productioen of_
- " ey ) .' 3 ‘ . 2

the yellou cb&orntlon the studeénts . were alloved 60 mi utes to perform ﬂ

hach studLnt was p&&v1dgd w1th the . 'solutions
and chemrcal g]asswarc for the tdqls and. wochd 1hdi t a.,
1 !
. laboraLory station. Each student was asked to carefully‘record_each ! @
step taken on the separate sheet provided for eabhAtan.
H . a
f: Both Plagetlan tasks (PT 1 and PT 2)-$¥1e ddmlnl stered to 86 $i
. 4 . . ;"“:' ’ ~ ) 3
studcnts 1n three Chcmlery 30\ classes in the pllot scudy The tasiz\ﬂsff"
R .. 5 : SRS
vere found to be a reasonable length fonghg;students_Fo Eomp]eté in. «
~, 7 3 -v.“ wA"_ . ) , Coe < . ’ - . . o N
' 60-ﬁinuté$ﬂ : . ' T ., 0"
. . o oy . ., . 9 5 f ¢
KR \% . . R T V] i . .
T %ﬁéthe ba91s oﬁ%the prellmlnarv 1qvest1gat on of the’ Plagetlan
1 ' ?‘ - F

tasks (Pl 1 and PT 2) a flral version of Lhéée t isks was devcloped

Mlsunderstandlngs regardlng the actual’ directions for the tasks were
N

Z-corrected and mlnor adjustment%‘made 1n the technlque of. admlnlstratlon.}w

I L =

- = . : R - - . o

X . .
t«  Both the pllot study and malnwstudv admln]straClon of the@p 1nstruments

‘was carrled out by the- 1nvest1qator and everv attempt was made ﬁO'°

EAEEN o R . L - s

ensure con@lstency of admlnlstratlon technlques¢1n all élasses used in
. 1 B o .

the study.’ ) :
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The Co—qpéfative School and College Ability Test:
. . } N ’

‘In order to obtain a measure of general ability, the grade nine

v

-

Co;operatiVe School and College Ability Test (SCAT) Form 3A scores for

most of the students involved in the‘stﬂdy were obtained from the
: J )
Department. of Education cumulative record cards. SCAT scores for 11
3

of the students in the sample were not available. Mean SCAT scofesi-

. _ —
were substituted for these students.’
. . B

, The SCAT Form 3A test consists of two 30-item verbal parfs and

two 257itemtquantitétive parts for a maximum possible raw score of 110,

SCAT scores have been widely used to predict studehts} ability eo

succeed in school work (Fowler, 1965, p. -322).  The test-retest relia-g

bility of the Toxm 3A SCAT sc01cs over a one year- perlod is reported

o~

as being 0.93 (Tully and Hall 1965).

The Testing Precedure T \\ : o oo

All of the instphmeﬁts used in the study were a&ﬁinistered.by

the 1nvesclgator durlng the two . week period prlor to the haster echool'

= ‘

. break and the one week périad 1mmed1atelv following the Sehool nollday .
in May 19/3. The tests were administeyed duﬁingzregular_classvperiods:
she convenicnce of the cooperating'teachers. Both the Chemistrv

'Achlevement Te%t‘(CIA?) and the’ Mlscoanptloﬁ“?dPng\flcatlon Test (MIT)

RER used by the Lhree teachers 1nVolved In the flnal\s\\dv as part of

A . . v

chelr regular evaluatlon of chemlstry achlevencnt. Ihe Studcnts on ég%

<o St < N ’

occésions were told beforehand of Lho schedulc of tOStln” and thdt tha

b P S e T

N -

results of both the ‘CHAT and Lhe WIT were belng racordcdeb&_thelr‘

N

T
_—

._chemistry teacher. In this manner it was hoped'that the scores théinedf
would more accurately reflect the students' true performance.

“Neyf . . b w2

L
!
7



L1

‘adequate for all students to cbmplete the test.
" & ‘

for responses to particular questlons was fully e*vlalned T

~ <The classrperiods’fdr'each,of"the't&ofschbqisiinvdlved'in ‘the:

study were 74 .minutes 1nJTen*th and were therefoﬁe~adequaﬁe‘for all the

i -
¢

.“

1nst1umcnts, none of whlch requlred more than 60 mlnutes to complete.,
s - o i B - ) '
. lhe Chemlstrv Acm}évement Fest (CHAﬁ) was admlnlstcred first in
. B . ); / . ‘.
a regular class pe110d followed~bv the Mlsconccptlon Identlflcatlon Test

~

:(MIT) the follow1ng day “This order’ was cpnvenient to thewcooperating

€ . : ‘ , :
teachers.as;they had recently-téught the tOpics dgalt with on the two

.

instruhents}i both the CHAI “and’- Lhc MIT were answered on general
N o - ., . A - -~
purpose IBM'answer sheets, 'h:;‘

'Ebr_the7CHAT'Eaeh:student was given a copy of the test booﬁlet )

¢

together w1th an ILM answer sheet and HB penc1l The students were told

a

that the CHAI&um an aehlevement test coverlng Chapters 7 to 10 in the

CHEM Study cwurse. The allowed time of QO minutes was found to be .

5{3 v %:ﬁ g’

-

In a 51mllar manner the ‘MIT was admlnistergd by giving eaclf
student the dlrectlon sheet ‘the test_booklet for the MIT, the reasoning

sheet_and an IBM‘answer sheet‘and\HB pencil., During each admlnlstratlon

.
N

of the HIT the sample questlon was workCu through w1th the students: and
v g . » - .
the separate sheet requiring the student to state his/her.reasdning =

S
’

v

l\ .
The Skemp Test (Sh6) was admlnlstered next durlng a regular class

[ . .
. - a S

'perlod Lach'studentﬁwaS'given the Prastice Sheet, the‘Qemonstration,‘

U T v . R ‘. . Lt . . L . Lo

‘Sheet;'and the SKO6 (Part?!v’and the nraetiee.duestions were worked

~ -3

through with the class. . The Demonstration Sheet was then eXplainéd and-’
the students,given'tén minute’s to‘complete the SK¢ (Part I). ﬁdllgying_

N : »//

“r*~thls,_the answer sheet for the Sh6 (Palt }}-was svalled to ‘each

student. The answels to Sh6 (Part I) were discuss ed and student



inquiries were answered to ensure that the baslckoperatlons were underr-
- stood. The procedure for SK6 (Pak£ II) was. then explarned - and the

)

students glven 30 mlnutes to complete the test. :Aa the purpose of the

| w.‘ “ T~ x e

,SK6 (Part I) was only for the student to galn_famlllarlty with the test

Operationsg onlv the results of the SY6 (Pdrt TI) were. consrdered for

the study. The“allotted time'ldmit of 30 minutes for SK6 Q’art 1) was

found to be adequate.

The two Plagetlan tasks (Pf 1 and PT 2) 1nvolv1ng th 'rombination

of colorless chemical_solutions we?g\admlnlqtered last durlng a regular /

class perlod in the chemistry laboratory Each student was suppliod

.

with the necessary,solutions labels, chemlcal glassware and answer
e . . . . ‘
sheets for both tasks and worked Jnleldually at a laboratorv station.

. 2l

Prior to the commencement of thc tasks the investigator gémonstrated

the formation of the yellow color‘produced in each task. Nolindicationr

>

of whlch solutlons produced Lhe color was glven in the demon<trat10n.

¢

'Tne\students'were advised that they could %tart on elther task (PT 1 or

PT 2) but were required to @ttempt both. Generallv the 60 mlnute
) Y . . .

. ’ ) ’ . .‘“ . r : - 2 ‘

. limit allowed for the two tasks proved adequate.

' ~ v

C ot . * ’ ! /) ‘ . ' . ,‘ : o
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CHAPTER "1V : ,

o RESULTS AND DISCUSSION AR

ction _ - X >

chapter.

./
Jdrst. s

g

-

FEfLPia

theses,

of inci

1re1atio

on sele

The results of tgg study are presenteddbnd discussed in this .
¢

The chapter is organlzéd Jntb five principal sectlons\\\Thev :

v

ectlon preocnts the results of the MlsconCCPtlon Idcntlflcatlan

.

Test (MIT), thc gﬁ\mlstrv Aehleve?ent/Iest (LHAT) the Skemp Test %SKG);

~

-

getlan Iasks (PT-1 and PT 29, and the general ability test-(SCAT).

-

In the second section, the analysoq relating to the maJor hypo-
1.0 and 2,0, are dLSCUSSGd 1hese analxses dea]V:iEB,mhavrate
C e 3
dence of spec1f1c .misconceptions in chemicalvequilibriumqand the
nship betweeﬁ student achievement in chemistry @and performance

cted Piagetian Tasks. o AT

-THe-third.séction-of]theAchaﬁter deals with the analyses and

.-discuss

¢

ion of results'peTtaihiné to the hypothescs 2 l 2f2, 2.3 and
2.4,
The fourth ‘Section disdusses_the associated questions in tHe
.study_és they relaLe to the,hypotheses. ‘ |
The flfth and final. sectlon of the chapﬁér dlSCUGSGS the flmdlngs
"for the §ix maJor mlsconceptlons sepalatelv from ‘the ' VlLWpOJHt deemed
: most usbful to the hlgh school chcwlstr\ teacher._
The %tatlsLlcaQ calculatlon% were executed on the Univérsit\#of'-
Alberta IBY 360/367 computer u51nw the: do;umentcd program of the
: NS
D1v131on of Educatlonal Research SLrvnces (DIRQ) In the'statlstlcal
81
R N .. ) oo 4:‘»‘;(. B -
/ o
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analysis, thé difference between criterion test scores and thé csrrela—
tion between test scores are considered statistically significqnt»if o
the pfobability of Sbsgrving such a relationship as a result of sampling
error is 0.05 or less. ‘ j : o

StaLlstlcal procedures assoc1ated with the treatment of ecach
s
o
hvpothe51s are discussed in COHJUDCthn with the results. : .
1

Results of Testg : > R

The Misconception Identification Test; (1T

The Misconcsption Identf‘fcation'Test (MIT) is aissussed in
Chapter ITI.. Results of the two versions of the Misconceptidh'Identi—
ficatioanest, MIT(A) and MIT(B), are presenqed in Table 1I. The dis—_
tinction Betweem the two vérsions of the MIT was made on Lhe basls of

the methods used in. koylng the test 1t9ms. MIT(A) refers to the MIT
/
when keyed accurately in a chemical sense. MIT(B) refers to the MIT

when keyed accprding to the six major mlsconceleons that students may

possess in the area” of chemlcal cqu111br1um.» Hence, each student is.

.,g: said to possess a performance score, as reflected by hlS performance
n’;‘)

Ty . " 1
‘

. "“on the MIT(A) ﬂndla mlscongeleon score, as reflectcd bv his perfor-
'). Item anal>51s for the MIT (&) and VIT(L) dse

. The MIf(A) mean is equnvalcnt to 45, 3 percent dﬂd 1ndncates ,'}§
FYRY
M . . . , .
Lhe dlfflcult naLure of rbe Lest fhl% flndlng is conslstan w1th ‘the
8 . o . .
{2' resuits%of \Ne initial- form of the- dIf(A) used in the pilot study. -
ey e . : .

,“ . _r,‘-..y. 1

s "Ea.r.«_- the 62

..

@udcnts who wrote thc NITCA) 1n the,pilot study, tue mean

"\

e

Wgas equ1valenL ¢Q938 3 percent. The increase in the mearr for. the

' . ) -

‘ MILCA) f01 the. sdmple «in’ the main study may be attributed to revisions
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TABLE 11

Intercorrelations, Means and Standard Deviatidns‘

i of the Test Scores
MIT | MIT | sx6 | ske | ske |.ske | pr | v, Q. T.
A B‘ CHAT | 1- 2 3 T SCAT SCAT SCA SCAT
MIT | 1.00 | e
MIT- g 710 1.00 )
B ) | ! ,
’ ) - N
CHAT | 0.5%] 0.51] 1.00| ® 7 ) >
ﬂ5h6 0.15| 0.17] 0.24] 1.00 .o ; gy
1 o :
v VO
826 0.32] 0.33]0.47 0.39| 1.09
826 0.21] 0.08] 0.21| 0.45] 0.33] 1.00
8;6 0.29| 0.25] 0.41] 0.79] 0.75{ 0.76! 1.00
Pf< 0.61| 0.46{ 0.74] 0.18] 0.38] 0.23! 0.34] 1.00
v, N , i
scar | 0-33] 0.03] 0.33] 0.35] 9.33{ 0.35 \8j47 0.2¢ 1.00“~N\\
Q013 01 0.371 0.33 0.42] 0.53} 0.43] 0.29] 0.44] 1.00
SCAT ) - ] .
T 0.15] 0.14] 0.41] 0.42] 0°ast 0.34 0.53] 0.290 0.85| 0.84] 1.0
SCAT R | J
iMean [13.6 |18.6 19.4 10,9 o5 | 6.0 |27.5 | 2.8 4.4 340 |70
Stde s 5 30 5.0 | 3.2 e vl 7.a L oar] sad st e
Dev. B s »




;2arried out on the:initial form of t
. The standard dcv1at10n of 3.2
approx1matelv twoithlrds of the scor
16. The frequency dlstrlbutlon of t
1. & .

The MIT(B) mean is équivalent
deviatioh fﬁr the MIT(L) 1ndlcates t

lie between the values of 15 and 27

'distribution of the MIT(B) scoresy

A Kuder-Richardson 20 (KR=20) -

was calculated from the HIT(A); Thi

o

TR 84

he MIT(A).
8 for the MIT(A) indicaﬁés that

es 11e between the value% of 10 and

he HII(A) scores is given in Figure

p‘th'G)‘Z'.l percent. The standard
»e o

hat about two~Lh1rds of fhe'scores.

Figure 2 shows“tﬁé freduency

reliability coefficieht of>0.49

'

s falrly’low valug was not entlrelv

»

ndﬁﬁcctcﬁ “%s the te%t meadures bqveral different attributes dealing

with various, types of\cquilibria,Aa
of the test, as given hy'the KR-20,
“iarly high, especially in fhe.light
tegz However, the facfdthdt the r
inére sed to 0,57 for the MIT(B) 35 
to the mjsconc%ptibns that students’
equ111br1um uué en(ourdglng vThis W
IdenLlch1L10n Test has some reliabi
pose of identifving miscungcptibhs;i
?ﬁc rolatfvcly hiph corvelats
bQLb.‘§'(>11 HMIT(A) »:md INT(B), (r‘ = 071)

of ‘this chupter.

L

. . M ' I
Thesge findi nesNare in senorn)
' ) . o .o
the four cher s rvoteavhors invelved

MIT wan oo difrieult

eliability coefficient (KR-20)

measure of the internal consistency

would not be expected to be particu- -

of “the difficult nature of the

a result of keving the items according

wére expected to POssess in chemical
S ', s

ould snagest that the Misconception

litv as an instrument {or the pur-—
. 3 : . CoN . L ‘ :
n this area. S

on cocificient toeund L(\ exist

yobs discursed din oo later Section

T — ) .
et e o Sy e Yo ety Crrt oo fF
ArreeTent o witn tin cuoprensul of
, 4 L
Fathe stude, whe 1,00 taat the .
)
ot terial percainin. o Chwomical
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FIGURE 1

Frequency Distribution of the MIT(A)
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equijibrium in the. CHEM Study text.

v v -
’ The Chemyotry Achievement Test (CHAT)

“© ~
,Th? mean and standard,deviatioq of the CHAT dre~repbrtedjin
Tablé_II...The‘ChAT:mean;is 59.1_Dercent.and‘gndieates that tge'students
.'found>the.test.faitiy'difficult. The~Kuder—Ricﬂgt@sen reliaﬁi]ity
'coefficieﬁt (KR-20) of_0.75 is acceptabie‘for an achievement-test_gf'

-this nature zjackson and Ferguson l9@l) The CHAT was devised by

Lantz (1972) and was found : to have a re]:ablllty (KR-20) of O 71 on-

N

the sample of 198ﬁbtudents in his’ study.. .

—

The standald dev1at10n of 5.02 ‘indicates that approximately
) R K g . ’ . S
two- g/\;s of the score;'lie between ‘14 and 24. The frequency distri-
_ : . o .

bution Qf.the ‘CHAT scores givqe'in Figure 3 shows a rather wide range
'of scores, wzth the Highest frequency of scores occurring near the mean.

Inworder to investigate how specific misconceptions and the number of
"misconceptions dre related to different levels of achievement, the

" student's in the study were divided into three hearly equal groups on
. ) .. + N \ ! B . ST ” S N . ’
- the basis of their CHAT achievement scores. . This was'done'Hy using the

ﬁrequency distribution of the CHAT to establish as nearly as p0551b1e

three groups of equal siie‘(high n1dd1e and low) Cutting points at
: , / , :
17 and 21 produced threeAnearly‘equal groups.

-~ Table III shows the distributionrof.male and female students
within- the three achievement groﬁps

The percentage of 63 6 of boys and 36 4 of glrls in the sample

is in general ag1etment with oLher studtes on the hlgh school sc1ence 

p@pulation (Lantz, 1972' Wdlbelg, l9b7) chi—Square test‘Oﬁ»inde—

pendence performed on the data indicates that there is no significant

N . - .
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t ’\}”;h'f g ) . .
.TABLE I1I ) S
Distribution df Sample by Sex in Achievement Groups- : 4 o
High, Middle and I .
N = 99 Ry !
- o _ " : 1. :
Sex ‘. High . Middle Low ‘¥ Total
L Male . ®Y as .21 63 "
Female- 11 9 36, -
Total - 36 . 30 33 99 . E
S S ) 2 . :

difference in performance on-theACHAI for-the two groups according to

'

. . o '  ‘ . vn: L/  .' - :'.j{

N . 4/ B M N : . .’ .- N ) . - ' ’
sex. - In a similar. marner both the number of misconceptions held by

: : : . S 1 % ) e .
male and fagale\students‘and specific misconceptions held were ‘investi-
. f 0 ; ' SR ere MINE

N o

.gated to'dgﬁérminé wﬁéthér théreiwés_any.significantﬁdifféyéﬁ@é Bét&eeﬁ
the two éroups. No sigpifiéé;t.&iffer;hcé wasyfound.. Tﬁis"{nvé$piéé; ¥l Qt ;j
tion ig‘dié§u§sed in sect;on three bf’this chapger;»fonigﬁe‘%ésééiﬁfjlf
tﬁe.abqvé resdlté nolfurther‘éttembt to iﬁvééﬁigété tﬁe‘sex factor‘Qé;~

undertaken in subsequent analyses.

The Skemp Test (526, fart II): : L% é
| The mean and ‘standard dgviétion of the SK6véré:?ébogéé%i§p§Tableja B

'II;_Eogéth?f &&ﬁh.the intercorre1ationS of. the th;eé se;ﬁigggggg\th; ’ a

/ . :Thé‘mean_of the‘tbtal-Sk6 is equivalént to Giipefqent‘éf_thé }

ppséible_total. The frequenéy distribution in Figurex4 shows a con- 7}' ;2

siderabié rangé(Oﬁﬁécofes;v Megp; fof-the'three sections of ﬁhe SK6. |

test,.SK6(l), SK6(§) and SK6(35,_are équivaleﬁt'td‘72.5 percent,'70;é

perceﬁ; and AQ.l perceﬁt respectively. . The relé&ively‘lpw'mean for the .

third section of the-SK6 test is not-unexpected in light of the view

. . . . %
| . .
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that performance on this section-isfyégarded és'clqsely‘é§éociated with -

ofbrmal.operational thought.-
As discussed in Chapter I1I, performance on the réspectivé,sec—'

Qfﬁ<$ions of the SK6 test is secen to be'related to the.cognitive level (Fzy
‘? ) : . L N . : . &',‘L__.

R ) . v Wy

and probably accounts for the apparenﬁ &iffieulty;bf:the tﬁird sédtidn: ,

L9l

of the SK6. o T ' T SR
. ) ) . B . - '_‘v o ; . . ./"‘_ . -F". & .'._\
A discussion of the results. of the other Piagetian tasks (PT oo
- - \ R
and PT2) used to determine the cog itive level of’ the students ih'the

sample follows.

The“PiaQefian Tasks (PT 1 and PT 2)

The Piagetian tasks, PT 1 and PT 2, were evaluated according to

tad

£

specified . criteria. based on. extensive_experiments described in Inhelder
: , _ ; ! nhEsferL

'and Piaget'(l958,'p.‘107—122) and presented in Chapter IT.

In terms'of leveis of cognitive fUnctioninnghe sample (N=99) was

2
.cléssified.as follows: : : : ' ,-' | ' A
| i - 3bstu§eﬁ'
- ﬁéﬁeﬁCQnérete (C2) j?‘ 24 Student%‘ .
Eérl? fdrmal'(Fl) - 61 ;tudedts" .;?;’” . : ﬂ%ﬂ'
. a8 S : . ] o
Late Forma1~(Fé) - 11 students. - e

In gros$ terms, 73 percent of.the students were fbundvtq‘bé
capable af usiﬁg#forﬁa; oéeratibns in theif‘th;nking Witﬁ tésbect
thése\tasks.gnd Q7kpercéht wéreygtill_limited>td éondre:eybpefétions.

_ ‘This_is'baséd OnAthe éssumption thét t%e!fiégetian taské, ésluseakin
the study,.givg a véi;g‘indication Of‘the 1evelé-of cognitiveAfunctionf
‘ing.i These resulté are in général agréeméht Qith oﬁher investigations

>'in this afeai(Buell anﬁ“Bradley,vl972;'Hobbs,il972) which indibaée that



3L

. . y " ‘-;‘p " ,)" s ..1.'3
_the maJorltv of hlgh school students were . capable of early forma}
) ‘ ) .v . . N . . K \’. . '}:x_ l 2 -
thought (Fl). e T D S : .
' e ) “_‘ . L. . . . h : ,‘.: ':

; »reSult of 1n1t1ally attemptlng to evaluate studengﬂperformance onv'f'?LQEV?

.eéu1valent tasks for purposes of“the study Tp ﬁ% performanée on g

~e1ther task was 1nd1cat1ve of the other., Thls f d1 arose as a
_ Rg

’anantitativelSCAT scores for the sample have a‘mean of .34, 1 and a

e NE

It should be noted here that PT 1 and PF 2, were found Lo bt,_ﬁ

s 4

S w .

3

a o ‘- Ur

‘each task sepdrately accordlng to the speclfled criterﬁat JGomparlson

. ;_."$ ‘,,\L. v q Ly

of the results for the flrst 40 studean on- both tasks, PT 1 apd Pt 2
[ (ﬂ R

‘proved totally consistent. For thls‘reason PT l was‘%sed to evaluate

’
3

the'remaining students' performance on these tasks. Since any refer—f'

[ l .

_ence to PT 1 ;s equally appllcgble in all respects £ PT 2, the ' - x
a8 .~, P /4 * \x Ny
Lt < o .
des:gnatlon 'pPT: 1' will: refer from thls p01nt on ‘tg: the two Lasks_'

A S L

. v [ !
- ‘ T o : -

in Table 171, . L " o : sl S

The Co-operative School and College Ability Test ?SC’AZ?)"-EI S

1

The mean andbstandard dev1at10n of the SCAT scogps for the total

\'. T

s

pOpulatlon of Albert?/%rade IX students who wrote the teg%'ln 1970 were

obtalned from the Department of Fducation. For the total population

wﬁ%,wrote]t\e<§QQT5 the mean scorevon the verbal section was 37.7 and

»

Ve

the$standard deviation'was;lO.B. For the students in the'presént Study,‘

. ) ‘ - o
the mean..score on' the verbal sectlon is 44.3 with a standard dev1at10n

S

of 8.4, - On-the‘quantitative SCAT scores the popuiatlon mean and

standard deviation were 28.0 and 8.7, respeétively. Th@'eorresponding

»

~

standard deviationuof 8.1 The. total SCAT scoras for\}he populatlon

had a mean of 65 7 and a standard dev1at10n of 17. O The mean and’

.combined. This comblned de51gnat10n was also ﬂsed &n reﬁortingtresults,_“

ot
.
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Rt

standard deviation of the total SCAT scores‘fé% the sample are 78.5 and

. @t .
14.1 respectively. . » : o

SCAT scores for eleven students in the sample were. not available.

<!

For these students the mean SCAT score~for'the'samp1e-was used in the

a . R . —

analysis of the data. A test. for the homogeneity of variance of the

SCAT scores was pérforﬁed'beforehand to ensure that this decision was

«

“justifiable. R , B
The higher means :nd smaller standard deviations of the SCAT -

Scores of fhe sample indiééte'ﬁhey_afeqa compaféﬁiyel§ select éroup..
‘These findings wouid generally be Q;%ected for the ébtal chemistty'BOX
ﬁopul?tion, a; studénts of highér ability'tegd to éhrol i&’chéﬁistry

» ' 6ccurs:priof“to'£eaching éhemiétry 30X.

‘and #electionv

| SCAT scores for the study sample are presented'in Appendix E.

y o . 7 ‘
The, frequency distribution of the total -SCAT scores appears_in\iigure 5,
q ) - . . . . - . . B ) .

~

Results and Discussions Related to‘the\Majof'Hypothe§q§

;HypotheSis 1.0 o ! - 3 = -

Hypothesis 1.0 states that the rate of. incidence of SpQéifiCl

misconceptions in chemical equilibrium cohsistently exceeds -that

T S . ’ _ . b
expected by chance. Results of the item anal&q@s'on the MIT are presented
. in Table IV together with the chance value for the incorrect responses

«

e Eeo o & ' ' :
for each item and, the chi square’ associated with the distribution of

thé inéorrect‘réépgnses;
bn ali’iféms fhé'pfﬁpdrtion of studen;s chéoSing_the resbonse:'
'basedkon fhe-keyed ﬁiscoﬁéeﬁéion consistently exceeds tﬁ§g éxpected by
o ' o A .
ichéﬁcé.;~The dist;ibuﬁibh of the incorrectly keyed answers yielded

ooy : “
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FIGURE 5

" Frequency DiStribution of the Total SCAT Scores
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! TABLE 1V g g
Item Analysis of the MIT: - Chance Values and -
Chl Squares for Incorrect Responses
Response o
Chance ‘
Itgm A,)  B : c |- D/r- Value xz ' Prgb;
1 A L 14| .00 ﬁ?’19) 49.0 x
2 219 *.55 .18 | .06 | ¢.15) 8.4 | x
3 .31 .35*] .27 | .e5 | (.23) | 21.6 x
S 4 #,70 .07 .23%0 .00 | (.10) [-27:8 |, x
5 | x.g3 | .03 12el .03+ Co06) 7.5 | xx
6 .08 *.68 . .23% .00 [ T.11) | 26.4 b
7 *.27 | .49® 15 {0 .07 | C.24) | 42:0 X
8 £.76 | .06 | - .16° .01 | (.08) | 15.2 x /
-9 .16 fy.28%) #5100 .08 | (.16) | 18.0 %
10 .5g:;7 26 | L1a |16 | l28) | 3305 | x
11 L4000 .07 | ka8 | L0s | (17) | 47.0 x
12 214 | %.03 .81%] .02 | (.32) |112.1 x.
13 A1 | %, 27 .60%] .02 | (.24) | 80.1 X
14 L10% .08 | *.80 .02 .1°¢.07)-] 5.2 XX
15 75% T.20 [ .04 | '%.01 | (.33) | 84.1 x |’
16 22| .70%| .05 | ®.,02 | (.33) ) 70.3 | . x
b 17 %62 | .19%| .17 .02 | (.13% | 13.6 ) x
‘18 .20%] " *%.70 067} .04 | (.10) | 15.2 | 'x
19 | .14 .34%| %39 | .12 | (.20) | 12.8 x
20 | ..12%% %83 .05 [ <00 | (.06) | 14.8 x|
21 .88% .04 | .07 | *.01 | (.33) |137.§ X )
22 221§ FTae~le L23% .12 | (.19) 3.7 | xx \\\ ,
23 £.26 | .10 | .62°¢ ..02 [ (.25) | 86.0 x N
24 .06-| *.8¢ | .05%| .08 | (LO7)'| -0.7 xx
25 *.73 .15° .06 |« .05 | (.09) 7.0 | =xx
26 07 | L45% | x.42 4 .03 | (L19) | 58.6 | x
27 .06 | *.27 .63%1 .03 | (.24) K95'34* e
~28 | *.54 .26 .17 .02 1 .(.15) | '19.6 | x,
20~ .17 | .27% *.49 | c04 | (L17) F 16.6 x
30 1 . .60% .07 | *.28 .03+ (.24) | 86.8 | «x
* keyed answer a
¢ keyed mlsconceptlon .
. () chance value of incorrect reronses

p <301
.05
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significant chi squares (p <,.01) -on all items except’ five.

The. six specific misconceptions»investigated in thé. study were

as follows: | .
Misconception 1: .Mass vs. Concentration
Misconception 2: Rate vs. Extent of Reaction

N

-:Misconception 3: " Constancy of Equilibrium Constant

'Misconceptfoql,r.'}isuée of Le Chateliér's Principle

“"Misconception 5% Staﬁt Coneentration e

v . ‘
Mlsconceptlon 6: Compctlng Equ111br1a.
1 : .
In order tofascartaln the extent to whlch the major mlstonceptigi

occurred both a’ performance score and a mlsconceptlon score were deter-
Y ’

¢

”.mlned for each student for ‘each of the six mlsconc@ptlons. The MIT
'performance scores for each mlsconceptlon were obtalned by determlnlng

the numbqr.ofvltems correctly answe¥6§~bv each studeht”on"the subtest
v i1 student

.

of the MIT measuring,the given misconception‘in MIT(A). For ekample,
a student answering 3 out of the 5 item subtest dealing'with misconcep-
tion 4 on thevMIT(A) corrgftly,.would-be given a performance score of

3 on misconception 4, 1 ) ' ¥ .
In a somewhat élmllar manner mlsconceptlon scores for each = - e

A

‘student £or each mlsconceptlon were obtalned u51ng the MIT(B) scores.

‘The mlsconceptlon score refers to the number of, items on the subtest
{ . A -

dealing w1éﬁ’a given mlsconception that a %tudent obtains u31ng the
MIT(B)nKey. 1t should be noted here that the performance score and the .
mlsconceptlon score are. closely relattd in ‘the " senSe that both scores

~are obtained from the same test uging dlfferent keys for the test,
B

Further once the performance score for a given student is obtalned

¢
.

'frestrlctions are placed on the p0551ble mlsconceptlon score ‘the- student



caléulated. - ’ ' : .

' misconception score.accounted for 50 percent or more of the subtest

a7
o

. i T ;:7 _/ . . . .
can obtain, o ) ‘ ] . - ' . a
. . i e

4/
A : et ' s . ¥ T T et
Tollllustrate,-con51der the case where ;a student answers three,

items correctly on the five item subtésgqéealing with miscohception 4,

The performance score for the student is therefore 3. The misconcep-

tlon score is found by determlnlng how many of the items mlssed on the

-

’ MIT(A) subtest can be attrlbuted to a mlsconceptlon as glven by the

8 .
MIT(B) test. In this case, if the two i'ems incorrectly answered“on

2 a

.

the five 1tem MIT(A) subtest are both con%&stent with the keved response

en a mlsconceptipn.score
: g ¥

RE .

AN : i

miscontdéption .

on the MIT(B) subtest the student would be
) .

of 2 on thls partlcular mlsconceptlon. -By this meth

: ' . . . B g ol . )
scores for each student on each of the six major misco ceptlonsvwere
! T : : o1 , >y : ‘
o . \ .

The dec151on was to whether a glven student possesses a partlcular

1l

'mlsconceptlon was made on. the ba31s of boLh the NIT performance and

mlsconceptlon scores. A,mlsconceptlon_was said to be present if the
& . : . o ' R E .

1ncorrectly answered on the NIT(A) test. Using thisfcriterion,gthe v

: -, : R
presence or absence of. each of the six maJor mlsconceptlons for each

student , together with the total number of misconceptions possessed by

&
each student was determined. The results are presented in Table V

Table VI presents the dlstrlbutlon of the spec1f1c mlsépnceptlons o

within the sample.' Mlsconceptlon 4, the misuse'of Le Chatelier's Cd

4 - . ®

,Pr1nc1ple, was found to be. the most prevalent of the six maJor mlscon—

‘ceptlons studied, belng held by 95-out of the L9 students in the study

',sample. Both mlsconceptlons l and 2 the mlsconceptlons of .mass vs. -

concentration and rate vs. extent of - eaCtion, respectively;»Qccurred
to the same extent and were found to be\the least -prevalent. . J
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S . . S TABLE v R
: B MIT Porfovmgngc and Mic ,conc‘.ption Scorcs, .
N v . "Iotn; ‘Iiscdnceptlons md CO,’ZIllthL ILV( 1 for anplo v _
} i Y ot L X ) i - b
!’L’[fopnnu’ .‘115@011(:qu ton. = AR
3 . Seares _Seores lotal - g Cogn‘lLllve
J ol . = Y ; L Miscon-, I'} Level
. I.};.” Hisconception 1 Hdincdhception ¥ CLD“O”% i . .
oot 3 5 61 20 F g 5.6 | Prosent Cilcalrilrs
T ., . +F ; X Ax - -
Y, P00 A5t 375 Lex’ 1 00 4k o, 2 N 2 . x
|10t 12 3.1 2 1 57| 9w 1, 1x 3y 3x 2 x|
, ”&x 30202 5 4 1 2 5 fulx 0 0 Ix 2x 2 x
s 103943 11 2 S0 1 4x 3x 3x 2 ' X
e {104 {2 4 '23 1375 1x, 1 3x 3x L 2 - *
10533 270,051 2x 2x Sx 2% 2 '
" 106 £3 3370 2 4 | 1 2x 0. 5w 2x .3xf . xf{ ~J
10743 03 3.1 0 5 )11 1 4% 3x 2 2 x| I
K "108 13 3 4 0 1 4|1 1 0 4x 2% axl 3 x
10913 4°2.1 3 5|1 o 3>& bx 172N 2 5 x
11003 4 05 01 61 0 0 4x L Fa x|
11312 5 402 1 ["1x 0 1 4x 25 3 4 . x|
. 22 222 1,51 1x 1'"1 3x 2x 2 & x]
- U312 3 2,2 1.6% 2x 1 14 3x 2x' 1 |} «3 4 X
T893 3 3 0 2 6|71 1 2x 3x 2% 1| '3 e~ |, x
5024 2 1.1 4| ix 0 0 3% 3% 3x| 4 e x|
M6 4342 01 210 -0 1 3x 3x 4x| L4 %
. 17024 1 0 ¥ 6| 2x "1 3x-5x 3x ‘1| __la x
ba, U813 5 4.0 1 2711 0 1 3x 3x, 85|\ 3 X.
A 119 |3 31 0 1 3 1 2x 4x . 5x 3% “2x 5 . x
12003 4 1.0 3 24111 17 3x 1. 4x 2 x
- 12113 2-3.1 03|17 1.1 4x &x 23x 3 x| -
12242 3.1 0 0 2 1271, 2% 3x 3x 3x ©5 x| .
‘ 12393374 172 2 11 2x 0 2x 1x 2 |.« 3 x
. 126023 20 2 840 1 3% 4x 2x 3x| 4 . X
o153 2 2.1 1 4 [ 1L 2% 3x 3z 3x| 4 < L
P63 34 0 2 511 1 1 Vaxdxo 2. 2 X
“ 1273 3 2 0 1 3] 1 2x\2x 4x 2x 4y} 5 xfo7
12812 2 3 172 1| 2x 2x 0 .1, 2x 4|+ 4. X
129433 001 0 20 1 2x.3x 0 3% 3x|o. 4 x|,
=y 13012 5 2 1 1 1| 1x 0,.2x-3x 3x 4x| © 5 IEIE
. 13113 3 4 1 2 4711 .1/ o. },3)( 1 1 1 / x|
213202 3 071 11 1x 10 o4y “3% 3x 3x| 5 x| i
Ao I3 b4 41 101 2] 0 -0 2x1 1 S5x 2! x|
B vl34 2.2 0 21 5 1x _2x 5% _ 2x 3x .0 5 - X ’
13502 4 1.1 1 4| %% 0 ix £3% 3x 2 4 x
136713 2 3.1 3 310 1 2x 9y O 3 3 X
13712 3. 3 0 111} 1x 1 1 . 3x 3x A 3 x|
13812 45 0 1 6] Ix1 0 4y 3x O -3 x
13301 2 31 1 2| 5x 1x.1 ., 1x Ix 2 x
1401372 4 2 3"s |0 2x70 2x 1 2, 2° X
14113 4 1.0 0 2 |1 1 2x 4x 4x <3x | 4 =] =
142413 .4 4 0 24 (1 .1 1. 3x 2% 0’ 2 “\_,\ ol x
312 3 4 12 4 |1 2x 700 4x o 2x 3% 4 -1 b
ClAA 12312 2 03 1 1s 0 "1 3x 2x 3xf 3™ x 3
-- ‘ o ' -‘y ' . L. :.3,‘ S 3 .
- L4513 3.1 00 241 1 “2x 3x 4x 2x| 4% ° o x
. CL4613 457120 4|0 1 0 4x 4x 3x| ¥3 X
: @) MT1271 % 2 0,1 11 2% .0 0 2x 3x  4x[ 4 x
Cop Lesr2 271 1202 | 2% 3x Ox” 2% 2x 4] L6 I
14911 3 1 0.0 .1 x 1 1x dx 3x “4x) .- 5 jx
o "‘ P " B ; - . , K 3 B -
. X 'in.dicétb"cs mi::c&n@cgztniofﬁprﬁ:wnt- B » - L
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..%ABLE V "(continued) o Co T @

MIT Performance and Misconception Scores, - o

,Tota] Misconceptions and Cognitlve Level for . Sample

' Performince Misconception: -~ .
’ Scores "Scores . Total Copnitive
. - s , : Miscon- } Level
1.0, M}sconcvpLﬂE\ JlscnnCQEtlon ceptions ’ o
No 1 23 4 65 6l 1 2 3 4 5 6 |Pregent | GYC2l.|F2
150 44 5 0 3.3/ 0.0 0 4x 1 2x 2 x
‘1811 3 3 5 0 2 5).1 2x 0 S5x 2x 2 3 x
1521 0 1 O 2 2 Ix 3x 2x ¥x O 0x 5 X
1531 3 4 5 0 0 5|1 1 Q' 4x 4x 2 2 . x
15| 4 5 5 0 2 5|0 0 0 &x 2x 2 2 y
155) 4 3.1 1 1 4) 0 -1. 4x 3x 2x 1 3 -
forsep 2 3041 1 31 10 1 4x 2x 3x 3 %
157('3 3 2.1.2 21 1 2% 1x 1 3x 3 ox
158 2 3.2 1 2 3} 1 2 2x 3x 2x 2x|* 4 x|
159} 2 4 0 0.1 6|1 1 5x 5x \3x 1 30 - x
160} 3.4 4 0. 4 5] 1 1 1  3x ? 2 1, \ x
61 3.3 0 0 0 3] 1 1 3% 3x 4x 24| 4 X
162y 1 4 4 0 0 3 2* 1 k] bx b4x 3x|° 4 X
163f 2 2 2 1 1 4 2¢ 1 1x 3x 2k 1 4 X
16401 2 3 1 0 4| Ix\ 2x O 3x 0 2 , o3 %
. - \ S ‘
165 3 5 1 1 2|10 1x 3% 1x 3x 4
216611 2 0 § 1,.4 ] 0x 3x 3x 3x 1x 1 ° 5 x
16713 3 4 } 0 51 1 2x 1 4x 4x 1 3 x
- 168 2.3 3 1 03] 1 0 1 .4x 4x 1x 3 x
1693 4 220 1 6| 0 0 4x 4x 3x-1 3 - x
l1oj s 3 4 1 1 20 0 10 3x 3x2x 3 x
K 1714 2 3 4 1.1 24 2x 2% 1 4x 2x 3x 5 x|
A 17213 5 4 0 1 6|1 '0 -0 5x 3x 1 2 x
1732902 0 0 2 .51 .1 3x 4x 3x 2x O 4 x
: 1740 % 3 1 0 1 2| 1  2x 4x 3x 3x 3x 5 x
17503 32 2 2 1)1 2 PR 1 s« 3 X
! 176 4 4 5.0 1 1}{0 1 0 4x 2x 6x 3 x
177{3 2 5 1.0 3| 1. 2% 0 3x 4x 3x 4 %
17813 3 4 1 2 3 0 1 0 3x  2x .4x 3 x|
179033 2 1.3 110 2 1x 4x. 1  5x "3 x| '\
.180(3 32 1 0 5 I " 2x 2% 4x’i4x Sx 5 x '
18112 3 4 1 1. 830 -1 0 3x 3x 1 2 %
1822 2 1 1 0 2 {1 2x 2x-3x 2Ax '4x| .5 x|
18314 4 3 171 310 -1 2x 4x 2% 4x 4 X
184713 5 2 2 1 3|1 0 1x 3x: 3xY 0x 4 X
18512 42 2.2 201 1. 0 1x 2x \gzx 3 X
1863 3 0 1 13§ 1 2x 3x 3x 2x Zx| 5 X,
18713 4-2 2 0O Po0. 2% 3x 3x Is| o 47 x
1882 4 0 0 3 .. ° 0 ¢ 3x 1.3 L 72 1=
1892 4 440 1 % 1x 1 0 4x 3x 3 3 x|
19013 4 41 1 1|1 1 1 ‘4x 3x @ 4x 3 > ox
19114 4.5 1 1 3|06 1 0 '2x '3x 3x 3 x -
19212 2 2 0 0 3] 2x 2x 1x_ 2x 3x 3x 6 x
*19312 33 0 9 2 1 1 0 3x° 3x 3x 3 X
1941371 1 ¢ 1w3 )1 3x lx 4x 2x 1x 5 %
S 195{4 1.0 0 1 3]0 Ix 2x 2x 3x 2x| S R
7 . 1963 32 1 1 3|1 ¢2x 3x 2x 2x 2x| 5 1 ox
19711 4 4 2 21111 0 3x 2x 3x| (.3 X .
fo8|3 4 21 2 s} 1.1 1 4x 1x 2 lz %
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TABLE VI
Distribution of Sample Possessing
Specific ﬁgéconceptions .
oL N = 93
Possessed Misconceptions
1 2 3| 4 s 6
Number of ' o - ,
Students 29 | .29 47 95 84 ‘60
k] . \
>
TABLE VII S . Rt
Distribution of Sample Showing-Number
" of Misconceptions Held . -
‘N = 99 _,z,‘ . . - -
' J l ‘ . ! T ’ I3
: : Number of Misconceptions Held ;
. 1 2 3 4 - s | e
Number of o S B . '
Students 2 <16 367125 18 o 2
: A
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The distribution o the total number bﬁ-misbonceptions held by
the study, sample is presented in Table VII. _This refers to the actual’

umber, of misconceptions out of the six possible. Results indicate

that 82 percent of the sample possessed three or more of the six miscon-
B ) o

ceptioneg identified. Almost half of the students (45%) held four or
more of the six misconceptions.

These findings“clearly indicate that students do possess mis-
. o - e o . A
conceptions in thé area :?‘Eﬁtmical_equilibrium.v The rate of incidence
of specific misconceptions was found to consistently exceed that expected
by chance. Further, of'the six major misconceptions under investigationmn,
ceach’ student in.the sample was found to possess an average of 3.5 mis-

conceptions.

'

There appears no evidence for the‘rejection ijhypothesis-lko.

BypSthesis 2.0 | .. o - SN

Hyﬁdthesis 2;9,states tbat there.is ﬁo significant réiationship
between studentvachievemént in.chemistry és measured bybthe CHAT‘ané
performance on selectéd Piagetian:Tasks; The intgréqfrelétiqns of the :,
CHATrwith tﬁe three sectgpﬁs of the Skéﬁp'fest (SK6), tﬁe total perfor-’

mance score on the SK6, and the»Piagetian Tasks, PT l are'presented

- b

.in‘Table 11 (p. 83). All correlatnon coeff1c1ents ewceed the crltlcal
value of 0. 20 (df 98) at the 05 level of 81gn1f1cance.
‘Of Lhe two types of Plaéetlan Tasks PT l has»che*higﬁest corre-

”latlon with the CHAT stores (r = 74, <_.OOl). Totdéterming;thé extent

3

‘to which performancé‘on PT 1 ;bntributes to the variance of the;AChieve— Py

ment scores, a stcpw1se regrL851on analysis was carrled out on’ ‘the

predlctlon of the CRAT uslng the Flagetian Tasks as predict01 varlables.

B Y.
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The stepwise regression procedure makes use of th: correlation matrix

for the predictor variables and enters into reg-ession the variable

o
a3

most highly correlated with. the variable being -redicted, in this case

. . .- . . . "

the CHAT score. Using the;ﬁartial corgelation coefficients as before,
- o _ o : =

it then selects, as the next variable to enter the.regression equation,

that predicfor whose partial correlation with the CHAT score is highest.

This process continues with the re-examination at every stage of the
% ' '

regression of the variables incorporated into the model in previous
. . .

stages. -Any entering predictor variable which provides a nonsignificant

- contribution is removed from the model. "This process is continued until

<

all significantly contributing.predictor variables enter the regréésion

‘equatiin (braper and Smith, 1966, p. 171-173).

\ : The results of the stepwise iegression'anélysisufor the predic-

.

tion af achievement in chemistry from the Piagetian tasks are presented
: _ . g an .

in Table VIII. - The first variable entering the regression equation is

fhe PT 1 score whfch'accountS'for 54.3 percent of the variance in thé
CHAT scores. The second variable to enter the regression .equation is

the SK6(2) score which increases R? to 58.7 percent. Both the quantita-
tive and Vefbalvscorés on the SCAT, which were also included in the

B

analysis as predictor variables, did not signfficantly contribute to the

variance in the CHAT .over and above the c0ntrib3tion’of PT 1 and. SK6(2).
This suggests that performaﬁce on the Piagetian tasks, PT 1 and SK6(2),
may be bétter predictors of -achievement in chemistry than general ability.

The  regression equatiph for the prediction of CHAT scofesufromiPT 1'énd

.SK6(2) is presented with Table VIII. - -

- Of the three séctions of the Skemp Test, the only section that

enters the'regressidn equation ‘significantly' is the SK6(2) section.,



“TABLL VIII

~

Prediction of CHAT Scores from a Cbmbination

of Piagetian Tasks, PTI, SK6(1);
SK6(2), SK6(3) and SCAT Scores

P

103

1,
XCHA,T = 0.35

XSK6(25 * 4',9.XPT1’-# 1.9

‘ RV ; Probability
- Predictor ‘T Value Total " Level for
Variable for Var .ablg F . Last Variable R2 -
Entering - Enterins Value Entering - (percent)
‘PTL, 115.3 115.3 <,001 54.3
T ' .
SK6(2) 10.3 - 68.3 002 58.7
The regression equatioﬁ in\faw4scoré form is
given by: ‘ ‘
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This section displayed the highest correlation t& achievement in. chémis-
~ eyt .

b

tfy (r = .47, p < .001). The fact that a large proportion of the sample

Y.

.(732) was found to bé-cépable‘of formal thought as detéymined from'thei£
pgfformancevon TT 1 would suégégf that the SK6.(2) gcoreé might‘be ﬁd}e
d'scégﬁinatiné with respéct_to.;chieﬁement scores as performanég Qh\d,

‘ K6(2) is‘mofe i;dicative of:formal thinking. Thét is, the items on
‘the SK6(2) seégioﬁkof the Skémp Cest involve p;ansformatioﬁsvassbciated
Qith either the:;;rly or lafef%fbrmal‘leﬁels of cognitive develdpmen?.-
.'One would:not‘expéck the_SK&(Bj scores ‘to c&ntributé té the'achiévement
scores as ohly'ii.pércenf of the sampie‘were deemed capable of late
formal thiﬁking éccordiﬁg to performapccvon PT‘l. Of.the three pbfﬁions
of tHeVSkemp Test?-SK6(3) displayedvéhe iowest correlation'with CHAT -
(f =‘0.21; P =‘0.033). The;corfelation bétwegn PT 1 and SK6(T) waé'
féund to be 0.34 (ﬁ < .QOlj. Theléectfbn«of_thg»SKG(TR moéf higﬁly

/

S . o
correlated with PT 1 was, as-expectid, SK6(2), (r =NO.%E;

! /4

p < .00L).
THe means and standard deviafions of all tests for each of the

1y

three achievémentiggqgg§ ére_presehted in Table IX. The mean of 3.3

for the fhigh group on the,PT 1 indicates thdt most students in this
group are capable of formal thinking. The means for the ﬁiddlezand
;lbw achievement groups on PT 1 indicate that the_majonitj of students

in*th‘se-groupé are‘operéting at the level of late concrétg thinking.

Scheffé's multiple comparison of means of the PT 1 scores shows

the scores for the low group are significantly different from the

mi dlé (p.= .001) and high‘(p‘< .001):groupg. The chreé of the middlé
a d_high groups afgéalso\siénificantly-éifferent (p =..008). That iS’
eVenﬁthugh;the middle and low ;roups éil‘pperate at‘the?leﬁel~pf .
concréfé»tﬁinking, theée'is_aq apééQEnt Significéht giffereﬁce'within

-
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TABLE IX
1“gst‘ Score Means and Standard Deviations
+for the Three Achievement CGroups:
Test . High © - Middle Low
I
R . mean ' 15.8 12:3 2.3
MIT(4) 's.D. 3.2 2.6 2.7
MIT(B) " mean 20.9 17.8" 16.8
S.D. 3.0 3.6/ 3.8
CHAT g‘eg“ 212*.'2
SK6 (1) geg“ 1%.2
so
wow T o8
s mean 31.4
SK6(T) S.D. 4.5
' : mea’h 3.3
PT1 5.D. 0.5
| mean 46.5 33.1 37.4
V.SCAT S.D. 11.1 19.7 14.4
. mean 36.8 - +23.8 29.1
- Q.SCAT S.D. © 9.7 15.4 11.5
e mean 83.4 56.8 66.5
TfSCAT . 19.0 34.0 24.5

ppanv g
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the concrete level (i;e.?_the subste jes of the cognitive lével).

'rThe‘reported'meaﬁs for the thrce achieveément groups of the CHAT ’

[

scores in Table IX indicaté a small stendard deviation for the middle
a0 . :
achievemént group. This is due to the manner in which the achievement

s groups were defined; The ‘high frequencyv- of scores near the méan made

&

'it‘necessary‘tO'choose upper and lowér*limifsﬂof the middle group

“ RN

close together in g}der to achieve three groops of nearly equal siée.
Table X presents ‘the results of the one-way analysis of variance -

for the test scores.- Both Plagetlan task scores, Sh6(T) and PT L, are

- significantly different (p <V.OOl)-forﬂghe three groups. An»examinatioh

of the results of the analysis of variance for the three sections of

" the Skemp test reveals thatAonly the SK6(2) scores are significantly

S S . . .
with é%e-stepw1se ragression analysis discussed earlier.

different for the;three groups at the 0.01"level. This:is consistent

<

It should be nbted that for both the verbal and quantitative

Secfion' of’the SCAT the respeetive mearf for the low aohievement_group

exceeds that\of the mlﬁdle group. This result is not evident from the

'analy51s of variance results for the SCAT scores which found 51gn1f1cant

differences on both the V SCAT and Q. SCAT for.the three achlevement

groups_(p < .Ol). However, as discussed egriler in this section,

A
[ L2

£

neither " the verbal’nor qusntitative sectiong of the‘SCAT scores contri—"

buted 51gn1f1¢antly to‘fhe regre§51on analysis carried out for the

\-/ .
predlctlon of  CHAT scores. In thls 11ght comparatlvely llttle 1mportance

is placed on_the_signifioant dlfferences for the three groups based on -

the SCAT scores.

 On the basis of the results presented, hypothesis 2.0 is rejected.

There appéars to be a significant r-lationship between student achievement

14



107
TABLE X X
One-way, Analysis .bf Variance on the Test Scores
Test Source DF SS L MS -F P
MIT groups . 2 281.3 140.6 Gy ‘
A errot 96 788.9 g.p| t7-11T} <.001
MIT 318.6 159.3 ' _
B 1150.3|  11.9| 13-39 | <-00L.
1898.3| 949.1| |
CHAT €023 63| 151:29 | <.001
| - 83.3 .
SK6 (1) o 9083 0.015
R - 234.5 POSES
SK6 (2) 8413 . <.001
. - 39.9 19.9 |
SK6(3) 924 1 “ols 2.1 0.132
©959.1| - 479.5 4
SK6(T) 4457.6|  46.4] 10:33 |0 <001
| 15.4 7.7 ,
PT1 279 o 3| 26.53 | <.o001
3 3161.1] 1580.6 o
V. SCAT 22302.9| = 232.3| ©-80 | 0.002
p : | 2852,4 1426.2 . L '
Q.SCAT 143439 (149.4 9.55 {4 <.001-
o b N 12076.0| 6038.0 i
T.SCAT N 65510.6| 682.4 | °:8 | <-00L
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in chemistry ashdetermined by the CHAT and performance on the Piagetian

tasks, PT 1 and SK6. | .“‘ T . IR - .
The relationship established between achievement in“chemiStfy

and peffgrmance on the Piagetian tasks is taken inee consideration in -

tne fes;ing of the remaining hypotheses., - »

.-
)

Results and Discussion Related to Hypotheses 2.1, 2.2,72.3 and 2.4
: — ee——

Hypothesis 2.1
Hypothesis 2.lAstates that there is no cignificant relationshin

between the number of misconceptions a Student demonstrates .in solving

%

selected problems in chemical equilibfium andiperformance on selected
Piagetidn tasks. The Pearsbn product—moment coefficients between MIT (A)

and MIT (B) and the Plagetlan tasks, PT 1 and SK6, are presented in
L

Table II (p. 83); All correlatlon coeff1c1enﬁs age»81gn1f1cant at the

T : , & - :

.01 level. - . . T v

’ b

N

The highest correlation’éxjﬁts between MIT(A) and PT 1, (r = 0.61,

p < .001). It might be noted tifH# although the total Skemp test, SK6(T),

¢

is significantly relaged gg "MIT(A),and MTT(B), the three_sections

'rably in thelr relatlonshlp to MIT(A) and

est correlatlon coeff1c1ent in both cases

vThe SK6(2) sectlon ofofﬁ;;E$Emp test also displaysvthe highest correlation,

with the SCAT scores’ (r = 0147, p< 001). Thls would be eypec;ed as'
performance on both the MIT(A) and MIT(%} llke the CHA& is ba51cally
ba measure‘of achievement in chemlstry.' This is in addltlon to the .
specific punpose of the MI@AQp_idenfifying‘major.misconceptions’in

'V-CHEmical equilibrium.

Further evidence for the,relationship between the numbef of
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. misconceptions.possessed and perfotmancevon the Piagetisn tasks was‘
obtainea by‘catryiog out tlh stepwise regression énalysis-for the pre-
dictioniof both the MIT(A) and MiT(B) scores using various combinat s _
of predictor variablesx» Results of these anal&ses are presented in \\\//

Tables XI and XII. .For the prediction of MIT(A), PT 1 was found to be

the only significant predictor variable (R?2 = .37.5, F = 58.2f‘p < 001)

entering into the regression equation., None of the SK6 sections contri-

i :
<

o buted significantly to‘the prediction;ovet'and agoﬁe the PT l.

" When a furthet stepwise reéresSion analysis was performed»using

the CHAT‘soore as an additional predictot variable, no signifTE%Rt

effect‘on'the‘regression”eqoation-for'MIT(A) was obsetved. )
. o 1 '

However when the CHAT scores were included in the prediction of

MIT (B) scoresiin addition to the_Piﬁgetién’tasks, PT 1 and SK'6} they -
were‘found to oe the only significantly contributing ptedictor variablé;
in the eduatido.(R = 26.4,7F.=_34.7,‘p < .001). Apparently‘a coosider~
able amount of thelvatianée contributed by the PT itis common to_the

- CHAT in telation to'MIT(B). This result_is interesting because, although
the PT-1 and’ CHAT are hlghly correlated (r = 0.74, p 0001), the CHAT
scores do not enter the regre331on in the predlctlon of MIT(A) scores.
This supports the’contention that MIT(A) aqd MIT(B) are two.distinct
tests as used in the study. | ”

Table XIII presents ‘the distribution of the number of possessed
misconceptions within the cognitive‘levels and substages of ‘each ievel
as'measored by performance on PT 1. The-distribution‘blearly indioates
tﬁat the number of mlsconceptlons possessed by the sample is related to

gthevcognitive level of‘the-student. Approx1mattly 70 percent of the

students at the early or late concrete level were found to possess more
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» | A
)

TABLE XI .

'Prédigtioh‘of MIT(A) Scbrgsvfrom,a Combination of
Piagetian4Tasks; PT1, SK6 a@ﬂ SCAQ&SCOE?S

-
Y.
i)"'~

. . o L ' . » Probﬁblllty _
Prediction F Valtue for Total - Levé&¥iianast ot
, o9

Variable Variable F ... Variable - R
Entering Entering = Value .+ EnteMing (percent)

. PTlCE\\P 58}2 ; 58{2 ’ <,001- - 73705

The regression equation in raw—score form
. 1is glven by : S . .
Y .o . . 3 -~

9 o )/ o =3.0X. +5.0 .
' / MIT(A) ©° PT1. .

. TABLE XTI

Predlctlon of MIT(B) Scores from a Comblnatlon of Piagetian

Tasks, PT1l and SK6 CHAT Scores and SCAT Scores'

N

. . . L Probability
Prediction F Value for = Total:  Level for Last : .
Variablem  Variable F  Variable =~ . R?
Entering - Entering =  Value Entering . (percent)
CHAT 34,7 34.7 <.001 | 26.4

B

The regr ssion equation in»raw—score form
s glven by: '

. o _ 0.4 + 11.0
P ,>§IT(B) >< .

AN
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TABLE XIII
o B &
) : .
.Distribution of the Number of Possessed
Misconceptions Over C,o'gnitiizgz Level . 7
R ’ ] \
COGNITIVE LEVEL ' . o \
Number ‘of CONCRETE FORMAL N
Possesied _ = - — '
Misconap_t_‘ions #Early /,Late Earlv Late Total -
) // : » 2
1 - - 1 1 2
) 'ﬁv ‘T‘*\
N v
2 < - 11 5 16
‘I ! 1 '\[ ‘ ’ !
3 - 8 ) 23 5 36 . N
4 - 8 17
§
| 5 2 8, 8
6 1. - . 1 - 2
) 7 . ) ) : / : . : '
- Total 3 24 s .61 11 99
. : / - )
I <
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than three of the six major misconceptions. Only 36 percent.of the = . -

students at either the eafly;dr late formal level held more tban three

major misconceptions.

The results of a chi square test of independence between the
~ number of‘ﬁisgoncegiions held and cognitive level are presented:in

Table XIV. The categorization of threé misconceptions or<less aﬁa

< . -

o . . . ' St Lo o oo el
more than three misconceptions was chosen as it divided the sample.into

two nearly equal groups.

-

N °  As a result of the f}hdin

{ejected.

\

Piagetian tasks.

tions and performance on the Riagetiaﬁ tasks foi;gwé,

o

number. of miSconééptions;hqu by students and

y

2 -

X =

A

f

\

N

1

v

9.3 (df=1) -

(.001 < p < .01)

,’
)
> ¥
Chi Square Test of Independence: Number -
. T - offMisconceptions vs. Cognitive Level
) - Cognitive Level .
Concrete . TFormal Total
g 3 OT 8 - 46 54
- N g.cless K -
' Y
o L
18] over R
. 'é.%,-3 19 26 45
3 o| : T
<2 . ]
" =] Total 27 72 99.

-

eir performance on the- .

A consideration of'tﬁe,relationshigV§€€;:en3§pécifid-misébncep—

R

gsfpreseﬁted'above{vhypgthesiSTZ,l is

There appears to be a significant‘relationéhip"bétween the

. : .
v
. 0
‘\

LN

~a

L
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{ Hypotheszs 2.2 \ ! | |

. . . -

r

Hypothe51s 2. 2 states that there- is noa51gn1f1cant relationship

~ between <clected misconceptions-in chemical equilibrium and performance

on’ the Pi: jetian tasks. The results of the chi square tests of inde-
pendence performed for each of the six majof. misconceptions according

to cognitive level are,presented in Table XV,
Only misconception 1. (mass vS. cgggeﬁtration) and misconception

2 (rate vs. extent) were found.to be significantly related to <Cognitive
D - ‘ RO A L - s ’ L . . . ' nq

-~level. "It might be noted that misconceptions 1 and 2 occurred'to the -
‘same eéxtent and ‘were“the least prevalent of the six misconceptions

_ . N EE- / , S .
~under investigation. The fact that the .relationship betWeen misconcep-

tion 1 (mass vs. coﬁcentration) and cognitive level was found to be

‘highly signifiéant_(p_<‘.001) euggests that these concepts are‘hot

truly‘understood_until sbmeidegree,of‘formal'operatiohal thought-is.
ureseht. | .

‘Thenremainiﬁg fcur misconceptious, although highly prevalént in
the’ sample, do not/appear to be related tb cognitlve level as measured

by PT l. Each of the s1x spec1f1c misconceptlons is. dlscussed more ¢
fully in gectlon five of this chapter.

On the basis of the 31gn1ficant relationship between misconcep- -

7

tions 1 and 2 and'performance on the Pi‘l, hypothesis 2.2'is rejected. -

for these‘miéconceptioné;J _ » ' ,
Hypathesrs 2. 3 , : ' C , . _

HypotheSis 2, 3 states that there is no 51gn1f1cant relationshlp

between the number of student misconceptions in‘chemical equilibrium :
' - - o . L i : T
and achievement in chemistry. . R - LA S .\»‘



Contingency Tables:

TABLE XV

According to

Cognitive Level '

.
~

 Cognitive Level

Major Misconceptions

’4>Cognitive Level

114

C E c F
pres. 15 .14 29 R pres. 13 ‘16 129
Miscon- -~ ' Miscon- '
ception R ception
1 abs. 12 58 70 2 abs. 14 56 70
27 72 .29 27 72 99
X2 =12.3, p<.001 . " x2 = 6.4, 01<p<.02
’ Cognitive Level : Cognitive Levgl_
C F . . cC" F
 pres.| 14 - 33 47 pres.| 26 69 95
Miscon— ) Miscon-
. ception . : - ception b ‘
3 abs. | 13 39 |52 4. abs. | 1- 3 |a4
27 72 99 _ 27 72 99
X2 = .29, .50 <p < .70 x2 = 0.02, .80<p<.90
‘Cognitive Level : ) Cognitive'Level
D oepres| 25, | 59 8 pres.| 19 41 - |60
Miscon- = . : 't .+ Miscon=
ception ' o T .- . ception — : .
5 abs. 2 137415 6 abs.'| . § 3 39
27 7 720 g9 Y 7299
o N o . _
X2 = "~ x2.= 1.5, .20<p <.30
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Thé two versions of the Miéqonceptioﬁ Identification Teét,
\ MITKA) aﬁd MIT(B), were found to be highly correlé;éd (r = 0.71,
p < .001). in tufn MIT(A) aﬁd MIT(B).exhibit'significant correlagiéﬁ

'Qoefficients with the CHAT scores, r = 0.55 and r = 0.51, respéctively.'

.

In order to deférﬁiﬁe’the effect of the achievement score (CHAT):upén
\ i
‘the relationsnip betwyeen MIT(A) and MIT(B), a first order'parfial

correlation coefficient was calculated (Fergusdn, 1971, p. 390—3925.

Tre partial .correlation between MIT(A) and MIT(B), eliminaﬁing
the’ effect of achievement, was found to be 0.61. ‘Using this wvalue,
thz percentage of the total variance of the MIT(B) in common with:the

achievement scores was found tesbe 26;2vpercent. This is consistent

T

ith the result obtained using the stepwise‘régféssion analyéis for

~ the prediction of MIT(B) scores from a combination of_pyediétof_
B . . . o

v?riables as presented in Table XII.- The CHAT. score was found to be

-~

tﬁe onily significant vafiéﬁle.ep;eriﬁg_the Equétion (R? = 26.4, f
F = 34;7; P <‘.00;); ‘Neitﬁéé thé'S%AT écqres nor the fiagetian»tasks,‘
Pf‘l aﬁd SK6, enter into the prediction quatfdn; Apparently';he:
bériahce'réqio of the CHAT to these yarioﬁs‘predictb%s'is7siﬁilaf.
This-sdggescs'that‘the number of misconéeftions, as measuréd by ﬁIT(B),
is related to achievement'in ;hémistry} ; |
Thé distribution of thé number -of misconceptions within the
three achiévement groups is ;resented in Table XVi;:_Fiftyeseven percent.
: : T4 ’ .
qffthe students. in the 1ow-achievemeﬁt group4yoSséS§ed,more‘thén threév

misconceptions compared to, 30 percent in the high achievement‘group.‘

A significant.chi square (x2 = 12r37,‘.001 <. p <-.01) was found”betweeﬁ
Vthe number of misconceptions held by the sample ‘and achievement in
chemistry. - ' o .

: . X . .o o ur . .
N . i i o R
" D . : AT iod *
. . . e R N



Number of Misconceptions

Number of Misconceptions vs. Achievement Group

less
than

3 or
- more

Total

TABLE XVI

Chi Square Test of Independence:

.

" Achievement
High | Middle | ° Low Total
(6.5) (5.5) (6.
13 3 2 18
(29.2) (27.0) /
23 31 81
%i//// 30 33 99

116
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There appégrs to be a significant:relatibnship Bgtwﬁbn the number
of misconcéptioﬁs a student bOSsesées in chemicéi équilibrigm and
achievement in ghemistry. Hypotﬁesis 2.3 is rejected.
A consideration of thé»relapibnéhip between sﬁecific misconcep-~

-

tions and achievement in chemistry follows.

Hypothesis 2.4 ; k

HypothesiSSQ.A states that there is no significaﬂtlrélationship
between sélécted misconceptions in chemical equilibrium and achievement
in chemisﬁry._ Table £LII preséntsvthe‘233>contingencyitables for each
of the;§ix major misconceétions according tgethe_three achievemént
groups.

Three of the six misconceptiohs, numbers 3, 4 arfd 6, yielded

signifiéant_chi squares at.tﬁe .05 leyel; Of these, misconception 6,
théf ofx'compéting.eqdi;ibria,l yieldeq the greatest value for chiZSqﬁére
"(xz =-13.42;'p = .OOi). ‘MisConceptién_F refers to the.inabiiity'of,
vétudenté ﬁo fake into Considerétion all_posSibie factors or.variables.
.ghat‘may affect.the eduilibrium condition.of a‘chémiéal.system. ‘Thié
sﬁggests that.ﬁhe inability td'éontrol_all‘poséiblé variables in
.prdﬁlems of chemeél equilibriumAegy be’relatea:;o échieveﬁéntviﬁ
chémistfy; | L |

' Although misconceptions 1 and 2.weré.fbund eariiér'to be relatéq

1miscdnceptions and

'to éogniti?e level, no relétianﬁip b?tWeen‘Ehese
achievement was‘observed.. Similarly miscpnception 5,_that'of"constant
- »conéentfation,'.was‘not found té be related fo ééﬁievehént.

| ‘Oﬁftﬁe basis 6f these results,'hypothesié 2.4‘isvrejéc£éd. ‘Thefe -

- appears to be a'significant.relationship betwéen'ce;tain misconceptions
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TABLE XVII
. - ; -
" Contingency Tables: Major Misconceptions . - . \
‘ Acéordinglto Achievement Group  *. N
Achievemenﬁ _
high middle low Total

‘Miscon- . (10.5) (8.8) (9.721

‘ception 1 present .10 7 12 29 2 = 135
(mas's vs. : Py
concen- " . (25.5) | (21.2) [(23.3) p —h07$0?
tration) absent 26 23 21 .70

Total 36 30 33 99 °
| o
1 Achievement
‘high - middle low Total

 Miscon- ‘ (?O'S? (878) '(9'7), —

‘geptloq 2 present 7 9‘ : ﬂl3 ‘ 29. w2 = 3.37
(rate vs. — - : . s ntc
extent) (25.5) | (21.2) | (23.3) p=0.1%)

‘ 4bsent 29 ' 21 320 70
- Total 36 30 "33 ~99
'>Achievement' ‘
. high  middle . low  Total

s f (17.1) | 14.2) | (15.7)

‘Miscon- ; - _ . .

“y h1 h ent 11 18 18 47 o
ception 3 Prgsln . . x2 = 6.68
('Constancy' T . } ﬁ 02 v
of constant) (18.9) | (15.8) | (1743) P =0.035

| ‘absent | 25 12 15 42
Total 36 30 - 33 .99
5\ ,
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TABLE XVII (continued)
T [ o

Contingency. Tables: Major Misconceptions
Accofding’to Achievement Group
R . Achie?ement , ,
"high  middle. low . Total
Miscon- . (34.5) (28.8) (%}.7)_
ception 4 present | ~ 36 30 29 [ 95 ’
’ 2 ="
(Le Chatelier's - \ , X 8.34
Principle) ‘ (1.5) | (1.2) (1.3) - ‘ p=0.08
‘ absent 0 0 4 ‘ 4 .
: Total 36 .30 33 @
AT o o Achievement -
-high  middle  low  Total ’
Miscon- ' | | (30.5) ﬂ25.5)  (28.0) -
ception 5 . present 30 C 27 S 27 - 84 '
R ¥ . : N\ ‘ ' : X2 ='0492 .
(Constant ' : ‘ ~ ‘ : '
Concentration) .. ' (§f5) -Ek\S) - (5.0) | p = 0.631
absent | "6 | 6 ‘15
. Tétal 36 . 30 33 99
P4
 Achievément
high middle low Total
Miscon- o (21.8) | (18.2) | (20.0)
ception 6 present 14 19 27 {60 2 ’
: . ' X5 = 13.42
_ (Competing i ‘ i , -
- Equllibria) ’ ‘ o ‘(14.‘2) (11.8)‘ (’13(0) 1 . : p= .001
| abserit 22. 11 6 39 |

Toral ~ 3> 30 33 99

.',( v
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a student possesses in chemical equilibrium and acp;eVement in chemistry.

Associated Questions

The three associated questions presented in Chgpter I have been

-dealt with in.the -treatment of the major hypotheses. Howevef, they are

included here for purposes of clarity.
. Question 1. 1Is there a significant difference between male and
female students in the number of misconceptions in ch@mical equilibrium?

>

No significant sex difference in the number of possessed miscon-

-VCéppions was “found, The chi square test of indeﬁendeﬂce proved.noﬁsig—

ot

SRS

nificantg%'éiﬁilarly, the distribution of the sample, by sex, for the.
total number -of misconceptions proved nonsignificant,
Question 2. 1Is there a significant relationship between‘speéific>

misconceptions and the sex of the student?
. - o . . i N .;:) . . : L . '
.Chi square for each of the six major misconcepfions, by sex,

proved nonsignificant. Although specific'misconcepti&né“were found to

be related to both cognitive level and achievement ip.chemistry, no

sex factor was observed. .

Question 3. 1Is the degree of student misconceptualization in

chemical equilibrium related to mathématicai ability?

' _ o . . : o
The only measure of mathematical ability available tc the study
o : : o .

was the quantitative section of the students' Grade Nlne SCAT score.

Using this measure, no_significant relationship betwegfn either thé‘
number of mistonceptions;held or specific misconceptj®us held.and

mathematical ability was observed. ‘Th the predictiaop of both the MIT(A) = .

and MIT(B), the Q. SCAT was not a significantly entefing predictor.

variable. Further, the Pe&rson_prbduct—moment correlAtion coefficient

)
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between MIT(A) and the Q SCAT );'

level (r = 130 ’;'gﬁé b

YA,

EARAGUROCS
‘gﬁ
.

pade

The follow1ng septlon dlscusses the six majoﬁﬁgﬂégjnceptlons in

V Q'A ‘~..; :
light of the results\pre;éthS in this chapter‘ F
: ol ' : D

7,
v
5

' . A Wy el i B : ,
. R P L7 L o L *
1\“~ N . - LR e - - . BN
&y, . " . K

The results related to the six ma301 mlsconeeptlons arg dlscussed

.u' - . ' ' ' o : -y
here in turn. ( _ o o -
Table I in Chapter II presented the items’ of the MIT 1ndﬂcaﬁﬁng

~
B

the relevant misconception corresponding to each item. ,Means and

standard dev1atlons for the MIT subtests are presented in Table XVIII.-

Intercorrelatlons of the six subtests of the MIT are prQSented in Table

XIX and 1nd1cate that the subtests are essentlally independent of each

other.

Miscenception' 1. Mass‘vs. Concentration
Students have dlfflculty 1n clearly dlstlngulshlng between the
two ba51c and qnlte dlfferent concepts of mass and concentratlon.
The confusion between ‘the two concepts shows up When stndents
are asked to con51der the follow1ng equlllbrlum“ |

co + Cl —  cocl
(8.

2_(g)‘__‘__v_~ 2(g) /+f he’at.

They are then asked to predlct the effect on the equlllbrlum mass

‘(number of moles) and concentratlon of CO when ‘the volumg of the system

" is halved by 1ncre851ng the pressure at constant temperature. Although

68 percent Correctly predlcted that the number of moles of CO would

decrease under these condltlons, only 27 percent reallzed that the .“kﬁ

concentratlon of CO would anreisf because of the volume belng halved.

3

i

3



ABLE XVIII

Summary of Statfistics of -MIT Subtests

\ 122

Agﬁsconcébtion Subtest

1 2 3 4 5 6

(4) (5) (5) (5) (4) (7)
Mean | = 2.6 3.2 2.5 0.7 1.2 3.3

~ .
'S.D. 0.8 1.0 1.5 0.7 0.9 1.5
.*Number'in'parentheses indicates number of items on subtest.
TABLE XIX
Intercorrelation of MIT Subtests
it Misconception Subtest
_"}ﬁsconception 1 2 3, 4 - 5. S 6
Subtest - _ ‘
' 1| 1.00
) = p < .05
2 .21% 0 1.00 '
=.p < .01

‘a 3| .16 28 1,00

4| -a21 - ~.14 -.02 .1.00

5| .os .13 .12 .04 1.00

6| .05 130 -.09 15 1.00
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Forty-nine percent predicted that the concentration would decrcase, &

presumably because the mass of CO also decreased. Student., tend to

-

assoéiatg any increase in mass with a corresponding increase in con-
centration and fail to appreciate other factors, like'volume; which
affect this relationship. This may well indicate that these students -
' fail to integrate fully the two forms of rév@rsibility (negation.and
recipfocitj); :TH&‘ finding is reinforced by the résu}ts of asking thé

' o
"students to predict the e%%éct on» the mass and concentration of COCl2

in the same system under the same conditions., - - - .

Here, égéin, a large number of SﬁudenqS'(7O%) correctly pfe4

dicted that'the mass of GOCli would increase. ‘An even larger number

L ’ -~ : ' L ‘
(83%) correctly. predicted that ‘the concentration.of tlfn'e.‘COCl2 would

-

likewi&e increase. The fact that misconcep
: : ' . . .

significantly related to cognitive level j
‘ : oy ‘ - ‘ .

the students' inability to deal adequate

ion 1 was found to be
or the sample suggests that
th the fNRC group trans-.

“formations may be an underlying cause of ‘the misconception.

The MIT inc¢luded a section whieh'required the.student to stéte
his,reasouihg iﬁ'arriving at a particular respdnse fbr;five;randomly,
- éelected itemsvon‘the‘MiT. Apéleis.of thisﬂsgction wasvused to
Ciassify.the'type of miscoﬁcepﬁion that occurred (Type I, Type II,

Type III), discussed in a lﬂ%%r section. In addition insight into
. . I, L3 o - ¢ . B : » . "

the students' responses was gained by investigating their stated
reasoning: for particu}aQ;items; o .

For example, ‘in the above instance in which the student was
asked to predict the effect on tlie eqﬁilibrium comweentration of the

CO as a result of decreasing the volume of the system, only 6.of the
» , . :

R
b "o
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17 students sampled on this item gave the correct answer. Of the
. ‘ O ! : . .
students responding incorrectly the nature of the stated reasoning used

in arr1v1ng at ‘thelr answer ‘strongly suggests a confuslon between mass
: (w [%L

and concentration. Typical reasons stated'included:

r) .« .+ . if there are less moles of CO then the concentratlon“ o
"will be less. A

e the concentration. does not change. ' . g RN

'+« . a concentration has shlfted to the right to relieve ' q°
pressure. :

Soad
s . R i - . P

« +« . the concentration of "’ the COo will be less in order
for the K eq. valve to remain the same. : g ' j

Misconception 2. FRate vs. Extent ' . AN
This misconception deals with the .confusion that arises between
“how fast a reaction proceeds (rate) and how far (extent) the redction

goes. It is possible to give examples of reactions that praceed very

slow]y in terms of completion but go almost to completion, and conversely,

€
.

one-can find instances of reactions (mainly .in aqueous solutions) that

proceed veryeraéidly but not.to any degree of completion. Results of
the MIT subtest dealing with this miSconception‘euggest‘tﬁat stuaents
tend‘to essociate rate Witﬁ'extent ahd vice verse: {That is, given a
sjsteﬁ'in.whicﬁ allarger ameuﬁt of product is‘foendbas a consequence of
somevehange onvthe System, a large percentage of stedeﬁts predicted

this will result in a faster rate of reaction, even in those reactions

which took piace at a lower temperature.

Items l end 2 eﬁ tﬁe‘MiT iliustrete‘the rateéextent mrsconceptioh‘
clearly. These items aSkfthe.stpdent‘to prediCt:the effect of lowering‘
 the tempereture on the”COC;é:system. -Althoﬁgh 43'pereent were able to
.Cerrectly prediet'thet the equilibrium mas§~of CQClzﬁncreased, 21 percent-

~ . . . 3
a
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. 57 .
predicted that the rate at which the COCl2 is being formed was likewise
increased, even at the lower temperatures. Analysis of the reasoning

used by those students who predicted an igﬁ?ease in the rate of reac-

»
]

tion suggesfé that any .increase in the extent of the reaction implies
an increase . in the rate of the reaction. TFor example one student
P . & . )
stated? TN . S n
‘ ” - o ) . - ‘ . h ) .
« . . the reaction isshif%%d to the right, therefore the
forward rate of reaction is. increased.

Other reasons given included;

R 4 [rate,increase]’h?s to be because more COC12>

is being produced. -

v «'. decrease in temperature favors products and )
therefore more»COCl2 is produced more quickly to.overcome

_stress. o T - ‘

It might be noted here that all of the student§ who Qorfectly

M . " \ .'v.‘ o . H "’ )
hredicted the greater rate of reaction on this item also indicated that )
heir response was based on Le Chatelier's Principle. This suggests =

thét misconception 2 mayvbé related to misconéeptidn‘é, that of the. .

misuse of Le Chatelier's Prindiple, It ié-the opinion of the investi-

\ N ’

gator that the six major miscoﬁcebtions studied do vary

in their order
\ - :

of importance for the querstanding,of:chémical e&uilibriumt ‘Miscon-

ception$ 1 and 2 are considered to be more specific in nature. .They

were found to occur.to the same extent and to be significantly corre~
lated (p < .05) to each other,. Both'misconceptions 1 and 2 were fQund
to be significantly related to cognitive level.

Miscohcebtion'3. "Constancy' of the Equilibriun Constant

-

Ll

, Ll

The five item subtest of the MIT dealifig with. this misconception

revealed a considerable amount of uncertainty about the 'constancy' of

"

.-
kY
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the equilibrium constant. Generally students failed to appreciate that ”fﬁ\
S o B N R - o’
the numeripaf value of the equilibrium constant is dependent upon

temperature alone. - o ‘ - ' ‘ .

Only one LtCﬁkiltem 3) . of the. MIT requlred students to predlct

/
<

/ EN .
the chengérln/the équ111brﬂpm constant as a result of an actual change
in_temperaturé. The fopr other items (9, 14y 19, and,29) all dealt :

. . ' ) —v .» - ‘
yith-an eguilibrium system‘at.constant'temperatdte énd therefore a -

N S o ) i AWEs ’ ‘. . .
fixed equilibrium copstanty . In all casés well over 50 percent of the o
- . . ) : _v : . . . . e R . A
. students responded incorrecq'. to these items, - ,'f@>

N k \. . o' . ) . z ) . -
The student reasoning sampled for these items ¥ncorrectly

C e " : - . . ¢ . )

.

K4

"1n the concentratgon of any reactant or product in the svstem with a

}answered:elearlv imdicated that thevstudents tend to associate a change *

A v

™~ ‘7 

ch 'e 1n the equlllbrlum constant even though the Lemperature is held : -
’ cqnstantt, Several of the reasons sample $the 1temsvof the subtest
'assdciétqa“withAmisconception 3'held'that e ‘equilibrium constant ‘must

. - N . .
. . N A . R

'(éhange{in‘nﬁmérical valife if a new position of equilibrium is estab-.
-4t ) . . ! . .- . ’ .

1ished at a constant temperature. Students do not appreciate that the S
EP R . ; . ! . g .
.equilibrium 'constant' is independent of the?volume the pressure, the

'presence of inert gases or additional e?ulll%rla, the dlrectlon from

which equ111br1um is approacned and the 1thial concentratlon of the

‘ .
reacting species. ‘The ungertainty of the-nature of the'equilibrium
jcenstant is evidenced by the-followingvreaSOning:

. + . if you decrease the prddhct.and increase the reactant
the result will be a smaller Keq. {(constant temp).

. . . the Keq would be less because the concentration of
the COCl, would be lower (constant temperature). r}

- ' o , « L ., o
Sixty-five percent of the students who missed the items associ-
atac with misconception, 3 stated they,wére using Le Chateliéer's. Principle

f
c
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in their reasoning. Almost three-quarters of the remaining 'students.

1nd1cated they used th Equilibrium'Law in their reasoning C]early

l1m1tat10ns of both Le Chateller s Prlnc1ple and the Fqu1llbr1um Law

‘are not fully realized by these students.
. ' . . i

Misconception ‘4., Misuse of Le Chatelier's Principle

Misconception'4>was found to<be. the most prevalent among the
six_misconceptionslstudied.‘*ThisﬂmisconceptionFrefe;s ;o the excessive
tendency of students to use what is termed 'Le;Chatelier—tyne' reasoning

in equilibrium problems which require a quantitative approach. The
five item misconception 4 subtest-had the lowest mean score (0.7)d0f

the:six subtestS‘of‘thefoT.

B 1

The 11m1tat10ns of thls extremely useful Principle in chemlstry
. > / -
are clearﬂy not . understood by the majority of students. Items 15.and "

16 serve to-illustrate this mlsconceptlon. vHere students,Were,askedn

to predlct the equlllbrlum value on the number of moles of €O in’ the

r.

’ COCl2 system as a consequence of addlng a deflnlte number of- moles of
CCOC1 and Cl to the orlglnal equlllbrlum ¢ ‘stem. Althoughvinitial'

concentrations were nothupplied“to’theLstudent_ 75 percent of thé *

03

students predlcted an increase ‘in the number of moles of CO in 1tem 15:

Ea—
£

and 70 percent predlcted a decmease in 1tem 16 0Of the studengs

sampled in the reasoning ovev.90,percent used Le Chatelier‘s PminCiple» :

- e

'. ilttle regard was glven to. the £act that

o

. - P
to arrive at their respops
o : . R o
theTre was‘inSUfficient in ormatlon supplled to accurately pre@lct the

' i / ' Y = i :

. 16 ’

effect. The solutlon to these items. requ1res a quantltatlve approach
. E ’r i . - n . s

“w @

S S

Gusing;the»EqUi¥ibriqﬁ§

I

aw. ~The reasoning sampled fof items‘on the
. . N . R » ’ . D

.

¢



s N L ‘ L . : - “ )
intuitive, qualitative approach to equilibrium problemk requiring more .
: v".' . T ¥ o, ._f i i ) ! ot

B
fy

I
: v'>‘.

rigorous solutions.

The fact that the mLsconceptlon 4 subtest items proved to be

) 'r\

the most dlfflcult for the students together w1th _the flndlng that"

misconceptlon 4 was thefmost~prevalent suggests_some basis for cdncern

L R
@

'in,this"area;' It may well be that the present CHEM Study text does not

5

’ adequately 1nd1cate the llmltatlons of Le Chateller s Principle or

, -

difficulties invoIved.in,its.use. This can be dangerous when students

try to apply the prlnc1ple to 51tuat10ns apparently 51mllar to situa-

ra

'tlons whlch ‘are known to yleld the correct answer, only to find they.

obtain the wrong answer., A

Misconception-5. ~ Constant Concertration 4?
Misconception 5 refers to the inability of the student to
appreeiatefthat'eertain substanc :s posSess a fixed or constant concen-.

tration in certain-chemical reactions. ‘Investigation of the four item

. * . . ) - . .
misconception subtest of the MIT dealing with this misconception revealed

that‘cons;dérablé'confusion”is associated with the tefm;'oonStant con~-
”centration;{”

Miseoneention 5 was found to beuthe seeond most prevalent miscon-
ception,vbeing held hy‘84‘percent Of the study Samﬁlet Generally.' .

students féit that the mass of a cubstance whlch is sa1d to have constant

concentr ionxaffects the poSition of equilibrium established by a system.
Although the misconception over constant concentration is usually
associated with ionic .solutions in equilibrium (as in item 26), it was

found to be equally prevalent in equilibrium problems dealing With

-homogeneous gaseous reagtions (as in item 30).
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In itém 26 students were asked to predict the effect on the B
original,equilibriu& of‘femoving half Qf the mass of_an'e#cess solidw‘
(silver chromate) in equilibrium with its aqueous ions. Here thg
cohcentration‘of the solid is said"ﬁo be constanpf, Only.AZ percent

o)

of the_studen%s corréctly.predicted_thap

the removal of some of the

solid would not affect the established equilibrium. A’greater propor-

tion (45%) felt that 'the position of equilibrium Qéuld be changed.

The reaéons stated by those students who held this misconception

'strongly reflect the feeling that the removal of‘any,substance in a
system at equilibrium must result in a change in the position of- equi-

librium. Here again Le& Chatelier ‘reasoning was used to arrive at

‘their responses.

Although item 30 dealt with a homogeneous gaseous'feaction in
which the substance displaying constant concentration wvas liquid water,

the results:were similar to those of item.26. Little account was given
to the role of the liquid water in the system as 60 percént of the

students felt that the amount of mass of water presemt affected the

i

,

B

established equilibrium. A S

~ The felatively low mean>(l.2) for thé 4_iteﬁ.§;b#e3t déaling '
with miscqnceptioh 5 indicétes»the degree of difficulty studen;s have |
.in dealing‘ﬁith'equilibrium probieﬁé involving subSténcé of‘éohstant
concentraﬁion. .‘s
Misconception 6. Competing Equilibria, ;

Misconception 6 refers to the inability of students to take into
consideration all possible factors that may affect the equilibrium

»cbnditioﬁ of,a_ché@ical system, It was found to be the third most

w



L o ' © 130
‘prevalent misconception sthdied,.beiﬁg.held by 60 percent of the sample.
"The seven item .subtést dealing with misconception 6, had a mean score of
- : ’ =, » -
In examples where there are 'competing equilibria’ or where
there are twoxbr more opposlng effects’ to be considered, students had

"‘con51derable dlfflculty in deallng with all factors affectlng the

‘ equ111br1um condiLlon. F;r\example, in item,QZ students were asked toi
~Apredict the effect of the addition »f écld to an ex1sttng ac1d equ111~
brium s¥stem. Both aclds’compete in thelr dlssoc1at10n to form a common -
ion'(H 0+). To correctly predlct the effect of the: addltlon of the: a01d
students must con51der 1) the dlssoc1at10n of the ac1d and 2) its

effect on the original system;v Eyidénce that ths‘rélsvast factors'were
not alwsys coﬁsidefed;;s given by the resuitsvfor this item.  Twenty-
thres percentlof:ths samp1s ihdicat§d'thé'sdditional acid would have

no sffect on;the system.‘ The reasons{sém#led_fo: students possessipg

- misconception 6 indicatéd that a..lough Le Chatelier's Principle was

generally used to arrive at their aﬁswers,.it was applied in a limited .

ﬁanﬁer,;often negleéting important factors. As the inability to take
o : - o ' . e .

into consideration all possible. factors in a problem-solving situation
. is a basic characteriStic of cdncgete operational thought, this sug-
gests a relatidnship may gxist‘betweem misconception 6.and cognitive

.level.- ‘However, thé“Chi'square'téstubf independence between misconcep-

-tion 6 and level of cognitive fuﬂctioningvas“meésdred by PT 1 proved

nonsignifiCant”(*2.= 1.5, .20ﬁ<:p $;.30);

: <
a

Types of Misconception - R 1  . /2" 3 .T}! R

R S . A . - - i
R . . N . i .

The .addition of the reasoning sectionfto_thé MIT enabled-one

. . L
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to classify the possessed misconception into one of three main types.

- . - L 4 .
That is, sampling the reasons stated for choosing particular responses

’ . Co
to the MIT itews provided some insight into’the nature of the miscon-

ception. Misconceptions were classified as follows:

Type. I Misconception. Here the answer given is corréct but the

: . a - RS . o . i . . . . iy
r’asonmnﬁ:AStmnqprrect or irrelevant to the item.” Type I misconceptions

RS
.

were f@uhd”to Bé the least prevalent of the three'misconéeptionitypes
identified, occurring in only 10 percent of the items sampled on the
MIT reasoning section. Generally if the student's response was correct
. o - ' ¥ L

the stated reason was also correct. An example, of & Type I misconcep-
tion is given by a student's answer to item 26, in which the student
correctly predi%ted that the removal of half of the solid from the \,
system will have no-effect on the originai equilibrium system. However,

the stated reason - given that the solid has limited solubility is

incorrect. B L ;
‘ §

Iype‘II'Miséonéep;ionﬁ This iéfers t6 the situétion where,
.a]th0ugh the given asnwer isnincérrect,'the answver stated is correct,’
és far”as it'goés. Type II misconceptionsfwere found to éccur in:
épproximately'ZS perceﬁt»df the itémsvfbr which:reasoné'Vere given..
Often the reaéon_stated was tdé limited or iﬁcbmplete and was poésibly
' a‘major‘factor in tHe stUdeﬁt's Encbrrect response, ‘For example, in
ifems‘aealiﬁg with miscohception‘3, theléonéténcy ofvtheiéQUilibgiQm
vconstént; a freduénf reason given was thét the équilibrium.constant~ 
-is a constant. Although this reason is}céfrect under constant teﬁper—
atqre gonditioné it is too limited ﬁé'éorrectiy answe; thé relevant

items.
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 Other examples of the occurrence of Type II misconceptions
suggest that it is related to misconception 4, that of the misuse of

Le Chatelier's Principle. The fact that misconception 4 ‘was found to

bé‘extremely prevalent might account for the relatively large number

4

of Type Il misconceptions found. That is, the tendency of many
students to.misuse or to app1y Le Chatelier's Principle in only a
Timited measure may give rise to Type II misconceptions. \‘

Type III Misconceptions. A Type III misconception is 'said to
existtfigboth/the answer and stated reason for an item on the MIT are -

, incorrect.. ThisAtype of misconception was the most frequently occurring

® s

“of the three ;y@es studied and proved the easiest to identify; Often

the feasoniﬁgugépéﬁ.ﬁas boﬁh incpfrect and irrelévant.. Unfortunately
,iﬁ‘thé case of ,a Type'III misconception it is difficult to gain much
insiéﬁt iﬁto the reaéons for the qb§i0us misuﬁderstandihg the student:
\ poésesses;,‘HQwevef;vdne §uspec§s that a weaR backgroﬁnd br lack of
' ma§téry of certain essential prérgquisite‘argas in chemiégryv(e.g.;
reaction rates, kinetic molecular tﬁeofy) ﬁay,be a major cau;e‘of Type:
I1I misconceptions.‘ A sdund‘reviéw of‘basic concepts underlyiﬁg
chemical equilifrium should”reduce the occdirence_dﬁ.Tyﬁe 111 ﬁisconf

i

ceptions.



CHAPTER V - A
SUMMARY , DISCUSSION AND RECOMMENDATIONS g

Introduction

In this final chapter, a summary of the purpose and design of
the study, together with its -findings, is presented. Several recom- d
mendations for the classroef té&aching of chemical equilibrium are

presented. Finally some considerations for further study are outlined.

‘Summary

The purpose of the present study was toiéscertain the fgiétidnf
éhip betweenféeleqted studeﬂ; ﬁiscpnceptions in the area of chemiéai
équilibrium‘and performance“on specifié.tasks iﬁvolving.cognitive
tranéformétipns characteristic of the coﬁcfete and.formal‘cognitiVe
levels of thought . o . :

- , y . ‘

The study was conducteq in two,large'Edmoﬁton senior high:'-‘

‘éqhools on a:samﬁleﬂof.99 st@dents enrolled”in four chemistry-30X":

classes during'theil973 spring semester,
. Four‘main’tesf instruments.were administered. LTBe.Misconception
fVIdéntifiEAtioanest (MIT) wés devéioﬁed specifically for the sfudy in
ordgr,to identif; specific miscoAceptions iﬁ fhe areé of chemical
eduilibriﬁm‘éna to determiﬁe the eitent:tb whicﬁ they'éééﬁrfed;_ The

six subtests contained within the MIT deal with thefipilowing six

-

misconceptions: _ (1) mass vs. concentration, (2) rate‘vé. extent of

"reaction, (3) constantilécncentration, (4) misuse of Le Chatelier's
5 B . » AR M o

N

Principlé, (5) the cahstancy of the equilibrium.icbnstant’nand

133
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(6) competing equilibria. Students were asked on the MIT to predict
. i :

the effect of various variables on, the equilibrium conditions of several

chemical reactions. In addition, students were asked to state.their ..

reasoning for their predictﬁons:for five randomly chosen items‘on'the
MIT. | |
The Chemistty Achievement Testa(éhATj; besea,on Chapte{e 7, 8,
9, and 10 of the CHEMVStndy text, was used es'avmeasure of achievement
in chemistry. The Plagetlan Tasks (PT 1 and PT 2 SK6).fofmed the‘baeis
" for the categorlzatlon of: the student sample (N 99) ‘into the respective
‘level\anq substege‘hf concrete and formal thought., PT 1 and PT 2 were
ucémblnatorial tasks‘whlch involVed thevinvestigation ef the nature of
fivevcolorless'chemical solutiens by manipulation,of the various'
conbinations of the solutions. The Skemp Test (SK6) con51sted of three
15 item sections based on ten operations 1nvolv1ng the four Lransf01ma— -
tions of’the INRC physical»group model. The grade nine Co- operatlve
School and College Ability Test (SCAT) scores were also obtained for
the sample.
| Reﬁisions and_certaln administratlve ehanges associated with

the MIT and.the Tlégetian}Tasks (PT l»and PT 2) were made on the basis
Ofba'pilet study conductedfen'62vstudents in threeNEepdEateucheTistry
. 30X claSses ptiothq the formal aaminlstration of.the test instruments
to the.study‘sémple. ) l | |

| The‘CHAT was adminietete& first ‘followed by the MIT dhrlng‘the
regnlar elase ﬁeriodhthe next_day. The Plagetlan Tasks (PT 1 and PT 2
and SK6) wvere admlnlstered anproxlmetely one week later All test

administration was carried out by the_lnvestlgator.‘ Both the CHAT and

the MIT scores were used by the three cooperating teaehers in their
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regular evaluation of the.chemistry.course.

Evaiuation of the students’ penformance on the ?iagetianvtasks
(PT 1 and PT 2) was made on the basis of“specified‘c%iteria as outlined
by Inhelder and ;iaget (1958); and iniconsultation'with Piagetian
experts. ,Perfdtmance on_the SK6‘was,usedkas a measure of the students'
perception of the INRC gronp, H

The Misconception Identiflcatlon Test was scored acc01d1ng to
two separate and distinct keys, designated MIT(4) and MIT(B) MIT(A)
refers to the keying of the MIT accurately in the chemical sense, ‘while
MIT(B) refers to the scoring of the MIT according to .the six major
.ﬁisconceptions 1dent1f1ed by the instrgment. ‘In‘this manncr, perfor-
mance‘scoteéj%HIT[A])_and misconceptions'scotes (MIT[B]) weteﬂobtained ’
for-each student for each o%\the major misconceptionsf Categorization
as to the presence‘or ahsence d?\eaéh/m{;conception‘was made on the
basis of both ‘the performanceiand misconception scotes for each'student.

a
»Item analysis of the MIT revealed that the probability of

students choosiny the keyed mlsconception response for each of the 30
items on the test corslstently exceeded that expected by chance alone.
‘_Chi squafe valur : Lor 25 of the item response distributions proved

5. . 3 k3 N N 3 o' . B . »
- significant (p < .0l).. Analysis of the performance and misconception
scores indicated that 82 percent of the sampie posseSSed thrée or more
of the six misconceptions identifiEd.x

The correlatlons between the CHAT scores and the scores of the

. Piagetian tasks, PT1, SK6(1), SK6(2) and SK6(3), were all found to be”

N

s1gn1f1cant at the 0.05 level A-stepw1se regre551on analy51s carried‘
out for the ggeﬁlction of achlevement in chemlstry revea]ed that PT 1

and SK6(2) were both’ 31gn1f1cantly contrlbuting predlctor varlables and
§



' 136
N ©
were able, together, to. account for 58.7 percent of the varianqe of the
.CHAT scores. Neither the verbal SCAT score nor the Quantitative SCAT
sco;e“contributed significan;ly,fb~the prediCtion{ The ib@ p£;dictive
" value agsociated with'the grade nine SCAT séores was ndt.altogether‘.
unexpected in Qieﬁ of the three‘year'time intervai ;hat elapsed@gince
the administrafién‘of these tésts;
In tQFmS_of‘le§éls of cqgnitive fun;£idniﬁg, the‘99.studenFs
in the étudy‘sample were classified as: early concrete (Cl){IB stﬁdénts;
-laté cénerete (CZ)’-24 students; early fprmal (Fl)’ 61 students, .and
léte-formai-(Fz), ll'étudents. inJéross terms; 73 percent were found
to be‘capabie of using formal operations ir their thinking,:while 27
4percen£ wefe limited to concrete operations with respect to the Ewo
>éqﬁivalent Piageuian‘taéks (PT 1 and PT 2) used in this study.‘
fhe_;ample was divided ihéo three neariy ééual achievement
:_ groﬁps (high,.middle and.loy)vaccofding té perfofmanég on t&e CHAT.
' One—way énalysis of Qafiance was carried out on the S;ores'of‘;he threé_
achievement .groups on-thevfolloﬁing measures: _MIT(A),vMIT(B),VSK6(1),‘
sxé {2), SK6(3) . PT 1, SCAT Verbal and SCAT Qu'éntiftative. .Resqlté |
reyeaied that, with the excepfién of the fwé seétéoﬁs of the Skemp test

(SK6{1] and SK6[3]), the,three'achievement groups werc'Sigﬁificantly

different with respect to each of the above measures. This was seen as

“

" Lo . i . . ‘ .
a measure of the walidity of these instruments as used in the study.

. N o v . ) ) : ‘
The-correlations between the two ff4ms of the MIT, MIT(A) and
MIT(B); andtthe’Piagetian tasks, PT 1 and’ SK6, were. all significant at
‘the .01'level,~suggeéting‘that there is a significant relationship

_bétweeh the number of misconceptions possessed by students and perfor-

mance on the selected Piagetian tasks. This finding is supported by
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chemical equilibrium is related-to ach
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the significant relationship found befween the-number\pf possessed
h v - . . N .
misconceptions. and the cognitive level of the students, as determined

a

by PT 1.

~ The chi square test of ih&bpendencg performed between eacﬁ of
the six misconceptions identified and the‘cognitivé_level of the sample
revealed thét two,. of the miscgnéeptions, namély the misébnceptions
déaling'with mass vs. concentration and rate vs. é*tent of reaction,

0 ' * ‘
were significantly related to the éogn%tive.lkfel as measured by PT 1.

3

A stepwise regression analysis performed on the prediétion of

CMIT(B) scores found the CHAT score to be the only significantly contri-

”

buting predictof variable (p < .001). This finding, ‘together. with the
Signifiéant (p << .001) correlation between MIT(B) -and CHAT, suggests
that the number of misconceppipns posseséed by stﬁdemts in the area of

LS S 6
ievement in chemistry. Further,

three of the six spgcifié misconceptions investigated were also found
to be signifiéantly related to achievement in chemistry.

No éignificant sex difference was observed for either the total
‘ - ) R . - . ) - ) ) - - . ._
number of misconceptions held by students in this area or any of the.
Spécific misconceptions investigated. No«significanﬁ re1ationship

between either the number of misconéeptions.held or tpecific misconcep— .
i Ca . Ay L3t
: S, Ry

tions held and mathematical ‘ability, as measured by the quantitatijfe .

v

section of the grade nine SCAT score, was found.

[

Recomménd&tiong -

Recormendations for Classvoom Teaching -

The relationship, between the nature a #ént  of misconceptuali-

zation and cognitive level of development suggests numerous implications '

“h
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for the high school chemistry téacher. Findings in the present study

would suggeét that beforé'introddcing‘the principlevof'chemical equi-
iibrium'formally,'some assessthent of each student's cognitive level be

attampted.o Tﬁe measures used to determine the cognitive level of the
subjects in thlS study (PT 1 and SK6) are appqurlate to the context
>of a chemlstry class and might be given beforehand w1th relatlvely
little diff%;ulty. For example, PT 1 could serve as a relevant intro-
ductoryalaboratorj‘exeroisé ingchemiStry'BO. This would both allow an-
g early asséSsment of each'studeﬁtfsvcognitive level and provide an’
opporton;ty to dlSCUSS the basic chem1ca1 reactions involved in the = =
.Qarloo% comblnatlons of the solutions in tho task ' This approach wbuld
seem'toileod itSelf well to a review of the writing and balancing of
“eqUatioos, stoiohiometry, oxidation and reduction, etc.,_whichlmany‘
chemiétry teachers,find necessary. ' ‘ '
;Infotmation,aa to‘the stuoentsi level of cogoitivé development
might well reault;in’a more éffioient aod’rapid review of concepts' -
basic to the understand%ng of chemlcal équlllbrium. That is,‘those,
studeots operatlng at the early or late concreta levels may beneflt more
from a laboratory aoproach involvihg conecrete situatlons in which they
:oan observe the;éffect of Varying oertain variaoles‘on a ohemical systém‘
at equilibrium.brThe_concept of‘masé; concentration, rate of reactions
and eXtont of'réaction Seembparticulariy ctitical te a’sound under- -
standing of equilibrium.' Exercf:es,ano_programmed materials deal ing

~with ‘these concepts at both the concrete and farmal levels ool ba

prepared to allow a student to enter the review Sofuents

' priate level.

misconceptions identified in g

Further, a knowlcdpd of rhir s

Lhhy
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the presenf study -should prove useful to the classroom téacher'in

devising instructional strategies to -alleviate or minimize each of
S ' » ’ _: ", ‘
these misunderstandings. The limitations contained in Le Chatelier's
: : , . ‘ '

Principle, for examplé, might be more clearly illust¢rated by the use

of several well chosen problems not contained in the Ui Study text.
, 4 L ’
_Problems to which Le Chatelier type reasoning is not amecnable should
- , - N \' -t .

also be presented and discussed with'the students. . The relatively

few problems on chemical equilibrium coﬁtaiﬁed in thé CHEM Study text

“are qualitative in nature and easily resolved by the Le Chatelier

Principle. -The high prevalence'of'the misuse‘of Le Chételief's
Principle in the present study can befeasily QHderstood if studonts

were: in the practicé of applying the Principle only to examples

it was previously known to give a correct answer. Rather rhoz

the CHEM Study 'approach' to equilibriur, o=
Yy ,.éapp ! s

libria as possible, both quelitanivi

available to the studentse o

in conjunction with the teaching

.~ concentration and the 'equilibrium constant'

tc the chemistrv teacher .in overcoming misunderstand-

inrs 50 often associated with these-concepts. For example, voncentra-
2 . - . ] » -

Ya

tion vs. time graphs could be introduced Eo'illusﬁrate‘the effect of

"introducing more teactant or product into a system at equilibrium.
Plotting the change[in'conceﬁtration over time may help some students.

.

to morefcdncretely Vi$uali2e what actually happens in the process.
Similarly, the effect of tHe addition of a catalyst could be explained?
by the use of rate. vs. t ime g?aﬁhs.

.
’



Recommendations for Further Rcsearch

- .
As a result of this investigation, the followin, yowornic
o S O o : S L
possibilities are suggested: ‘ S

1. The present study couid

levels el

wuto g efdercto study miscon-
~ :

prociziisz o
rooather topics at thg high school level,

w s, wisunderdtanding in kinetic molecular theery. The
approach used-in this study also seems amenable to identi-

>

: . o < ' ;
fying misconceptions related to specific areas of science

that may occur among elementary and junior high school
science students.. : . . v

2. The effect that various instructional strategies have on the
elimination or minimization of the mi5conception5'identified

in théfbf?sentvstu&y should be investigated. Specific

. ~ iy S
) . . . . . -
instructional techniques might be devised and. tlieir outcomes

on the incidence of these misconceptions and student achieve- -

.

. . S
ment in this area examined.
) e

3.. The effect of revising the present(cUrriéulum_approééh to

- . chemical equilibrium upon the degree of misconceptualization

B

be investigated. Considerations could include:
) re—oriering the topics dealt with in equilibrium, e.g.,

solubility equilibria could precede the section on
-~homogeneous gaseous reactions. : R

. - L _ :
~b) . placing more emphasis on the quantitative treatment of

chemical equilibria. V.
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c) ‘“introducing several short laboratory exefcises'designed
to illustrate basic concepts in equilibrium commonly

misunderstood.

[

The effect'of,teaching chemical‘equilibrium at varying

levels oflcognitive‘development could beiundértakenl This
may indicate the optimum level of abstraction‘thatﬂéhould

be given to.the topic.

A more défiq}tive study‘pf the role of the INRC physical
group modei_fn';elatioh'to miéCbﬁceptions involyihg chemigal .
and mechanical eqﬁilibria séeﬁs iddiqatéd. Problems in
eqﬁilibrium woﬁ%d have to be-énal&éed rigoroﬁ%ly in relation

to the INRC transformations and instruments devised to

-

‘measure students' performance in applying these transform—

ations.
R

RefinementS“cduld be made to the Misconception Identification

Test to identiﬁy further misconceptions.in chemical equili-

brium and the relationships that may exist ampng them. For
example, misunderstandings over the 'dynamic' nature of"

chemjcal equilibrium, uncertainty over what constitutes &n

.equilibrium situation, and.the effect of a catalyst.

-

The predictive value of instruments like the Piagetian Tasks

o]

(PT 1 ai'l SK6) used the present. study.could be investigated

.-
-

‘?ore full: Tasks of thiéjnatufe_could be used as diagnostic

“tools in .er areas af science learning. .

. B g » C
‘. o [y



FOOTNOTES

1Inhelder, Barbel and Jean Piaget, The Growth of Logical Thinking
. from Childhood to Adolescence, Basic Books, New York, K6 1958,
’ © - p. 107-122. . ' '

250urce of definition: Handbook of Chemistry and Physicsj 49th ed.,
1968-1969. Robert C. Weast (Ed.),
. Cleveland, Ohio, 1968,
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APPENDIX A
THE MI‘SCONCEPTION IDENTIFICATION TEST -(MIT) IR
¢ : ’ . . ' IIE\V“\

Ve

CHEMICAL EQUILIBRIUM =~ -l

!

" This is an OPEN-BOOK examination.. Answer each quéstion by

V. indicating on the answer sheet provided the most appropriate of -

v

the‘fqllowing responses:

A. GREATER THAN . that at the f1rst equlllbrlum
" B. @TESS THAN that at the first. equ111br1vm
Yoo LAY

C. THE SAME AS that at the flrst equrlib1nr

(<
;_\
"\
e
o

D. " There is IthLFICIF ‘T info rvqtior provided

among the above. d]tﬂfnltlve Py

 Use ahHB”peuqil to fill:iuxthﬁ-cctfespondihg spiace on the answer

shc¢t. You haga_tf drnutes to éompletc the test, - @

In additien, for those QULSthnS mentioned on the seperate sheet
indicate by means of'a'brief statement, your reason(s) for\
’ B ’ ' f o,

' se]ccting the response.
T

Place your reason(s) in the spaces provided on the separate shec
DO NOT VRITE ON THE QUESTION BOOkLhT

'ExamEle question

Con31der an equlllbrlum mlxture of nltrogen, hydrogen and ammor: ..
’ (all in the gaseous state) at 500 C and 200 atmoopheres pressure

‘The balanced equatlon for the reaction is:’

(0)- —_ . P T L . o
.Nz(g) + BBZ‘g) 2hH3$g?, the *forward reactson being



endothermic (i.e. tuking place with the

More Nz(g) is added to the equilibriam mixture, woeeping the volume
L] - - . i
and the temperature comstimt.  Ehgh the system returns to

equilibriwn, the s

lbeow o v v v vy

-
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vﬁ] v 'ﬁzﬁa.-,e“P 1;;v

In EdCh onc of questlons 1 20 you are asked to con31der an
N 1equ111br1um m1Yture of CO C12,_and COCl2 (all of which are. gases)

:finltlally at 200 C and l atmosphere pressure
' The_bélancéd,equetioﬁ is given by:-

' j'; CO(g) + CL. (g) T“ ’f COCl (g the forward reactlon belng

"’fexothermlc (1 e.’taklng place ‘with the evolutlon of heat)

Whenfaﬁswering‘the dhestion,‘de,not'assume;any.knowledge of this

pertieuler.chemiéal-systemrotﬁer“thanrthatvprOVided by the above

g informatibnior‘in-the'quest ons asked

","QDESTIONS l 3 refer to the folloulng change made on the above

reactlon
v

&Ehﬁlmlxture is cooled to lSO C (at Wthh temperature all three
Paten, ,
" substances are still completely in the gaseous state), keeping Lhe
orf4 . :
volume constantga' '
: L

When thes$ystem returns to equilibrium:

{,c%tﬁelhumber of moles of COCl2 present-will be. « ... . . . . (place

-

answer on
‘answer sheet)
' 2. the rate . at which COC12<is being formed,will be.
the equilibrium value ofl}OCl51  - will be .

| [co] (012]

QUESTIONS 4¥7>refer.onlx't6 the following change made on thelt

W

original reaction.

t A - R S



-p 2- - o ‘ li !
4

The volume of the system is halved by increasing the'pressure‘ét

-

constant te@pcrature., When the system has returned-to equilibrium:

l 4, © the number of moles of COCl2 present will be .

5.- "the concentration (or partial pressuré) of'COGl2 preéent will
. : Q . . - .

o
B

be.

6. the npmber of moles of CO-pfesent will be. ..
‘ . 4
7. the concentration or partial prassure of CO present@will bes . .

- . v o
co(g) + Cl2 | ? .COClz(g)%+ heat |

_»QUESTIONS 8-10 refer only to the fo?lowing change made on the
ginal reaction.

Some Cl2 is removed ‘from the system, the volume and temperature
being-held constant. Vhen the system has returned to “equilibrium:

8. the number of moles of CO present will be. . e e

:’Ju .
9the _gquilib;'ium value of [coc12] will Be{/,u oo
om0 : o : p

R W [coJ_,,[mz] .

10. the ratevét which CO is being formed will be. ... . . .
QUESTION 11 refers thy to the following Ehange made on the -
’Origihaitreaétibn:': | .

Some inert gas 4§aymy§eoh) is added to the system, keeping the volume

) . i ) , . .
- and the temperature®donstant. - When the system has returned to

equilibrium: : e

11. ‘fhé'numﬁer\bﬁ moles 6ff90612

.QUESTIONS lZ*léureferkonly ﬁp3t5§‘foilowing-change on thé Origihal

U b L,

present will be. « . . . . . . .

w e
- v

reactioni.® \

&S,
2
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_p 3—- .‘ . , .‘
N .

Y

. Some neon . is added to the systém, thié»time keeping tﬁe total
pressure. and tem#eratu?e constant. When theléysﬁém has returned
_to equilibriqh: |

12. ‘the nﬁﬁber‘of moles'of“COClé Will bee v v v v e e e e .

13, Fhe copcentrétiop or partial p:essufe,oficlé will be. '-;‘i ..

14, the‘equilibrium'value of [COClz] «  will, be. e v e e
B 2 . P B

'@qjklﬁ | L o
’ R : o T ;\\\\\\\ ~
In QUESTION 15, consider only the following change made on'the — .

w r

originafsreaction:

and 0.0l méle of C1. ié'added‘at‘constant

2

15. One mole“of €OCI,

volume and temperatére. When the system has returned to
" b
equilibrium, ﬁHe‘nﬁgﬁérvof_mbles of CO wi1l>be.1._. cie e e e .
A : —_— ) ; 'l\
+ . : ) . e 2 v ’ ’ B . X - ~
.In QUESTION .16, the following change is made o the original o

reaction: . _ G : ' e
: o N v

. 16. this time, 0.01 mole of cocl,

and 1 mole of Cléfis adéea gt
constant,volume andltemperature. 'When fhe?systgﬁ’has repurned té
equiliﬁriuﬁ,vthe number‘of leesuof Co wili be. . ;'.'. E .b. C e
QUESTIONS l7fl9 refer 'to the following addition to the original
_reéctign: | - ) :

A ce?tain.émdunt of nitric oxide, NO, is introd&éed into fhe system
~at coﬁstant_ﬁolﬁmé'an@.temperature. ;NO also reacts wifﬂiC}z,

according to the followingbequation: NO(g) % Clz(g) ‘;gﬁ NOClz(g)p

~



.
~p b- ..

When the system has returned to equilibrium:

L)

17. the number of moles. of CO will be. RN

) 18. the concentration or partial pregsure of the COCLl, will be.‘I

2

19. the equilibrium value of[?OClzl will be. . . .

..... é1ed

QUESTION 20 refers again to the original reaction in which:

~

L’ 20. Some Cl2 is added to the system at,constaﬁt volume ‘and
'etehperatﬁre.’.
~ -

When .the system has returned to equilibrium, the concentration or

partial pressﬁre_og the CO will be. . . . } L. ’

kY . oo : ’ : . ’ . . -
THE REMAINING QUESTIONS REFER TO PARTICULAR REACTIONS AS DESCRIRBED .

IN. THE GIVEN QUESTIONS. AND NOT THE SYSTEM USED IN THE ABOVE -

QUESTIONS.

s - : -
- s R . '
. ' “ .

J21.8 . l 2 ATM. Consider a cylinder (see diagram) .
. 1 _ " containing a gaseous equilibrium
x i L ‘ K . v

mixFure of Ny, Hzégahg NH, ggder

E
pAs

a constant pressuye of 2

Lot Tl o ' " atmospheres and kgpt at comstant
‘ ! - g N

Tt . temperature. Through a vaive, A,

e ) : in the side of.the‘cylinder more-
‘o . o L R ‘ N | .

- s e . Nz(g)_is added (the‘ﬁotal pressure
o . . :

and the temperature'both being



0 ‘ ' again been aftaxnéd the numbcr
%, .-,« ¢
g0 'of moles of, NH3 ptesént will

be. . . . .. B

22, Fermic acid, HCOOH, is a weak organic aeid and as such'partially

dissociates in aqueous'solution‘accprding to the following R
. equation: ¢
‘ v ) + ‘ .
HCOOH +;HéO _ ™~ H O(aq ) + HCOO(aq ) -

3

To a 0. l M solution of - formic ac1d is added a small amount of

concentfhted'hydrochlofic acidéghich‘dissoeiates as follows:
}rc1\>r H,0 : H g(aq ) + Cl(ag.) -

‘When the system has returned to equ111br1um,.the molarlty of

» fﬁormate tons, HCOO ™ w1ll be. . . . ", wugg‘

- QUBéTiONS 23-25

-Ohe litre: of 0.1 M formic acid solution (actually ah—equilibrium_jf

mixture of formic“acid molecules, hydrogen ions and'formate-ions_A

as descrlbed in Q 22) is dlluted to 10 litres w1th dlStllled water

..,l A Y

Vhenathe ml\ture has returned to equ111br1un

230 the,number of formate ions w1ll be
24.  the molarity of’ the'fprmate ions will be. . ..
25.f the dissociation of formic acid iﬁtétﬁydrogen ions apd formate_

ions is an endothermic'proeess:‘ Heat is;abserbed.f If 0.1 M
formic acidﬂatHZSOC is heated to 3%, “the. fractlon of formlc
--acid molecules dissociated, at'equilibrium, will be. .. .‘,1.

1 . L : EN

5
e
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26. A vessel contains an aqu#tfis solution of Ag ions and CrOa ~.ions
° - »
in équilibrium with solid Ag,Cr0,. S \~
+ -2 . : ’ .
‘2Ag (aq.) + CrOA(aq.> AgZCrOA(s)

Half of the solid AgZCrO4 present is now removed. gAﬁalysis of the

'solution after many hours would indicate that the molarity of Ag+(aq.)

*

is now. . ,

27. vSome finely diviaed‘metéliic silvef is added to a litre of 0.1 M
"ferric chlofide aci&iﬁied with ﬁCl, and the folfgwing eduilibrium
is sét up: ,
mfé+3(aq.) + Ag(s) i;:f: Fe+2(éq.) + Ag+(aq.)
Assume that‘tﬁiégis the only equilibrium_establiﬁhed;
fTbis equilibyium mi#ture.is diluted to lO»iigfes Qith diétilled».
waﬁer, ‘fgﬁen eqﬁiiibriumuis_again attaiﬁed} the number of moles of
- metallic silver present will be. . . . .
QUESTIONS 28-29 fefer fo tﬁe following reac:ibn:
Cdnéider an équiliﬁrium mixtureﬁbetweenﬁferric ions (Fe+3);and
tﬁidcyénate ions (SCN_) at a constant témperaturé:as piven by the
equation: E : . i | 5
Fe'2(ag.) + SCN"('a'g.,)v :—__*: FescN ™ (ag.)

~To this équilibrium.mixture is added some finely divided silvér and
N ) - : v ‘:-+
an equilibrium is established between the Fe

3(aq.)"énd Ag(é) as
‘described ianuestion 27 above.
When equilibrium is again established:

- 28. the number of thiocyanate ions (SCN ) will be. . .

’

157

1

“—



. {, o
X ‘ . - 158
- _. . :Q -'. . ’
; b e
' ++
29. the equilibrium value of |[FeSCN will be. . . . .
+3 . '
[F JLSCNJ - P
30.» ‘ jl 'l Atm. | Con51der a cylinderv(see dlagram)
: : _ contalnlng an equilibrium mixture
' .
— ' of X, Y and H20 which react
. 2X + HZO . a according to the equation:
;f——a- v - : 2X + H,0 .‘;“” 'Yi under a constant
, - pressure of one atmosphere. 1In
r X 7 .
A L .
U chg.cylindér,there is gaseous X,
N— = -ff~.;  1 i"l f‘Y énd;HéO together vith some
x\-liqqfdfwétéf_ d:‘“‘ -¥'=~ llquld water.: (In which»X and Y
“4'9 . .;2 S m _ ;,ére Qulte 1nsolub1e)

“

Wcuer vapor is added to fhe cy]1nder through a 51de valve, A. When

v . . S;"‘vv o

.'the system ret{rns to equlllbrlum, the nnmber of moles of Y w1ll
4, TR N :

' i o - R : A : -
et L e S
R ‘ 2 . I S
v B - i - “
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Name’ /
School | ‘ !

Date \L
: 1

. P _
For each of questions indicate by meang of a brief statement, your

.reason(s) for selecting your response. Place

%ﬁ; ﬁ%eé;prcvidéd, In.édditiOn in
by 904 ; .

,é“':"‘. NS ' . ..
g0 wubedh in your reasoning, “i.e.

law

X 1f you used the Equilibrium Law

our reason(s) in the

or principle vou

\ *
ﬁal Y if you used Le Chatelier's Principle
Z. if ybu used some other law or.pfﬁgtiple.
QUESTION  Circle one: Answer A. B C D, X Y 2
G o |
_QUESTION, Circle one: Adswer A B C D, X Y Z )
' ﬁf, ; : i
¥( ©al . .\"‘, ’
. . _
“QUESTiON Circle one: Answer A B C D, X Y‘ Z
QUESTION  Circle one: Answer A B 'C D, X' Y Z
'
3 . ) ) o ' .
QUESTION  Circle one: Answer A*B C D, X Y Z

Y. \
v



answer sheet.
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APPENDIX B

¢I'HE CHEMISTRY ACHIEVEMENT TLEST (CHAT)

. ' 4 . , . » ) " ’
CHEMISTRY 30X ASE;}VEMENT TEST -= Chapters 7, 8, 9 and 10

8
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This is an open book.test which you have 60 minutes to write.

"Select the best answer for each question.

Use an HB pencil to”fill in the corresponding space- on the

When concentrated -sulfuric acid is added to water, heat is
liberated. The heat of dilution is about 18 ychl/role of

H,50, diluted with a lurgc volume of water.. If 2.8 g of H SO4
were ‘added te 10.0 litres.of water, what would be the increase
in the temperature of the water°

A 18¢°

B. 1.8c° .

C. 0.98¢c° ‘ ' -
D. O. l8C0 T
E. - 0.018¢°

Wken .00 g of CH, "are burned to produce. carbon dioxide-aﬁd
water vapor, 104 kcal of heat are relea ed. What is the 4 H
value for the following react10n7 o '

—_— L
CH4(g) + ZOZKg) -~ : C02<g),+ ZHZO(g)
+208 kcal R PO ‘
4104 kcal ' Lo

-94, o kgal o

-194  keal -

~208 kcal

Ceag

‘Calculate the heat of combu~t1on in Ica]/role of H S. Use the
equations and data fivtv below: ,

2

-

+ .S, . - -  AH-=-9.6 kcal "

H ',;:r S,
2(g) ( ) 27(g)

H +) 20, 2(g ),_‘—" nzo(g‘s U A u

1}

-57.8 kcal .
2(g) ,57, kFa
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B

o . | J ‘h .\’dj : , H= :_r {: L -
(s) %28 f'——\ 2y T AR edl

}tQS( N 4+ 3/202( )*___———"'. Hzo(g) * so 'g AH= ; :_ SR ~
. 0 , - e : '.A‘ 8 B 3 .
A. 138,Q kcal/mole - - ‘ﬁ"? ¥ B s a
B. =3.6 kcal/mole o S N :
C. -9.6 kcal/mole . D i ‘11‘”'6? e
" D.. -119.2 kcal/mole ' SIRETR A ;é;'"j( W
E. -138.4 kcal/mole - SRR R
LY 'K“ N W e? ;‘:“f, R
~

Questlons 4 to 6 refer to the folloxlng reactlons, for whlch Lhé
heats :of reactlon are- glven,\ :

. t g . + 1 .II. ——’- - A "/5'&1 '?_‘- ) g\u
Reaction 1. gy F 0Ly () KCL gy B Au 100, o 1

/\n~~-104 8 Lcal : R

. . . 3 . : S
;qm Reactlon<ll._ k(s) +>4§12(g);::j: RC}(S) BRI ) s
rx:}% o o Lo e : e ) ' - ".":"',b_ ' o ' *;
‘ A.Q-Vhlch of Lhesc statcrtnts TL&dfdiﬁ" rLdCLlOH 1 is FALSE’ .l R
A. The hLﬁL conLunL oi the pxoduce, RCl 1s less~than that of '
. the reacfonts. - . C - — , :
B. If tite TERON op is carrled out in & rlgld insulated e L @
: ‘container, Lhe;tcrperaturc in the contaxner ‘will'rise. o ' s
C.. The potential encrgy of the reactants ‘is less than that of ’
, the products. ; .
~© D. For'each molc of YCl( ) formed lOO 0 keal® of heat is
o released e S e g
N " E. The reactlon is exothermlc v DR ' L ”
.5.. The value obtalned by subtractlng equatlon 11 from equatlon l :
' (+4.8 kecal) represents o . e ‘ o ox

‘A. 'the heat'releaseddwhen .00 moles of KCl fOrm. S {" el
B. the heat requ1rcd to melt 1.00 mole of ké y: R .

C... the heat required to vaporize 0. SOO moles E cl R

D. .the heat releai/ﬁ when. 0.500 . moles of 012( 5 Conéense ;t_ .
E. ”probably due t errdts in measurement ‘ ol

6. The formatlon of 24. Q g of KCl( ) in‘reaction~ll1ishactpmpanied

“'by the release of: - ‘| e
Al ”4.8-kcal-_ﬂ . '
‘B. 34.9 kcal _ . S e
.. .C. 100.0 kcal ) - T T
%o0De 104.8 keal . et TR
E. none of these o ST IR, PUTE A k
o R SRR U
) - B .. ) L N L * ‘," I
' . RECE S , AR S
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To complete the cquation:

A.

B.

<

c.

AT

M+ én.‘_L AJ + gk + 2t on -

M would have to be wrltten

X+Y-1 s D, XHVHLT -
CA+Z SE A+Z+1

X+Y . E. X+Y#2

A+Z " T \/f{sz M

X+Y+1'M' . ‘ t _”./ .

If a sample of water were warmed from 0°K to 2 0 x 107 K, each
of the following processes would be .expected to occur at some
tlme ‘during the heating. .

”'.I'- ‘2 .(g) - Higy * OH('g) |

wIIic_HZO(l) - HZQ(g)J )
o 'H?-%f',-'—: 00y - .

'livj'liﬁ'+'§Hfr:i22 gHe + lﬁ R o z

0

As the temperature lo ralsed in what order would the processes

: A¢
LB
c.

7<Dr

“,ijE‘i

~{ftend to, occur'

©

1, II"III, v

11, III, I,.-IVv'°
CIIE, II T, TV -
11T, II, IV, T - -
v, III 'II‘vr_,*x'

5.
1

';ERa131Kg the temperature of a reactlng system would

A

. B_

.‘EG_“

. -

R ,, decrease the rates; of both forward a
R rate of the reverse reactlon

S ,
increase the rate of the forward reaction. only

1ncrea%e the rates of both forward -and. reverse reactions.
increase the .fate of the forward reactlon and decrease‘the
rat% of “'the- reverse reaction.

I‘EV&I’ e I‘GaCthﬂS

162,

decrease rate of the forward react'on ‘and’ 1ncrease the . .

Y

-
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’

© 10, Among the factors which affect reaction rate are: concentratlon,
- colIis;on pgeometry, and the presence of a catalyst. Which of
the’ follow1ng statements lS FALSE concernlng these factors?

PR

A, Increa51ng the concentratlon of reactlng partlcles 1ncreases
‘the: chance for colllslons.;V :

B. Optlmum colllslon geometry lowers the actlvatlon energy
barrler : E ! :

c. " A catalyst lowers the activation entrgy requirement.
-b.-" The reaction occurs each tlme partlcles of the reactants
' colllde.‘;',' oo : ; S ° N
E. The slowest reactlon involved in a- reactlon mechanism

N determlnes the,rate of ‘the overall reaction.

Y

C e

. ..‘4_./
P . ' . : i : : : {
11, NO"+O-» L (fast) © A '
MOy F Oy == 3( ) B Y S
+ NO P S e e
,, N03(g) * MO (g) T2 WOy py - (slow) B
( Which of the followlng does the above palr of reactlone best
illustrate? T ' e e
Ao entropy ™N T o S
B. randommess - - - . “ ' . .
C. catalysis -~ - - J"_fh ' ' ;
D. actlvatwon,energ !
, E

’reactlonxmeehan;sm

: Questlons 12 to 14 are based ‘on the following: 1nformatlon.u
The kinetic energy dlstrlbutlon cmrv%,shown below applies to four
different reactlons all' at the same tempereture.. Only the
actlvatlon energy (E) 'is different. (The actlvatlon enerales

. of reactlons ‘1, 2, 3 and’4 ‘are de51gnated El’ 2,- 3, and E4
.respectively) .- S . ,
P 2 3 V4
<~ St , A ]
t
‘ - !
g = i
oy 1
t.
v
. N B -‘. " B '
© . number of j - 3
‘particles "

ﬁnergy R o .
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“Under the same conditions, which reaction ‘would occur the

reaction
Teaction
reaction
Teaction ,
all reactionsg would occur: at the same rate

PR VoI gy

13. If a catalyst were added. to reacting systen 3, what effect, if
: any, would this'have on the system?

‘The peak of the kinetic energy distribution curve would be
shifted to the left. _ o .
The peak of the kinetic energy distribution curve would be
shifted to’ the right. A - .

The activation energy'requirement would be raised, so fewer

. Molecules would collide Successfully,

The ECtivation energy recuirement would: be lowered, so more
Successful molecular collisions would occur.
There would be no effect on the system.

14, In which of the above Systems would the reaction rate be
increased most by heating the reactants?

B
C.
D
E

reaction
reaction
reaction
Yeaction. . :

none of them would be affected

WA
{

Questions 15 and 16 are based on the following»diagram,.

which shows two pathways for g given reaction, One is for the
uncatalyzed reaction, and one ‘is for the catalyzed reaction.

=
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Energy,
 kcal/mole
7
~Ad
Reaction pathway
15. - The actlvatlon energy for the forward reaction, in the presence
of a. catdlyst is about
: -7
A. 40 keal/mole‘
B. 50 kcal/mole . ‘
C. 60 kcal/mole . Sy ,
D, 70 k€al/mole . = ) o
E. '80~kcal/moleg : : .
16. 1In the uncatalvzed forward reaction the overall ,heat of reactlon,
H, “is about , e xy«‘”\\\‘
A. —70‘ kza‘l/inole ST L 6\\
- B. =50 kcal/mole . * o '
C. -40<kcal/mole : : s
D, 40 keal/mole R 2
E. 70 kcal/mole . )
17. ,Ihe equlllbrluw state for any chemlcal reactlon 1n a closed system

Tesults from a balance between:

o v g . v
v maximum energy and maximum rande\hess

. - minimum energy ynd maximum randomness
. maximum energy and Flﬂlﬂu ndowness
minimum energy and minim ropeltles
constancy of macroscoplc ﬁropertles &

o ko

“‘j N '\A .

o S .
%
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The equ111br1um of a chemlcal system of gases can NEVER be
changed by

A.  increasing the pressure
B. increasing the temperature
é C. "adding more of one reactant
: D. adding more of one product
E. 1ntroduc1ng a catalyst
19. Assume that the follow1ng reactlon has reached equlllbrlum in
a closed container’; and that it is desired to obtain a greater
yield of SO by shifting the equilibrium to the right. ~This
may. be’ accomp%%shed by-which one of the following. changes?
S +126 N 8S0 + 65.1 kcal
8(s) 2() ¥ T7U3(p) el
A, Increase the pressure by’compresslng the system into a
smaller volume : .
- B. "Add a catalyst without changlng the temperature or pressure.
"C. Increase the temperature without changlng the pressure.
D. Remove oxygen gas from the' system.
E. Increase the randomness of equilibrium system by stirring
it. ’ . &
'20. Chemicals A and B react according to the followihg graph.
7 -
\
6
conc, ¥
moles/ - ' 5
liter 4 A
c
3 .
\ :
1
0 ' T , — ' '
1 2 3 4 5 -6 .7 8

. time, min.
he -balanced enuatlon for the reaction is
. 2A + 2pI= 2¢C
4A + 2B 3E 3C

6A + 4B C
6A + 4B &= 2C

none of the above‘ éZ;‘ L
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Questions 21 to 23 concern a system in which.CrBr dissolvee
in alcohol, A single crystal of CrBr. is welghed and plated in
Beaker A. An equal mass of small crystals is placed in beaker
B. The beakers are vigorously stirred at room femperature, theén
covered !

21. The CrBr3 in beaker A initially

‘dissolves more rapidly than that in B

.- dissolves more slowly than that in B. » o
- dissolves at the same rate as that in B ’
dissolves at a rate 1naependent of temperature

has more surface area than that in B

S mEYowp-

22.'.The equlllbrlum concentration of dissolved CrBr3 in beaker B
might be increased by. o
A. crushing the cryctals to powder

- B. more vigorous stirring Qv
C warming the beaker [and malntannlng it at a higher
. temperature
D. . adding more alcohdl
" E. adding more solid Crqu
S g - : . -

23.  After several hours,f equilibrium ig redched in both beakers.
Beaker A still has !'single crystal and beaker B still has
many small ones. Which of the follow1ng statements about the -
systems at. equlllbrlum is FALSE? | T i

A. Dissolving and crystallization of CrBrB‘are teking place
in both beakers. :

B. Within each beaker sthe rate of d1ssolv1ng equals the rate
of crystallizing. . . R

C. The colour of the solution iz’ constant in each beaker

D. . More undissolved solid remains in A than in B. T
E. The amount of undlssolved SOlld is not changing 1n elther
beaker

24, The threshold energv in a reaction system would change in which
~of the follov1ng caseq7

I. ‘the temperature 1s changed
II.. .the reactants are changed.
III. the concéntration of the reactants are changed..

: IV.' a catalyst is introduced or removed. o
‘A, .I, II,‘III AND IV o D. TIII AND IV

B. I, IT, III - o "E.” none of the above
C.- I AND.IL '



‘Questions 25 and 26 are based on the foliowing information.
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A

¢

9

&

Gaseous water reacts with carbon monoxide gas to produce hydrogen
gas and carbon dioxide gas according to the following equation:

H.,O + CO —_— + 10 kgal @
27(8) T @) =—— T20e) T T2(e) mas |
5 moles of H,0 ) and 4 moles of CO are placed in an empty _
reactlon vesseig the temperature is galntalned at 1 OOOC and the- Lo

H .+ CO

o

come to equilibrium. After equilibrium has been-

establishé® ¥:is of the equilibrium mixture 1nd1cetes that -

2 moles ofgCO‘ o present ,
25 What e of the equlllbrlum constant7
A, . 0.40 \\
B. 0.67 .
\, . €. L.0 . ‘
o D.. 1.6 @ ,
‘ _E. . 2.0 v g

26. What would the value of the equiiibritm constant be if the
reaction were allowed to come to equ1llbr1WW at a temperdtule s

o0 w>

<2}

\

somewhat higher than. 1000°C? . ) oo

Less than the constant for 1000°C. . -
Greater than the constant for 1000° Cs ’

... The same value as the constant for 1000 C

J

More data are necessa ry to 'predict the value at a temperature
above 1000°C.

It is 1mp0531ble to predict the relet1ve values of
equ111br1um constants.

_ Questions?27 and 28 are based on the following information.

.

- Consider the following system at equilibrium ; -

I.
II.
III.

) p/__'__ IV.
TN V.

N, +0, 3 2NO Qw AH 43 kcal
27. Wﬁich of the following changedwill be certain to increase the ‘ =
concentration of the“product NO? ‘ - K K

®

1ncrease the tempcrature
decrease the temperature
decrease the pressur
increase the oxygen ¢
1ntroduce a catalyst

ation

-



E a .
“A. I and IV
. B. II and 1III ° ‘
»C. 1II and IV
D, - IT and V -
E. 11, IV and'V
28.\vAt a given

temperature in thls system,

- 10 -

-

the”’ PO is 30 dlsqoc1at

Ta What is ‘the number of moles of each component present HQ*thl&-

mixture if one mgle of HO is allowgd to come to equ1llbr1um at

" this tcmperoture7

A. - 0.15 molés
§. '0.30 moles
C. 70.35 moles
D. 0.60 moles

29.
afy

&‘.

'u-" - : - K

) -

SO + 02::tu

each
each

of
pff

egch of

each;of‘

NQ»and

-

O.“
quano O% and 0.70 moles of
N7 sand 0, and 0.30 moles of
Jz and 9; and 0.30.moles of

B%ﬂ 

3

SO.. + szrh.zso

2
D, 2803 a
_Eg-, SO3 = SO
. 9

o

?-Questions HJ.

. AgCl
AgNO,
Agl .~

AgX¥o, - .

N 'AgSC§

30.

.-

AL Agel
- B. Agl0
. ,l. C . . Ag'l

“

3

A.:

B 5%@% e 02‘*_ 12505,
C.

D'

2802 + O2 .

Yo

2

o 32

)
[soq

L .
ST T . N
- o N . N - i .

: . 3
- D. AgNO
E. .AgSCN a

aﬁdj0.70 molés‘gf

NO
NO

N

X0

For which of thc follow1ng e\presaionc is tth equnllbrlum
equation correct?

[S%]‘é-

re uire the follow1ng tab{L of
for somL 311ver salLs at 20 C

Of the 511w8r salts- liStEd abave Rﬂnch 1s the mpst soluble in
water at 20 C7 : . ' -

(9%

.
4
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In a saturated solution of ‘Agl0O, .at ZOOC, what is. the.
concentration of the dissolved 33103?

Ao 16 100 oy o . : o
B. 4 x 10 oM g R

C. 2 x 10_,% S S -

D. 4 x 10_,M | - » ,

E. 2x 10 M . .

‘To a solution céntaining Cl_#ﬁ , NO. 1, , 10, aﬁé o
- : : 3 . ’ 3(a

SCN ) ,i0ns each at 0.01 1B fo 34838701 BI01 1 ASRE) vas

addegq&ﬁtil a permanent precipitate just formed. Which silver

MY o E >

salt precipitated? ' o P
AgT 3
. ~AgIO, ) v -
AgNOD ) ‘ L
AgSCN- ' :

. A student wishes to make up 200 ml of a 0.010 M solution of
AgNO‘,_ What is the mazimum concentrggiqdﬁof Cl—”a ion that
could be in thegﬂater_béfbre a2 permanent precig£fg%e of AgCl ’
would form? AsSume the .solution is made.at 20°C. ‘Assume the
volume does not change. .

< e [ . . . —
. R L . N N

, - -10 o
A, 1.7 x 10 TM
B. 1.7 x'10 & . S |
C. 1.7x 1070 . . S
b. 1.3 x 10 M. . 3 g T
E. 1.0 x 10f2M o e _ A
T3 . .
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THE SKEMP TEST (SK -6)

v

& . ¢

SK6: Practice Shcet - A'a <.

4

" SK6: Demomstration’Sheé;.(OpérétionS'A}to'J)3

SK6 (PART I) ° PRACTICE TEST
SK6 (PART 1) ANSIFR SHEET .
. SK6 (PART .II) TEST

-

¢
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: : K / ,
) * SK6: PRACTICE SHEET
b Y

Operation 1

-\

—_~ D

> =

g

been changed to the one on the right byv means
operation,

. of a particular operation.
is, and then do the same’ opc*atlon to some Qlhicr §

Do this on each of ‘the
the blank spaces.

In the above flgures, the one on the left of each
of the
the above flgures civen

You have to find

pair has

Sivn"

‘Sane
throe
out what the

In other words,

up&r rion
tigures. '

. . : C . . ‘
What is the operation? JTtwis voversing from left to p;gﬁt.
figures and £il1l in the
f:1

bolow, dnswers in’

Chect wi tlie anEwers on the blddﬂboar*4 to
‘@' ke dure f]dt you have unuursrooa.
P yorb tave
. ) B : o e
. ' v
OPLTTtiUH 1.
on these. ) [:<9>——4» :::>/h_%’ iy
‘L. - ’ e IS
[ . " B ‘ @
) Lo L -
i S : o .
, "4~  Here.is ‘a different operation: . L, ,
g ) - K C » w X
. h. i P 4 N " ' « L .
. R s o .
\ N o ) e T
.’v z - L ';. - B l‘ N
SN L N . J R . ‘
T ol e,
e - ® . . C .o A ot ’
Operation:2 —_— A — ;A . O — v
, . L . :
' ‘. & T\N »f) - AT 1 - R S~ LY
: CL - PR I i . ‘ '
' o . . .. . -
R LR N | ' _ f hd LI
., S E hy
e LWhenwyou hfve found Sat wgat it 1s, ﬁo 1t on the flgures
R below.‘ Sheck Wwitd the dnsherq on the bOard - B S
e ) R A ) ‘.. \ J x ! i
. < . ‘
- ) : . ‘ e . -
v - .
—_— ¥
, | /-
—_ o . SN
’ ‘ \ . T -
.. “ . .. ..,
~ <
= ~



S&Gf - DEMONSTRATION SHEET

\

s o

(CPERATIONS F

* . OPERATIONS A"TO E

N

TO*J ARE ON THE NEXT PAGE)

173

Operation A

.

N

.Operation B
%

N . .’ o C'
— e
-Operation C . ;><;i',.;x<' —_— <i>>' S -
QO AL X T Ty
Yo / '

*6peratioh D

y . ) ; - o.0
e . . !
"—-_“ i . vty - ¥ - i ;
. # u Rl -
I‘ . N - - LN N .
TR 2 ° . e e -
. T - P - ; 3 N =
e N . - T : Ce L
PO » [ . , R BETEN - w i .
PR N T B R SR A N A X
b B . st e f 1. o x
‘Operation 'E, —_—> . .JQL X . AR ;_X
A . . T R R
P X | o« S -
T _ : . ’
!»';1 -(" - @ |
K



O SK6: DEMONSTRATION SHEET
\ ..
OPERATIONS F TO J-
— . G -
LN : . o
4 v+ ARTE o y

a : )
’Op%r&tion oo

-

&

-]

B Y : B
Operation C %9 —_— _? 9 —
s . 8 . s , )
1 “a . .
-t
. .
. o 41
LY
. 1’;:‘:‘ s
ki >

Operation H

O O

00 . 0006

SSSé

sl

A Tt e :
N BN R A L 4 . *
-, % - - ‘{ ) vl A 3 i y
“u ’ T . O o >< >< .,‘.. _‘ 2 . ofl
Operation I / _,. ' 1V —-_3_—"17‘\/_\/ K
S C. @, TT”'. B
N t - ‘D . ) ',, . (X3
_.,\M’, SRR R SR AP TI, ‘...:. S - R - . ‘ -
S ; . .. ' . _ PR 3 ‘_‘\
- o # R - " " ,'.\ N = ) i ‘?A
R ARy X i-;;-r-r T AA /\A/\/\
Operation J- —r T e
'Ii‘ ation J- T o o . ,




] >J L d oo ook

NAME ...... Cleeesien N 11 [0'0) A R
Last . “First '_~ Middle T e e
. : "“ ) . " . . ‘
AGE %../.....v. GRADE:.....c...... BOY, GIRL DATE............ .
{ears.- o . (Circle one)  Day Month Yru

SK6: PART I . . 7 . , ’
. . - s .
Tlnd oitt thc operatlors from Lﬁc DFVONSTRATIOL SHEET, and
fill in the answers in the blank quces, ‘just as syou dld on H
PRACTICE SHEET.

- . °
- . .

Do Operation

" A on these. TJ . N 1‘ . : \,/ .

s

]
Do Operﬁégon
B on the€e. : —

V . A : . L ) e . . . ’ - . ! f ) . ,‘ . . ) o
‘Do Operation: . : ) ;~| - ‘ L _??;/ /
C on thése. K E;? — o 8 — R 'l ,', —_— L L

S -
" Do Operatiop. o : . SRR SN S :
D. On these. . L — % | “"fﬁa—-t- B ,v‘A . ; —+ A

.
L

Do Opérqtioh. N o _
E on these. j —_—— ‘ \ —_— , : =

[y




>
. .
¢
< ) -
4 Y .
~
} TLowl-
. & :
. .

R

©

Y

. SKb: -PART T .

)

P A

ny

AN
(CONTINUED)
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)

Ca
»

AL ’ e
-Do.Operat
on: these.

ion F

o Eé‘Operation G
on these. -

. o K —_—
! o & o . [eNe) :
3 R4

. o
Do .Cperation H
on tHese.

Do Operatian I
on these.

Do Operation J
“on these;
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ANSWER SIIEET FOR SK6, PART T
20 ,’ V Iu' v - = ‘ —_ - <
Here are the amswers to the probl ems vou ‘did, Go. througl
these ctvrefully and put a tick in the right hand margin if .you thipk
that you got the wvhole llne rlght If you are not sure, ask for an
‘explanation. - L e, . .
|Opetation A is: - s a?@ o o - =
turn the other ~t | g S : N T u A\
Way up R ' ?9:5;% - , . —» | ‘ B 5 Jo
™ ' ——- . " - |’ #
' r.3
s A [
Operat_lon B is: _
‘rotate a quarter | l . ' °
turn clockwise. . E ' + ol
v . A v -*-“
Lo y i )
Operation C is:. ' R ‘ . o ,
1nterchange . o : 7 . ’ -
upper. qrd ‘Lewef > i N - l . :
parL L Lo s L T
) o N .

R ¢ ! > AN ' S . ‘ '.\

L ] - .
Operatic®? D is: - : ‘ T
replace each o ‘oo | B " I - cofeo
horizontal line - | el o AT —_
by two circles-. © ‘ —I _" ""If“’

¢ ‘ A - P B ‘ o
Operation E ;i.s':' o . - : L ___I_ —X_
replace .each R R e X X X

M o = 4.. .
vertical llpe , ) _"‘*" “_”‘X‘ % _r X
by two crosses. . . —-I — —_C —
o ) E

e



ANSVER SHEET FOR SK6, PART I _& - .
xJ. a . .r,_..,__‘ . ‘

(CONTINUED)

n - g \

. .
A\ L
! —_ ~— - _
. } c ,
| Operation F is: ~ l O o) 0 L/// J
aqdya symmet- , 5 , X
rical lower half. ) ) ?
\./ 25 o o 3

A

Operation G isy
double every-.
thing.

Operation K is
double tho lower
part.

o
.g-{ |
+

Opefétion 1 is: o o o <::> A //

double the o \ . : .
| smaller part. l ‘ fﬁ*A'r ] = . L ) -

) y R ¢ R y

Operation J is:
dnterchange
'Lhe numbers

KX xxx/| T LT TAAAL AAAT
» g : e oI

S /) I

° . . ‘::‘i\
R A P - -



~e

------------------------------------------

‘Middle

BOY GIRL
(Circle one)

Day Month Yr.

SK6: PART II

¥

In PART ITythe problem is to combine the operations on the
DEMOVSTRATIO\ SHEET, or to do them in reverse, or both. When
combining operatlons,'tha} are to be done in the order given (i.e.
"Combinc C and G" means "Do Operation C flrst and then do Opclatlon

ll)

Look at the examples given below and then carry out the
operations indicated on the following three pages

EXAMPLE:
Reverse

EXAMPLIL:
Combine

N

combine .

EXAMPLE:
Reverse

@
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SK6:. PART TI

X X

Tl : ‘
Re\;erse G . ~ —_— coon —r

o o - . o v

Reverse D , : :
. oV w7 Fo ek

.. a
’ « N

~ |Reverse C | B f _9_ ‘ ‘, (

. K - - . o »
¢ . v .
4 v
) -

Revc;rsc F ! - [ ——p . ‘ ! ‘_._P. ‘ . X‘ _....’. »

Reverse H, ’ _._,;




?'y'; | 7r\)
A 4
181
SK6: PART II /3
v‘
- ¢ ‘
PR R
o »

Combiné E & H e L = : ) ,

e O . ) X

v E - ' R B
° %
o o o e
S , S o v ' R S
| Combine A & I >< — ] , X N (V , "

Combine D & J » ‘ ‘
' XXX | — —

Combine B & F :1 S . / / R

’Combine_ F &B ‘{ q /F’ . " / | |
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SKb6: PART IT

_‘ S — — — — ‘
Reverse and ) X - X e X

B Combine'B & J | © . S .
N ' ®, ’ X v o X - . o x

4 Reverse” and X ' - X X
. ' | Combine H & E . , A \ - .

”

| Reverse and o o _ \ i b ‘
Combine A & T . .—". _ —% N . ——,.(
' N AR ‘ it 10

Reverse and - .
Cpmblne F & G | E e < —p

oQ
’[_

s ? N y
B T R R

I
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» - s T APPENDIX D ;
- L. o "0 :
THE COMBINATION OF COLORLESS CHEMICAL BODIES TASK (PT 1)
- 3 ‘J?? Co e . A ; ‘ :
[‘"‘z )K
:%% R o O PT 1.  Namé )
. . ‘ K . ~ . N .. S . v Ah‘
IS %ﬁ - W.f*‘_ o e ~ School ,
R T o Tl : : "
< e ” - e Class .. ’
e oo o - L Date
. \\ )

In this'experiment you-are asked._ to réprodqu\iﬁgvyellow

coloration using all or any of the solutions provided (1, 2, 3, 4, a)
. - . ?n . . .

asvyou wish. Record, the steps taken to yourESolution'in the space-

provided beloy. Investigate further to determine as much as you

can abodtfthe effect and nature Of'eagh‘of the solutions.

-
) -

What conclusions can you make-from your experiments with the
solutions?:

_SHOW“YOUR_APPROACH TO THE PROBLEM IN STEPS




THE COMﬁINATION OF COLORLESS-CHEMICAL BODIES TASK (PT 2)
. X . e . ‘ )

PT 2 Name

CoL | " School
2 .. T . Class: C\

" Date

i o A -

~

- In thls ehperlment you, are asked to reproduce the yellow
colorat*bn u31ng ‘all or any of the solutlons prov1ded (l 2, 3, 4 . b)

as you wish’, Record the steps taken to your, solutlon in: the space

"below.V Investlgate furtler to determlne as much as you can about

the effect and nature of each of the colutlons o S \\\\\\
What conclusions can you make “rom your experiments with the S
solutions?

SHOW YOUR APPROACH TO THE PROBLEM IN STEPS.

Oy
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SOLUTIONS FOR THE ADMINISTRATION OF PT 1 AND PT 2~

2

Piagetian Task T (PT 1) )

ok

Solﬁtién i.\ﬁA solution of Molarfsulphuric'acid

. [ N P T B PR

Solution 2. Distilled water

Solution 3. A .solution of Normal hydrogen peroxide solution

Solution 4. (A'solution of decimolar-sodium sulphite
: A

"a''. A solution of decimolar potassium iodide.

Solution
P ("_’:.’} -

Piégetian Task 2 (P& 2)

¢ .

Sélution 1.  bistilled water
] Sélugion 2. A sblufﬁon ofldecimolar potéssiﬁmjiodid%€~
Solufion 3.  Starch so;ution R / e |
Solution 4; _A soiutiOnlof'chiorine water
-f; ‘Solﬁtidn "b”."A‘SOlution of deéimolar potassium iodide.

3
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APPENDIX E - }‘
\ TABLE XX
' TEST SCORES FOR THE SAMPLE OF STUDENTS ‘
L , } N=99 . o A
i
. I.D. SEX ‘MIT MIT CHAT SK6 SK6- SK6 + SK6 V. Q. TOTAL. -
' i ‘A B- -1 20 3 TOTAL' SCAT ' SCAT  SCAT .
100 <. M 20 .21 2% 13 <15 07 85 - 44, 45 089 DT
101 . M 14 22 28 - 13 11 08 - 32% . S4.. .44 099 - o
102 SMo 190 26 28 L4 15 08 .37 7 58 28, 084 - ‘!
103 M6 19 27 13 13 07 33 46 . 47 . 093 i ‘
04 M 17 018 27 14 15 06 35 54 39 - 093 e
' 105 Mo13 - 21 27 K 12 qu 29 59 440 103 0
106 Mo 15 21 27 14 15 0 36 48 . 44, - 092
107 M 15 22 26 13 iS5 07 35° 54 44 099
_ 108" M 15 22 25 117 13 0L 25 . 49 . 427 091
109 M 18 200 24 14 12 08 3450 44 094
110 M. 19 - 24 246 13 15 07 ° 35 52 .38 7090
111 F 14 20 24 .08 13 04 25 54 42 Q96 -
112 M 14 20 2% 11 08 10 297 42 34 076
113 Mo 16 21- 23 14 1l 04 - 29 57 46 - 103
<114 F 17 21 23 .14 W4 07 35~ 48 38 . 086
(ﬁ’ 115 -~ M 14 21 22 14 13 07 34 44 34 078 X o AL
\ 116 . M7 12019t 22 140 13 10 37 46 41 087
17 - F 146 22 -21 14,10 06 . 30 54 36,089
118 M 15 0 23 20 12 12 06 30 4330 073, ,
119 M 11 20 20 11 14 "09 37 38 35 073 '
S 120 F 13 177 19 13 12 10 © 35 . 48 3t 085
12l M 12 - 2L 19 14 13 06 33 46 43 089
122, M 08 15 19 - 14 . 13 05 ° 32 . 40 26 © 066
123 . «M 15 17 .18* 06 12 06 24 . .20 11 031. - -
126 M 12 16 18 14 14 07 35 - 46 .~ -39 -.085 -7
125 M 13- 22 -18. 09 10,7060 25 r44T 35 079
126 M 17 24 18 14, 11 10 35 46 735 081
127 -~ M 12 18 “17 14 14 07 °© 35 48 29 077
128 M 11 12 . 17 12 07 . 07 26 .. 39 35 074
129 F 09 - 14 ~17 12 12 “‘10 34 48 41 - 089, -
130 M 12 19 16 12 11 - 06 29 46 44 090
131 F 17°-19 16 08 13 07 28 44 34 < 078 X - ,
S22 M 08 16 15 12 12 07~ 31 44 42 086 £
133 F. 13 11 14 08 08 07 ° 23 46 38 - 084 :
134 M 12 15 13 14 12 05 310 49 41 090 -
135 - M

13 18 11 11 08 03 22 53 '35 088
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TA;EE\§§*(CONTINUED)‘v

A

TEST SCORES FOR THE SAMPLE OF STUDENTS

(i

X = mean scores inserted for missing data

. )
. , /e i T _ ‘. -
1.D. SEX MIT MIT CHAT® SK6 SK6 SK6 SK6 - . V. . Q. ' TOTAL
- A B ¢+ 1 - 2 3 TOTAL SCAT SCAT SCAT
, - , L ' o . . .
136. “F 15 17 17 05 .10 05 20 - 36 31 - 06781
137 M10 0 17 18 13 1. 03 27 44 - 34 078X -
138 F. 18 22 18 11 07 14 32 44 34 078 X :
139 M 10 . 137 10 13 12 10 35 50. 33 083
140 M 19 19 (33 08 15 10 .33 54 37 09L
141 MO 10 22 19 04 01 00 05 44 T 36 078 X
Y142 F 17 20 22 11 12 06 29 . 46 22 068
143 Mo16 21 23 14 B89 06 29 39 33 . 072
144 Mo 13 15 20 11 .08 09 28 44 34 078 X
145 F- 09 15 21 13 12,07 32 46 34 078 X
146 F- 17 " 26 27 11 - 14 12 - 37 35 45 080
147 M09 17 14 .13 08, 10 31 46 29 075
148 M 10 13 220 12 .07 13 32 52 35 087
149 F' 06 13.. 22 07 09 03 .19 44 .30 074
150 M® 19 20 24 1412 11 37 . 56 39 . 095
151 M 18, 24 25 11 - 13 - 067 30 ° 49 45 094
152" F 06 06 705 -06 Q7 01 14 39° 19 058"
153 M 17 26 260 T4 14 - 07 .35 .41 36 077
154 M 21 25 24 10 13 06 29 50 26 076
155 F 14 16 18 11 06 13 30 - 52 .35 - 087
156 . F 14 23 22 - 09 14 10 33 58 - 39 097 -
.. 157 F 13 14, 13 13 08 07 28 48 29. 077
158 M 13 18 16 05 07 06 18 14 32 046
159 - M. 13 21 16 12" 10 - 05 27 38 26 064-
160 - F 20 23 23 09 07 08 24 44 31~ 075
161 F .09, 16 22 05 15 03 . 23 42 44 086
162 F. Q¥ 21. 17 05 09 05 19 44 34 078 X
163 F o123 17 12 06 05 03 14 40 27 067
ti64 F 117314 16 .08 09 01 . .18 44 37 081
2165 - F12.5 13 20 08 01 05 14 43 15 058
166 F 08 10 19 13 09 08 30 - 44 23 067
167 F 16 23 23 13 14 07 34 42 34. 076
168 F 12 20 16 13- 715 13 41 44 g 28 072
169 M 15 19 20,14 14 07 35 47 37 084
170 F 15 22 20 .-06 08 ‘01 15 42 20 062
171 F- 13 22 ° 14 O 09 01 17 36 24 060
172 - F 19 26 - 23 13 - 12 03 ~ 28 26 27 053
173, F 11 13 21 07 08 05 .20 44 - - 34 078 X
174 M. -

16 18- 21 05 11 04 20 46 -39 .085
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TABLE XX  (CONTINUED)

TEST SCORES FOR THE SAMPLE OF STUDENTS

L4

188

“SEX MIT MIT CHAT

SK6  SK6

V.

TOTAYL,

I.D. SK6 SK6 0.
A B 1 2. 3, TOTAL SCAT SCAT SCAT
175 F 13 15- 17 13 08 o1 22 47 - 37 084
176 F. 15 19 15 11 10 05 26 48 38 086
177 M. 14 --200 14 05 09 03 - 17 .. 29 35 064
178 M 16 18 13 .04 09 03 716 © 42 33 075
179 M 13 15 19 13 11 06, 30 48 15 063
180 M 10 18 19 i3 13 .07 33 50 32 082.
181 Moo17 21 25 14 15 07 .36 Wk 48 092
182- - M. 08 17 09 11 02 03 - 16 46 34 080
183 M 16 21 .17 14 .09 06 29 . 30 35 065 -
184 M 16 19 26 1377 12 07 '35"'.\59 46 105
18  F 14 15 15 08 10 05 23 - 41 16 057
186 M1l 15 200 09 10 06 25%  4C 34 . 080
187 - . F 13 19 22 . 12 10 - 03 25 29 - .22 051
188 M 13 - 16 19 14 22 - 51 33 084
189 MO 15 0 23 19 14 (13 337 44 34 078 X -
190 Mo 14 .24 17 - 08 Wik 12 25 19 C
191 ~F 18 22 17 "10% 0 22 34, 25 6
192, M09 17 04 - 14 > 33 44 34, 0/ .
193 M 100 17 19 04 15 - 32 30 062
194 . E- 09 11 11 11 31 41 38 079
195« M 097 14 18 12 - 0 00 - 14 30 35 065
196 M 13 19 18 11 10 .01 ~». 22 36 40 076
197 M - 14 16, 14 02 08 00 10 44 30 074
198 Mo 17 21 25 14 06 52°

. 10 .

30..

28

080




CTABLE xxT - e T

. - AR . o S ’ o . p_ g:‘%ﬂ A

. ITIM ANALYSIS OF THE MITCA) -~ ., R
Mean = 13.6 P o ’ . ," E L a&‘ R

S.D. = 3.3 T
Reiiabi_lity'(KR-‘?_o) =49 L -

Keyed - : Difficulty 'B,'.i?ierié'i",-. L (
Answer -Index .| Correlatiom® '

i * b -
7 3 ’3

.43 ’ - _4]_,”
.55 . ~.09 ., /
1

B A R S
P 70 € 357
- .83» ! a2
.68 [ . 2Ty :
.27 oo g
.76 e .54
.51 S71 ({ :
-.01L
-.21 \“1
000 e
REERVCRE
.62
.24 -
.49
A4
.63
.58
. .05
. ) .53
26 D
73 A S
- L43. v .34
. .28 - © 16
.54 ' .53

.51 ’ . v 163
29 T .38

29
30.

coPmorErEUNORFYTOEBODORPEP > WD
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_ TABLE XXII . : § .
. : ‘ -~ ITEM ANALYSIS'OF THE MIT(B) -
Mean = 18.6
S.D, = 3.9 . .
Reliability (KR-20) = .57
__ o
Key =~ - Difficulty . . ,Biser‘iall
Answer,- - .. Imdex B . Correlation
1 B’ 42 S .29
L W2 A .21 , =05
- - %3 B .35 - : : .17
K 4 C . .23 47
. 5 C a1 - S 47
y B c .23 , 46
o DA .B 49 .36
) 8 e 167 66
9 % B .28 - C.65 10
.. 10 : A .52 : .10
T11 A .40 . " -.05
12 o .81 : _ .59
13 C . .60 - ‘ .31
‘14 T A .10 o .61
15 A .75 ' .43
- 16 B- .70 : - .38
) 17. B .20 LG40
18 A S I ‘ .37
19 B .34 L Ty 54
20 A .12 h Y
21 A .88 ., : .78)
N 22 o W23 CL49
23 - C .62 =05 o
24 D 1000 0 T 06N
25 B A5 T .31
26 B 45 . .31
27 C- .63 _ : © .33,
28 B .26 ¢ ‘ b4
29 B .27 T .65
30 A .61 o .35




TABLE XXTIT

-191

-.50°

= ITEM ANALYSIS OF THE CHAT,
Mean = 19.5
S.D. = #5.0 -
Reliability (KR-20) = .75
] Ao
Item -Kcyeﬁ ‘ " Difficulty Biserial
Number Answer - Index Correlation
1 ‘D \ .35 .39
4 " E .55 1. .56
3 D .84 ~v;) .63
4 . - C 77 56
5 Cc ~ 60 S .11
6 B .73 ‘.51
7 c .62 .28 (-
8 C Ca91 . W42
.9 B .76 .48
10 D - .56 45
11 E .70 .47
12 A 36 . .37
" 13 D .79 » +25
14~ D . .25 B 40
15 - B .52 .45
16 - D .63 N
.17 B .75 .53
18 E .82 .53
19 A .64 .51
20 A 69 .54
21 "B - 80 W41
22 c .40 367
23 DI 72 .59
24 " E .20 .54
25 . B .49 .67
26 A w25 .52
27 A .64 .33
- 28 A .43 45
29 . B S w92 . © .48
.30 D .75 Vs
© 31 E . w4l - T W46
32 . B L, +33 .61
' B .37

L
Py



