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- ABSTRACT

A

-

~ an attempt to validate an hierarchy 1eading to the 1earning of the

i

" concept of mole, ‘a concept which is generally of cedtral importance o

‘in high school chemistry courses. Second in ordér to achieve this

' first purpose it was necessary ‘to examine the characteristics of the\'

[4

-most promising methods available for the validation of hierarchies,

both in terms of their theoretical bases and empirical relationships

-

to one another.i Third the importance of the availability of subor—

dinatk skills within ghe validated hierarchy relative to the’ import-i

@

ance of learner developmental level to the acquisition of superordi—

:

'f;nste skills was examined. AR - ' S I

The sample consisted/of‘ZEQ Grade 10. Chemistry students in four

Cslgary senior high schools. 8ix test instruments were administered-'5

during the study, four of whicw represented the chemistry skillsb

rhypothesized to comprise the learning hierarchy 1eading to the mole
!
-concept. The remaining two tests were designed to elicit(information

about the prevailing stage of intellectual development of e?ch indi—-

vidual in the sample. In. addition ‘two written units which were
L

interided to’ remediate for subordinate skills which subjects failed to

learn during regular instruction, were administered to a sub—sample 5

' o{ 109 subjects in: four intact classes.‘“'

The hypothesized hierarchy was not found to be valid but an .
s v .

o alternative hierarchy consisting of geven of the eight skills in the

ypothesizedshierarchy was: consifw _,},;,.,_ oth.in terms of the

»
. .-/,

iv

_ The purposes of this study were threefold. first it represents:

.
[

N

il

o e s A




|

‘ theoretic'method in terms

. allows direct cqmparison of intact hierarchies. “The’ hierarchy vali—

~ R

i

"psychometric.and léarning transfer'relatioQShips_between the‘component;:

skills. e S S _'-f:’, B
Two recent psychometric methods due to White and Clark (1973)
and Dayton and Nacready (1976) appear to. have substantial advantagesv

over previous methods of hierarchy validation. Each of these was
4

' applied to- the same data.i A third method the ordering-theoretic

method was also applied to the data for comparative purposes because

of - its recent prominence in the literature. It was concluded that

the»White and Clark test is more appropriate than the ordering—

theoretical basis. However, the j

empirical results obtained from a

i

plication of each method to the same.
data were very similar. It is 8 ggested that in general the Dayton ‘

and Macready method is. superior to the'White and. Clark test. and the

| : :
ordering—theoretic method because it considers the hierarchy as a . J'

[y

whole rather than in terms of comparison of skills in paiisﬁand also .

. -

dated by t’he

1hnd Macready method was not identical to those
derived from app : | . e
' v Learner developmental level was fourl to. exhibit only moderate
correlations with achievement scores for the intellectual skills com—
prising the validated hierarchy‘ In all cases the availability of
subord%pate intellectual skills accounted for much more of the variance l

of scores on tests of related superordinate skills than did the

developmental level test scores. The scores on the tests o related

' subordinate ‘gkills alone accounted for more than 50 percent of thel"

variance of scores on the tests for each ‘of the three uppermost skills

i

in the validated hierarchy. \fﬁ; N ”. e

B

! . -~ . " =
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‘Chapter l’
THE PROBLEM

H‘Introduction to the Problem .
Educators, including qhose concerned with science education, have

long wrestled with the problem of how to identify optimalqsequences

of instruction. In the first half of this century science education

was much influenced by Dewey s (1916) suggestions for instruction

sequencedfto develop the ability to apply the scientific method !

»

More recently Schwab's (1966) emphasis upon the development of inquiry
skills influenced curriculim sequences such "as the 'BSCS Invitations
to'Inquiry. Gagne s (1967) guidance may be seen in instructional
sequences leading to the development of process skills in the 'Science '
A Process_Approach' elementary science»curriculum. The need to struc—
ture-curriculayaccording to their perceived major COnceptual schemes
(Bruner, l960) iS=reflected in science curriculavsuch as 'Chem Study,'
the 'Biological Sciences Curriculum Study' and the 'Earth Science
"Curriculum Project J as well as many others. . Sequencing according to
.learner intellectual developmental levels is implied by Piaget (1964)
and applied in curricula such as the 'Science Curriculum Improvement |
‘ “Study.' B

Despite general agreement about the need to’ establish appropriate
sequencing principles there is little agreement regarding what these
should be. ‘Briggs\(1968) notes that theireSults of sequencing exper~

-iments are too scattered to-allow confident recommendations for prac-
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tice.” Posner and Strike (1976) suggest that the literature indicates
. [ L l
little more than that much more research is needed before we will.j?
v
able to satisfactorily suggest haow content should be sequenced.

"J-Indeed they recommend that 1t is more appropriate first to obtain :

'"7better answers to the descriptive question, 'In what ways can content

Vﬁ'?be sequenced7', Posner and Strike s own . theoretical and empirical

i,
o

:iranalysis suggests five distinct categories‘of sequencing principle,
“namely world—related concept—related learning—related inquiry-
~related and utilization—related each with a number of sub categories.
Researchers concerned with sequenc1ng are likely to focus on one. or

. other category or ‘sub- category as the independent variable in their

studies. The present study is involved with two aspects of sequencing -

from the learning-related category.
According to Berlinger and Gage (1976) the relationship between
psychology and education is 1ong but sometimes disappointing Never—

_theless, Berlinger and Gage go on to note that the marriage between

Fy

the two seems sgronger than ever.ﬁ Shulman and Tamir (1973), reviewing \ '

~science education of the previous decade, note the extensive influence.

'of psychology on the development of science curricula. ‘However, they

- i ) /r’

caution that psychology is too- frail a base to support an entire

S

-curriculum . In ‘the same vein Shulman (1974) suggests that in educa—

U

tion we should be concerned with middle—range theories, which lie

“between specific day to day working hypotheses and all—inclusive
systematic efforts to\develop a unified theory of curriculum and
instruction. Shulman also suggests that the devtlopment of a

~

ﬂSychology_of school subjects should involve subject matter experts

Y

/

/.



" to attack the mole problem.

" behaviors. = For Gagné this is what constitutes 'developmental' readi-

.//

as well as psychologists rather than primarily psychologists as has

typically been the case.

The recent science education literature is

consistent with the above views.

™

B e

\

: Different studies applying psychological theory to the sequencing

problem as well as, other aspects .of curriculia and instruction reflect

Al

a broad’ spectram of: theoretical positions.'

‘The present studvaas

, conceived in an attempt to provide a partial answer to a persistent

problem in high school chemistry, namely student difficulties in

: understanding the mole
the curriculum content presented~in-schools may-be best represented‘

in learning hierarchies was considered a promising model from which

concept.’

Gagné's contention that much of

important characteristic of the learner when he is faced with the

learning and "application of a new. concept is ‘that he. should w the

time be able to recall and apply all necessary directly prerequisite

_ _ ness (Gagne, 1977, p. 150).

individual's readiness for new ﬂearning is whether he has developed

o appropriate generalized intellectual structures.f

AWifferent view of develgpmental readiness is taken by Piaget

(1964) Piaget suggests that the most important ieterminant of an

Hence, even 1f a

Essentially, Gagné suggeams that the most

5

of Piagetian principles suggests t\at individual progress through the

hierarchy may be constrained by the intellectual limitations of the

'learning hierardhy can be identified for the mole concept, application

learner. fAusubel (1968) suggests that developmental readiness repre-

. sents‘a composite of the,positions‘taken.by both Piaget_and Gagne.

L}
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That is, he suggests that the availability of an adequately developed-?

generalized intellectual structure as well as specific prerequisite

competencies related to the particular subject matter are both

-

» ’important.
P ' ‘
\_ The . present study seeks to attempt to identify an hierarchy for

‘ft e mole concept, and also to determine if the developmental level of

'

the - 1earngx, in the Piagetian sense, is related to the achievement of

each part.of theﬁhierarchy In the course of the study it became

et ]

apééfent that,certain methodological problems EXiSt'for the determi- '

*

nation of hierarchies. ‘Research into some.of these problems also :_;

became an important/évcus of the study ;

gﬂ What follows at this point is a Summary of the reléevant parts of

\
Y r

the models provided by Gagne and Piaget, and a further discussion of

the possibility of combining them. The chapter concludes with a -dis~
, _ : v \

cussion. of the particular problem to be-studied and the questions

i‘which it generates.

Gagne s Hierarchical Model of Learning

The content of this section represents but a small part of the
contributions made by Robert Gagné to current views of learning. The
titles. of two of his major texts (Conditions of Learning (1965 1970
1977) and Essentials of Learning for Instruction (1974)) indicate
- the direction he has taken. ' From the first to the third ‘edition of

& ~ .

‘Conditions of Learning many changes are apparent. ‘For ekample the,

greater emphasis upon - an 'information—processing model in which '

interest centres_on possible mechanisms by'which input stimuli are
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[
Fransformed to output behaviors does“not appear in he first edition

appears implicitly in the second “and becomes the expiicit focus of
‘the third edition.. However, despite this and other significant
changes; Gagné's emphasis upon hierarchies of 1earning{remains an .

N
[y

important feature throughout.- : : R o
Despite his clear behaviorist origins, Gagné is careful to dis-

tinguish himself from the notion that hny ohe prototype of learning

Ce

, is applicable to: the domain of 1earning as a whole. He commspts

(Gagne, 1970) )
- These 1earning prototypes all have a similar history
in this respect: each of them. started to be a representa—
- tive of a particular variety of learning situation.
" Thorndike wanted to study animal associlation. Pavlov was.
- studying reflexes. Ebbinghaus studied the memorization of *
. verbal ligts. Kohler was studying the solving o{ roblems
by animals. By some peculiar semantic process, these ex-
‘amples became prototypes of learning, and thus were con-
‘sidered tb represent the domain of learning as a whole, or
at least in large part. Somehow, they came to be placed
in opposition to each other: either all learning was in— .
sight or all learning was'conditioned response. -Such con-
. troversies have continued for years, and have been rela-
- tively tnproductive in -advancing our understanding of
learnin as an event. (p. 20)

This belief\in A\fferent types of learning led to the specdlation that

.there might be as many ferent types as there would be different
~1conditions under which learning takes place. Analysis suggested.eight;
distinct types of - learning (Gagne, 1965), and most importantly for
‘the present discussion the suggestion was made that these typns form
an-hierarchical arrangement in which successive types are prerequi-
site to the learning of-the,next. A slightly modified version of this
model appears in Figure 1 (éagné,_1970? p. 70)~_.HOWever,'Gagne

suggests thst'the four lower levels are likely to be applicable only
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_ Problem Solving (Type 8) . |
; . P ,
requires as prerequisites: Y S
Rules (Type 7)
‘ which require as prérequisites:
Concepts (Type 6) . :
T C . which require as prerequisites: . »
\ N : . o :
. _ ‘ s
Discriminations (Type 5)
s whiich require as prerequisites:
~ . . o
@
' Verbal associations (Type 4)
“ ¢¢ 6therbé%ainé‘(Type 3) ) . or
. RN Y ' . ' -
whic requi?é.as prerequisites:
Stimﬁlus—Response connections (Type 2) }; T
- /
o f
&
Fig. 1. Gagné's (1970)1represeﬁtétion?of learning types
SR TN
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to young children, and not of direct interest to those concerned with .
the instrUction of older children,

Although Gagné's hierarchical model has been foundational to nuch »

of his work, a number of significant changes in his conception of the .

model.may be seen since then. It is instructive to follow the devel-

o

N . .
opmentgof the model and some criticisms of it. Of particular interest

‘is the fact: that while that part of the domain of learning to which

Gagné suggests 1earning hierarchies to be applicable has dimiriished,

‘the charact%ristics of hierarchies haue:become clearer: Correspond- .

ingly, this differentiation has clarified ideas about those learnings

\which do not appear to be representable by hierarchical structuresﬁ

.\\\\ .
An important question with which to begin‘relates_to.howrlearning

‘bierarchies are'generated Gagné (1962) suggests tﬁat the components

of the hierarchy should be generated by asking the quéstign "What mustv

N
N

the-learner first he able to do if he is to achieve a p rticular new.
capability?"‘and then successivelylasking'the eame'quest on for'each
new capability produced. "The emphasis upon desired capabilities is

important. Learning hierarchies represent what'the learner should be
. 3 - -
able to do, not what he can merely verbalize. The resulting structure
. i . . ' . . .

may be linear or branched such that in the latter case several capa—

bilities uay be ‘considered directly prerequisite.to any'particular~

one. For example, 1t may be hYpothesized that learners must first‘

'
[

: understand the concepts mass; wvolume, pressure and temperature if
'they are to exhibit understanﬁing of the relationship conveyed by
‘Boyle' s laww However the crucial test. of the - validity of an hierarchy

‘ throughbut Gagné's wrftingsghas been the extent to which 1earning of
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the prerequisites effects’positivé transfer“to the learning of super-
‘ ordinat% capabilities. - That is, those who fail to exhibit prerequisite
capabilities will fail to exhibit. related superordinate ones while
’

those who exhibit the prerequisites will be more likely to exhibit
;, the Superordinate capabilities. The'corollary that increasing the
proportion of learners ‘who can_é?hibiffthe prerequisites willjbe.
"followéd,by a significant increase:in the proportion who can‘exhibit
“vthe superordinates, represents'the essential test of the. existence of
‘bfan hierarchy (Gagne, 1970, p. 239). N ‘Q |

This proposition is not eTtirely acceptable to others. White
(1973) in particular has been severely critical of Gagne s index of
positive transfer, and implicitly of the general notion of “the import-
' cance of transfer., The relative merits of the pgychometric approach _
advocated by White, and of the transfer approach advocated by Gagne

will be discussed in the next chapter. -Certainly, Gagne s emphasis >

upon transfer has not diminished although his methods o f determining

©

3

this effect have Varied
An important criticism of Gagne s procedure is made by Phillips
:.and Kelly (1975) and reiterated by Posner and Strlke (1976) .- Both
- suggest that~Gagne conflates'logical and psychological\relationships.
’when derivhng his hierarchies. POsnérhand Strike&distinguish betueen
'empirical prerequisites (a sub- type of their learning—related category :
of sequencing principle) and logical prerequisites (a sub type of
~their concept—related category of sequencing principle) in that the
latter is: concerned with a prmorz properties of concepts while the

former is concerned with skills that can be shown empirically to facil—
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itate the learning of later skills. They further com@entathat what
r‘-‘ - e o _—‘l" s
is logically necéssary usually turns ont '%‘be empirically verifiablg)/////

v .-
but that,the converse does not hold While not'denyin
2 e

of avblend of these two kinds of Tre ationships in curriculum materials,g.
k Posner and Strike suggest that it is impbrtant for the instructional .
designer to distinguish between them because logical prerequisites
demand _only logical analysis for justification while the existence of
empirical prerequisites demands empirical. evidence. Phillips and |
'Kelly make the same point even more strongly, suggesting that Gagne s

\
procedure for. generating hypothesized hierarchies leads to: hierarchies

1
of primarily logical relationships within the subject matter. Hence,.
they argue, experimental validation by the determinatlon of transfer ‘\
relationships between prerequisﬁte and superordinate behaviors isv

'.\'irrelevant because the 'discovered' relationships are inevitable,
‘representing.cOnceptual truths.v Both POsner and Strike ‘and Phillips,v
and Kelly appear to beicorrect in suggesting that hypothetical learning‘
hierarchies derived by the Gagnean approach are likely to represent P

o the logical structure of the subject rather than the psychological
Ml’ structure of the. learner. However, conceptual truth for the neophyte
'1earner is likely to: be quite different than for the subject matter
expert. Perhaps this is why a reading of the’ 1iterature indicates
' that exnert structured learning hierarchies do not survive empirical )
.testing unscathed, and why Gagnevs hierarChies exhibit a blending of
logical‘and\psychological'relationShips,' Moreover,'ithmay‘be argued
. rhat prerequisites'which exhibit positive transfer may be considered

to form part of‘theﬁlearner's psydhological structure once learned,
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\” even if they were hypothesized by the researcher by logical analysis.
Reviews by ﬁriggs (1968) , Resnick and Wang (1969) Walbesser and

Eisenberg (1972), White (1973) and others attest to the popularity

.of ‘the learning hierarchy model. While the general conclusions of

ach of these reviewers are encouraging to the further application of #

the model -each notes the existence of many anomalies._ Such anomalies

have led Gagne (1972) to suggest that the hierarchical model may be

restricted to certain kinds of learning. He postulates five domains

- Tof learning representing the learning of intellectual skills, cogni-

tive strategies, motor skills, verbal information ‘and attitudes,

'reSpectively.‘ The emphasis here‘is still upon identifying different

|

varieties of learning, and concomitantly the different conditions
ecessary for the. learning of each variety However, the eight types of
“learning posited originally (Gagne, 965) now represent one .of the‘
five domains, the domain of intelledtual skills. The hierarchical
model remains (Gagne,‘1977) as the most. essential component of the
conditions suggested for 1earning these skills ' Gagné (1977) suggests
that the empirical evidence available, while Supporting the need to
_ identify prerequisite behavior in any domain,_does not at_present
support the suggestion that//hese prerequisites form a learning ‘hier-

~

archy in/an main other than the domain of intellectual skills.

This claim is clearly of much importance to the present study. The

. nature of these domains and the restriction of the’ hierarchical model

N

. to the domain of intellectual skills is therefore explicated further,‘-

first hy an illustrative example and then by further discussion.
. / i
,1itmw.iiConsider~the—variety “of outcomes which may be involved when an-
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._individual is 1earning about Boyle 8 1aw.~ Correct application‘of\the:

law in a meaningful way to a problem type which is .not’ novel to the
individual represents the use. of an intellectﬁal skill. The way 4in .
.which the individual attacks a novel problem represents the use of

o -

particular cognitive strategies. A statement of the 1aw itself

a

represents the ‘use of verbalized knowledge. Manipulati n*of apparatus,d'”

(. i

“in determining or applying the law involves the use of motor skills.

Finally, the feelings of the ﬂndividual as he does these things repre—'»

_ S
sent outcomes in the attitude domain.

: The difference between intellectual skills and cognitive strate-:
i‘gies may not be immediately apparent to the reader. In fact Gagné
and Briggs (1974) describe cognitive strategies as very speciﬂl kinds
,vof intellectual skills whichzue important enough and distinctiVe B
enough to warrant differentiation from other intellectual skills.

- Gagne and Briggs suggest that it is ‘the objec of the skill which

differentiates cognitive strategies from other intellectual skills.-

Intellectual skills are oriented towards the individual's environment,-

K

such asxthe,use of graphs or: calculation of the number f atoms in: a

“given mass of. an element. In contrast, the essential characteristic v

' _of cognitive strategies is that they have as their objects ‘the

LRy

1earner s own thought processes. Interestingly, given the joint focus

"of the present study, Gagne and Briggs suggest a8 link betWeen the
L !

domain of cognitive strategies and Piaget -8 stages of intelleétual
'development, in that they claim that the individual's‘repertoire of :

cognitive strategies sets limits to- the kinds of problém solving he N

.can successfully perform and hence to his intellectual development as"
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_defined by Piaget. Gagné and Briggs go on to imply that for Piaget '
';the continuing development of cognitive structures is largely depen—

. dent on maturation, although Piaget (1964) has stated quite clearly

u,.that maturation is one of four factors determining intellectual

development. According to Gagne and Briggs, development of cognitive

-
strategies takes place by a process of generalization of more . specifi—

1;cally learned intellectual skills. While it is not possible to indi*'*-'r;

cate whether Piaget or Gagne is more correct in this reSpect, it should

be acknowledged that Piaget s theory is much more rich in its descrip— ‘

tion of the processes he believes to. be involved.: This contrasts with

Gagng.s (1977, p- 178) admission that "we do not yet know how to- iden—

\.
Al

' tify cognitive strategies, much less how to observe oY measure . them _

dependably. . Appropriately, therefore, Gagne is: not prepared to be
‘very prescriptive when dealing with the development of cognLtive stra—f

tegies, and contents himself with recommending attention to the'

o v"'.‘~

' learning of basic intellectual skills and exposure to. a variety of
.novel problems. This 1ack'of prescription may be contrasted with
Gagne 8 views about the development of intellectual skills.

' Gagne and Briggs (1974, p. 49) suggest that while one can plan a

. sequence of events which will ensure ‘the learning of intellectual - :

_ skills, ‘the design of instruction for cognitive strategies requires

- s

organization of events external to the learner 80 as: to increase the.

+

P

. probability of certain internal events. lThe design of instruction is
in terms of favorable conditions rather than sufficient conditions.
'It is not to be expected therefore, if these suggestion3°are appro—

' priate, that learning hierarchies leading to the 1earning of cognitive h‘



strategies will be identi’ued.A

The learning of ~a particular motor skill, according to Gagné’
. (1977), also requires the recall of intellectual skills; and again
does not aRpear to be representable by a learning hierarchy. The
learner needs the availability of relevant intellectual skills in
order to comprehend the executive sub routine which defines the motor e
'skill and hesis also likely to need to be able to exhibit the compo-‘
nent parts of the skill, at least if the. skill is not extremely
simple However, an individual who can exhibit each component part
of a motor sk.ill even at a low level of competency .c;n usually also
exhibit the complete skill to some extent. For’ example, con51der a
swimmemglearning to crawl. Part skills would include particular ‘ e
kicking.movements, arm actionsiggnd headvmotions. There appears to-
be no particular‘sequence‘to the learning of.these skills. On the

‘contrary, all of them 1ncluding the target skill are likely to be

practiced simultaneously. Contrast thlS with learning the intellec— o

as vectors’ (Gagné; 1577, p¢i144). Among othe
- requires the prerequisite skill lrepresenting forees and heir’direc—
’tions as parts of triangles,' which in turn requires the prerequisite
'identifying part of a triangle. ‘In this case the sequence of

‘ 3
'.‘; M arning is clearly important. Exposure to the part skills is neces-
sary before the individual -can - proceed to consider the overall skill.

The fourth domain, the domain of verbalizable knowledge, 1nvolves

vthe learning of facts,_statements of laws, etc._ With regard to

learning in this domain Gagné appears to have little to add to

"
v . "
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Ausubel's (i§68) Qritiﬁgs. He agfﬁes with ghe rote-meaningful learnf
ing distinction, %nd that:for‘meéﬁiﬁgful verb4l learning to occur
there is-a neéd-f;r an‘édequate exiSting base of rélated organized
knowledge (Gagné;:l977). However, this bése of knqwiedgevmay be quite

‘idiosyncratic. Hence it éppears that the contents of this domain also

?

are not representable by learning hierarchies. . o L ‘

' Finally, the fifth doﬁain repfesehping'attitudé formation also

does not appear to be hierarthicai in strdcture, Acco?ding to Gagné »
. : » : o B :

(1974, p. 93) the main condition required for acceptable learning in

this domain is exposure'to'a suitable"médeia

Each of the domains discussed above appears to demand different .{\

conditions. for learning. bEach is céﬁsidered important in school

learning. It is suggested, however, that substantial development in

'

each of these domains demands the prior lea ing_df relevant intellec-

tual skills. The importance of the doqiin 5% intellectual skills is

twofold. Fifst, ;hese’skilis are funhamentai to 1earningiiﬁ'tﬁe other+
vdoméins. Secona,’the domain of intellecﬁual skills itself represents.
a substantiél part: of sch;ol learning./ Hence the.ideﬁfification of |
‘hieférchiés’which are necessary té the develqpmént of fhese'skills is

of paramount'importante.' These hierarchies should contain only intel-

lectual skills, and not elements from otbe} domains. This does not

suggest that the tapabilities-representeﬁ 1% the othér_four'domains

.are irrelevant to the léarﬁing'ofvintellecfual skills; but only that
~they do not exhibit a;cons{sfent relationship to the inte_lectual

~

skills in the hierarchy and cannot therefore be claimed to be : paft'

of the hiefarchy. In essence, 1éafning hierarchies are<notfintendéd
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. to offer‘a\description of an entire instructional'sequence. The‘

. suggestion made is that whatever else is’present in the learning situ—

it

ation, the particular prerequisite skills must be available to the L

learner. The sequence represen ed by the learning hierarchy is .not

fundamentally immutable in a theoretical sense,(Gagne, 1973), nor is
. R .
it empirically immutable. -Qagné (1970) describes it as .an "on the

average efficient route to the attainment of an organized set of

intellectual skills " Resnick (1973) similarly refers to an hierarchy{

as the dominant sequence of acquisition of a set of intellectual .

[

skills.
Parallel to the development of a clearer definition'bf the'domain:_

to which.learning hierarchies apply, a further significant limitation

' hasvappeared in Gagné's writings.‘ This is with respect to the‘amount
.of content which should'be considered as potentially hierarchical.
Initially, it appears 1ikely that Gagné considered not only that the

whole domaiQ ok knowledge in any- subject coul: be represented in an

-~

hierarchy, but that there~was no limit to the size of hierarchy which
.might be constructed. In 1963 he'commented (Gagné, 1963, p. 30),

Knowledge .1is ‘a hierarchy of ideas; in which the more \
complex ones depend for their acquisition of the previous i
mastery of simpler ones. Thus when a curriculum designer
has -in mind a set of ideas he wants students to acquire,

_he must ask himself very systematically, "What must the

"~ student already know how to do, in order that he can
acquire ‘this new knowledge?'" The best way to construct a
.textbook, or an instructional sequence, is to begin at the

end and work backwards with a rigorous application of this

question at every step of the way. It is all top easy to"
‘construct inadequate sequences ; and our present textbooks
are full of them. Unless a student can progress regularly
from one idea to the next we lose him.

S

Several years later (Gagné, 1967), the same View was still being
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expressed, perhaps even more strongly. A curriculum’was defined as a
"sequence of content units arranged in such a way that the learning .

| of each unit'may be accomplished as a single act, provided the capa-
bilities described by prior units in the sequence have already been
mastered by the learner. Clearly? gsuch a curriculdm has no upper, or
1ower bounds, In the same publication a number of such curricula from
quite diverse areas were. cited. Generally, these were not complete ‘
‘curricula in the school sense, but they were certainly more extensive 5
than the content of one lesson. Of interest to science educators,

the’ kindergarten.to grade six elementary sc1ence curriculum 'Sc1ence

A Process Approach was singled out as an especially significant

examp le. oﬁ/the hierarchical model for curriculum development. There

is no doubt that_at that time Gagne saw this model as“vf«slmost
unbounded magnitude in curriculum development.

l

However, as Gagné has often indicated learning is affected by

RO . .

:"many.factors, of which recall of prerequisite capabilities is ' 'but one . [
- part. Suggesting hierarchical connections on 1og1cal grounds 1s” ' N

'ea51er than validating them empirically. As will be indicated in ‘the .

next chapter the appropriateness of the statistical and experimental

methods used in many learning hierarchy studies may be challenged
,Moreover even iflthese methods were completely" appropriate (and none
are) it is clear that for larger hierarchies the many other factors
‘which might affect learning are likely to complicate analysis of data
"designed to test the existence of Fhose hierarchies. Whether for this
‘reason or some other is not clear, but Gagne s more.recent writings

n

' (Gagné,_l973) suggest that.learning hierarchies are‘most clearly

y
\
\
|



' sively through several well defined stages of intellectual development,

~. i ! ‘ . ' .
S : . o , T

applicable to such components of curricula as single lessons. Cer-
tainly Briggs (1968), in reviewing the field found it expeditious to

focus upon brief units of instruction. Similarly, Glaser and Resnick

“(1972) note that carefully controlled studies of two or three-step

transfer hierarchies have indicated significant p081tive transfer.

However, the question of what constitutes an optimum amount of content

for inclusion in a lgarning hierarchy is not yetvanswered. Egpedi—

.
e

tious as it may be for reasons of experimental control to focus upon -

-

very small hierarchies repfesLnting the content of one lesson,vsuch
hierarchies are unlikely to be considered of significant value to
. - . §
ducators. Conversely, it is here suggested thaﬁ‘hierarchies repre-
senting several lessons, such as the hierarchy derived in Okey and

Gagné's (1970) study, may allow sufficient experimental control and

also represent an amount of' content sufficiently large for the

’ hierarchy to bevuseful in classroom practice, This is the position

taken with respect to the content under consideration in the present

study.f

Piaget and Intellectual Development o

“

Central ta Piaget S theory is the view thaﬁ the individual gtruc-

°

 tures reality by a process of mental construction as\he interacts withr

his environment. Intellectual develovment is the- progressive differ—

entiation of these mental structures from simple to complex. Basic

to Piaget s theories is the belief that all individuals pass succes_

N

as inferred from the responses of subjects to a set: of well defined
s :

17
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tasks (Inhelder and Piaget 1§58) While the eXistence.oflintellec—
tual stages has been- strongly disputed (Brainerd 1974) dhere is
little question that an ultimate ‘aim of education 1s to %ncourage
.development to behaviors of the kindArepresented'by fiage&;as formal’

operatiOnal{ Typical~manifestationsiof formal thought in'clude syste4

matic combination and control of a number of variables, ihterpretation
. . - b ‘

. ' » l o 4
of functional relationships, propositional reasoning; aqd\proportional

\reasoning' Underlying these actions, according to Piagetl is. the .
Lility to apply “the operations of the INRC group (inversion, negation,

. \
reciprocity, and correlatiéon) (Inhelder and Piaget, 1958){ The use

of setondjorder operations, or combination of more than one operation,

‘ _ ; , \
, 1s another way of viewing formal operational thought. |

St \\
A second key aspect of Piaget's theory is that altho gh matura-

a

process in which new experiences are combined with prior expectations

to . generate new logical operationsf Essentially, the learner develops
. .

intellectual structures that enable him to assimilate new experiences,

and he accommodates to these\new experiences by construction of new,

i |

interlectual structures
“a ‘_' fhese two aspects of Piaget s theory are: particularly important

to considerations of the content”and experiences presented to the .

school learner. There is little doubt that a large proportion;bi;high

\
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school students fail to show consistent evidence of formal operational
‘ o , .

thought in situations requiring it (Howe, 1974; Karplus et al., 1975) .

This is paralleled by suggestions that high school" science content is

often pitched at a formal operational level (Shayer, 1973; Herron, 1975

Karplus, 1977). Educators are therefore faced with a dilemma. Should

N

the content of - school curricula be pitched as nearly as possible to
the intellectual level of the . 1earner, or alternatively should it be ~
pitched at a higher ‘level in order to induce the learner to operate
at this higher level Educators are in dispute about the answer to

this dilemma. Shayer (1973) suggests that the average high school

- %tudent will not profit from exposure to formal operational content.

He suggests biology and physics to be more appropriate than chemistry

for the average high school stugent because these subjects as typically
presented in high school are less intellectually demanding Herron R
(1975) provides a list of chemistry concepts which may be accessible |

to the more concrete operational thinkeré?if presented only at a con-

crete level. Further, Herron (1976@ later suggests that many indivi—‘

_ duals in general chemistry courses need only a basic knowledge of

chemistry without any depth of understanding, an example being‘stu—
dents of home»economics. Karplus (1977) argues that it is p0551ble |
t0j1ead:the learner, through‘appropriate'experienCes, to self—regula—
tionvand towards ektended}formal thought}‘lThus, even‘given acceptance

o

of Piaget's view that intellectual development precedes learning,

<theser30mments illustrate three different approaches to instructional

design.
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- The Gagnéan and Piagetian Models The Case for
.a Combined Approach '

The preceding~sections have:indicated some important aspects of
the writings of Gagné and Piaget as'they relate to the development,of
iCanepts in school learning, It is possible_to discern similarities
.~ and differences in the two models provided.

Strauss (1972) notes that Piaget and Gagne appear to agree that

a child acquires an incdea51ng number of intellectual capabilities as

~

he grows older that such acquisition is essential and that these

-

capabilities are a product of the child 8 interaction with his environ—

’ ment. Strauss then goes on to argue that this apparent agreement is

N

misleading, and that philosophically the two models are so disparate
‘ that attempts to comene them lead to obfuscations of the theoretical
issues. With regarjzfp/the form of these intellectual capabilities, o

v : /
Strauss suggests_th for Gagné they tend to represent narrowly :

definedlstructures, while for Piaget they are part of a much\more
comprehensive integraced structure. With regard'to the.particular
prerequisites for the learning of a new concept Strauss'appears to be T

correct in this interpretation. However, . Gagné's claim that combina—

tion qf a variety of intellectual skills enables the learner to

generaliz? not only to form moTe complex intellectual skills but also

o

‘to develop appropriate cognitive strategies, is a potential counter-
argument to Strauss' claim. ' v y ' i
. | PN ‘ o

-A/second difference between the tﬁo models, according to Strauss,
is that in Gagne 5 model the learmer is relatively passive and is .

copying rather than constructing reality, while according to Piaget



the learner should be active in constructing his own intellectual v
.,‘structures. Again Gagné's distinction between the domain’of intellec-'
tual. skills and the other dbmains of learning, especially in this-
1nstance the domain of cognitive strategies, offers a potential
‘answer to Strauss'yobjection.v Gagné's emphasis upon the fundamental
rimportance ofxintellectual skills leads to the needgto carefully
:cdntrol the 1earning of those skills. In this.sense Strauss is

' ’correch in.suggeéting'that that the learner_is copyingkrealinp. For
gGagné, and for this writer; it does not make sense that the school
learner, espec1ally beyond the elementary grades, should ferm sc1en—~
tific concepts that.are to any marked degree 1diosyncratic. Neither
does it seem likely_that,Piaget and his supporters would argue this
point. —lhggdifference betweennPiaget and Gagné is more -likely to
centre around the degree of control imposed upon the learner;

One important aspect of this control is whether the maJority og
individuals need to follow the same instructional sequence to the
learning of a particular concept as the learning hierarchy model
~suggests, or whether a variety of potential routes should be avail-

~able. The difference between these two approaches- represents a third
point in Strauss contention that the Gagnéan and Piagetian models

are too far apart to. allow meaningful combination.. However,‘when the

focus of interest shifts from the‘learning of ‘a concept to its appliT

cation to novel problems the diff£rences become much less pronounced
as both Gagné and Piaget advocate that the learner should be active
in constructing his own problem solving strategies. -

i
Despite the very real distinction between the claims of Gagné -

|
l

'
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and Piaget about the relationship between intellectual development

- and learning and also b een the mechanisms they ‘posit for how

learning takes place, he models for curriculum and instruction

derived from these theoretical positiona“may-not be as disparate as

Strauss suggests. e differences in theoretical positions need not

. preclude the application of either model .to situations in which it

’

may be of advantage. There are parallels to thlS in science. For

example, the electron is alternately considered as a wave or a parti—
\
scle depending on the phenomena under. consideration Similarly, it.may

be important to consider the indiv1dual's understanding of prerequi—

site capabilities and his intellectual structures alternately as more

or less important depending on. the task>at hand. There is support
N for this position in the educatidnal literature. |

. \ | . | _ |
Sticht (1%71) suggests thatiwithin the cumulative Gagnéan learning

model, ontogenetic development may set an upper limit to what can be

N

learned at a given age. Correspondingly, he‘suggests that one trouble-
some problem within the Piagetian modelpmay_be related to a lack of
. subordinate competencieé&\ This ia:the problem of horizontfl»décalage,

a construct which Piaget/ages to describe the_inability of the indivi~

dual to successfully perform a certain task despite‘the fadg that he
related tasks o = o
The need to consider,,for instructional purposes, the p ssibility

of é profitable combination of the Piagetian and Gagnéan nodels may

be further inferred from Beilin (1970) . With particular reference to

mathematics, Beilin warns of the danger of attempting to teach learning .

P )Qlfi‘ ; 'V
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‘sequences derived a priori and suggests the need for the use of both
- empirical and logical methods in the identification of hierarchical

relationshipsfbetween concepts and'conceptual systems. His stricture
‘ : . d ¢ ‘ !

T

" that "logfcal re . not yemotogteal
that//logical relations are not inevitably paralleled by psychologica

relations" is of particular importance in the present context. Such N
lack of parallelismvmay he.read in both directions, corresponding well

with Sticht 8" comments . The need to investigate relationships between'

the conceptual systems of the subject and the cognitive system of the

child is further stressed by Bellin The position expressed by Sticht

and Beilin is also often found in the writings of David Ausubel " For
example:

. . itiis legitimate toyevaluate the internal logic of
instructional ‘materials from the standpoint of their
'appropriateness for learners at a specified level of
Sy . intellectual ability and of subject matter and develop-
o mental readiness. (Ausubel, 1968, p. 29)

| ‘ _ ~
Thisipositionwis foundational to the present'study. In particular it

s suggested that if it can be shown that hierarchical dependencies
exist within typical high school science content, it does not seem
appropriate to ignore them. _Correspondingly, if it can be shown that
developmental limitations might inhibit the learning of such content

it would not seem- appropriate to ignore this evidence either.” To put
Jt more strongly it is suggested ‘that it is inappropriate to ignore

the evidence from either model in the application of the other.

Need for the itudy ‘ T
‘The science curriculum reform of the 1960 s produced many c- 2ages

in emphasis in the content of school science textﬁo;;s (Hurd, 1969). L

3

e



One of these changes was towards a muc €r emphasis upon the

€ conceptual structure\of the»discipline. To thisv;.

\

end maJor conceptual themes were identifiéd by\currioulum teams con~

1

communicati

sisting -of teachers, sc1ence educators and\scientists. Text materials
e i
\ \ L |
were then written in,which these ‘themes of important concepts formed
: s . \

a continuing structure throughout the text..‘With respect to chemistry

curricula the materials produced by the writers of the internationally'

\ e

1nf1uentia1 'Chem Study- programme in the United States and the

~ 'Nuffield O Level-Chemistry'dprogrammes in Great Britain were repre-

sentative of this trend and subsequent revisions have not changed
the development of maJor conceptual themés as a. bas1c emphasis.

Examples of such themes. include kinetic theory, equilibrium, the a

. - ’ 3 /
chemical bond, and energy. : _ R B T

v

As Well as more faithfully representing the discipline, it was o

“claimed that the development of conceqts in integrated continuously

evolving structures is an. aid to learning and recall of these concepts

(Bruner, 1960). However an_ inherent danger must be recognized,rinas—
much as there is a pdssibility of cumulative”failure when. such - : o

, important concepts are4inadequately}acquffed by the,ﬁearner.

It is suggested that the 'mole' represents‘an imtortant'concep?
tual_theme‘inhchemistry. Technically the mole is'def]ned in its role.
as‘an ST standard unit of amount of substance asi'the amount of sub-

stance which contains as many elementary entities as there are carbon

atoms in 0. 012 kilogram of the carbon-12- isotOpe. This number of

i

A elementary entities is, of course, equal to the///ogadro Number (L)

r

practice chemists extend tWe SI definition/ofzmole so that a mole 15—
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‘the amount of a subst;nvéowhich contains L elementary entities, where
the entity is specified to be an atom, a molecule, an electron, an

ion, etc. . f' S - ;-
, - . . v
The usefulness of the mole to the student in an introductory

N

chemistry course may be illustrated by reference to the following
comment from the 'Handbook for-Teachers to the '"Nuffield O Level
Chemistry course (1967)“

- The major, and almost the only reason for being-concerned | © "
with .weights of materials, is to put students as quickly . '
"as possible in a position in which what happens in a test T
tube becomes more intelligible because it can be discussed
in terms of atoms, molecules; and ions. (p. 13).

- o

- The mole‘is the link which enables conversion between macroscopic' f

“quantities and: the number or relative number of entities reﬂresented
.by these: quantities; uch conversions are. fundamental to an unde?-

? .standing and application of topics such as formulae of compounds

-

' stoichiometric rekationships, solution concentrations, electrochenr -
L.)

% istry, colligative properties, enthalpies of reactions, and a variety
of equilibrium calculations.
In view of the foregoing comments it is not surprising that the

-

mole is typically introduced early in high school chemistry texts._w
It is of concern that it is a source of difficulty to many studentsv, » .‘ ‘ m(
"\ S (Duncan and Johnstone, 1973' Novick and Menis, 1976). In a pilot
{§ -l :study for the present research only seventeen percent of a sample of .
'over two hundred grade ten chemistry students in an Edmonton high
school were . judgéd to have attained the mole concept after’ instruc; -
tion, as evidenced by their ability to correctly answer questions suchv

as 'What mass of calcium would have the game number of atoms as 9
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<

. . ' S ) 1
grams of aluminum?’ (molar masses were given). p-
1

An examination of high school chemistry materials‘indicates a

variety of approaches in their treatment of the mole. Typically, the

: mole is referred to early, but the mode and depth of tfeatment varies
con31derably. ‘In '"Nuffield O Level Chemistry ‘and also 'Chem Study

the treatment is earlyuand relatively comprehensive. However, develop-
coT - ' : ) ‘ N\
ment of the mole in: these programmes is in'opposite‘directidhs. *ln

Chem Study the order of treatment is from the gas laws to molar
volume, then through Avqgad;ro s Law to the Av*dro Number and hence

S ‘tq thevmole.’ In the Nuffield programme the- direction of treatment is
breversed;- A'more recent programme"Interdisciplinary Approaches to’

"Chemistry{ directed by.dardner'(l973) deliberately offers-an early;
but rudimentary introduction to integrativeJconceptsﬁsuch as the mole:

Cy

The IAC authors assume that theflearner will extend’his‘undérstanding
~of these" basic concepts as and when needed Some.authors.recommend»

'theuapplicatioh of algorithms such as the mole wheel (Head 1968;

R

-NeWStead 19785 Ruda, 1978) 3 Others suggest that such practices’

do not 1ead to understanding (Smith 1978), a position with which the °

1

N present auther intuitively agrees. -In short, the'present position with_

: respect to instruction of the mole and indeed to chemistry instruction .

0
in general"is that no coherent theoretical framework exists from'

‘which to-makelrational_decisionsﬁ The:models of'learning and deyelop-

'vment'proyided by'Gagné‘and Plaget offer potential solutions_to‘this.

'problem. o I h o

Within tie Gagnéan framework\learning of the mole concept repre-

o sents acquisition of an Jntellectual skill Therefore, it should be.

/

/
o
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poséible ko identify a learning hierarchy which would provide an
.efficient route to the 1earning of, the mole, such that learning of
prerequ151te skills in the hierarchy in the sequence identified will
"enhance’the learning of the mole concept. Identification of such an
.hierarchy forms'a major fOCus.of,the present'study.
miAnalysis of the molg concept from a Piagetian perspective
suggests that learmer difficulty may be relatedﬂto_a mismatch between'
the intellectual competencies required to.deuelon_an understanding.of.
the mole and the intellectual competencies available to the learner.
Such a~general lack of.congruence between science currlculum materials
- and high schoollstUdents has already been discussed. To- ilﬂvstrate
‘this in.the‘present contextlconsider again the duestion 'What,mass'of
calcium would contain the same number of atoms as 9 grams of aluminum?'
'Solution of this question requires the application of proportional
reasoning and also the identification,\recall and combination og :
.several rules. For example, the learner may reason thus 'The mass'of
calcium_containing.the same number. of atoms‘as 9 grams of aluminum
would need 'to conﬁain the.same number of moles. «fherefore(lineed to

calculate this number of moles and then. determihe the mass of this

" number of moles of calcium. Another methody%E sblution might be to-

‘calculate the actual, number of atoms involved' as ah intermediate. .
vIn either case the application of proportional reasoning and second-

i ’ \
\

rder operations are involved, both. aspects of formal operational

thougﬁt in the Piagetian model The relationship between the 1nte1—

.,.,;'.*

lectual developmental level of the 1earner and acqu181tion of the mole

..concept is therefore a second focus’ pf the present study.
ﬂ»,
:I

.‘\
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As a result of the decision to apply Gagné's learning hierarchy
model to the development of the mole concept, a further need which :

"should be ‘addressed in the present study was perceived The review

of the 1iterature which follcws in Chapter 2 will indicate extensive

_criticisms of the methods used to validate 1earn1ng hierarchies

=4 °

Several promising alternatives have recently been suggested. There

is 'a need to ‘examine these from a theoretical and empirical‘perspec—
. ; £ .

tive, both as a contgibution to.the general fesearch area and also
. ~ ) R .

“ . : .
because they appear to represent the most useful approaches to vali-

-

,dationhof the ‘learning hierarchy which is;proposed in the present

study. . ' ) p \ R h' o v

'Purpose of the Study _' S E R -

L

The major purpose of the study is to identify a leamning hierarchy
for the mofe concept as it appears in.introductory high school chenr
.istry. It is not suggested that it"is possible to identify only one

.such h1erarchy. What is suggested is.that it is.possible'to hypothe—'”

-

size such an hierarchy by application of a task analysis procedure, :'i
1and that this hierarchyfor a modifiCation of it may “be validated

empirically This suggestion is consistent with éagné‘(l973))

v

A secondary purpose of the study is to identify the extent of

~
5 e

relationship between learner developmental level as measured by
selected tasks, and acquisition of the mole concept. The relative
contributions of learner developmental level and availability of

\prerequisite skil}s to acquisition of the mole concept will be com- -
ST J

pared. Further, followlng earlier Suggestions of possible combination

- . ' N . -~
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of the Gagnéan and‘Piagetian models in the development of concepts

he relationship between learner deyelopmental level and acquisition
—..of the prerequisite skills in any validated. hierarchy will be con-
sidered '

A third purpose, at. least as important‘as those already described

is tq attempt to make rebommendations relating to the theoretical and

1

empirical 51gn1ficance of methods currently proposed for the. valida—

tion of learning[hierarchies.
1 \ )
Procedure "’

. The procedure followed in the'study is described in detail in’

°

Chapter'S. At this time it will be summarized briefly
The sample, consisting of' grade ten chemistry students,hwas

assigned'by intact[classes to’one of two groups, one of which was

designated by the author to receive remedial instruction at  appro-

L

priate pre—specified times Several days prior to the commencement

of treatment of the mole in their‘chemistry course all subjects res-
_ponded individually both\to a set of neo—Piagetian tasks and another
test of intellectual development (the Skemp test), administered _h
collectively to each class in a regularly scheduled double period.

At appropriate times during the period of instruction of the mole each
class wrote a total of three quizzes relating to those skllls from
the hypotﬂesized hierarchy which had just ‘been taught. At the end of
the first two quizzesheach subJect in each class designated re;:zial

was required to complete a written unit relating to the skills just

. tested as a homework assignment by .the next scheduled class. Several

R

a

r.
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days after completioh of instruction of the mole coqcépt all subjects’

wrote a final test composed of parallel items to those used in the
. : . - ! .

quizzes.

'Definitidn of Terms

Introductory chemistry: the beginning of formal chemistry in

the seniorvhigﬁ school. In the'pfesent study the text in use‘Varigd

- v

between schools, but was in all cases one of the versions of Chem

-
'

Study.

Mole: the formal SI‘dgfipifion of 'mole' reads 'the amount of

~ substance Which contains as mény elementagy entities as fher% are car-
boh‘étbms'in 0.012 kiingam of carbon—lZfA(Heslop aﬁd\Wild,fl975)L- ih
common>u$age;-and_inuth¢ present stuéy,»this islexgénded to repress =~

23 !

the mass of 6N93vx 10 'elementary entities such a: atoms and molecules.

N

s e

Possession of‘the mole concept:. in thé7§re5entvstudy this 1s

¢

operationally defined as the ability to inter-convert masses of elements
| . v ) ’ :

and compounds and the relativé numbers of atoms or molecules contained

" in -these Masses, wigh at least severty-five percent proficiency.

Operation: any représentational act which is an integral. part

of an organized n%;work\of-relatéd actér(Fiavell,nl963, p. 166).
Ty Y\ . ' . . D

" Sehema:

i

an internalized mental representation of a particular

|
& i

kind of action.
For example, solution of one of the tasks used in this study )

I

£

T
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- 'Test of developmental level.'

\\

) requires the subject to apply proportional reasoning. If he has not

developed the proportionality,schema he is unlikely to be successfulr

Developmental level:  according to Piaget, four main stages occur

\ in development. These are sensorimotor, pre-operational, concrete y

_ operational and formal operational. Piaget has described operations

' characteristic of each stage (Piaget, 1964).

~ . ' * . ~

" Test of developmental level: a written test requiring some
i ' .

maniphlations, composed of one item testing combination of variables
«

(Hobbs, 1975), one item testing conservation of volume by displacement ’

) (Karplus and.Lavatelli 1969), and one item testing proportional

reasoning (Wheeler, 1976).

\

Developmental level score:  The total score obtaired by an indi-

yidual subject,on the 'Test of'developmental level,’ Each item was

scored 2, 1, or 0. The total score for an individual may range from

»

zero to six. . _ o : : . o .

o

A Formal opérational: an_individual may- be judged formal opera-

)

“ tional-with respect to"specific tasks, as well as with respect to a

group of tasks: In general the formal operational thinker can combine

.

variables'systematically, use proportional reasoning, conservé\volume

by displacement, realize the need to control variables systematically,

- and combine two or more operations._wWith respect to the p;esent study

anaindividual is judged formal if he ‘scores five or six{points'onnthe

D s . i ~



Concrere_operotional;\\an individual may be judged concrete oper-
ational with respect to specific tasks, as well as Vith.respect'to a
group of tasks. In general, he‘makes,simple‘combinations oi variables
but does so unsystematically, uses an additiye strategy”where proporfv
tionalﬂreasoning'is required, fails to conserve displacement volume,.
does.not realize the need to control.yariables, and'is not able to
cambine operations,' Invthe present study an individual with a score
- of two ;r less on the 'Test of developmental level' is considered
concrete»operational.~ The assumption is made that noneﬁof the sub-

| ,
jects in the study is below the concrete operational stage.

: Intellectudlﬁskillzl knowing how as contrasted with knowing that of
,information (Gagné, 1974a,p. 55). For example, how to calculate theA

mass of one mole of water, not that it is equal to 18 grams.

1Learm,ng hierarchy: use of‘the term 'learning hierarchy' is
“sufficiently varied to prevent statement of a generally accepted
definition. However, the majority of researchers have used either a

~

psychometric'or a "transfer' definition, implicitly if not always

- explicitly. " The essence of what is meant by a 1earning hierarchy may
be understood more easily by reference first to a pair of skills which
are hierarchically*arranged. - At the same time What is” meant'by

. the psychometric and transfer approaches may he illustrated. The g
psychometric definition is most clearly stated by White (1974)h
According. to White the critical test of whether two skills are hierar—-

'chically arranged is that those individuals who can exhibit the super—-

. \
o ordinate skill are a sub-set ofvthose who can exhibit the,subordinate‘



ekill. T o A

The‘transfer definition is‘uell represented in'Gagné's vritings;
According to Gagné (1970) two skills are hierarchically related if
" those individuals 1earning the subordinate skills have a significantly
better chance of learning the superordinate skill. In this case,

i .

transfer of learning is said to take?place~from_the subordinate skill
to the superordinate skill | I

In the present. study each pair of skills involved in.mnhierarchy
must be hierarchiCal when each_of the above definitions is applied
for the hierarchy to be considered valid. : E

| A troublesome question in ldarning hierarchy research relates to

the number of exceptions which can be allowed for an hierarchical
"connection between a pair of skills before the connection is declared
invalid " Gagné's (197@ orientation to. substantial rather than absoj
lute hierarchical dependencies is applied in the present study. The

imprecision implied by substantial' is acknowledged but it is

suggested that this lack. of precision is unavoidable. This point is

S
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A

discussed further in Chapter 5 in connection with the methods examined -

~in the présent*study.

‘a

Hypothesized hierarchyi\ a 1earning hierarchy composed of eight

intellectual skills hypothesized by the author to be necessary for ‘an

individual to learn the mole concept. The skills are labelled A to H.

Final Chemistry Test: a written test compounded from.eight

criterion—referenced sub -tests of four items each. Each sub-test

represents one of the intellectual skills in the hypothesized ¢

. ‘»
!

\
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hierarchy. Skills G and H are tested only by multiple choice items.
All other skills are tested only by free response items. The 32 items
are scrambled throughout the Final test. No time l1imit was imposed, -
vbut the test was designed to be completed within one hour. Scoring:

criteria are discussed in Chapter 5.°

Chemistry quizzes three tests, between them testing the eight
intellectual skills in the hypothesized hierarchy, containing parallel

items to- those used in'the Final Chemistry Test. Quiz One tests

skills G and H, while Quiz Two tests skills c, D, E. and F, and Quiz

Three.tests skills A and B. No time. limit was imposed in each case.

Remedtal unttS' two ‘written booklets, each containing further bw
instruction and test questions representing selected intellectual

: skills from the hypothesized hierarchy. Remedial Unit One represents

.
~

skills G. and H. Remedial Unit Two represents skills C D E and F.

Both units are reproduced in Appendices 8 and 9.

Delimitations of the Study ‘ / . "

Restriction of the sample to one grade level (grade ten) in ‘one

\

Canadian city represents an important delimitation. Students of

1

different chronological age, or who have different academic backgrounds
“might behave differently when instructed in the mole concept. The
'results obtained in the present study,rwhile they may be considered
suggestive, are not strictly generalizable beyond the present sample.»

‘It may be noted, howeyer, that discussions with ‘the participating

teachersvindicated that the sample répresents a wide trange of academic
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ability and socioeconomic status.

A further delimitation relates to the restriction to a selected

¢

area of the mole concept and a restricted set of subordinate concepts.
_The results obtained cannot be held to reflect upon the hierarchical CY
nature of chemistry in general or of any other subject matter.

| Finally, while the responses of each subject to the tasks involved
|

in the Test of’Developmental'Level are assumed to be representative

of the intellectual development of that individual it is possible
thaf‘other tasks would yield a different result. Nevertheless, within

the limits of the time available for testing it is possible to apply

—
only a selected representative sample of tasks from the domain of

tasks available. This is typical of other related studies which have

.been reviewed by the investigator.

Limitations of the Study R

'\,

Each of the quizzes and the Fhemistry Final Test 1is composed of

a set of sub tests, each of which was constructed to represent a

different intellectual skill from the'hypothesized»hierarchy, Each ",H

. ~

sub-test is considered to be a criterion—referenced test for the ‘ o ({)
.parkicular skill involved The literature relating to criterion-
referenced testing is reviewed later but it may be noted here that )

there is dispute about what constitute appropriate measures of reli-

-~

ability and validity of such tests It is not pos51ble, therefore, to

-~

"estimate the reliability and validity of the various chemistry sub- ””A\///F
tests used in the\present study by any uniformly agreed upon-measures;‘

.' )
A

and this constitutes a limitation to the use of these srb—tests

|
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’ A further limitation lies in the nature of learning hierarchy
research in general. It 1s possible to identifyenlhierarchy which 1§

useful in indicating that it appears to be necessary to]learn some

o

skills before‘others may be learned. It is also possible to identify
anhierarchy such that some,skills contribute to the learning of others.
It is not possible to claim that-the best hierarchy for either'or!both

. purposes has been identified. Nor 1Is it possible to deny that some

-~

hierarchy may exist even if one 1s not found;

Research Questions and Hypotheses ‘ : : ' }h
The present study was conceived as an attempt to determine (1) if "
a learning hierarchx leading to ac?uisition of the mole concept ‘may

‘be identified andcvalidated and (2) if acquisition of the mole con-

vcept and the sLbordinate skills in a validated learning hierarchy

culminating in acquisition of the mole concept are related to the

14

.'intellectual development of those attempting to lear‘he concept.

~

An hierarchy representing the mole concept was hypothesized and is
presented in Figure 6v(p. 116).

fit becam?/apparent that a commonly accepted operationil defini-
tion of what is meant by a 'valid' learning hierarchy does not‘exist.’

-

* There are several reasons for this. - First, some researchers focus -
upon a definition of a learning hierarchy for which acquisition of

any skill which is ‘superordinate to any other skill(s) in the hierarchy

ki .
should be possible only for those learners who. can exhibit the subor-v

- dinate skill(s). This definition is often referred to as a 'psycho-.

etric' definition of what is neant by a learring hierarchy. Other

»
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: researchers focus upon a transfer definition'of a learning hierarchy
in which acquisition of the subordinate skill(s) should enable the S :;
learner to acquire related superordinate skills. In the ideal case
there shonld be no exceptions to the hierarchy in the response
patterns of a'grodp of_learners, and the samelhierarchy would be /

'validated' by both approaches. In_practice, depending in'part'upon

the purpose to which the hierarchy isito be applied, a proportion of
' - : | : : : ,

|

" exceptions is“a110W¢d'which is not constant between different studies.
Sebondly, different, psychometric tests and different tests of transfer
have been applied inrdifferent'studies; Thirdly; different degrees o v !

of statistical stringency have .been applied in the use of these tests. » j

What is meant when an hierarchy is said to be valid is therefore o | .;—”’//.c

.related to how, the hierarchy has been validated and the stringénny«ef;“;‘\_;\_“‘§~

f

A}

_the statistical tests applied. The term valid hierarchy is there—-
fore relatively arbitrary.
 The problems of interpretation which are consequently raised are .
compounded by defiCiencies in the statistical techniques which have.
been geherally employed (White, 1973, 19743). Recently several more
promising alternative technioues have been suggested. These includee
the 'test of inclusion' (White and Clark, 1973), thev'ordering_
theoretic' method (Bart and Krus, 1973) and’a scaling ‘method (Dayton |
and Macready, 1976). It is desirable, therefore, to attempt to com~ "7ﬂ:. TTM‘
pare these technioues in terms of their theoretical bases. and the - "*fl ' : <
| empirical results which they provide. This forms. an additional focus
fof the present study. As will be seen from the discussion of these

methods in Chapter'Z, the White and Clark test and the Dayton and
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Macready method,are considered the most suitable psychometric methods ‘
\& ’
available at thefpresent time. These methods will therefore be used

to judge the validity of any hierarchy emerging from the present

study. As will be.seen from the discussion in Chapter 2 the\ordering—'

N
theoretic method is less pleasing conceptually than the White and .

o~

Clark test or the Dayton and Macready method but is simpler to applyr

For comparative purposes the results of applying the ordering~theoretic

'method and the White and Clark test to ‘the same data will be consid-

ered Finally, any validated' hierarchy representing the mole concept :

._'which emerges after application of the White and Clark test and the

: Dayton and Macready method to the data will be further evaluated by.a k

+

testtof transfer developed within- the context.of'the present study.

The foregoingfdiscussion leads to a number of research questions

“which will now be. stated

Does the arrangement of intellectual skills repre-
. . s

QJestion 1:
' . sented in the h]pothesized hierarchy represent a learning
‘ hierarchy which is valid according to the application of ‘the
White and Clark test7 R
If the answer;toxquestion-oneiis negative question tmovmillpbe con—
sideredn | | ‘
Question 2: Does somerther arrangement'of some or all og thebb
intellectual skills represented in the hypothesized hierarchy
represent a ﬂearning hierarchy vhich is valid according to’
‘the application of the White and Clark test7 o ;v',};

Because they both test the relationship between pairs of skills, and ,

given that both are currently popular in the literature the relation—
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'Aship‘between the hierarchical connectims identified by the ordering-

theoretic me thod and the White and Clark test is of interest. “This.

relationship -is addressed in question 3.

Question 3: What is the extent,of'agreement between the results

of applying the White’ and Clark test and the ordering—k

<;\ " theoretic method to the same data?
BN N Lo -‘ . i 7

" The fourthfreseagzh question concerns the validity of.the‘hypothesized'”'

hierarchy and:modifications of.it according to Dayton and ﬁacready's‘
criteria.\ . : : g : | L

| 'Question'étl Does the“arrangeﬁentlof‘intellectual skills repre-

" sented in the.hypothesized hierarchy o; an-alternate-arrange~ '

- ment ot some OT all of these skills represent a 1earning

hierarchy which is valid according to. the application of the

Dayton and Macready method?

';The fifth research question relates to identification of transfer of

learning within any. hierarchy considered valid after answering questions

One'to four _ ,
Question 5: -Is significant positive transfer (as evidenced'by
the test of transfer ) observed between subordinate skills

.. and related superordinate skills in the validated hierarchy9

The final two questions relate to the relationship between the intel—.

fdlectual developmental level of the learner and his acquisition of the

skills in‘the validated leary ierarchy.' Two independent tests of

the learner s intellectua' level of development are applied the 'Test \
£

"of Developmental»Level' which is represented by a_group of three tasks

selected for the present»purpoSe and the lSkemp',test.' Continuous

et el . . = TP KIS RO AT R R A BTy R N TP T P NERT WO
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scores for each are appliedzseparately in addressingaquestions 6'and :
7. :Questionv6 relates directly:tovthe relationshiphbetween develop—
,mental level andvacquisition of the skills in'the validatedlhierarchy.
bQuestion 7 relates touthéhrelative‘relationship'of developmental level
| "and availability of subordinate’ skills as pgedictors of achievemsnt
~of the superordinate skill in the validated hierarchy
. Question SR Does a significant relationship exist between:
A developmental level and acquisition of each skill in;the
| validated hierarchy'7 | B - R o
Question 7: What 'is. the relationship between developmental level
- scores and scores on the tests for subordinate-skills as
predictors of achievement oi the superordinate'skills in the
validated hierarchy? | | | | |
jf"% The stanistical'tests involved in answering‘questions'l' 2 and 2;

3

JGareTg?pliQGQWithin the methods to which these questions refer., The

4

e remaining four questions may be- tested statistically.

dq\

‘Hence each isjrestated as an hypothesis.» Hypotheses ¥, 2, 3 and 4 are

derived from research questions 3, 5, 6 and 7, respectively. -

v Hypothesis 1: No significant agreement exists betWeen the skills

identified by application of the White and Clark test and :
the ordering-the ¢ method to the same data;" _‘ \
Hypothesis 25- No Signi_icant relationship'exists‘hetween acqui—;‘
sition. of subordinate sk lls and. acquisition of related
superordinate skills in the validated hierarchy.‘" |
Hypothesis 3 (a): No significant relationship exists between
achieVement on the f&est of.Developmental.Level':and achieve4_.,

. oy .

6 ' ' : Do



Vo ment on thewtests for each skill in the validated hierarchy.
T . vd;pothesis 3 (b): No sigrn.rlicant relationship‘exists between
achievement on the Skemp test and achievement on the tests
for each skill in the validated hierarchy.

\

Hypothesis 4: No significant difference exists between achieve—

i
£
q;;.
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_ment on the '"Test of Developmental Level' and the Skemp test
“relative to achievement of subordinate skills in_the validated »
o A

hierarchy as predictors of achievement of the superordinate

skill in the validated hierarchy.

. Summary
> @ . The possibility of applying Gagné's hierarchical model of learning
r . to the learning of the mole concept, typicallybencountered as an

important integrating concept in introductory chemistry courses has
been discussed Limitations 1n the 1ntellectual development of the
learner have also been suggested as exerting a potentially limiting

‘ 1nfluence on the learner s ability to acquire the mole concept. The -

possible interaction of Gagne s learning hierarchy model and Piaget s

~0 \
N s Y

developmental model of intellectual functioning to 1nstructional pro-
blems such as the learning development of the nle concept has been o i

"~ discussed, following a brief summ? 7 of Gagnean and Piagetian theories - ‘Ar
as they apply to instruction. Pr.  .ures for identifying a 1earning ...\
hierarchy leading to the acquisitlon of the wole concept and for iden-
tifying the relationship between acquisition of the skills_represented
in the learning hierarchy and learner developmental level have been {

()
indicated briefly, followed by the presentation of definitions, delim—

itations, limitations and the research questions and hypotheses which . -
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are involved-in the study.  The chapter concludes with an overview 9f

\

Oyerview

One of tgﬁ problemsnencountered in the determination of learning
hierarchies relates to the usé of.differept methqu and criteria for
validation. The next chapter involves a description and discuséion\

of the essential features of the most important techniques which have

been used to identify learning hierarchies, and considers ir. more

detail several recent methods ‘which were applied in the_presént'study.

Chapters\th;ee énd four describe empirical studies reiating to hierar-
N , :

N

:bhies‘in scienEé instrucfien and to the relationship between develop-

&

‘mental level and achievement in écience, respectively. Chapter four

'concludés‘with an examiqatién of the,evidence f6r group-testing tecﬁ—
niques for the identificétion_of devéloémeptal level, a technique thét
was applied in the presént‘study. The design of the study and a

description éf the test_instruﬁeﬁts and_procédurgs used aré presented

in Chapter five. Chapter six describes the analysis of data and the

" results obtained from the sﬁu&y, The report concludes with Chapter

&

seVeh,Which includes a summafy of the study and the major conclusions

X

and recommendations for further research. ' , R G -

a

e



: these ideal 31tuations. Firstly, most‘investigators are prepared to'v

'hierarchy Similarly, if the ‘test applied is of the transfer type

Chapter 2
LN

METHODS USED TO VALIDATEI ’LEA’RNING HIERARCHIES
Introduction AR o

,\
I3

The methods which have been used to validate learning hierarchigé

. ‘ , .
fall into three main categories. These may be represented as involving

transfer, psychométric_techniqdes involving scaling, and psychometric

techniques based upon the use of contingency tables.

Paradox1cally, in addressing the methods which have been used to
determine the validity of learning hierarchies it is not-possible to_
specify precisely what constitutes a valid hierarchy.( The general

i

form of a leab ing hierarchy as a network of connectﬂbns between pairs

of intellectual skills is clear. Ideally, if a- psychometric test of

'the validity ofanfderarchy is: applied there should be nd exception

‘to the superordinate—subordlnate character of each connection in the

o \

all individdgls ‘who learn .the subordinate skills in the" hievarchy

—~<A,

should learn the superordinate skill However t&v problems complicate

,x.r_y

modify the ideal relationships described above to allcw some exceptions,

p ;_z. \

_‘Hence,substantial rather than perfect hierarchical dependence is

\

implied Operationally, the meaning of substantial varies according
to the perspectives of different investigators. Secondly3 except in
the ideal case described above, an hierarchy declared valid either

according to a psychometric test or a transfer test will not neces-—

R

I ICHS

LS

S\

et

5 s 8 BT e A A G

S



p B IR

. =

sarily be valid étcording to the other, Me&eo;er,_the application of

different psychometric tests or different transfer tests may'also lead

to different judgments of{the Validity of an hierarchy under test.

.

’ln practice these pfoblems are not always severe. When the;e"

are few exceptions to an hierarchy, different methods yield_similar

resulQS.. Moreover, recent?conceptual and empirical advances with

respect ‘to the validation of 1earning hierarchies offer much promise.

Hopefully, the present study will contribute to this development. The .

review which follows in the remainder of this chapter is intended to
indicate the most important me thods which have been used to validate
1earning hierarchies, and to provide a basis fdr the methods used in
‘the present study. \In this chapter emphasis hill be placed upon the
methodology of hierarchy validation. THe Substantive aspects of.somem
of. the hierarchies derived from studies discussed in this chapter, as
- well as those derived from other»selegted studies,w1ll be discussed
in the next chapter. c |
Gagné's Index of Positive’ Transfer and Other . "‘> )
Related Indices ‘ ‘

The . foundational and continuing influense exerted by Gagne in
the development of the learning hierarchy model merits consideration
of his methods of validation. 4 { - ."\v.

The foundation of the learning hierarq§y model was laid in a
series‘of studies conduCted py-Gagné and-his colleagues in the early.
nineteen sfkties (Gagné 1962,rGagné and Paradise, 1961 Gagné Mayor,

Garstens and Paradise, 1962)' Each of these studie% involved the

1earning of mathematics skills, and in each case the skilis formed a

P I

§

P
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e
sequence in which it was not generally found that an individual

ledrned a later skill in the sequence unless he had previously learned
all of the.earlier skills. It was suggested therefore that the learn-

»ing of earlier skills enhanced .the learning of each skill occurring

'

- later. From this Gagné derived the iconcept of positive transfer and
: v . 4 ' ‘
an index of proportion positive trarnsfer was derived. " This index may

|

- | . .

be 1llustrated by reference to Figure ;, in which the letters A to D
reflect the frequencies of subjects'exhibiting the particular pass- R
fail relationships‘descrioﬁf below:

YA

]

numbet of subjects who achieve the upper skill and all
related lower skills
(
B = number of»subiects who achieve'therupper skill but fail to
: " achieve at least one related lower skill

C = number of subjects who fail to achieve the upper. skill and‘

at least one related lower skill | |

.

D = number of subjects who achieve the upper skill and fail to
achieve all related lower skills

In each case the number of related 1ower-skills‘refers to those imme-=\

diately'subordinate to the upper skill in question. According to \\

Gagné responses A and C are supportive of the hypothesized transfer
effect, whileAresponses D are contrary to it. Responses B .are con-

sidered[neutral The index of proportion p031tive transfer was there- N

fore- defined as the number of supporting responses divided by the

number o}\supporting and contrary responses taken together., This is

represented in the expression “

A+
+ C +

Proportion position transfer = N

D
The index was set at a-criterionvlevel of 0.90, and the Validitp of

»
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the hierarchy"judged accordingly.‘E fj‘h-'

The index of proportion positive transfer is conceptually
pleasing but practically limited. White: (1973) demonstrates clearly
that many of the apparently acceptable values cannot be distin- -

guished from chance. He also (appropriately) comments that a high

AN

value for this index may‘merely reflect a positive correlation, repre-
senting a necessary but not sufficient criterion‘for an,hierarchical
relationship. H0wever, the usefulness of the concept of . positive\_
transfer is not_this easily dismissed. It may. certainly be addressed
'in other ways, for enamplebbx;comparing the achievemeﬁg of a group_
taught through the hierarchy with a” group not so taught (Okey and
Cagné- l970) It may be argued that the efficiency of a learning
hierarchy in promoting transfer represents the crucial question for
research once the existence»of an hierarchical sequence has been
established._ Gagne (1974) continues to emphasize its importance.
/Carroll (1973) considers it to vE thé'easéi.:l criterion of the vali—
dity of a learning hierarchy. Phillips (1974) notes that in general

bthe notionrof positive'transfer through proic .on of 1eafning-hierar—

chies is supporred by substantial evidence. Nevertheless, White s

i
|

contention that the index of proportion positive transfer is not a
useful measure of th% validity of an hierarchy is accepted by the
present investigatoflt

Eisenberg and_Welbesser (l971) suggestedvthe use of a further
series of indices based upon the frequencies represented in Figure 2

as measures of hierarchical dependency. 'Five indices were'developed:

‘1. A Consistency Rntio, testing the implication that acquisition A
b /\\

o pe S o




. ’ ' ’ N L

/
Y. y
S
| s \ |
of the terminal behavior implies acquisition of all subordinate
7 . L a . :
behaviors.
' Consistenc - A T "
' teney T X+ p - S 5,

-~

o e SN -
Clearly, the ratjo is\meaningful in that it #eflects the strength of

the‘hierarchy;h A low value destroys\the/notign of;a\viable’sequence.

2. An Adequacy Ratio, “testing the 1mp1ication that acquisition

of all subordinate behaviors implies, w1th adequate instruction,

: acquisition offthe,terminal behaviors
. ~ . ,‘/

A+ 3B : ;

N

.

. Adequacy =

3. 4An Inverse Consistency. Ratzo, meant to test the implication
’ that non-acquisition ‘of the terminal behav1or implies non-acqui51tion.
- of all subordinate behaviors,.represented by

- C
C+.B

Q: 'An Inverse AdéQuacy Ratio, testing the implication that non-

acquisition of all subordinate behaviors implies, even with mediating )

-~

J-instruction non—acquisition of the terminal behav1or, represented by

C+D )
These last two ratios appear to be quite inadequate in themselves
| because an unsuccessful hierarchy or unsuccessful instruction or-a
combination of these would yield a high:(C,C) loading and a low
loading in the other‘cells; In each.instance arvery high value of
the index would belobtained. In addition, the author's claim that

the two ratios cannot be high simultaneously would be incorrect in

this instance. -

48
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5. A complete_ne_sé.—ﬁ(@:ylo , whh focuses on’ %-prqportion of
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individuals capable of sﬁ%cessfully Qo ﬁg%g
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| defined as \‘ gy T hy .
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A+ C

‘Walbesser and Eisenberg suggested -arbitrarily that for a learning

-

"hierarchy to be considered valid;?niugg of .at least 0.85‘sh6u1d‘bé
. o o »
obtained for the consistency, adequacy and gompleteness ratios for

~

each conn;ction in fhe hier@rchy.x Moreover, the other two rétios they
degéribed'were suggested tb provide usefui informétion to the inves-
tigétor, Once ag?in White (197@) was able to produce pefceétive aﬁd.
appropriate crit;cisms. Whité»showed that for the three‘indices
recommended by Eisenberg and Wa1Bésser to have a miﬁimum value of .
V 0.85, moré th§§,65 pércent of the subjecté must achieve the highést‘
skill in the hierarbhy. Hénge neariy all subjecté wili be échieving
“the iower skills and it is‘impossible to sayvthat sﬁbjects failing to
' 1earﬁ_£he loWer'skill cann&t learn higber ones'because;spcﬂ\subject;
-are dbt"preseng; Appliﬁation‘of Eisenberg.and Walbesser's indices to
 the data from:three of Gagﬁé'svswudies supporfédvonly fiye'ou; of 31
connections found by Gagné. ’

Cépie and Jones (1971) applied Eisenberg.aﬁd Walbesse:fs consié—
fency and adequacy ratios to the aetermiﬁA;;on of anhierarchy leading
‘to the applicapionvof~specific gravity rules. Their main‘purbose,
howe?ef,'wasito compare the application of different hierafchy vali-
détién methods to the same daﬁa. As well as the twolindiceé referred
to they added a 'ﬂecessity' fatio;‘definéd as.'

|

|

~
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" in terms of the frequencies in Figure 2, and also the calculation of
, ; . -

a phi correlation coefficient between subjects' responses to adjacent

e

skills. The results of applying these different measures to the same.

. data were very\inconsistehe.

Two further comments.regarding the measures used by Cagpie and
Jones ﬁay be made. First, the advantagesvof the necessity ratio are
eot clear. It was claimed to be perticulakly useful wﬁen ﬁhe subjects

represent a wide range of#ebility. However, the highest poSsible {1
. . \ ’ s ) . : ’ . o ’
value for N would be when all subjects failed both skills, 'at best

minimelly positive evidence for the hierarchy. Secoﬁdly;.capie and }
‘ : i

Jones noted that the pattern of decreasing phi‘éortelefions between

the skills in their hypofbetical‘hierarcﬁy es‘theSe.skillsvbecame
fgfther removed was'consistentg&ith the exlistence of alvalid ﬂie;arehy.
ﬁhite (1§74), however, notes that whileuéqeh a ;eeelt i3 consistent.
‘;ith an‘hiefarchicel~relationehip it gé-not sufficieﬁ; in itself to
supporf the“yalidfty ef the‘hiefafchy;y |

Each of the indices.described in tﬁis seetion’is considered to ‘

be of very limited usefulness in the validation of learning hierar-

- chies. White in particular has been eritipal\of their value. He .
.summarizes their limitations (White, 1974) aslfollows:\

- "All are shown to be unsatisfactory for one or more of the-

" following reasons: sometimes the index can have values™

'~ which indicate a hierarchical connection even when the:
skills are really independent; errors of measurement are
ignored; there is no way of calculating the probability
"of error in generalizing from sample to population; and .
.subjective judgements are necessary on how mdny questions

N



of a set must be answered correctly for a pass" in a’
skill.

In the same paper for.a given set of real data White -showed that
.'Walbesser s indices nearly always lead to acceptance‘of connections
and proportion pos1tion transfer to a.state of indecision. Such
criticisms are potentially devastating to the cgedence researchers
‘can ghve existing findings However, in order to be'constructive,
some better measure wh: -~h takes account ot at least some of these
criticisms must be devised White and Clark (1973) had already

\ .
attelpted to do this. The method which they developed represents the .

-

focus of the next_section.

The White ‘and Clark Test of IncluSion

The White ahd Clark test focuses upon comparison of pairs of
skills in the hierarchy It allows for errors of measurement and also
provides a test of statistical significance. Subjects are required
to answer at least two questions per skill. \In fact, White and Clark
offer solutions only for the cases when both skills are tested by two
questions or by three questions. (Griffiths and Cornish (1978) have
extended this to generalize to any number of. questions :per skill and -
'for unequal numbers of questions per skill They also make appro-
priate modifications to the\significance test.) A skill—by-skill
matrix of scores is then formed, the Scores ranging from zero to_ two
or more as appropriate. The matrix representing two questions per, el
skill is shown in Figure 3, o | i*' S ’ Q . b

The cell representing a scare of zero on the lower skill and

: maximum possible on the upper skill is used to. test the hierarchical
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\ " Skill T
| - (Lower)

Questions

Correct
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T

: .
Skill 11 (Upper) Q%fstions Correct
-0 2
2 '\\ . R
\ } ~ The cfitical
3 is marked X
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0. X
o ".v{»"dﬁ;' ‘ . )
Fig. '3 Data matrix for the White and Clark Test
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relationship. This'cell_is assumed to contain those subjects most
. P B

likely possessing the upper skill and lacking the lower one. The

basis of the method is to'test the null hypothesis.thatvthere will be-

-no entries in thlS critical cell other than those representing errers

-~ of measurement. " The probability\that the observed frequency does not

5]
violate_the_null hypothesis is calculated by using the marginal totals.

For the case of two questions per skill the .probability that a ﬁemberv

. . ' 4 .?‘
of the sample will be found in the critical cell is: ' i L
. 2 2 2 2 22 2 2
PO?" Py (1—%9 ed f PI (1fea) Sd +‘PII (1—eb),gc + PB (l—ea) ec s
' i 3 - 1‘.,
of the population with neither skill - ) b
Pﬁ = the proportionkof the population with both skills
P <? the proportion-of»the population with skill I only _ i ~
Ly | | - e

vlﬁ%i éghe proportion of the population with skill 1I only

‘the prgbability of someone with skill I answering correctly

‘aa? Skill I question ‘ - “ )

.\v

L

RSy

"mgﬁg'
ll

s b°i the probability.of someone without skill I answerlng correctly B
20 7. ‘

any skill I question'

Oc,ed-arevthe corresponding;probabilities for skill TI o \

N

W . o ‘ E

-

To make the estimate’for Poé.as»large as‘possible and'hence reduce"

~ the possibility of Type T error}“‘b ﬁs assumed to be zero and 8 is

assumed to equal one. ~That is, it is aSSumed that ‘all subjects with
Ty :

one skill I question correct.really possessed skill I and all those - s

with one skill II question correct lacked the skill. " For the\case’of' o0

IS

three questions per skill appropriate modifications are made ‘to the
{?'.‘» o _ #

.m
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derivation abhve,. In each ¢ e‘the.hierarchical nature of allipairs
of connected'skills in‘an.hypothesized hierarchy‘is tested, and the |

validity of the composite hierarchy then judged.
R
. The White and Clark test represents a psychometric approach to
hierarchijalidation. It should be reiterated.that an hierarchy

’

derived in”this way does not gedessarily_correspond'to aftransfer
hierarchy leading to the learning of the same superordinatecskill.

An hierarchy validated by application,of the‘White and'Clarkvtest nay

o

'be;said to represent an‘absolutelleVel of hierarchicalvdependence.‘
‘ As has been noted Gagné suggests that-substantial rather;than‘absolute.
hierarchical:dependeﬁﬁe.may be‘more reasonable. This suggestion has
been adopted by Linke (1975) who ‘has modified the White and Clark test

to allow the same procedures to be used with one and two percent

Y

exceptions in addition to those representing errors of measurement,

- and by Beeson . (1977) who™ similarly allows for five percent exceptions.
’ Another method which focuses upon pairs of skills has been des—'

. -7

cribed by Bart and~others. It is described in the. next section.

¥ B
o v

\

. The Ordering—Theoretic Method C ' R ' R

NCLE

Bart and Krus (1973) and Airasian and Bart (1975) propose the

application_of whatfthey call an, ordering—theoretic method"to the
validation of hierarchies. The method may be described by reference
“to Figure 2 (p. 46) with slight redefinition of terms to allow for‘
the ;act that skills are compared in pairs and hence there is only

‘

‘one'lower skill in each test of an'hierarchical connection. The

. /method focuses upon the percentage of subjects whose responses are
/ : e p v v
/ _ . : C . .

o



»

disconfirmatory to the"existencenof’an hierarchical connection between

two skills; In terms of’Figure 2 the critical test is that the fre-
quency represented by'D should\not exceed a prespecified tolerance
level The test 1is applied to all possible combinations of pairs of
skills in the hierarchy, including ‘those not hypothesized to be
hlerarchical. A composite hierarchy is then identified. The method
is deteruﬁnistic, and.does notvtake-into account errors of measure—
ment. No test is provided to determine the statistical confidence
which can be :ttached to the existence,of each accepted hierarchical’_'
‘relationship,halthough'avtest by Wood (1975) is suggested to be useful
in determining Vhether the number of hierarchical connections obtained -
\exceeds what could he'ekpected by chance. \However Cotton;y Gallagher
and'Marshall (197l)~note that Wood's test'is biased against confir-
mation of.hierarchical connections when the number of possible connec—v
tions is small. i
Airasian and, Bart (1975) illustrate the usefulness of the
ordering-theoretic approach in identifying unexpected hierarchical
relationships by applying it to data from Gagne and colleagues (l962)
seminal'study. The ordering-theoretic approach appeared to identify

-

a number of hierarchical relationships additional to those found in

~ -

the original gtudy. However, the authors appear to have'missed the

major thrust of ‘the original paper, namely that the hierarchy should

2
A

-be defined in terms of transfer of learning.

A

A further problem likely to confound the results of applying
ordening—theory is described by Wellens, Lenke, and Oswald (1977).

These authors note the current unresolved<debate about'the ‘assessment

\

- .- . . . ) X . \.
'\



of appropriate cut-off scores for mastery and show that addp®

different 'recommended' criteria forhmastery may result in quiteﬁl'

- I

different hierarchiés. While this is also tr&e'of many other methods hr’mv\'

it does not apply, for'example, to the White and Clark test. l - e ‘
vBart and Krus claim that the ordering—theoretic method is

superior to 'scaling' methods derived from, Guttman (1944) in that such

methods arevrestricted to-linear hierarchies‘or composite hierarchies

"derived from linear combinations‘of\skills. As will be-seen in a\

1ater section this claim is not true of a very recent scaling me titod

KON
S /“

derived by Dayton and Macready (1976) An extensive discussion of :

the Dayton and Macready method follows the next section. The next

r

section itself is concerned wﬂth a summary of Guttman scaling as it

applies to hierarchy validatlon.

A . ' v ' \ D

Guttman Scaling and Some Modifications. -
S - o / ) ' )
To illustrate what is Heant by a Guttman scale consider a test

t !
- !

or\questionhaire in which there is one acceptable response to each v
item. When the responses bf a number of individuals to these items

\.1

form a sequence: such- that all ind1v1duals who make an acceptable h ‘.\
response to- any particular item also make an-acceptable response to
all earlier items, the sequence represents the\ideal form of what
~ Guttman (1944) called a scale. An hierarchy which isllinearxis':
iclearly an examp le of‘a Guttman,scalei' |

In practice the responses of some subjects‘willlnotlconform

perfectly to the scale. Such responses comstitute error. To maintain

some standard_for acceptance or rejection of the scale, and atythe



b
) ‘ . ' L C ’
-~ gafle time allow for some reasonable level of error, Guttman derived

"be considered valid (Guttman, 1944)

TN

o

. F)
an index of 'reproducibility.' This was defined as the quotient of:

total errors (di.e. deviations from a perfect scale) over total res-
ponses, subtracted from one. Arbitrarily,}a reproducibility (REP) of
at least 0.90 was' declared necessary if the hypothesized scalelwas to
When applied to the validation of learning hierarchies Guttman
scaling has an obvious limitation, in that it can only be applied to

linear hierarchies. An extension of Guttman scaling to altow for 'the
. : 2 : - S ;
. : - Vo ,
identification of sub-scales which could then be linked together to

~

form a branched hierarchy was developed by Lingoes (1963), and was
termed multiple scalogram analysis. Both Guttman and Lingoes' scaling

methods have been ‘applied to hierarchv validation, ?nd in the next

.chapter several such studies which are .relevant to the present study

will'be discussed. Lingoes' method will not be described in more

detail because it is not central to the development of the present

discussion. ' o ' ' . i "\\K\ . . h

~»uAs\well as beingblimited\ro linear scales or combinations of
linear scales,,the Guttman and Lingoes' scaling\methods are fnrther
restric%ed in usefulness in that the 'statistical' tests which they
nse to judge tqe validity ofra’scale or hierarchy were.snggested by

/ ’ e

their authors on arbitrary'grounds. Proctor'(1970)‘suggests them to
1 .

‘be pre—statistical and describes a method designed to elevate Guttman

| scaling to a Jetter statistical foundation.

: The basis of Proctor s-~model may be illustrated by the following

example. Suppose for a three-item scale every suhject in\alpopulation

' ~
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.

belongs to one of four Guttman true types which:'we denote by the
vectors (0,0,0), (1,0,0), (1,1;6), (1,1,1), (where 0,1 represent non-

possession and possession, respectively, of a.skill and the hypothe-

y

sized lowest skill is the first element and the highest skill i the

- last element in each vector). In a test of the valfdity of the scale
o i

there will likely be subjects whose response patterns‘are not> one of
. . v . )

,' the four valid ones above. Under the null hypothesis such invalid
Lo ' Lo
responses are misclassifications. Proctor uses a histlassification

parameter a to represent the probability of an. invalid response to an

item. If 61,62,63 and 6, are the proportions of the true types in the
|
pépulatidn then the probability of_a.response of the type (0,1,0) for

.example is given by ; _ . P

’ v . 2 2 2’ 2
‘ ) h Pr(0,1,0) = u(l-a) 67 +. o (~a)8g + a(l-a) 63 + a (1-a)8y

Assuming a mu1tinominal'distribution'of frequencies of the obse£Ved

'response patterns for a given sample, Proctor then obtains maximum ’
~ . . i _
. likelihood estimates of the proportionSxof true types and the misclas-

-~

, sification parameter by an- iterative procedure, and determines the
' goodness of fit between data and model by a chi- -square . test. Proctor s

suggestion that his model is of intrinsic interest. is modest Although

it -has not been directly applied in validation of learning hierar—'

t ~°

chies, it forms the basis for Dayton and Macready's~(1976) attempt to

0vercome the other main objection to Guttman scali‘ng‘.~ That is, the
- Dayton and Macready method offers the. possibility of extension to

hierarchies of any configuration.: These authors also capiéalize on' a

suggestion by Proctor that it should be possible to allow separately

-~
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~

for a '1—for¥a—0' error and a '0O-for-a-1' error. These they call

'guessing' and 'forgettiné] parameters, o and B respectively.

The Dayton and Macready Model
Dayton aﬁﬁ?ﬂqcrgady s extension is discussed’ in some detail

g .
because it 1is ohe df the methods used in the present study. Consider,,

‘-

for example, the case of a- five element hierarchy.' Whatever the con- ~
figuration of the hierarchy there are 32 possible diStinct response

patterns. I1f the hierarcny is linear”only six of' these aisyin agree-

ment with the hierarchy. The remaining 26 would be considered mis-

Y
\
\

‘ classifications.
Now consider the two branched hlerarchles represented in Figure
4, each containing five elements In (a) ‘ten response patterns
. (00000) , (10000), (11000) (00100), (10100), (11100), (00110),
(10116§ (111I@), an% (11111) are true to the hierarchy, with the
'remaining 22 patterns representlng errors. In (b) there would ‘be ,only
seven true response patterns, namely (00000) . (10090), (01000),
(11000), (11100), (11110), (11111) e

Using Dayton and Macready's (1976) notation, the probability P(u) of
. <

a subject producing a specific response pattern 'u' 1f the.hierarchy is-

N .
'valid, is given by - X; , .

4

q : ST
1) = P =1 P(ulv ) ej : Lo S
: i=1 , ' : o

where vj represents-the set of q true response patterns,"and

| : et Pig . C1j 44
(i1) P(ulv ) = i=1 oy (1-a,) By (1-8,) -
. : . . ] ey

-~
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Fig. 4. Sample hiergrchies for the Daytorn=nd Macready Model
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the probability that the jt ‘true pattern Vector occurs (6

Essentially what is implied by the use of these EWOHequations is 'that

the values of the misclassification parameters o and 8 ‘are; respectively
it
raised to a powef representing the number, of guessing and forget-
‘ l

‘\'r

61

ting corrections necessary to fit‘@ll 'true' pattern vectors te an N

. 0

P

observéd data’ vegtor. Similarly (1 a) and (1-8) are raised to the hh:

number of 'correct' responses in each case. The.product of thesefoﬁer:

all possible response-patterns is equation'(ii).: Multiplying this by
j)’ and .

~ o 1

summing this for all true pattern vectors yields equation (i),rwhich

o

{}. N .
';ts Dayton and Macready's general probabilistic model e

Dayton and Macready discuss the use of their model with respict
to three cases. 1In Case A, a and B are unrestricted.’ That is, there

are separate guessing and forgetting parameters for each'task; alihough

the same parameters characterize a givén task across different 'true'

pattern vectors. Unfortunately Case ‘A has been solved to date only

for concept attainment nodels, defined by the authors as models in

. which each subject responds completely correctly or completely incor-’

' rectly to a given set of. tasks. While of potential use to those

l

interested in criterion-referenced testing, at present Case A is

therefore not of general use 1n validating 1earning’hierarchiesi :In '
. Case B all o' s are the same. for different tasks and all 8's are the o
same - for. different tasks. In Case c, which is equivalent to Proctor 8

model, only one_misclassification parameter is included; That,is, a

\

equals B. In all three cases maximum likelihood estimates of the

3\

various a's, 8's, and 6's are obtained through a series of iterations. .

‘These values are used to compute the number of-expected responses for
, . R ] ) o

“ .
-

" ‘ , . . A\' ) . \/
¢ ) : . \
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each possible response pattern. The.goodness of fit between data and
‘ hierarchy model is Lhen calculated by both a Pearson chi-square test

and a likelihood ratio expressed in the form of a chi-square. The

latterlappears to be more usefnl as it is less seVerely distorted by

small frequenc1es, an important advantage when it is realized that

"\3’

for all except very small hierarchies a large proportlon of the expec;
ted frequencies should be nearly zero if the hierarchy is valid,
Itvappears fair to‘conclude that the Proctor model; and hence
“hDaytoniand Macready's Case C,‘representsxa major gain over the’earlf
’nscaling‘methods. Further, since the precision of Dayton and Macready s
-.general probabilistic model is dependent upon. the precision of the
”’vmisclassification parameter(s), it is clear that their Case B repre-
sents an advanceiover Case C. .In theory, Case A, in which the misclas-

‘=~ . - . T ~

sification parameters are unrestriCtéd, represents the most appropriate

H

situatibn. S}nce Case A has so far been solved only for the relatively

‘simple concept—attainment model, at - the present time the most appro-

priate appliCation of Dayton and Macready s model and of scaling in.
' general,\to the determination of learning hierarchies is Case B. To

‘date, there do not appear to be any reports of its use in applied

_ situations. 8

) /)' ” o
P :

A Comparison of thé’Advantages and Disadvantages
~of the Methods Reviewed . :

In the present chapter the major methods used to valldate learn—
ing hierarchies have been described These methods may be sub- divided
into those involving scaling, those - involving comparisons of the

-~

elements in the hierarchy in pairs, and those involving_transfer of



leardfng}’ /

{

Of the first two kinds of methods those involving-scaling may,he

L

considered conceptually the most pleasing because they consider the

hierarchy as a- whole——or at least in larger pdeces than palrs of

~

.elements. These methods, despite severe limitations initially, have
progressed to the stage where the most recent development.(Dayton and

Macreaﬁy, 1976), offers much promise. It,offers'a maximum likelihood

procedure to test goodness of fit between model and data and is appli-

©
cable to hierarchies of any configuration; However, it has several

important disadvantages. Firstly,,theicomputer prograrme which is

-~

essential to its. application can onlyvaccommodate small hierarchies
at:present : Secondﬂy, incorrect response patterns are accommodated
to the hierarchical model by neans of a guessing parameter common to
all elements in the hierarchy and a forgetting parameter similarly
,common to all elements in the hierarchy. The estimated values of
these two parameters affect the predicted frequencies of aZZ response
patterns, thereby diminishing the potential precision of the model.
Of the models: involving pairwise comparisons‘ that of White and
Clark (1973) is easily the most sophisticated The present investi—
" gator feels that the Linke (1976) modification of the test is poten—
tially an improvement although its implications need more investiga—
‘tionn ‘Dayton and Macready claim that their model subsumes tnat of
White and Clark and that the latter is equivalent to their Case A.
Although true in theory this claim is misleading in practice because

Dayton and\Macready have solved Case A only for the concept attainment

N

‘ model. This suggests, me asurement errors excépted that for each

63
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.‘questions correctqynor incorrectly. This is not implied by White,and

.Clark and 1is less likely to be true as the number of questions
‘increasesl The problems caused by the use of common misclassification
parameters in Case B and Case C of the Dayton and Macready model is
avoided in the White and Clark test because the latter has effectively
guessing and a forgetting parameter for each skill. In,this.sense,
rather than being subsumed by the Dayton and Macready model the White
and Clark test has an advantage. Finally, Dayton and Macready cor—:_
rect y note that the White and Clark test is limited to equal numbers
of questions per. skill and to no more than three questions per skillb
However, for the purpose of the present study the White and- Clark test
hasvbeen generalized to overcome these limitations (Griffiths ‘and \. | 7
'lCornish 1978). The development.of this generalization is’described . | !fy
in‘the next section of the present chapter. .

-

The ordering—theoretic method is conceptually less pleasing than

A\

the White\and Clark test because unlike the latter it does ‘not have a
’ non—arbitrary test of the validity of the hierarchical connections

 being tested. However, -it is much simpler to use and is currently
popular in the research literature. i |

Neither the White and Cldrk test nor the ordering— theoretic \

- method considers an hierarchy as a whole. It is possible that com
bining the results of analyzing skills in pairs may lead to a different
hierarchy than when the hierarchy is considered as one unit. More-
over, it seems reasonable to assume that validation of an hierarchy

" as a whole is a more acceptable procedure because in subsequent appli—

AN N

-
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;catiOns the whole‘hierarchy is more likely to be used. Tt = Dayton
“and Macready scaling model allows testing of complete hie ~chies of
" any configuration, althdéugh further development to allow . - 1arger
\yhierarchies and unrestricted misclassification parameters is indicated.
In the present'study, the White and Clark test, the ordering-
theoretidamethod and the“Dayton‘and Macready method'are applied to
- the same data, offering the potential for a comparison between them
as well as increasing the evidence upon which -the validity of :the
hypothesized or alternate hierarchy may be judged. _?he other psycho-‘.
metric methods reviewed are all considered to be of limited usefulness
for hierarchy valldation Far the reasons already indicated, and will
‘not be applied to the. data of 'the present study.\
N As has already been indicated it is possible 'to consider the
validity of mahierarchy-in terms owahether learning s;bordinate
‘skills promotes learning of related guperordinate skills in.the
hierarchy.v Unfortunately,usimple indices derived to test this, such
has Gagné's proportion positiVe transfer, have proven fallible. From
‘ the viewpoint of the researcher, 1f not the student, the most satis-—
factory means of testing for positivq transfer appears to be direct -

.comparison of randomly assigned groups of students taught by following

the hierarchy with a similar group taught without the use of the

/

~

hierarchy, or even taught by a deliberately scrambled hierarchy.

Alternatively, and more ethically perhaps, a group needing and given

|
remediation in accordance with the hierarchy might be compared with a

similar group which has not received remediation. }

~

In a number of studies either the psychometric or ﬂre transfer

Ai - “\:
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definitien of hierarchical gependéicp has‘been applied; but not both.
It is here suggested that both aspects are. of sufficient importance
that an hierarchy validated by either but not both approaches should
be regarded as incompletely validated. The‘fact that it can be shown
empirically that one skill (say‘B) is not_learned“without prid; learns
ing of another skill (say A)'doesvnot necessarily mean that learning A
‘helps a group of individuals to learn B. Conversely, a significant
positive correlation between the learning of the two‘skills does not
mean that the learner must master A first. Hdwever, if it can be
_rel%ably demonstrated that B cannot be learned until A 1s learned,

and that learning B’ is associated with prior learning of A, then it
can be claimed more legitimately that the skills are in hierarchical
‘relationship to one another. This is the view taken in the present
study,r‘ l | o L -

Extension and Modification of the White and _ .
Clark Test . ‘ ¢ f"

The limitation of the White "and Clark test to equal numbers of
questions per skill and to no more than three questions per skill
.restricts its usefulness. To overcome this restriction Griffiths and

Gornish (1978) have generalized the test to allow for any number- of
questions per skill and have removed the restriction of equa. numbers
of questions per skill. This modified version of the White and Clark )
test is the one used in the present study. The podification is des—

- cribed below.' |

Consider again the problem of testing for hierarchical connec-—

tions between pairs of dkills. Suppose now that subjects are required



» .

to answer m questions on the‘hypothesized lower skill and n questions

on the_upper skill, when m,n > 2. Using White and Clark's nctation

it is a simple matter to show that the probability Pij,under the null

~ !

hypothesis bf a subject‘answering"exactly i questioné-ccrréctly on

the lower skill and exactly J questions correctly on the upper skill<\

is given by . - \

w

(2)

(3)

'j = 0,1, ... , m, where R= P__ + P . We denote by a

|

|

Pij = (?) (;5, (poeb?(1Teb)m-16dj(1_ed>nfj L

- i, .o mei 3, . (-]
+ P8 (1 ea) 84 (1-8 ) o

+ PII Fi-e )™ e j(l 8 )"

' »'m-i 3 n-j
+‘PB'6a (1—ea) ‘ ec‘(1—e ) )

i= 0,1, ceem, M j = 0,1, ..., n. Summing (1) with respect to\

j, the expected nunber of subjects answering exactly i questions‘

correctly on the lower skill is.

Pij = ngb {Qeai(l-eé)“”i + (1-Q)ebi(1-eb)uri}

2z
(e =}

i= 0,1,:r.,\,.m; where N = total-number of subjects in the

"sample and Q = P_ + P Similarly, summing (2) with respect to

I B*

W the expected number of subjects answering exactly j questions

\

correctly on “the upper skill iS‘

\ - L |
s Ny e Joqog v L 3 -]
N i Pij = N(j} {Re - (1-8 ) ‘..+ (1-R)B " (1-8 )" -}
) | |
i=0,1,

II ‘B i

”‘.. , m, the observed number of subjects answering exactly i

67
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queétions correctly on the lower skill and by'b ' =0,1, ... ,

h|

n, thé number of subjectsaanswering exactly J questions co:rect
on the upper skill.,

>Followi&éua similar précedure to that of White and Clark (1973) \ "

we can thain estima;es Ga, eb, GC; ed‘of the parameters 2 R eb’.?é’

Qd. Equating, fox example, ‘the expected conditional probabilities of -

~

a subjecg énswering‘m questions on ﬁhe lower\skili correctly given

-2

tbat he has m-1 vbtaingd from (2), (3), to the estimate

we have

. K | . -m ‘ m
a_ .. _ T Q8" + .(1-Q)e, |
S B m[Qea'm_;_b‘(l-le.a)- + (1-Q)8, ™ ,(1feb__)-] +loe ™ + (1-06, "]
m > 3. .

Using the prior kno&ledge that 1—eé,

_ eb,vl-ec, ed w;}}“be close -
to zero and ignoring terms in powers of 1-63; 8 » 1—6&,,85 higher
than the first we obtain, after rearrangement, the estimate \ Cy
: : ‘ , \
. ~ ' mam' : v
W0, = mma s B2
m m-1

Similar arguments yield

ne a, -~

N 1 : o N
(5). 8, .= . m > 3, B -
_ b ay +,ma0 v
P nbn
(6) e-c T Wb+ b ’ \n-i 3’.
n n-1 S
. by | |
(7 6, = ———"—7r—r | n > 3.
d b1 + nbo o Sl _
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P. = Q- K+ P

v : ]
We denote bylx, y the observed average numbers '

— m —
X = Z ia s -y =

of correct answers per subject on the lower and upper skills
. . ‘ - .

respectiveﬂ?%"The‘corresponding exbeeted valqee‘obtained from

2, (3)Gare,”after.simplificatron,w,

a

o 1

-i m n , \
§ I 1Nz Pij} = m[Q6_+ (l—Q)eb]
i=0 j=0 g
B z
SR Sm - o ]
and ¥ I j {N £ Pij} = n [R6_+ (1-R)6.] -
) j: =0 - ' . C. . d ' :

-

Equating observed and expected average numbers and using (4) -
»‘ .)',‘\ . o

(7) and the above approximations we obtain, after rearrangement

the estimates

(8 Q =. = ,\ — . Vo \ . ° - A
: 4Qa _?Sb ¢ .
and s ’
8- 8, ’

c i: d - -

I -0

o

‘'The estimates of P“ and P and P, are related to Q, R and PII by

.thepeqrations C Y , 3 C -

1 11’ )
Po-= 17 Q7¥gp -
. : e < s
PB = R - II" \
- 1 ,
| TN X
, { L \\1\ - oo
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(10)

(11)
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~In the case of White and Clark's test, the test of significance .

: t
of the null hypothesis Ho: PII = 0 against the alternative Ha:

P._ >0 is performed by first calculating an estimate P of P
TIT p on on

by substituting the above estimates of the parameters (under H )

into (1). Denoting the‘observed frequen@y_in cell (i,j) by fij’

the significance of the.onserved data_isigiven’by the binomial»

expression

. fon-1 ’ 1
. Lo _ N - ) X _ - N-X
sigdata l. ) _(X) Pon (1 Pon)

X=0 T,

+

If sigdata is less'than\a prescribed.signifidance level, Hé'is
rejectedf The ﬁhitevand Clark’test depends:'therefore,'upon'the ]
observed and expedted frequencies in the critical cell (o,n).

When m and n are two or three this procedure i\ quite appropriate.

However when m or n exceeds three 'there is a. case for increa51ng
J

‘ the number of crltical tells. If S denotes the set of critical

X

cells chosen as appropriate by the experimenter then the signifi—

cance of the observe%?data is given by the multinomial expre581on

Y
. . .
L . ~

C : 'N‘ . 13
sigdata = 1 - 21%—' ¢1- p) R § —;éL—r—
N <M (1,3)es  Tije

. ‘ . A

Whereizgis taken over all'combinations of mon-negative integers

i

x such that

A}

13 S o

0 < Z X5 < Z 15, and No= N~ Z Xi’j s
"'(i,j)ES o S(1,3)eS . \ '(i,j)Es \

and- p = N -Pij .

PR (_i,j)ES : o : v .
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It is‘readily eeen_tﬁat_(ll)wreduces to (10) in the case of\a o
single criticai cell (o,n).' \ X

As an illustraticn,<in the case of m = n = 4 observations falling
in the cells 0,3), CO,4), (1,3),'(1,4) might be coneidered as

evidence'against H These critical cells are shaded in Figure 5.

-

In the present study application of the extended and modified

o

White and Clark test involves use of two, four and eight test items

-per skill The crltical cells believed to be approprlate/&n these

. cases are ‘as follows: ' |
m = '2,“n=2: ©,2) | T | s

w- 2, n'= 4 (0,3), ©,6 |

m=2,n=8 (0,6, (0,7, (0,8).

mo= 4, n'= 2 0,2), '(1,"2') |

B4, m=d 0,3, 0,60) (1, (1,4)

‘m=4, ne 8 (0,6); (0,7),'.(0,8), 1,6), (1,7), (1,8

m=8, n=2: (oz)\ (1,2), (z,'z)‘

m =8, n=4 (0,3), .(o 4), €, OF (1 4), (2,3), 2,4 i_;' ,

-

1 .- ' . . ':_£2 ‘7)2’ (2 8) : : . EE

‘ 3In:thefca5e_Where bne’ f mor n equai;‘two.the abdve.tnedry hdlds%
S& almost unchanged' If m= 2 ,and n > 2, equations (4) - 69) are

-unchanged except that (5) must be replaced with eb =0, Ifm>2 andhf

n = 2, equations (4) - (9) are again unchanged except that (6) must
be" replaced with ec - 1, '(The rationale that“White and Clark use_to
put Bb = 0, ec = 1 in- their case of m=n=2 may be suitably;extendedb

in the present case.)
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: Criterion—Referenced Testing

The tests used to determine masteryxktatus of individuals with

* respect to the intellectual skills in a proposed hierarchy should

clearly be criterion—referenced.‘ This chapter concludes with a dis-
cussion of the parameters of sich tests.

Glaser and Nitko (1971) define a criterion—referenced test as .
""one that is deliberately constructed toxyield measurements that are
directly interpretable in terms of specified perfbrmance standards."

Woodson (1973) notes that criterion—referenced,scales have meaning

> ; . )
relative to the characteristic'measured_rather than the distribution

R N
~

. of the,characteristic in some population. ' Criterion-referenced

me asurement ig c¢learly of interest in learning hierarchy research.

'The-last‘few‘years have been notable fdr'a consideration of the par-

ticular statistical\characteristics of criterion—referenced_measures.

U‘ - ’ R
\\ Gagné (1969a)nmotes: - = . L

"What is measured" should be the major issue in the devel-
opment of criterion-referenced measures. 'Therefdre, pri-
" mary attention should be given to the single item.  Char-
“acteristics dof criterionrreferenced measurement are: 1)
* distinctiveness of items in measuring a particular class
' bf performance, 2) freedom from distortion arising from .

) gources, ‘other than 'learning itself, 3) scoring based on e
" the- single item rather than a test, 4) inapplicability of
the - concept .of difficulty, since‘itemsoshould be distinc- .,

tive and free from distortion, 5) establishmeft) of reli-

. ability by use of twd items only from a single class oﬁ ;

. behavior, and 6) apprbpriafeness of ' content validity
: rather than predictive validity . L -
(' a
There is general agreement w;Lth Gagné's emphasis on content validity.

1

Hambleton and Gorth (1971) suggest that "a ca\efully .made judgement
based on'the test's apparent relevance to the.behavior legitimately

inferable from those delimited by the criterion' represents the most
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relevant aspect of validity. Popham and Husek- (1969) earlier made .
the same point and also raised the important igsue that the classical
statistical tests for reliability and validity depend on variability

'test scores, but: th t for criterion— e(erenced ‘tests variability L

ys-irrelevarit. Hencq,

in their opinion, the classical procedures are
_not applicable. For example,.there is nothing wrong with a’ criterion—

referenced test 1f, aftéﬁ:instru_;mu' yAvVeryone obtains & perfect

'score.i'H0wever;'this would lead“f,,'}\ero estimate of'internal con—

¥

v'sistency when conventional reliabi-'ty estimates such as the KR20
formula are applied. Measures of validity are similarly ‘affected. S
sThere is general, gﬁghough not universal, agreement with this | o
”position. ‘Opposition 15?§%htréa around two concerns. ‘Woodson (2973)
; argues that items and tests which give no variability give:nolinfor— N
mation and.are therefore not’ useful, and further that facility should
bé&&ﬁch higher after instruction than before and ‘this difference may -
be used to provide the necessary variability in scores. The same
direction was also pursued by Haladyna (1974) and Wilson and Burnett
(1975). A second school of thought suggests that 1t would be better
-.to madify existing statistical procedures to fit criterion—referenced._‘

_testing than to~reject out of. hand hard-won existing procedures. The=

r3 TN

major proponent of this view ‘has been Livingston._ He spggests (1972);,
substitution of deviation from the mastery criterion score instead of
deviation from the mean as in conventional reliability tests. Such a’
'position has been criticizgd by Hambleton and Novick (1973) who con-

tend that’ a deviation scOre is not relevant to mastery learning,by

Harris (1972) on technical grounds and by Oakland (1972)¢who notes



»test or parallel forms,of the same.test. Assuming examinees are to

‘and Novick's index does - not allew for the prOportion of agreement

~
| : i

that tests with few items (typical in criterion—referenced testing)

could not be used. The general consénsus 1s that statistical tests

for criterion-referenced measurement must be specifically developed.

After-dismissing as ihappropriate those tests which'depend upon -

,variance of test scores Brennan (1974), in a comprehensive analygis,

concludes that the appropriate measure of reliability is internal P
consistency in terms of. test—retest stability. He further concludes
that where a mastery cutting score is involved§>as is most often true
in criterion-referenced testing, an index suggested by Hambleton and
Novick (1973) appears to have the most appealing theoretical rationale.

Hambleton and Noviék's indacassumes two administrations of the same

" be classified into m mastery stltes, the index of reliability P is

',represented by P = Z Pkk where Pkk is the proportion of examineeb

k=1 "
classified in the kth: mastery state on the two administra&ions.

Swamimathan, Hambleton and Algina (1974) note: that Hambletonf

N

due to chance alone and may therefore yield misleading estimates of

'.reliability. To take account of this problem they. suggest _use of a

Hcoefficient (K) developed by . Cohen (1960) as ggﬂindex of reliability.

.This coefficient is defined as Kk = (PO - Pcp/(l-Pc) v o where .
| o i't~' L . om ' RN v
. B = L P P - :
S - c k=1 k i.k | ¢
a ‘ -~
) and and P- ‘represent the proportions of examinees assigned to

'mastery state k on the- first ‘and second administrations, respectively,

and P represents the. proportion-of agreement that would occur eVen .
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'if\ the tlassifieatiens based on the two administrations were statis-

‘exemplifﬁed by Light (1973). Cohen'é'coeffitient isAused to estimete

the reliability of the chemistry tests used in the present study.

Returning to the question of validity,'Hambleton and his colleéf

_gues (fb75) reiterated the ‘central role of eontent validityy, and also
neted7the‘general agreement that an efficient wéy to’ensnre this: ls

- . tp'carefully'specify the domain to be tested and then generate a\bunk

¥

of items'corresponding closely to the domain speeifieatibns. Such
item generation typically follows the item-form procedure developed

) by Hively et al.'(l968). It may be suggested, however, that more’
. . ERS

. : ' narrowly specified objectiqps may be perfectly well represented by a
smaller number of items and that 1little is to be‘gained‘by specifying
a larger number of virtually identical items. This appears to be’

Gagné's position'and is the one taken’in the proposed study; However

the test items are generated, expert agreement of the content validity
‘ of the test is vital. In the paper by Hambleton and his cblleagues a

proceddre is delévibed for measuring such agreement making allowance
for\ehance'agreement. t*.‘ Y o 1 ) o ' .
‘The numberdpf questdons neceseary to reliahly megédrerénbjeet
" : ."~mastery of a particular objectireqls-cleerly of concern, »Rondebuéh“
AendQGreen‘(1972X‘suggest that more snecifie,ohjectivee.require less

.

x
. test items. They found that three or four items per objective were

snfficient in such a situation. B

\

'ticallyJindependent. The characteristlcg and‘mses of k have also been’
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1

This chapter hég'reviewed the methods which have been-uéed to

validate learning hierarchies, including some recent extensions. One
R N \ .

~

of fhése methods, the White and%%}ark test, has been extended for use

in the present study. Thebbhaptéaiboncludés with a consideration of

the parameters of criterion-refereticed tests\as/these appear to be a:

ne%essary componentvto'the determination of the méétefy status of
individuals with respect to the skills of which learning hierarchies

~

are composed., . ' o : y

The next chapter is- concerned with the .
the methods éescribed invfhis\chapter to thézi

A

hierarchies in science. /

S e AW
. o7 o \\' ~
\
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%Chapferﬂjx

"HIERARCHIES IN SCIENCE

Learning Hierarchies .

Gagné's early empirical studies relating to learning hierarchies

\‘ were all concerned with the development of mathematics skills. "The ¢ \

jority of published studies relating to learning hierarchies since'
that time have been concerned ‘with mathematics and science, with the
~emphasis much more towards mathematicsf, Indeed, few well established
learniné hierarchies\exist in the area of science,.and.these often

contain a substantial proportion of mathematics skills. The present

chapter is therefore brief but represents the extent of the published <

J

literature relating to learning hierarchies in science. The chapter
[ -9 . o

‘begins with a reference to an elementary science“curriculum ’Science
A Process Approach' (SAPA) This is followed by a, discussion of i _ &

empirical studies and comments relating to learning hierarchies in -
/ - .
chemistry. and physfcs. Finally, several reports of hierarchies basedﬂ,,

te
PEN

uponsPiagetian theory will Jbe discussed.
. The best known and most extensive attempt to apply Gagné'
o hierarchical model in science is 'Science A Process Approach' 6965) s \:§

a curriculum for children from kindergarten to. grade six. In this,

, curriculum the. focus of. instruction is different to what is found in‘

~ ¢ o~

the other studies reported in this chapter, in that the skills to be o \~
developed represent what the authors considered to be: important

operational processes involved in doing science rather than.the o \
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development‘of concepts. The processes observing, classifying,
measuring, communicating, inferring, predicting\ using space—time
relationships, and using numbers were considered to be basic and were
given greater emphasis in the early years; Five other processesx
namely controlling variables, formulating hypotheses, interpreting
data, defining operationally and exnerimenting were considered to be
integrated‘processes to be developed aftertreasonable facility with

the basic yrocessesﬂhad been‘attained. " For each process an hierarchy

was constructed\leading the learner to what was considered by the

N

authors to be an acceptable level of proficiency with regard to the

v‘particular process. The result was an integrated network of hundrets

4

of skills. Reference has already been made in Chapter 1 to the fact
that Qagné now recommends'that the amount of content to be represented
in an hierarchy should bevvery much.smaller than that represented in

SAPA. Certainly the cumulative’leVel of success exhibited by students

enrolled in the SAPA experimental classes was less than the authors

Q

'hoped. One reason for this may have heen\the use of Walbesser's

" indices for'validation of the\hierarchical relationships'involved,v

-

given the limitations already-discussed for these indices. Aﬁdfhé%

9

_possible reason may be inferred from a comment - byQGagné (1913, p. 25)

»to the effect’ that the SAPA 1earning hierarchy is not a learning |

_hiergrchy at all because the instructional units involved are\entire
lessons and the contents of individual lessons were not designed as

learning hierarchies.

A—
<

The usefulness of the learning hierarchy model to. individualized

hY

ﬂninstruction is noted frqP time. to time. For example DeRose (1969),

-
\

‘i

. N . ) - '
R X ! : !
' . ) . A ~ . .
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"~ thesized to be the necessary subordinate skills. The first group

. better performagce‘for the second g%oup compared to the first (signi-

using the 'Chemical Bonchpproach'~(CBA) materials developed, but did\

not validate, an hierarchy of 86 basic and 82 optional objectives.

" Similarly, Boblick (1971) indicates the potential usefulness of
.learning hierarchies in the application of the systems approach to

.curripmlum development in science. In his report an. hierarchy

leading to writing chemical formulae as the terminal skill is indi-

SC‘\ -~
cated, but no mention is made of its validation
V

“A carefully designed study by Okey and .Gagné (1970), described

=Y

in another communication in greater defail (Okey E&nd Gagné, 1971),

involved use of a programmed unit on sorﬁbility product. The unith,»V

‘3 -

‘ was first analyzed by the investigators to identify the implicit | i

hierarchy involved Two equivalent tests were constructed for the \

‘superordinate skill. Imn addition two equivalent tests were cghstructed

for ‘the. collective subordinate skills. The sample consisted of 135 |

itenth eleventh and twelfth grade studenta in . five ‘chemistry. classes.

I

“Two equal groups within each class were randomly formed. All students

were'administered a~pre— and post-test‘on what ‘the authors had hypo-

E completed the unit and testing, while the second group did laboratory

'work unrelated to the unit. The ynit was revised by adding further

instruction on subordinate skills\failed by many students, and then

administered to the second group. . The result Was a significantly

ficant at the . Ol»level). The authors appropriately concluded thath:
i :
this result supports the cumulative learning model. ~In partidular,‘

they noted that the effect of learning the subordinate skillon

\

80
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A

' eXaminations and’208'students enrolled in first year university or .

N

learning of the superordinate. skill was cumulative in the sense that

subordinate skills later in the sequence exert a disproportionatev

influence. \

1
\

”Despitefthe attract}Yeness of Okey and Gagné's study several \v

critical comments are in order. First the skills involved in the

_ study are not described as precisely as they might be.'-In particular .

it may be noted that the description of the superordinate”skillfisJto'

!"‘

solve solubility product problems,' which could clearly encompass a

wide range of outcomes. Secondly, for each of nine out of fifteen | g

[

x

,
|

'subordinate s&ills less than 80 percent'of the experimental\group were

successful. For four of these skills 1ess than 40 percent were

.suctessful The\effect of lack of these subordinate skills for indi—
' vidual subjects was not investigated nor were\specific transfer .
>~effects between skills. It.is quite possible therefore that the

‘hierarchy involved may be less(valid in terms of both its psychometric

~

and transfer characteristics than the encouraging results suggest.

A study by Seddon (1974) was concerned with the development of
{

students’ undenstanding of thev'Kimbalvaharge_Gloud~Model' of chem

i

ical bonding. The sample, between 15 and'l9 years of'age; conSisted

of 533 students in schools(preparing for '0' and 'A' level chemistry

teacher training college chemistry courses. All subjects were

instructed through a self—instructional unit prepared by the author.‘

N\

Before commencing this unit a pre—test based on the content of ‘the

’ unit_was administered. At the end of instruction the same test was:

.% \rsed as a post—test, The purpose of the study was to determine/the

RS



'relative effectiVeness of the pre-test, a general chemistry test
'administered before commencement of the study, intelligence as measured

by a standardized intelligence test, and age as predictors of achieve-

. \
(} nent on the post test. Ahregression analysia indicated that general

] chemistry knowledge was the best predictor followed closely by the

\.‘K) "
pre-test. The author interpreted this as supporting Gagné's hierar—

‘chical model,,in that both the general chemistry test and the pre—testd
\
\

were contributing a factor whi might be labelled relatng\\owledge.

test in particular was not concerned with capabilities specifically &

"prerequisite ‘to skills tested in the post—test. Ft is. here suggested

at uhe results. may reflect no. more than a geneJal disposition IR
;_i [ . SR . .
xtowards chemistry, ability in chemistry or some dther such faetor
5 ) )
' A study reported recently. by Gower, Daniels and Lloyd (197;) i

"particularly relevant to the present study as it is also concerned ~
A with identification of an hierarchy concerning thT dEie conce t. The

superordinate element in their hierarchyfrepresents underst ding of /"

'
-

the concept ‘of molar. mass. However the authors comment tha their

iinitial theoretical analysis indicated two independent hi/rarchies,

¢ °u

one consisting of concepts based on empirical expe{ience/and the other o

a - |

representing an hierarchy of theoretical concepts.‘ As/in the present /,,”
K

o

\%tudy, the data for the hierarchical analysis were obtained by requiriﬁg_

the sample (N = 42) to respond to a set of test items representing the
elements of the hypothesized hierarchies. The results of the tdp 27 |
o .
. percent and the bottom 27 percent of\the sample were used for analysis.'

Each element in each hierarchy was tested by four items representing

82

However, this support may be misplaced because the general chemistry oA
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recall, comprehension, application and analysis,‘respectively. The

,

possibility of an hierarchical relationship between each element and
> each of those hypothesized to he subordinate or equivalent to it was “
-

tested by applying a consistency ratio defined as

) A+B+C 1
A+B+ + D e

‘ .Consistency =

where the frequencies A B C, D are defined as for Figure 2 (p. 46)

“-but with only one 1ower skill in each case. To determine ‘the values
of these frequencies part values were first obtained by comparing the

. responses to similar items (for example recall with recall) for each
- pair of skills Theppart values were then totalled to give the fre-"

quencies A, B C and D. A value of O 85 for the consistency ratio‘

ﬂ was arbitrarily considered acceptable evidence for the existence of an
’ 4

v

hierarchical connection between two skills.; The authors claimed that

heir results supp%rted the hierarchical model., However examination

of their data suggests otherwise. For the empirical hierarchy only

12 out of 18 connections in the validated' hierarchy»showed a cons:s—.f

¢

S tency ratio of 0.85 or more. For the theoretical hierarchy the

" results were much worse. In this case. only seven out of 22 connec

tions in the ! alidated' hierarchy achieved the critical value for

R

“the consistency ratio., It appears that the results deny rather than
.

-support the existence of an hierarchy leading to the mole\concept.
However, in the opinion of the present investigator the conduct of ;.
the study by Gower, Daniels and Lloyd does not Lllow firm conclusions

(] ~

‘in either direction for the followingireasons.v First the consistency

ratio is not ‘an appr?priate meas-re of hierarchical dependency for izﬂrfd":h"



Such hierarchies are described as developmental hierarchies.

o y
the reasons already\
. ‘ "

. i

[y

v

Walbesser 8 indices.

Indeed the consistency ratio may be a worse
. Q- . "
measure than Gagné's proportion positive transfer -because "its value
b
will always he higher than proportion positive transfer which itself
: L i
\ is bi%sed towards acceptance of connections being tested. _When ' the
R
\»‘f :
l v
1\ !

consistency ratio is applied any connection being tested will be
hccepted if‘less'than percent exceptions‘are found, an’ unusually .
liberal criterion. coi .

. e
A second objection relates to the kinds of capa-
bilities actually tested\hy the test items. Although the authors
| ,

N
\ .

refer to the testing of intellectual skills, their understanding of
this term is not consistent ‘with Gagné.

The items testing recall
represent verbalized knowledge, those testing analysis are likely to N

represent the use of cognitive strategies and some of the items test- .

ing" at the application lével may also represent the use: of cognitive

strategies, depending on the unfamiliarity of’the context.

It seems
likely that only the items at the comprehension level are consistent

SN

with Gagné's undeYstanding of what is meant by intellectual skills,

and these represent only one item Lesting ‘a particular element.

_ The

results do not therefore appear to be interpretable 4in - terms of ‘the
possible existence of an hierarchy for the mole concept.

DeVelopmental Hierarchies

; !
\-,’ ¢

In a number of studies hierarchies hav.‘been deri%ed from
naturalistic descriptions of intellectual

d velopment reported by
Piaget and others rather than by a 1og1ca1 task analysisxprocedure.

K

. I
; . .
S

Some of

discussed with respect to the use of Gagné's and

84
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these are. important to the present study in that they describehthe

g

vdevelopment of scientific concepts.
_Resnick (1973) notes "that stage theories of development such

~as Piaget's, are hierarchical n that t% propose that individuals
. : P _ .

can reach a higher stage o development only by passing through a

fixed series of . 1ower sta s.' Resnick also notes that invariant

sequences of cognitive devel ment have also been proposed for Emch
.;smaller units of‘behavior. It is this level of developmental hierarchy
that is of particular interest in the present discussion._ However,i

o B despite similarities in terms of structdre and methods of validation

P

there appear to be fundamental differences between learning hierarchies
_l,and developmental hierarchies. B S : : '

R

r

Learning hierarchies are usually derived by task analysis focusing
’ upon the characteristics of skilled performance of the task and~ita

Tprerequisites.' Identlfication of unskilled performance “formb mno part

T
3 N,

\r'*' of this procedure/ Conversely, developmental hierarchies are likely
to be concerned éith unskilled as well as skilled performance as they
appear.in the. natural setting. The difference may be critical.yr a

vAccording to Resnick (1973) "Hierarchies generated in this way will

tend to treat errors and misunderstandings typical of earlier stages

.as necessagz prerequisites for the individual to- reach higher stages. e

;l\*gIn the developmental model the resolution of these difficulties by
- . 7\ S &
the learner'himself is necesssry to the devel nt -of hﬂg%ﬁntellec-

RN
”‘~\ - s

tual structures. In this: way equilibratione otcura;g Shulman (19689 _{?b

'?‘distinguishes this from the Gagnéan model as a roller—coaster ride of

4.‘Fsuccessive equilibria and disequilibria versus a smsothly guided tour ‘,i




- -

:up a carefully constructed hierarchy of objectives.l Attempts to

smoothly induce specific vertical transfer through a learning hierarchy

: .may therefore be antithetical to the developmental hierarchy model.

: It is ‘not surprising then that developmental hierarchies are usually

v

.validated by psychometric (usually scaling) methods rather than by

the determination of significant positive transfer. In summary, the

'_;learning hierarchy is prescriptive whereas ‘the developmental hierarchy

4

1is descriptive."Despite these differences it seems likely that

research into either ‘model may be of benegit to those. concerned to .

i
4

articulate the other. Indeed such-a combination may be’ a\particularly

‘profitable direction for research. The studies reflecting develop-

i

mental hierarchies which will now be reviewed are therefore considered s

i 1 . e

to be of potential use to those concerned with 1earning hierarchies

in science. Several studies which relate the Gagnéan and Piagetian'

~

:models are: of partié’,ar interest to the present study.

Kofsky (1966) attempted‘to verify Piaget 8 descripeion of the

, order in which children acquire classification skills. The responses

.."

of 122 children to a series of eleven tasks ranging from resemblancef'

1,_ sorting to hierarchical classification were analyzed. The sample

”'ranged from four to nine years of age, and the tasks were administered

A\ . '

‘by individual interviews.' The results indicated that the subjects

v

S
_varied in the sequence in which they were able to successfully solve

the tasks The value of a modified Guttman reproducibility coefficient

for the hypothesized scale was too Tow to merit acceptance of the
scale as valid. The results were therefore contrary to Piaget s

:.m - ,'._

su gested order of development of classification skills. Other

......




possible interpretations suggested by’ Kofsky include difficuléfes of’
s ensuring consistent task administration, irregular performanc\e by
v'f'young children and finalh{ that scalogram analysis represents an
' abrupt picture of development at the particular time and may not be
useful when considering a model of continuous development.p'
The development of\classificatipn skills is of fundamental
";importance in-the learning:gf.science. It is appropriate therefore
that desky's study should\be réplicated- This was undertaken by
‘Allen (19ﬂ» who presented Kofsky’s tasks to 190 elementary school -
children.. Again the eleven items did not. form a unidimensional scale
_ However the application of Lingoes modification of Guttman . scaling
‘yielded several smallér scales andnsuggested at least a partial
‘v.ordering with grouping skills emerging first and clasi inclusion f
skills last Like Kofsky, Ailen preferred to consider other interpre—
_.tations of the ‘results’ in addition to the failure of the skills
f'involved to. form a‘scaler' In particular Allen noted the potential
unreliability of testing the individual classification skills by one
fitem each ?w; o : .T;ff?' _ . ) -i'?' 5'“ - ‘v. : \
Raven (1968) examined the development of the concept of momentui
: in children between five and eight years of age, and in doing 80
'compared the appropriateness of a developmental hierarchy and a 1earn—

Cy .
'»ing hierarchy as models of the development of the concept of momentum

-

hY

87

' According to the developmental hierarchy, derived by Ravéh from ‘,: !

~Piaget 8 writings, the child acquires the concept of momen tum followed

,'in order by conservation of matter, proportional use of mass and speed
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According to the learning hierarchy derived by logical anaiydis by

H
Iz

Raven the expected order of acquisition is conservation pf matter,

/

speed, proportional use of mass and speed with momentum hedd constant
/

. "/ \ N '

and finally acquisition of the concept of momentum. To/test the

(-4
egs of these two alternative hierarchies V60 children were

.' - Y
: appropriatenés
omly and individually administered a set of six tasks

-4

selelted-r

the concepts involved in the hierarchies.- The order of

An interview format was
i\

The:. tasks were compared

- representi

administr ion of the tasks was randomized.,

applied for administration of the tasks

Al

according to their level of observed*difficulty. The results favored

v

acquisition of the concepts involved in the order represented by the

devel mental hierarchy. However, this interpretstion msy be less

‘certsin than the author suggests for sever“l reasans.

oncept with therexception 4

Firstly, onT

q

° b
agai only one task was used to ‘test each
of ﬁhe,concept of momentum where two tas,l

\ : iy

-\ tas testing understanding of spee

T

I

 were used. Secondly, the =

/

d was percepthally different to the

other tasks in that the subjects could not~directl”‘observe the nf;f_gg,

objects whose speed was\being compared This task may'therefore be

spurionsl-\diffiQult. A more import t: criticism is that the hypo- y”

drp 'ierarchy may not be. & les;ning hierarchy ‘at all.

. thesized ie
It seems’ likely ‘that this hieratchi&was derived by re-combining the

h components of the developmental hierarchy in a 'logical' order. The
! A

'steps involved in’ the hierarchy are very large and it may be reasonably

suggested that a more, precisely defined hierarchy may yield different o

resuits. Finally, the 1eve1 of" understanding of the concepts involved

may be of importance. In & 1earning hierarchy mastery ﬁ‘the compo— o

'\
o



,.child's develop

_children from JL.

S

nt f the concept of . acceleration. Twenty-four

"of the grades three to six were-selected randomly

' ,and administered seven tasks rela ing to ‘the concepts speed and accel—

eration. Each task was administered in an interview format to indi-

- vidual. subjects. Application of scalogram analysis to. the data\

\ -y

.'suggested moderate support for a: scale reflecting Piaget s pxoposed

' order of development with a reproducibility of 0. 86 being observed._

,The scale reflects acquisition of intensive concepts requiring com

N

parison of the whole with part before acquisition of extensive con-

_cepts which require comparison of parts with one another.‘ The author

et

L concluded that i}’. simultaneous and successive motion activities

' involving the use of intensive opérations could be presented to third

and fourth grade children. The results also suggest that activities

involving Successive motion that uses extensive 1ogica1 operations

»

'~'could be used with some fifth and sixth grade children.

Phillips (1971) describes anothep study which is similar to those

of Raven in that ‘the intent 1s to attempt to use Piaget 8 writings to-

, cepts by\children. Phillips derive thiererchy consisting of tWelve

|

o concepts leading to'the cohservation\of displaced volume : Phillips

il
|
1 . -

‘ " .
~ hie archyf ,In the st dy der iscussion understanding of the concept»

-2

: Alaterst;Zy by Raven (1972) tested Piaget s descriptLon of the e

ldevelop a fine structure for the de'elopment of selected science con—'v

89
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\"_mine if the'hypothesized hierarchy fo

k‘{was the sama—{gr-hoth-modes of pre ntation and;in each case only one

element deviated from.the hypoth

.

ef;tted six of these’ concepts and these Were tested in four tasks.

The’ asks vere administered to a sample consisting Qf 40 randomly

: .select d children in each of grades three, five, and seven._ Two modes

N t

of presentation were used one in which the objects involVed in the

‘tasks were present and the other in which graphic representations of

N B

| the same tasks were used. Each mode was applied to only half the

»

sample, .and required oral presentation of the tasks as well as oral
responses. The data for each group weﬁtanalyzed separately to deter—

d a Guttman scale In each

case the reproducibility did not exce the prespecified criterion of

0;90.' Hence the hierarchy was reje d. However, the - order nhserved

N

zed order., Phillips correctly

notes that ‘the degiagge of one /ifem could be explained by a faulty

|

task .as well as by a faulty h erarchy, and suggests that the sequence. »

may be considered useful in teaching conservation of displaced volume.

It may be suggested howev r, that the\selection of only six of the

'_twelve concepts from the original hierarchy does not allow an inter-"

kvpretation'of the validity of the complete hierarchy

Each of the developmental hierarchy studies reported above was '_

concerned with verifying Piaget 8 descriptions of the development of

- particular concepts. In no ‘case was instructioﬁal intervention

employed to determine the transfer properties of these hierarchies.
A study reported by Bass and Montague (1972) involved deriving two

hypothesized hierarchies from Piaget s description of children 8 res—

' _ponses to ‘the ?balance' t?Sk and the 'inclined plane “task (Inhelder

.90
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leading to performance of each

i

post—test sequence on each of these unit

grade science students, most of

validity of the two hierarchies

percentage of correct responses
hierarchy. The authors. correct

rather than the pattirn of resp

necessary but not a sufficient

¢

. and Piaget, 1958), and then developing programmed units of instruction

tas A pre—test, ﬂnstruction and

sgs applied to 133 ninth .
\ : .
whom were 14 or 15 years of age.. The .

l

was evaluated on the basis of the

- ) L ! N ’

“to items testing each level of the
ly note that analysis of group responseS'
onses of each individual represents a

¥
criterioniof the validity of glhierarchy.

"The- pre—test and- post—test data supported the existence of the hier—

N

archy 1eading_to the application of a quantitative rule for equilibrium

in the balance. The . proportion of subjects able to exhibit this

behavior increased from 45 percent before instruction to. 75 percent

after instruction. The authors

interpreted this to mean that the‘

. instructional treatment was effective.

This result appears to offer further support to the hierarchy

because it appears to induce positive transfer. .However, it should

[T

.also be noted that the overall

Bh o -

performance of the sample was already

. very high on the pre-test for the four prerequisite levels, and showed

~

‘1ittle or ‘no increase after instruction¥ In particular 82 percent

3

succeeded ﬁt the penultimate level on the pre—test while 84 percent

.succeeded at’ this 1eve1 on the

post—test.'"It seems quite possible

1therefore that the improved performance at the ultimate level of the

3

hierarchy nwy be ascribed to the effect of . the pre—test rather than

I

‘instruction, especially as the

hours. 1In summary, the data does notbdeny the existence of the

total instructional ‘time was only three



-,'dsmall toy wagon on_an inclined plane in terms of the weight of the"'

1 Not surprisingly the instructional sequence based on this invalid | ¥

"balance hierarchy, but neither are they very supportive. ’ﬁn the case'i

of the second hypothesized hierarchy 1eading to the application of a-

quantitative relationship enabling prediction ofarhe movement of a'

wagon inclination of the plane and the weight of a counterweight,.
the hierarchy was not supported by the pre-test or, post—test data.

N
°

hierarchy was not very successful. ‘_ L 1" i: -

A study bngiegand (1969) u&ed a variation of ‘the inclined plane .

task as the 'Final Task' in an hypothesized hierarchy and the inclined .

plane'task»as a test-of transfer from lower'skillsto-the Final Task

i

The Final Task itself involved deriying the relationship between the =

height of a car on an inclined plane, the weight of a block at. the

bottom of. the plane and the distance travelled by the block after the. .
. car was allowed to run down the plane and strike i[ The hierarchy '
B hypothesized by—Wiegand was very different in structure to the hier—

archy derived by Bass and Montague. The 1atter reflects the psycho- -

logical development of.individuals as suggested by Piaget 8 natural—.
'istic descriptions whereag the former represents a sequence of hypoe
thetically prerequisite intellectual skills. The difference is |
important theoretically as it offers a direct comparison of the use

of the Gagnéan and Piagetia 'odels. Wiegand’s hierarchy was_much

more detailed than that of Bass and Montague and the two1hierarchies

7i'lso differed in that in Wiegand's hierarchy the skills were. mostly

mathematical Wiegand's study involved 30 randomly selected subjects

'vwho were divided into three equal groups. The subjects in each group Vf

e
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were individually administered the Final Task and Transfer’ Task as a

: pre—test and again as.a post-test. None of them could answer’ the
v~(5v,v 'tasks correctly in the pre—test.‘ The menbers of one group, labelled ~
| -.‘Demonstration Test Retest (DTR), were shown a demonstration of one
: e . :
"-example of a test question ipr each of the sub—skills and were then ’“1
:administered two or more test guestions for that sub—skill This .
. procedure was repeated for each skill downwards through ‘the hierarchy o
»”until correct responses were made on tests of two contiguous related |
”‘bsub-skills or until all problems had been administered. Each subject
was then retested upwards &h each skill not exhibited in the pre—test,~
hbut without further demonstration of examples.: The post—tesb on the
v;‘Final Test and’ Transfer Test were then ad . nistered?' The second
group, 1abelled Test Retest (TR) were treated similarly except ehat”.
;no demonstration of examples was given. The third group, labelledv
r Test (T, were administered the initial test for the sub-skills but
no . demonstr;tion and no retesting of these skills was administered.\
' There were. very few exceptions to the hierarchy in any of the three
'_ groups..
_The DTR group did not differ significantly from the other two L

'groups on the number of initial tests passed iir the sub—skills, indi—~
vcating\that demonstration had no effect. ln addition no subject’ N
v passed the post—test on the Final Task without also- passing either :'v’
b'rffthe iuitial test or re-test for the subordinate skills; Finally the |
._transfer effect of 1earning the suhordinate skills ‘was' shown by the
'fact that 19 out - of 20 subjects in the DTR and TR groups were able tL

: Arespond correctly to the Final Task and Transfer Task having attained

B



| Piagetian model of intellectual development. N . '?', | 5“””

Sumary

jstudies reporting well—validated learning and developmental\hierar-

T'o the needed sub-skills whereas in the T group only three out of ‘ten,

<

..vsubjecfs were able to respond correctly to the Final Task and Transfer
. Task in the post—test and each of these subjects passed the initial
itest for the skill immediately subordinate to’ the ‘Final Task S

Carroll's (1973) suggestion that Wiegand's study demonstr/tes the

effectiveness of immediate experience of component skills rather than
b a

that learning of these skills is prerequisite to. learning the super—hi”

\

,ordinate task seems a harsh judgment in view of the relative lack of

gain .on Final and Transfer tasks by the T group. The present inves-g o

_l.tigator prefers to share Wiegand's interpretation that the,results .12

are’ supportive of the need to 1earn Or recall related subordinate

kS

'that the data supports the Gagnéan model of learning rather than the

O

! Rel
dew ™

A distinction bethen learning hierarchies and deveImeental

+ .r-)

: hierarchies has been made Despite this there is support for the

)

-application of each model to the other, perhaps_particularly from the

#

L developmental model to the learning hierarchy model., The number of o

PR

/

i

gintellectual skills when attempting to solve a new tasL and hence .f_ -

.3chies is relatively,smallﬁ However, these studies offer sufﬁicient .

'_:support to warrant further research into the application of each model.-m
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_; tiqpship"between learner developmental 1evelsand achievement in »’

h The DeVelopmental Level of High School Studentsf'“

.',‘

L cnmpter s . W & e
- Il Lo DEVELOPMENIAL L;-;vEL --‘AND_ACHIEVEIQEN'; IN SC}ENCE Lo
- -/‘ ) ok T T
A suhstantial proportion of the.sciance education literature of

the last decade has been concerned with the application of Piaget g :

theories of intellectual developmentuto science curriculum and
. \4" 1
instruction.‘ In the present chapter several aspects of . this litera-

e o

In the order in which they are presented these include ﬂeference to -

Y

b.the deve10pmental levels of high schodl science students, the rela- ;T”~,

E'science, and finally the use/of group testing procedures to measure

A [

T

Co

In summary of the research to that time che (1974) noted that'

' the nmjority of high school students do not appear ‘to exhibit substan—

:?, tial formal operational thbught.; Chiappeta (1976) concurred with

Howe 8 finding after reviewing a number of other studies all of which

involved administration of at legst three developmental tasks to indi—"

viduals in an. interview setting Indeed several”of the studies

reviewed by Chia peta refer to co lege stu ents but the same 1ow 1eve1
P

of intellectual development waB reported Percentages gthigh school

." subjecqs reported to be formal operatﬂonal varied beféeen 14 percent N

/

R
(Renner and Stafford 1972) to 78 percent for a group of chemistry

s ! \ o P ' . . .
RPN . S : B - B L .
. . B . . o P
N S S IR, . e e B
. - L S 2 NN Y
B ) S . “ T . - BN

ture which are of direct relevance to the present study are discussed. .’ s
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_ students (Lawson, 1974). Typically leés than half of the subjects

. invobved in the various studies reported’by Howe and Chiappeta were  °

judged to be formal opergtional from the responses exhibited. Sdm-

\ilarly, Renner (1977) found that of a large sample of subjects in

grades ten to twelve in the United States‘70 percent failed to exhibit
formal operatignal thinking on the chemical combinations task (Inhelder
and Piaget, 1958), 68 percent did not exhibit possession of the pro-
portionality schema as evidenced by the balance task (Inhelder and |
Piaget, 1958) 54 percent failed to separate and control variables on
the bending rod task (Inhelder and Piaget, 1958), and 47 percent did
not exhibit conservation of displaced volume (Karplus and Lavatelli

1970) These tasks were all administered by personal interviews.‘ In

)

a Canadian study Wheeler and Kass (1977) reported after group admin— -

istration of a battery of four tasks involving written answers, that

" .only 43.5‘percent_of a sample of 168 high school subjects were judged |

to be formal\thinkers. These results are.typical of the literature
’ : [ : Ca . B
in.general~ 'Whether they~reflectfinherent intellectual structural

-

1imitations as- Piaget s theory suggests, is open to question. 'An

o extensive study by Karplus and others (1975) found differences between

national groups of subjects in a sample of over three thousand subjects

drawn from the United States, Great Britain and five European coun-

~.
tries on tasks testing proportional reasoning‘and controlling vari-

ables; Differences betWeen countries were not consistent over both

i

tasks."In view‘of the wide variations the characteristics of the

" samples, the authors' conclusion that -=sching can have some influence

PR

on the development of reasoning is not neceSSarily justified{"ﬂowever,<”

. \\
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the particular differences ih‘educational and'instructional practices
in these~different countries may. certainly bear‘investigation for any
light they ‘may shed upon the development of reasoning. ‘Certainly the‘Af
results cast some doubt upon the notion of. structural 1imitations,

.
and indicate ‘the reasonableness of recent studies designed to elicit,

the effect of specific training on the development of formal opera—

tionalithinking.

v

‘bevelopmental Level and Achievement in'Science

The«previous section addressed the low‘incidence of formal
thought exhihited by the high schoollpopulation}“ln the present
‘section the. relationship between this deficiency and txe achievement
of this population in their science courses is addressed.

Several authors have analyzed typical school science curriculqm )
materials in terms of why they appear to demand formal operational o
thought on the part of the learner (Inéle andehayer, 1970; Shayer,
_.73; Herron, 1975; Karplus, 1977)., | |
| Inéle and Shayer have presented'an analysis of Nuffield '0' level
chemistry in terms of Piaget s stages and also I. Q If their analySis
is correct, the chance of success in this course for the average
3ability.child”is remote. Ofﬂinterest to the present study. is the
conclusion that ..e mole concept’ which these students meet at age
thirteen or fou- ~teen, is a source of particular CUmulative difficulty
becauSe it is seen as thelmain integrating concept of the course |

during the third of the five years of the course. In a later paper

Shayer (1973) again emphasizes the formal operational‘nature of chem—‘

*

97



, ; ¢
istry and suggests its conceptual demands to ‘be considerably higher

. 1937

\
than those of physics or bq&;::yzjsksimilar school levels.‘ He strongly
suggests that content requir more than concrete operational thinking E

'
+

-1
will not be meaningful to the childvof average intelligence until he
is sixteen years of age. Herron (1975) compiled a list of 16 commonly
expected competencies which concrete operational students could be.

)

expectedvto exhibit and contrasted each with the formal operational

extension normally required by the science curriculum materials.‘iFor;

example, he suggested that the concrete operational thinker can con-

ceive of atomic weight as the mass of the Avagadro number of atoms..

However according to Herron the same subjeCt cannot'conceive of

atomic welight as the ratio of the mass of one atom to the mass of some,

) {
other atom which is selected as standard. Herron follows his analysiS'

-

with a suggestion that we focus on a concrete approach to chemistry

where possible, altho,gh he is simultaneous&y concerned that we should

‘not: neglect to attempt to develop the student towards formal opera-

tional thought. This view was also expressed by Howe (1974), who

suggested\\ﬁat "Teachers should not wait for students to become formal

s

‘operational. It may never happen.' Howe also concurs‘on,the need for

‘a concrete operational mode for most instruction in school sc1ence.

An interesting comment on this suggestion is made by Munby (1978) "who

. notes that the use of concrete referents in science instruction may

be quite justified and is cErtainly found in Piaget s writings, . but

cannot be derived from Piaget s theoretical framework.- Karplus (1977)

‘notes that some commonly taught concepts, such .as chemical bond and

..gene,.demand formal operational thought. Other concepts, such as acid

oL
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zﬂt or cell may be presented in either a formal or a concrete operational

e L 1 - ,'“
lnode. e .‘ o ‘;_,;_ - o ’; )

\

The apparent lack of congruence\betwean the intellectual develop-

. mental characteristics bf high school science students and the curri—

;

culum content to which they are exposed leads to the ques
o whether an empirical relationship exists between ‘the de

,level of the learner and his achievement in science. ‘As yet such

-

»evidence is scarce.-
One such study by Sayre and Ball (1975) identified a.relationship

1between developmental leVel and science achievement as measured by
m. /

.grades for some sub samples of a randomly drawn sample of junior high

. ‘8tudents. and a second randomly drawn sample of senior high students.

. N A

"A ‘total of 419 subjects. were drawn from grades seven. to twelve. Devel-

,opmental levels were determined after administering five “tasks in an
:.interview format. These were Karplus and Peterson s Mr. Tall and Mr.'
Short ﬁask Inhelder and Piaget g. pendulum, equilibrium in the balance
.and chemical combinations tasks,and a task requiring valid argument
with respect Eo.a&syllogism. Subjects,who:succeeded onrfour or five .
" tasks were judged formal operational.-ilhOBe-who failed at‘least‘two .
'tasks were judged non—formal operational.‘ For both samples formal - //'
operational students received significantly higher grades (at the 0/81

/
level) than non—formal operational students.' The actual point-biserial

correlations for these groups however were only moderately high,
:being 0.33 and 0 45 respectively. ‘Moreover, for.the grade seven ~;

‘ general.scien'ce and the grade twelve'physics sub-samples > no relation-
ship betweénfdevelopmental_level and achieVementvwas fouﬁ?;~:uoweVer, -

-



'“”,,}against finding significant correlations. 'Sayre and_Ball concluded»
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‘ Herron (1976b)notes that the extreme proportion judged formal in these -

~ .

.two groups, 8.6 percent and 80. 7 percent resPectively, mitigates iﬁ, ’J'

"that secondary science instruction should be structured around the \
-,‘cognitive developmental level of the students involved. Herron (1976b)

v fnotes two conflicting interpretafionsoof this. Either there is a need

7
» .

- to restructure the science cufriculum to eliminate the need for formal

Ethought, oT alternatively instances of Zormal tnought should¢gr0w out
‘of and be based on concrete~experience.' He suggests the latter to be
more appropriate.vv _— | o | - | '.!§;75_“;__ s
A study by Lawson and Renner (1975) examinéd-;he relationship\~‘9
betwéen - learner developmental level and acquisition of concepts classi-
'fied as goncrete and formal. The sample consisted of 51 grade ten
biqlogy students, 50 grade eleven chemistry students and 33 grade
twelve physics students. Each of these groups represented intact
- classes. The developmental level of each subject was assessed by
applicagion of six tasks which were' administered togethé? in indivi- -
‘dual interviews with each subject. Responses were scored on a scale
from zero to five with the. ‘maximum for each task varying according to
.. the developmental level igplied. by the task. Each subject was’ placedy
’i? a developmental scale ranging from early concrete to. late formal
after consideration of his total score on the six tasks. After the
’»developmental data were collected a multiple choice test‘containing
-only questions requiring comprehension and application was administered
| in the relevant subject area., It was conSidered that understanding
PN

of the concepts involved would best be tested by questions at the two

\
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levels indicated. The concepts tested were classified as concrete-'f'

operational df their meaning could be developed from first-ﬁand exper— . -

-~

‘ience uith objects or‘eventsﬁrand formal-operational if theirnmeaning -
required the use of-a."postulatory—deductive system." Two separate
gone-way analyses of variance were conducted to. determdne ,the relation;“
juship betwaen developmental level and proportihn of correct responQES
‘to the concrete-operational and the formal-operational questions,

respectively., SignifiCant differences were‘found,

N

The authorS'concluded that:

2

v e e concrete—operational subjects are unable to develop -
' understanding of formal concepts. . Also, support is demon- - )
,\ strated for the other major premises of the study: concrete-
' 'operational subjects are able to demonstrate understanding -
of concrete concepts, and formal—operational subjects are '
gble to. demonstrate undetstanding of both concrete and L
formal concepts. : . 4 . ‘ !
V : | X to
Two aspects of these findings merit comment. 'Firstly; the results “do

not show that concrete—operational subjects are, unable to develop
k
understanding of fOrmal concepts." What can 1egitimate1y be claimed

.is that in this study they did not. Secondly, none of theugroup,

including those classified formal—IIIB ! was\succegsful ‘on more than

half the formal. questions. This outcome 18 of some importance to the

N

. present study. 1t 1s possible to speculate several reasons for this*\\\‘
One . of these may be derived from the learning hierarchy model. In -
particular, failure by both formal and concrete individuals might be
related to the absence of specific content—related prerequisite capa—
;bilities - \\ | | |

A slightly different approach to the question of the relationship

between developmental level and achievement in science was taken by

H



h rational thought should be related to achie ement in science. :Con=—

servers Bhould exhibit greater acquisiti?n o. formal—Operational H .

\
Concepts+ The sample was composed of 20 male and three female sub—

ject;\enrolled in an elective high school biology course which used
. 'the BSCS Blue Version as a textbook.‘ Most of: uhe subjects were con-

Sidered to be of above average intellectual ability.

The Procedure used was to administer the conservation tasks at

\ \
..

' the beginning of the course 9nd then to adminfster six tests derived

»

by selecting 20 to\30 items from BSCS examination mat@%ials -over the

N

course of the ensuing semester. When selecting the. test items care.
Was takeﬂ to categorize them first as reqﬁiring concrete or formal

thought and to choose approximately equal numbers. of items of each

L

categoig “At the end of the semester total scdres on concrete ~an'd
e
formal 1CEms ‘were obtained for Fach subject. The significance of any -

\ P

! differences between the four developmental groups from early concrete

to 1ate fOrmal on each of these totals was. determined by one—way
, analysis'Of variance both ‘before and’ after correcting for guessing.

No significant differences were found\at the 0 05 level but differ- Vf

-~

ences were found at the 0.10 level The rationale for\choosing this L

level of Significance is not clear. Although it ‘could be argued that .

"

the reason is to increase the power of the test this mesult could '-\2
haVe been more appropxiately achieved by using a larger sample.. Des—_
pite thiﬁa examination of the form of the data certainly suggests that

5

responSes to certain conservation tasks were related to Achievement of
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' formal-operational concepts. However,'even those subjeCts'who wereb

/o
successful on all three tasks could average only 22.4 percent success

-on thevformal operational:biology questions, after correcting for

guessing. :

7 The Lawson and Nordland study just discussed focused entirely .

upon'responses,to conservation tasks for the developmental-level
3 P . '

: testing involved, yet no attempt was made to relate the responses to
\'. P .
theseitasks directly with responsed to test items requiring conser-
6

vation. \Sh;yer and-Wharry (1974) suggest that it may be most reason-
able to focus upon developmental level tasks which relate to particular @
schema directly related to concepts to be learned.u An example of this
:approach is a study by Wheeler'ahd‘Kass'(1978) who reported_}hat the
'abilitv to combine.variablescasbevidenced by’combined per}ormaace»on>
'Piaget's'combination oi'colorless sblutions task and a similar task
devised by the author was a highly signifiéant predictor of achieve—

ment on a tesa of chemical equilibrium, a concept that is clearly

related to the particular schema tested by the developmental tasks.,-;

d\ -
It seems possible that suchta result is more related to the spec1fic

¢ A . K

prerequisites suggested by the Gagnéan model than to. the more general—f

1zed. intellectual competencies represented in the Piage model.
Ané%her study by Wheeler and Kass (1977) attempted to elﬁte R
A

h‘fsubjects proportional reasoning ability to achievement in introduc—\-
' tory chemistry. The ‘sample consisted of 168 grade ten students enrol-
leddin an intrbductoryvchemistry course.. At_the heginning_of the - B
' courseha group offfOur?neof?iagetian tasks involving written answers'

; was adminiatered, followed by a'test of general proportional reasoning.



During the chemistry ‘course a test of proportionality in chemistry

was administered in four parts in regular classroom periods when the

Y

relevant chemistry had been covered. These sub tests related succes-
. .
’ sively to chemical nomenclature and the writing of formulae, chemical
¥

'reactions, the mole'concept, and gravimetric stoichiometry. The items
on these sub-tests were constructed to be analogous to the items in

the general proportionality test. At the end of the course a general

was administered and also ‘a second general

chemistry achievement test |

»
proportionality test which . was equivalent to the first. Not surpris-

ingly the best correlations with chemistry achievementvwere the chem—

\

- istry proportionality sub- tests.. The neo—Piagetian reasoning test
and the general proportionality test, although showing moderate corre-
lations (0.48, 0 46, 0.41) with achievement, did not add significantly

' to a regression equation with chemistry achievement as criterion once
: S

°the scores from the chemistry proportionality sub-tests had been

Y

entered These four sub—dests accounted for 63.6 percent”of~the vari- .

ance. However, developmental level, categorized by responses to the |
I

‘four neo—Piagetian tasks was significantly (0 001) related to chemistry '

achievement.v'

i

| Determination of Developmental Level by Group Testiné
For the investigator interested in the relationship between
curriculum and developmental level the use of large numbers of subjects
~.is desirable. However, use of Piaget's individual interview technique
raises thé problem that samples. are likely to be small because of the

time'needed for interview. An alternative is to use groupftesting



)

Amethods',‘with_ written responses. 'LawSOn's'(1978) contention that what

is fundamentally important is what is mEasurednrather than how it is
measured 18 a reasonable argumenttin favor of such‘alternatiye proce-

dures, although 1t must be recognized that the flexibility of the

interview technique is lost when group testing is used Verbal limi- -

\ ‘ , .
' tations on the'part of the subject and-the inability of the investi-

|

gator to probe the subject 8 responses are in turn limitations upon

, this method. The change of format may also change the nature of the
- ‘subject’'s response. For example, Bruner (1966) showed that a format

allowing subjects to be perceptually distracted in a task testing’

~conservation of liquid suggested a lower proportion of conservers.

A similar result was obtained by Karplus Karplus and Wollman

. (1974) on a ratio task. The task involved calculating the height of

'Mr.,Tall ! being given the height of 'Mr. Short,'\and the ratio of

their heights. The difference between the two administrations was

fthat for the first group of children hoth Mﬁ? Tall and Mr. Short were 5

w

"present whereas in the second administration Mr. Tall was absent.
Although the second ‘administration might be held to involve a more’ |
abstract task’ the elimination of the perceptual 5. imilus of\Mr. Tall'
presence appeared to produce nuch fewer perceptually-bound responses.
The result wasba substantial shift'towards a'higher'level’of‘operael
‘tional thinking, 'Despite these'potential limitations progress has'
Hbeen made'tdwards effectivebgroup—testing_pfocedures, as_isxapparenti
from the reportsléf.several suchrstudies which.are‘now/describedr |

v\'(1973) pr,duced 'Raven'S'Test‘of Logical_Operations' which

was divided’into three parts. The firstipart tested classification"

- . i .
v . T
. . o
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and seriation the second part tested logical multiplication. ‘and the .

‘jfthird part teated probability and correlation. Each item consisted

of a problem presented pictorially and a brief written question. In

“each case the subject was required to select the. correct answer out

for which ‘they were designed.

‘pof three alternatives.. The test was validated Wy expert judgment and

empirical testing, with a panel of four Piagetian experts exhibiting

100 percent agreement that the items measured the 1ogica1 operations

-~

N o

Shayer and Wharry (1974) described the use of a number of tasks, .

1

some related directly to Piaget 8 work. These authors considered it

-’

»to be particularly important that ‘the tasks be seen as tasks not

‘- -

tests; that they should be relevant to the curriculum structure of

l

the school that pupils of a wide ability range should be able to

: N

: produce answers which they, at least, felt to be satisfactory, and

that they should be designed-primarily to measure the mental processes"

of the child in relation to his immediate area of study. It appears,
1 i l

‘ therefore, that Shayer and Wharry are concerned about the availability

o

.f\of appropriate schema at the appropriate time ‘as well as being con- f

_cerned about diagnosis of develppmenta/‘level in general. In their ‘i w

\ -

study questions involved both'verbal and written instructions_with

- demonstrations where necessary. Answers weretwritten.

A study by Rowell and Hoffmann (1975) focused. directly on the
use of two.Piagetian;tasks, chemical combinations and‘,the pendulum

task,' deliberately chosen'to'represent different content ‘but the‘same ‘

underlying intellectual structure._ Subjects performed the tasks indi- v

v
vidually from written instructions and were asked to record their

Toe

- . N
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responses in writing. The need to recerd all manipulations, reasons,
- - | and conclusiona as fully as possible was stressed. Scoring'of the
| responses followed Piaget 8 criteria closely Inter—judge reliability .
.«was extremely high (O 96 and 0 92 for the two tasks) A significant '
k correlation between _responses to the two tahks was obtained‘; Generally,
where a subject s response‘was different in the two tasks his develop— : .

. mental level appeared hdgher on the pendulum task, /suggesting that it

~measures an eerlier level of formal operational thought than does“the

o

‘chemical combinations task. The authors concluded that a group adminis—

—— i

tered test of developmental level in which the subjects manipulate
materials.and in which written responses are scored by independent
hraters such astteachers'is"feasible;\ Thekgeneral nature of the results
was consistentiwith’those;obtainedifrom studies using,interviEW;tech;f'”

niques; -HoweVér' the conclusion Cannot be'drawn necessarily that

results from the two techniques are- equivalent. -

A comprehensive atte?ftﬂto develop and validate a classroom test

of formal reasoning has been reported recently by Lawson (1978)

I

Lawson suggests that the several attempts which have been made ‘to

v produce strictly paper and pencil measures of formal reasoning ability o

depart too far from the clinical setting demanded by Piaget, a point

y already noted by Shayer and Wharry. Essentially, he argues that a set

N

ofrwritten'questions represents a testnrather than-a”set of tasks,

Moreover, as has been. indicated previously, extent of exposure to the
N
».concrete materials of the: task may change the nature of subjects

v

' responses. Hencefall of the'tasks in‘Lawson s;test involved a demon-

'stration-using'some’phySical materials ordapparatus. Subjects'res—

C e
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ponded by selecting one of -a number of alternative answers and then '

'lplaining the reasgls for their choice. The test included fifteen

tasks most taken from othEr well documented studies. Groups of tasks

tested for isolation and control of variables, combinatorial reason- »
. -
" ing, probabiligtic reasoning, and proportional reasoning. A numberv

¢

of the tasks were taken directly from Inhelder and'Piaget (1958) ~ One ,;[

[RE, -~

task testing conservation of weight was included.__ o v
v . -
The- resulting test was administered to a. tothl of 513 students'

enrolled in grades eight to ten.‘ The sample Was landomly drawn from
'ffﬂs a middle socioeconomic population.. Testing took 75 to- 100 minutes,

B and was- administered over two testing periods to. intact classes.‘
Importantly, in order to determine construct validity of the test in
relation to Piaget 8 own procedures, a sub-sample of 72 subjects were"

andomly selected and individually administered a battery of four of
Piaget s- tasks by ihterview ' Such’ a procedure is perhap5xmore de fen-

- sible than that of Raven who relied upon expert judgment alone to .

a

determine construct validity of his test of logical operations. Surs"

/ “

prisingly, sqbres on only two of the four tasks were used to obtain a
\ .

correlation bekyeen scores on the group administered test and on the

\\

interview administered test.- One of the excluded asks, conservation
S ‘

‘of weight is: a measure of concrete operational thought and the other,_.
conservation oi displaced volume, is considered an indicator of early o
formal operational thought. The rationale was‘advanced that as nefther -
represented fully formal operational thought they should be excluded
Such reasoning appears illogical in- that both tabks\were\bsed on the

written test. A second inconsistency is that the! interview tasks ‘were

D" /
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scored on a: four—point scale according to the perceived developmental

category of the response, while,the responses to the tasks in the group

\'T

.administered test were scored right if the correct choice wag: made

' together with an acceptable Teason and otherwise scored wrong._ The

question must be asked despfte verY‘high correlations and encouraging

factor analysis results' whether the same pattern ‘would have emergedi'

w x

‘ if the tasks in the’ group test had.been scored according to the deve}-

opmental 1eve1 of the response and if a free response rather than a .

(8]

forced response format had been used' As ‘Lawson (1978) notes the :»fpusffg

A .

[

study by. Rowell and Hoffman indicates the feasibility of such an 3::'

e

approach In summary, it is suggested that Lawson 8 study offers

~ takes the form of groups of written incidents to

~ -

. >

further support to, the usefulness of group testing of developmental '
‘ 14;..
level but is perhaps less definitive than he suggests..jy

e

i( Renner (1977) has also attempted to prpduce a group administered

test involving written responses.~ He, too, attempted to validate the

vtest by relating subjects respOnses on it to‘their responses on

a

standard Piagetian interviews, a procedure which seems desirable in

. \

future similaT~studies. Despite the similar intent, the- nature of —~

Renner § test was very different to that of Lawson. Essentially, it

.

\hich the learner

N

~h must respond. The content of each-incident was caiefully.chosen to

’*represent science, but no- particular factual knowl dge was required.

required by any incident being less than. seventh grade.; ‘The subjects _

- “for both the pilot study,and the final study were.from gradesbten,

.

-

o
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| ister to a group and about five minutes to score for each individual :

110

eleven and twelve science classes. The .rcidents, and the four

Piagetian tasks used to aid their valide _on, focused upon combina-
torial logic, proportional reasoning, and separation and control of
variables. In the final study, two sets of three incidents were used,

reflecting thiese three s"—ema. Scores for each of the incidents and

also for the Piagetian tasks were- derived by consideration of the

,reasoring patterns exhibited To provide a basis for relating an

nindividual's score on a set of incidents to an equivalent score on

the set of Piagetian tasks a stepwise regression equation was derived.

The total score on the Piagetian tasks was used as criterion and the

. scores on separate incidents were successively~added as predictors.

‘The best*predictor,accounted for 54 percent .of the variance. Addition

of two more inCidents increased this to 62 percent{ after which no
further increase was observed - The incidents’representing the best
three predictorg represented use of proportional reasoning, separation
and control of variables and combinatorial logic, respectively.

Renner conten.is that removing the element of social transmission
by substituting written incidents for interview-administeéed tasks is
undesirable,‘and probably contributes to a loweriné of the cbrrelationxh
between the tests. However he claims justifi bly in prlnciple at
least that a test which can ‘be quickly and reliably administered and
scored is usable and likely to be used by the classroom teacher as a’

eful introductory guide to the developmental level profile of ‘his

3

.'class. He estimates that the test takes twenty—five minutes to admin—

\

|

Conversely, he claims that most teacﬂersAwould-experience difficulty
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administering and scoring a group of tasks by an interview technique
and/that the time required would be prohibitive.
Renner‘a study is exceptio ally well done. It seems possibgle

that a higher correlation begwedn Renner s incident battery and the

n obtained if the tasks had invblved

'~

Piagetian battery might have 2§

_some element of demonstrati . However, the study adds substantially

to thg body of evidence that it is possible, with reasonable justifi—

cation, to replace Piagetian interview techniques with written tests. -
A number of . other attempts to apply large scale testing, which

almost of necessity implies written answers, have been made. Collec—

tively, they, too, add to the weight of evidence that such procedures

t

are feasible. Although often no formal .attempt has been made to
, .

: validate the tests against results obtained from interview data, they . -

are supportive in that typically the proportions of subjects placed

N
|

in each Piagetian stage are typical of those - found when similar sub—~ .
jects els¢ here have been interviewed (Karplus 1977; Hobbs, 1975;

[ Wheeler 1976).

4 . -

Summary T T ' n ‘ o
The present chapter has described a number of studies which indi-
cate that a substantial proportion of high school students are not

formal operational that developmental level correlates significantly

i

with achievement in science, and finally that group testing procedures

n

offer a useful way of. identifying the developmental levels of indivi—

el

B »

duals. : i : Vo

] % \
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: \ * Chapter 5 R : : i

~ “DESIGN, INSTRUMENTATION AND PROCEDURES

\

"In the identification of learning hierarchiesltne steps involved

generally include generation of an hypothesized hierarchy, development

i

of suitable test questions ‘or each element of the hierarchy, design

and implementation of appropriate instructional_and testing procedures,

. ) - S
use of these procedures with a selected sample, and analysis of the

resultsL To' these the present study adds an investigation ofkthe

.

-
relationship between performance on selected developmental tasks and

achievement of the elements-of the hierarchy.: Hence, selection "and

adminiStration'of appropriate developmental tasks was also involved.
This chapter describes»the practical aspects of each” of the_foregoing

steps in_the present study, as well as discussing the rationale for
each decision made.

Construction of the Hierarchy ' R
In chapter one it was indicated that a‘fundamental reason for
requirfng students in introductory chemistry coursesWto learn the mole i

concept is to enable them to consider masses of chemical substances in

‘ofbthe relative numbers Bf\particles represented In the present

‘the ability to do this was taken ‘as the key skill in the develop—'

L

ment of the mole concept. Hence this was chosen as- the - superordinate
skill for the hierarchy hypothesized for the study. Thefhypothesized

’ hierarchy:was:derived by successively asking'the'questidn fwhat,should

112
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P

the learner be able to do first if he is to leam thisvskillél Each. -
skill'so.derived was suhjectedvto,the same question, and this process.
continued until a skill was reached which appeared :o‘rgpresent the o
beginning of the concept. It was recognized that the superordinate

skill in this hierarchy is in tumn subordinate to other\skills in the

.

many applications of" the mole concept,as for example in stoichiometric
calculations and that a much larger hierarchy could be hypothesized
However ,restriction to the hierarchy actually hypothesized was made

for several reasbns; Firstly, there are practical limitations to the
'amount of time available in schools for’ research purposes. Within the
design of'the preSent study even restriction to the small amount of
content involved requires three quizzes and a final test in addition'
to the  'Test of Developmental 1evel' and’ a-second test related to
<developmental level, the Skemp Test (Skemp, 1960), Secondly, it is =
sugg?sted that more may he gained by a closer analysis of a small area'f
1of content than by a more gross analysis of a la?ge;.area. In this
‘context it is argued that interpretation ofithe tests of relationship
fbetwaen the elements of the hypothesized hierarchy will be improved by
using more questions per skill than by expanding the content and using -
1ess questions, given 1imited time for testing This is: consistent
with the comment made in Chapter two that the present trend appears to
be toward investigation of small hierarchies. hirdly, the skill
.chosen as the superordinate skilL represents the. fundamental meaning

of the concept.~ It was considered that if an hierarchy leading to the

,:learning of this skill could be identified, further studies might then’

be. appropriate leading. to potential hierarchies in areas of application

S v

pry
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of the mole.concept.

Application of the task analysis procedure described followed by

modification after the first pilot study led to the identificatiion of
) . D N’/\

N

. the eightbskills.‘ A de8cription and illustrativetexample of each skill
follows: | o .‘ﬂ
A. Calculate the masses'of different elements or compounds_con—‘

taining the same or\proportionate numbers-of atoms or molecules.
o For'example,;'Calculate the'mass of ammonia (NH3)'containing

‘ twice as mang molecules as 32 grams of oxygen (02)

B. Convert the mass of an element or compound to the number of
atoms or molecules present, and vice—Versa. )
For example, 'How many molecules are there.inl23 gramsvof nitro-

- C. Determine the relative'number of atoms or molecules present'in

gen diokideJ(NOz)?"

Y

|
5

given quantities of elements or compounds. o - B v: .

. For example,i'Consider 1012 atoms of calcium. How many atoms

}'D
of carbon are needed to give the same number of moles aq this number of
atoms cal ium7'l ' L

D. Convert a given number of moles of an element or compound to ;

" ‘the number of atoms or: molecules ‘present," and vice—ver

~

,F0r~example, 'How many moles of the,named ‘compound are there in
6. 02 x. 1023 molecules of carbon monoxide (CO)7'\ e .
E. Calculate the mass of an element or Fompound containing the

same number of moles as a’ given mass of another eleméht or compound
-

. : - .For example, 'How many moies of magnesium would weigh the same

> - ) .
as six moles of‘carbon?: ’ o S _ AR }
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. -pound. .

F. Convert a given mass, of an element. or compound to the number

of moles represented, and vice-versa. ' . <

For example, 'How many moles of the named compound are repre-
~ ’ \ - B T

sented by 88 grams of carbon_dioxide.(COZ)?' ‘

sG., Apply the definition of mole as it relates to'theﬁAvogadro

N Lo . : ) Sy
number of atoms or molecules and the molar mass of an element or com-

 For exaﬁple, '"Which of the following represents one mole of

hydrogen chloride (HCl)Z

“ (a) 3525 grams - . (b) ' 36.5 grams e
(c) MZ—%%O— grams - (d) 36.5 x 6.02 x 1023 grams'

4

H. Identify and apply the definition of molar mass as a ratio.

For example; 'If the mole&ular weight of a gas is 33, what \

is the molecular"Weight of a gas whose molecules are-three times as

.-
\ Lo

heavy?
@ 3 - wmn
(c) 99 C .”:. ’ (d). some other‘number‘

’

The arrangement of skills A to H in their. hypothesized hierarchical

relationship is shown in Figure 6 - R b

)

\ ‘ e
| The reasonableness of this hierarchy was discussed with five .

4 \

'_science educators and the ten chemistry teacherS»Who were involved

Vetther in the study or one of the pilot studies.‘ In general the

: hierarchy was given. approval by each group but a number of: the teachers

4
)

N - . i '
. . . o N
. . N .
\ . ! - .
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‘\ A

-(nmSSE~.re1ative,# particles)

B

& ) - “ A B ‘ . P

(méss:,‘# particles)

i

(mole: Trelative # paré;kles) - (mass: equal { moles)

Y

N

b 1 ' : T o
_ v 0. T ¢ B )
T " |(mole: # particles}) . + "~ |(mass: {# moles) a

(mble: molar.mass, L particles)

‘H

(molar mass as ratio)]

_— . | " Fig. 6. The hypothesized hierarchy

N a



1 K ) . A R ) n. 117‘

7

suggested that different responses might be obtained when questions
involving chemical compounds are used than when questions involving
chemical elements are used. This suggestion was incorporated into
. “the study by the investigator by including parallel test items for
| elements and compounds in the” tests for each skill in: the hypothesized
hierarchy, allowing testing of the following two possibilities.' N
1. Does the hypothesized hierarchy or a modification of 1t
_represent d valid learning hierarchy’ .
- \2{ Within such an hierarchy does some - subdivision of generalized
skills exist which allows for hierarchically arranged sub-skills?
A parsimonious way of expressing this possibility is shown in Figure 7.
Several additional comments relating to the hﬁerarchies ‘Tepre-
sented in Figures 6 and 7 are appropriate at this juncture. Eirstly,
Y _d the sequence of development of the intellectual skills involved 1s

»

~ consistent with Gagné (19708)in that Skills G and H represent the

N ’ development of ' discriminatio and concepts while Skills C, D -E and- F -

represent the direct application of rules relating to these coéncepts
‘and Skills A and B represent the use of" combinations of these rules,
which is the use of higher—order rules. _ _ .

, Secondly, an important question which must be answered in con~ ' -

| '.’H structing any - hierarchy relates to the step size between adjacent

/skills.‘ If the step size is too 1arge important information ‘may be

missed. On the other hand if it is ‘too small. the need to set more

test questions either decreases the breadth of content which can be

\covered or demands more testing time. A particular problem in thisd

“Nrespect is the effect of numerical competence, which appears to be a

| s -

Vo v . - ‘ 7
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Ac (mass: relatiwe i molqculés)

| Ae (mass: relative ff atoms)

Bc (mass: {f molecules)

Be (mass: i étoms)

‘ -
Cc (moles: relative # molecules) Ec (mass:

equal # moles compound) -

Ce (moles: relative i atoms) . | ge (mass: equal # moles element)

\' Dc (moles: # molecules) | [Fc(mass: # moles compound) &
De (ﬁoles: ## atoms)" ‘ " | Fe (mass: # moles element) |

[ 6c (mole: molecular weight, L molecules)

Ge (mole: - afomic welght, L atoms)

\

He (mdlecular weight as‘ratio)
_ T 3

: -—
1

He (atomic we\ght as ratio)

S . . . \\\\ X
hypothesized»hierarchy,‘ R
. : - \ . . . \\
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A . . ‘
major factor in the solution of chemistry problems Qgenny, 1970

: Dence, 1970; Good.and Morin, 1978) Okey and Gagné' ' (1970) learning

y‘/
hierarchy for solubility product calculations include ‘a large propor-

However, it is

J
| tion of skills representing numerical competence.

argued here that too substantial an emphasis on numerical skills may

»

|

I

’ distract from the identification of conceptual relationships in the
present study

\
oided and the need

!
/ nderstanding of the/chemistry involved Hence, in the
\
% jkills requiring onlg umerical competence were av\
|

: ‘
Qr numerical competence in test items whs minimized The use of .

mainly free—response test items hopefully enables identification of .

numerical difficulties as opposed to difficulties with the chemical
E 2

I concepts themselves.

\

o _ \ Thirdly, two/z’oublesome questions encountered in the construction
The: first relates to

of the hypothesize ,hierarchy may be mentioned

( calcylations in olvin ‘actual numbérs of particles were not necessary.
The a thors of th tvo\most recent. revisions of Chem Study (o' Connor

1968, Parry- eh\al., 1969) argue that this skill is necessary.

et alfv
d his: co—duthors note.r"We have stressed the significance of

Parry
the numbe of molecules in a mole and hade extended this to. any par-
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ticle% .v, . This use was found to be of great help in the original

4”’Tﬁ7"Studytﬂ,\g\gggnor and his co-authors suggest "Make sure the !
Nstudents -know the relationsAip between molar mass and Avogadro 8 |
O‘number.' The same point was made by Herron et aZ (1977) on’ the basis of a
e theoretical analysis of the mole concept. Moreover, data from the R
t first pilotwfor the present study was suggestive of a separation of
—— Skill D representing inter-conversion of moles and actuaZ numbers of N

~‘particles from Skill C representing identification of relatpve numbers

of particles in different mole quantities. The calculatign of actual

" w
-

numbers of particles in mole quantities was therefore retained in the

hypothesized hierarchy. \

' A second problem relates:to the tﬁo‘lower skills\in the hypothe~
'sized hierarchy[ Gagné (1969b)has noted that questions asking for .
verbalizatﬁon of knowledge (definitions) tend to produce anomalOus
connections in hypothesized hierarchies. For example, use of Kolb s

(1967) hierarchy leading to the abili

to apply certain math skills

»

was not successfup in promoting acq i ition of the superordinate

skill suggesting that the hierarchy was not valid. According to._i
Gagné (1969b)and White (1973) the cause of this" invalidity was ﬁha\
. inclusion of many 'gkills' requiring only veerlization of a defini—

" _ tion. A learner who can repeat a statement does not necessarily com-
: prehend the meaning underlying the statement and may not be able to
- apply it.. Conversely a learner who .can apply what is representedvby
' the statement  may not be able to adequately verbalize the statement.

«vHence, for these two reasons the inclusion of verbalized statements :

fiin hypothesized learning hﬁerarchies ?ppea;s to be likely to produce

F3
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_the present study attempts to test understanding of relevant defini-

and validation of learning hierarchies
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e

spurious'connections. Consequently, the hierarchy hypothesized in

1)

tions by requiring identification and application of them rather than

verbalization L

@

White (1974a) has suggested the following model for identification

/

1. Define, in’ behavioral terms, the element which 18 to be
the- pinnacle of the hierarchy. .
2. Derive the hierarchy by asking Gagné's question ("What
_must the learner be\able to do in order to learn this new
element, given only instructions’") of each element in turn,’
from the pinnacle element downward. Include all connections-
that seem reasonably possible, since the validation process
can only destroy postulated connections, not create them.
Avoid verbalized elements, they can be included in the
| instructions. , , o :
3. 'Check the reasonableness of the postulated hierarchy )
with experienced teachers and subject-matter experts. ‘ .
. 4. Invent possible divisions of the elements of: the
hierarchy, 80 that very - precise definitions are obtained

- 5. Carry out - an investigation of whether the invented ) : N
‘divisions do in fact represent different skills. One way N
of doing this is to write two Or more questions for each ' :
division and give them to a sample of Ss. . Wherever any

Ss are observed to answer correctly the set of questions
for omne division while answering incorrectly the sgt for .
another, tlfe divisions are taken:to be separate skiYls. , o
White has given a description of the practical arrange-

ments of such an investigatiqn ,

“.

6. Write a learning program for the elements, embedding in
it test questions for the elements. The questions for an
element should follow immediately after the frames - that
‘teach the element. There must be two or more questions

for each element to allow for an estimate £ their reli~
‘ability :

R Have ‘at least 150 Ss, suitably chosen, work through
‘the program, answering the questions as ‘they come to
_them.

- 8. ‘Analyzé the results to see\whether any of the postu- {

i . -

R



- lated connections between elements should be rejected. A .
"/ suitable test of a’hierarchical relationship has been |
" developed by White and Clark. The hypotheses compared
in the, test are Ho: the proportion of the population from
- which the gsample was drawn who can learn higher element
without the\lgwer element is zero; and Ha: the above pro-
portion is greater than zero. The test provides estimates
of the probapilities of the observed results given that Ho
1s true or- given specific values of the proportion under
"Ha. 7~ I O R D

9. Remove from;the hierarchy all connections for which
 the probability under Ho is small, say 0.05 or less.

Steps one to five of White s model were applied with 1itt1e change in :

c

' ,the present study.. As has been indicated earlier, tWO other current

‘alternatives to the White and Clark test will be applied to the analysis

of results. Hence the design of the present study involves modification

of’ steps eight and nine of White s model. Further with regard to

: v
steps six and seven which represent the instructional and testing com~

ponents of White 8 model substantial differences exist in the present
study.v These will now be-discussed : l - ‘_'

. \ -
White 8 model is typical of most learning hierarchy research in

u

the form of its instructional component.» The recommended format for
instruction is the use of . programmed materials. Hence the potFntially
'confounding influence ofﬂzye teacher is eliminated._ Clearly.this is a
:tsource of satisfaction wi/th respect to” considerations -f internal

“ validity.— However, although learner progress through an hierarchy may
‘be dependent upon instruction, Gagne (1973 pp. 21 22) may be’inter-
preted as suggesting that the structure of any particular learning
hierarchy is independent of instruction.‘ This independence between’ :
the structure of the hierarchy and instruttional practice is important

to the conduct of the present study " To illustrate_this point further

‘I'__.



consider a~particular\group of~1earners. Given appropriate instruc-
'»tion all may progress completely through the content represented in a
particular hierarchy. Alternatively, if instruction is inadequate

~

they may progréSs only partly through the hierarchy. What should not |
: ¥
happgn if an hierarchy really exists is that many learners exhibit
_ any later skill(s) having failed to exhibit agy particular earlier ;
. skill(s):regardlessAof instructional quality or pnactice. Learning
hierarchies should therefore'beiamenablefto.investigation, and capableo

of generalization, outside the bounds of the programmed instruction

format. Moreover, it may be argued that the sequence of a particular k';"

" programme might induce the existence of' hierarchy that is consis— S

e with acceptable internal validity and greater external validity. In .

o* ,

tent with that particular instructional sequence, but which lacks .
validity in general terms. A variety of approaches such as one wouldﬁ.

' expect to find from a number of teachers not constrained by any par-

ticular set of instructional procedures might produce an hierarchy -

~

the present study no attempt was made to. interfere with the preferred )

‘instructional practices of the teachers involved.

A second important departure from White 8 recommended procédures

-

‘;relates to “an’ attempt to add evidence of positive\transfer to . the

©

7psychometric evidence suggested by White. The need to provide evidence :

-

-’of transfer was discussed in Chapter two. ‘The particular method . \_h

\

\'vemployed was chosen according to the rationale that a group of sdbjects :

who failed to show evidence of learning subordinate skills at the time

of instruction should, given appropriate remediation before instch—»"b

'f dion progressed to the next skill, show greater achievement of related

N

BN
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'superordinate objectives thanla similar grouplyot receiving remedia—-
tion. : ' , : | P |
o A’third departure.from White's'recommendations is that testing
| ioi‘subjects‘.masteryvof‘skills was carried out after instruction was‘
complete as well as during the instructional period 7Indeed for the
., reasons which follow it is argued here that testing after instruction B e

.is more appropriate than testing during instruction, and the major

o x reason for testing during instruction in the present study is to pro—

| cyide a particular megns of estimating the existence of positive
.transfer of 1earning from the. lower skills ‘to the upper skills in thevﬂ
| hypothesized hierarchy. White (1973) suggests that testing after the
instructional pxooess is complete is likely to be misleading in that
anomalies may ‘be produced because subordinate skills may have been
vlearned but forgotten by the time of a final test.k However, it is. ‘
also.possible that learning of missed' skills may take place as a
result of initial testing or for some other reason prior to the
testing of later‘skills._ Hence, it is at least equally conceivable
that White's ‘method of testing during instruction may prciuce anomal-
\ieé. Moreover, the. possibility of short -term- memory effects also ;a’
suggests that immediate testing may produce some anomalies. The design
'iof the present study in which parallel tests Were administered during

@

and after instruction allows. an empirical comparison of the form of

'

" the hierarchies implied by data collechﬂ aﬁ these two times. For

“ithis purpose the sub—group of students ‘not receiving remediation forms

a

an appropriate sample.

" In summary, the'procedures"usgd'tO'derive the‘hypothesized hier-
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‘ grchy for fhe present‘sfud§ are similar‘to those suggested by é;eps

. one to five of White's @odel; Howe?er, the procedﬁrés;used to deter-.
mine the validity of the,hypotﬁesized hierarchy are sﬁbsﬁantially
different to the rémaining steps of Wﬂ;te'svmodel. 'In particqlar,
?éacher instruction rather than progfamméd‘instfuction is involyed,i
%esping is carried ouﬁ'aftef as well ‘as during.tﬂe\insFructional
ﬂgrio&, remediation'of missed skills is used to'provide.a test of
pﬁsitive fransfer_and(seVerél_ifaﬁistical‘metﬁbds.are.applied tﬁT
determine‘the vaiidityldf the hierarchy; The acgual design involved
is illustrated in FigufevB. In aadition to beiﬁg concefned with the

¢

- idenf%ficatioh‘of a'lea;ning\hietarcﬁy reléting to thq;mole concept
the presentv;tudy iS'élsb:§§ncérned with'ideﬁtifying the relatignship
between 1earher.déveiopmentalblevel and acquisition of the skillé.
whicﬁ cqmpoée thé hieré;chyi ‘fhe\pla¢emehtbcf phe_de#eloémental level

‘festing-is therefore a}so includéd'ianigure 8.

- Sémple' K - - o ' !. S ' | ,;/
Tﬁe saﬁplé conéisted_of 269 grade ten studeﬁts enf?lled in,intrd—;

ductofy chemistry programmes in- four sehior:high'schoéls uﬁder the

jurisdictién.of tﬁe Célgéry.ﬁoard of %ducatioh..‘fhe meanA;ge‘was 16;3

years, with.a.standard)dejiation of 0.373 There were l33iboysv§nd

' 136‘gitlf. ‘Eléven»élasses‘and‘e}ght tegchers ;ére;inﬁolvgﬁ.' Ih;

. \ ' . S . L
intake of the schools represented a .variety of socloeconomic back-
gFounds._ In general, the samﬁle appears quite representative'obeorﬁp,-

American urban areas. - -

¢
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Procedures . . B ‘ SRR

The procedural aspects of the study include procedures relating
to instruction, testing and remediation, respectively.

It has already been suggested that the structure of a learning -

hierarchy should be independent of instruction. Hence, the teachers

[

involved in the present study were encouraged not to depart from what—

ever constitutes theiﬁ usual instructional practices. The’ only excep-

}
| N

tions to this were the requirements for each teacher to administsr

N

‘ the chemistry tests provided by the investigator and those teachers

units as directed by the investigatorv. Each teacher was required to
follow\a course of study based upon the use of the original Chem Study
text (Pimentel 1963) However, discussions with.the teachers yielded
F‘the information that thermode of instruction varied betweenischools
.and to a lesser_egtentbbetween teachers.in the?same‘school."ln three
of the schools instructional practice could'best be characteri;;d as

- . .
~ conventional, involving basically\teacher exposition accompanied. by

,.student 1aboratory activities, in the fourth school the two . teachers

involved;with classes designated as;remedial to administer.the remedial’

involVed:applied a'team—teaching approach in an individualized setting.

In one' school one of the two teachers involved applied the use oflu

algorithmic procedures to mole calculations while the ?;her did not-
favor or use such procedures. o ;

A few days prior to the commencement of instruction relating to
the content of the hierarchy the Test of Developmental Level and ‘the

Skemp test were administered to intact classes by. the investigator.

In three of the schools these tests we e administered in one double—

-



learning from the subordinate skills in the hierar&hy:to related
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"period sitting while in the fourth school it was necessary to use two

single periods. 1Im each case the Test of.Developmental‘Level was.
administered first, and sufficient time was available for all subjects
to complete each test.

. : : _ : ‘
In order to determine the existence and strength of transfer of

superotrdinate skills the sample was divided into two sub-groups before

the commencement of any testing or instruction procedures. One of .

.these‘sub—groups was designated as remedial and each subject in this

sub—group was required to complete two remedial units as take-home '

o

assifnments between testing of the skills involved and instrugtion of

“the next skdll The intent of this prOcedure was to determine if

successful remediation of inadequately learned subordinate skills was‘
related to acquisition of related superordinate skills. ‘Hence, before
the commencement of testing or instruction subjects were assigned in
intact.classes'to the remedial and_non—remedial'éroups.‘ This was done‘
by random-selection‘of teachers who were tovhdminiSter‘the'remedial

treatment, 'Wherepa teacher taught’mbre than one class each class was
\

treated similarly Each subject in the remedial sub- group ‘was required

to complete and return both remedial units whether or mot the’ subject

_had shown mastery of all skills in the preceding quiz,,although forp

the“purpose of:ana1YSiS‘subjectS'were considered remedial only for
those skills which they failed to exhibit im the quizzes. \mther .

they gained those skills which they had initially failed to learn was _

'tested by~ determining if they could exhibit the relevant skills in

3
N

the Final Test. It would also have’ been possible to test for éh

.87
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L

effect of remediation b& a further in-class quiz before instruction

v

proceeded to the next skill. ThiS'was‘not done because it was felt

'to infringe too much upon class time and.also because of the likeli—
hood offspurious’resultsvfrom short—term memory. The actual sequence'

" of ‘events relating to instruction, remediation andvtesting is'repref
sented‘in Figure 8 (p. 126).“ The developmental'and chemistry tests
are described in the section which folloWS. The actnal tests are

presented in Appendices 1-6, while the two remedial:units are presented

in Appendices 8 and 9.

Instruments - S

Six test instruments were administered dnring_the.course of the.h'
study;' Tmo developmental tests were'applied, a 'Test.of Developmental
Level' consiSting of threevneo-Piagetian taskshand‘the Skemp test
(Skemp, 1960) which measures .the application of second—order opera-
tions. Four chemistry tests were applied namely Quizzes One, Two .

-:\ .:anthhree and the'Final Chemistry Test. The composition of each will
'nom be described hrieflyf Eachhs presented in detail‘in Appendices

-6. Sl e

s

Test of Developmental Level

o

: A'batteryiof four tasks each derived from the'Piagetian model of
e ’ LT ‘ ' 2
development was involved. o T . \,

v

The first task tests the subject's_concept,of‘conservation of

displaced volume. To answer correctly the-Subject”must realiZe'that

the volume of a liquid displaced by a solid object is determined

-solely by the volume-of the object. Hence he should predict that the

i



water level in a container will be displaced to the: sam% level when

© two objects of diffgrent weight but the same volume are immersed
separately in the same volume of water in identical containers.
Renner and Stafford (1972 P 293) suggest that this éask is a useful
indicator of early formal operational thought. Piaget Inhelder and
‘Szeminska (1960, p. 382) indicate that understanding that interior

-volume is identical to displaced volume indicates the availability of

early formal operational thought. In the present study two points
were awarded f%r a correct prediction and explanation, one point for
‘an incorrect prediction followed by a.correct explanation after the
result was. observed and no points for an. incorrect explanation whether’
the prediction was- correct or not. ‘: _ | p‘ o & ; - | h {
'The second task ‘represented as the 'Radio Task ! tests the
csubject s facility in combining variables. It was developed by Hobbs
-(1975) as a modifi tion of a task devised by Bredderman (1974) In
each case the subject is required to produce as many - combinations as
ﬂhe can from a restricted set of objects and in.each case thd maximum

" . {

possible number” of combinations is 16. Hobbs judged an individual to.

be: formal only if he was able to identify all 16 c0mbinat%ons,,a
procedure that 1is not consistent with Piaget 8 interpretation of the
.related chemical combinations taék (Inhelder and Piaget, 1958) .. Con-

versely, Bredderman is consistent with Piaget in that he was concerned
to identify a systematic approach rather than the complete number of :
v B . \

y

C . .
,combinations. In. the present study Hobbs task was used for its ease SN
of application by the investigator in a 1arge group setting However,-

Aa-subject was judged formal and given two points for systematically

1
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obtaining at least. 13 combinations, one point for systematically

- obtaining betweenfé‘and 12 combinations, and no points for any number '

P
b}

.of.combinations arrived at unsystematically or for obtaining less than

-~

9vcombinations. As well as being a useful indicator of formal thought

in general the task may “‘also be considered appropriate in the present
study in the -sense that successful completion of the question testing

the upper skills in the hypothesized hierarchy involves systematic

s

selection and combination of lower skills.

The third task represents a minor modification by Wheeler (1976)

of a task developed by Karplus and Karplus (1970) which was described

~in Chapter four. The task tests the ability to apply ratio in a novel
vsituation,»an ability clearly related to the content of the hypothe—

: sized hierarchy as Well as- being a more general indicator of develop—'

mental level. Subjects who reacted to the task by applying a ratio

e AR TR i it S e S R L St e 0 A

strategy were considered at least early formal and were awarded two‘\d. C
o

points, whether or not their ansWer was perfectly correct. Subjects

Puade

who applied an additive strategy were awarded one point, while those

who'did not apply either a ratio or an additive strategy were . awarded

a score of Zero.
. f

g~

A fourth task wasiderived from Inhelder andAPiaget's (1958) task | : _'g
on reflection._'However subjects responses to this taak were uninter-.. »
' pret ble because many of them were described only in terms of the sub-
ject's empirical experiences of playing pool
'> The group of four tasks took a maximum of 40 minutes to adminis—
ter, but no actualitime limit was imposed. ‘The protocol for adminis-
'tration is represented in‘Appendix 7. | -

!
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| The . Skemp Test

copy of this test is given in Appendix 6. - It may also be con-

<A

sidered to be a test of an-individual's intellectual development,. - )
especially in the sense that correct responses to the co;gonent items
appear to dépend mainly on the ability to apply second-order operations.
Piaget (1958) has referred to this as ‘an aspect 'of formal operational
thought. Lunzerr(1966)~stresses second—order operation_as the essen- .
tial-nature of formal thought, although later he de—emphasizes this
' aspect to ‘some extent (1973)

- 'The relationship between Gagnéan and Piagetian theory in this

;_regard is’ intriguing. It appears that ‘Gagné's higher order rules\and
Piaget's second—order operations may be quite congruent. lt would not,
ytherefore, be surgxising if diffieultees with the upper levels of

, Gagnéan hierarchies were paralleled by an inability to display formal

perational thought, at: 1east as measured by an instrument testing the

-

ability to perform second—order operations.
v Administration of the Skemp‘test takes the form of practice at ‘
identifying and’ applying 10 basid‘operations, followed by three fifteen—“
- item sub-tests requiring the reversal, combination,rand reversal plus-
' combination,respectively,of selcctions of the original ten operations.
hThe test was devised by Skemp (1961) and is used with his permission
~in anordance with his instructions. It has been used in previous
- | studies at the University of Alberta by Harrison (1967) , Kass (1969),

" and Wheeler (1973). ,Harrison s modificationiis the one actually used.

"‘anal Chemtstry Test

This is a thirty—three item test including eight multiple—choice//,.\,//f\\f‘
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'and 25 free—response items designed,by the investigator to test mastery.
of the content represented by the hypothesized hierarchy.‘ Each skill -
of the hierarchy is represented by four questions, two for chemical
elements and two parallel questions for compounds. The order of ques—
tions is scrambled to prevent bias in favor of the hierarchy. One
additional item consisting of six parts tests the aLility to calculate
"“?olecular weights of compounds. It was intended that subjecté who
'performed poorly on this question and who also failed to exhibit mas-
tery of Skill E, for compounds would be deleted from the sample when
considering the general hierarchy in which discrimination was not made

between performance of the same skill for elements and compounds -No ton

Vo
b

\

such'caSes were found.

‘The test was expected to take about one hour. However,'it is

essentially compounded from a -number of smaller crit wion-referenced f

tests. In a criterion-referenced test it is important tha

all sub-
jects should have\adequate time to attempt all questions. ‘Te chers
were advised of the importance of this and were instructed to{ ensure

14

it. In no case did the test take more than 70 t‘ tés. _ A'

C’hemstry Qutzzes
| Three quizzes were produced embodying parallel 1 ems to those

in the Final Test. Quiz One contains eight multiple- ch ice items, D
four testing Skill H (atomic and molecular weight as ,ratio) and,four
testing Skill G (mole in~terms of atomic ‘and molecular weight and the

Avagadro number of;particles). Quiz Two tests understanding of Skills

,Cﬁ(mole: relative # particles), D (mole: # particles), E (mass? equal’
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# moles).and F (mass: #t moies). ‘Each skill is tested‘by two/items
'relating.to chemical elements andtwo paraiiel items relsting to
. chemical compounds. Items testing Skills D and F contain two parts

@ o~
which were considered as two items for the purpose of the White and -
Clark test. Quiz Three tests understanding of Skill A (mass relative
# particles) and Skill B (mass: #1partic1es). Each skill is tested
by two items;relating to chemical elements and two parallel items
relating to chemical compounds.v Collectivelf thehthree quizzes‘reﬁred :
sent amparsiielftest\to the Final Test. No time limit mas imposedi
forfanyNOf the quizzes. None neededva'fhll class neriod for comﬁletion

by all subjects.-' . RPN

About a week before the: study commenced each of the quizzes snd |
the Final Test weie field tested on two groups of students enrolled
in the same introductory chemistry course as the subjects in the
study.x One .group was administered the quizzes and the other-the Final
Test. Each of these two groups‘waS'taught by_the same teacher,in'onefh
| of'the’psrticipating schoois, but the téacher was not‘involved in the -
main study;v The tno grOupsiwere chosen:because they had just completed
their treatment of the moleeconcept; The'teacher'and‘students werej‘
hashed to comment on the test items and_the length of the tests. All
students were able toVCOmnlete either the-group‘Of threelquiszes or
the Finsl Test within_one;doubie period.. Minor modificstions were‘
_made tobsome,of the items as a‘resuit.of comments by the tescher snd
students‘involved. | | |

\ The content validity of_the,FinallTeSt was determined'by-esh}nghl-

.- , . . co ‘ :

ree independent judges to rate each test item according to its cor-

N



‘ test'doeS'not‘appear to be available. It is proposed that a focus on

L;_parallel inte\\al consistency is most appropriate. Certainly ques-

135

gruence with the skill involved. . Complete agreement was observed.

s

" The same procedure was not followed for the quizzes because the items

contained in these Yere parallel to the items in the Final Test.
- The prdg%Em of determination of reliability of criterion—refer-

enced tests was discussed in Chapter tWO A completely satisfactory-

N

tions representing the same skill should correlate significantly,

although this might be considered a minimum criterion.~ Swaminathan,
¥
Hambleton and Algina s (1974) test, discussed in Chapter two, seems

to be the most_appropriate._ The results of applying this test are

reported in the next chapter.

A



>

SN
. Chapter 6

RESULTS AND DISCUSSION

'lntroduction - f T T : o ey
The basic data used to .:st the validity of an hypothesized '
learning hierarchy are derived “from the responses of a number of indi-

:-viduals to tests of the intellectual skills‘represented in the hic x—

-chy. The validity and reliability of these tests are therefore of

7 much importance Chapter 6 begins with a consideration of these para—

meters for the tests applied in the present study. This is followed

by application of White and Clark's (1973) test of inclusion, ‘the

/

:ordering—theoretic method Heveloped by’ Bart and others (Bart and Krus,,
1973; Airasian and Bart, 1975) and the Dayton and Macready (1976)
‘scaling method to the data from the tests of the skills in the hypo—
thesized hierarchy The results of these analyses allow for meaning—"
ful comparisons of the application of three - different methods to thek
same data as Wellqas allcwing a judgement of the validity of the‘hypo—'
fthesized hierarchy and possible modifications, of this hierarchy. As
;,a result of this a. preferred' hierarchy is’ suggested which is then
',further tested by considering the degree of transfer of 1earning from

subordinate‘skills to related superordinate_skills;’ The hierarchy

remaining at this stage is considered to be the hierarchy validated

T %

) by theipresent study., o f - 1“ ;';’ f.f;. ' : “vf\

A further aspect of ‘the study‘refers to the relationship between -

a

‘learner}developmental level and'acquisition“of the skills in the vali-

: S . /
\ N
\“_»-\\ o - o136
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dated- hierarchy.' The strength of this relationship is determined by
application of correlation and regression analyses. finally, the

- relative efficiency of scores on the tests for subordinate skills and
.
_ the developmental test scores as. predictors of achievement on the _",‘

tests for related superordinate skills in the validated hierarchy is

considered.. |

I
e

For the application of the Dayton .and Macready method the computerg.

programme developed by Dayton and’ Macready (1976b) was usedE; For the

i
~

‘application of: the White and Clark test a specially written computer k

!

programme (Cornish R., 1978) was used. A1l other statistical proce—
~dures were performed using the SPSS 300 statistical package (Nie et
al.,\1975) In all cases” an. IBM 370 (model 158) computer lo ated at

the Memorial University of Newaundland was used.
Validity of the Chemistry Skills Tests

-

i The ordering—theoretic method and the Daythn and Macready methods'
Vo /
as well as the test of transfer used in the present study require a.

N

decisig?‘of the mastery status of each individual with respect to: each

z%&égﬂntellectual skills in the hierarchy under test sIn addition '
/,\.,

e and Clark test, although not requiring a masterytdecision,

V'

requires that the item& testing a particular skill should exhibit low e

fy

inter—item variance. Hence the three quizzes and ths Final Test are

each essentially compoaed of several criterion—referenced tests,vone

-

fog each skill being uted.
: Gagné (1969b)sugg—'Ls that ‘the most important éonsideration in
the construction of criterion—referenced tests. is that ‘they should

have good content validity. To ensure this three experienced chemiftry

.
o | : ! ' . L . . . 2. . . X
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u

teachers were asked to rate the congruence between each test item and

the corresponding behavioral statement of the related skill No items

~were considered incongruent by all three teachers. In the few cases

where an individual teacher found an item to be incongruent the'inves—

tigftor discussed the item with the individual teacher. Following

teachers.

Qgspite the agreement indicated above_a further test was applied

o

to the test items before consideration of the reliability of the

:chemistry skills tests. The test applied was .to determine the phi

coefficlent as aﬂ)index of the degree of correlation between ‘each item
testing the same‘skill,in each‘particular test. Ideally, any indiidi-
dual should'either answer all items testing a particular skill
correctly or incorrectly. In practice such perfect agreenent is
seldom found especially as\items may usually be considered to be a

sample from a particular domain rather than being identical items.

Moreover, the values of phi coefficients arewaffected by the marginal

Q

*totals of the contingency tables from which they are'determined.

Accordingly, phi coefficients significantly greater than zero were
considered necessary between each item testing a particular skill but
perfect correlations were not anticipated The values obtained are

presented in Tables 1 to 8f As well as‘representing the strength of

3 the relationships involved these matrices“nay be used to determine if

any items are particularly deviant from the others testing the same -

skill. ~ The value of N varies _ween tests partly because some sub-
jects were absent on & partitular occasion and partly because subjects
whOSe responses to any'particular item‘were‘difficult to interpret

. ’\‘, ) - \

ot \ . ‘ : Lo

\.

lthis procedure all items were considered to be acceptable\by all three, °

B
K
»
i
1,
Kl
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PR Ui

Caldataeas  FT



co : | - 139

Lo , . T . ©
"' » ’ , /’ Table 1 _
‘ L | | &
Phi Coefficients Between Items Testing Skill A
(mass: relative # particles)
Quiz Three. : A
) Ttem 303 304 307 308 |
. . B - ‘ l‘
303 - | . . AK
T N S NI=205 -
I : : - ' -
307 -6l +61 - '$ = 0.23 significant
308 49 . .45 .54 - at 0.001ilevel.
- s N \
" Final | . - o
 Item . 19 . 23 - 29 32
B¢ - 19 - ‘ ) :
4 R .
\ 23+ .50° -- N = 239
29 45 4B - ¢ = 0.21 significant

32 43 43 R4S, == at 0.001 level.

Note: In the above and subsequent matrices relating to: quizzes the
’ first digit ‘for each item refers to the quiz number and the
remaining two digits to the number of the item in the quiz.
For the Final Test each item is represented by the number of
the item in that test. :
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A o Y AU Table 2 ’

~

. Phi Coeffiéients Between Items Testing Skill B
. © (mass: # particles)

Quiz Threé
Item | 301  -302 305  |306 \
301. -- , \ 5 ,}

362 .51 0 = 15 - - 212 5
|

305 .52 .S - | 4 =0.23 significant
306 .45 .50 |.36 = | at 0.001 level.

Final

Item 02 10 17 26 B "

. 02 T \ . _Ek
7 R RNy - ' M= 248

177 .38 W46 e s Q‘Zl significant
24 .45 48 ¢ .69  -=  at 0,001 level.
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P Table 3 . - % - a s
AT s g _ L ,
\" - Phi Coefficients Between Items Testing Sg&ll C -
(mole: relative # particles)
- Quiz Two : h
Item | 209 210 17211 212
209 . -- "

210 . .59
211 b .59
o212 .57

Final

Item 04 -

{04 -

08 $52

14 .58
28 .73

.73
.90

08

.55
49

N = 213

¢ = 0.23 siéﬁificant
.78 == ' ‘at 0.001 level.

1428 S o .

¢ N =269

T C ¢ = 0.21 significant '
.58 - » at 0.001 level.



Quiz Two

YR R (A MR

s

Table 4

Phi Coefficlents Between Items Testing Skill D
(mole: # particles) ™\

201a \ 201b 202a  202b

Item
20la  --
206 .92
\ 202a .33
2026 .55
203a===, 58
2035 - .56
204a . .40
204b .44
o li_g_il ’ -
Item 03a
‘03a -
03 .64
07a .47
07b . .48
09a"- 40
09b .42
2la .50
216 .43

T J—
.50. .82
.54 .60
.53 ¢ .65
38 &,5].
CAE .70
03b 07a
.50 —-
.49 0 96
47 .63
.50 .61
62 .51
40 .54

.67

.68

.68

07b..v.

.59
.64
517
.52

203a 2036 204a 204b |

.86
57

.59

09a

. 89

'.49 .
b

‘09b

.51

UAO

.

)

\

N = 251

/\21a

6 =0.21 s

ignificant

at 0.001 level.

.21b

N =

¢ = 0.22 signi

L
at~0.001’l:$é

233

ficant

Lo

142



o »
v« &
g"a' g , ‘\/l : ¢
uliz Two . \
Ttem 213 214
213 -
.»4-34—4\ . 42 -
- 215 760 .49
216 .53 - .54
Final .
Item 0l 15
01 -
.50

.22

#significant at 0.01 level

**gignificant at 0.0S\Revel

\

Table 5

.33

25

216

31

Phi Coefficients Between Items Testing Skill E
% (mass: equal # moles) . ' '

N = 207

143

¢ = 0.23 significant

at 0.001 level.

-

N =246

S ' |
¢ = 0.2]1 significant

at 0.001 level
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Table 6 . -
. / e e :
: Phi Coefficients Betweépnsltems Testing Skill F
\, ' , .7 (mass: # moles) B
‘Quiz Two s o By ‘
' Item 205a 20sb 206a 206b 207a 207b 208a 208b
. 2058 == . . - o
205 .72 -= | - . ,
206a. .52 ' W42 - = N =248 ' .o
2066 .55 .45 .95 . Ut 4 = 0.21 significant
207a. .55 46 46 49 == | at 0.001 level.:

207 L4343 Wb AT L Th -
208a .41 .48 .53 .56 .44 55 ==

2086 .41 .49 .43 47, .47 .51 .55 —-
" Final o o~ BT S

Item’ 18a 18> 228  22b 27a 27b . 30a 30b i

o8 - . ‘
BTSN B T .
228 .20% .27 - % o A;}’N;n 233

226 .26 .36 .54 )y ?_0.22'significant'

27a .36 .29 L15% .31 == “at 0.001 level.

27 .25 .29 L18% .27 .60 - :
30a .17 .33 .22 .27 .30 27 --

30b .26 .30 .25 .39 .33 .32 72

)

*gignificant at .01 level.

 #xgignificant at .05 level.
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N " Table 7
. oy ‘ o ) ) \
Phi Coefficients Between Items Testing Skill G
' (mole: molar mass, L-particles)

Quiz One { ’ : '. %
» ‘ o o i

2
R . 3 .
Item 103 104 107 108 \
- 103 - | .
S 104 .34 —= - N =254
. % meT - " ¢'= 0.21 significant
. 108 .71 .31 - at 0.001 level.
- o »
Final. ’
Item 05 13 - 20 33
R |
13 b - | B (N = 254
33 - .25 .23 54 . == . at 0.001 level.
N {
~ \
a h , .
n \ ) -



s
| ﬁfi
'_u» g)
f} Sy ’ ’lp o
Phi Coef cients Betweed
W %, (molar mass - .
it G
guiz Oﬁe
. Item - 101 102 .305
. ’ er ‘
101 - 7 E
102 ° .00 -
105 147 -.05 -
106 -.01 .35 -.12
Final
Item 06 11 16
\\ . 0\6 | ——
11 .05 -
16 .18 .02 —_—
26 07 .31

SW 11

26

- 146

N = 25& ' >

¢ = 0.21 significant
at 0.001 level.

N = 254

4 = 0.21 significant
at 0.001 level.

!
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were. treated as having missed the test containing that item. 'ﬁa

~

The values of the phi coefficients reported in ‘Tables 1 to 8-are
almost all significantly different from zero at the 0.001 level of
confidence. However, several anomqlies are apparent and these will
_now be discussed.

As may be seen in Tables 5 and 6, for Skills E (mass: eqUal #

molesY'and F- (mass: # moles) the phi coefficients obtained between

\ \‘

‘ items in the Final Test are generally considerably lower than those '
between parallel-items'in Quiz Two. =~ One interpretation of this is
that several items in the Final Test sub ~tests for Skills E and F do
not ;Lpresent the same skill as the remaining ‘items. In’particular,
Item 01 testing Skill E and Items 18a and 223 testing Skill E'appear
to be’deviant; However, %urther reference to Table 5 indicates tha{

Item &14 in Quiz Two which is parallel to Item 01 in the Final Test

correlates significantly (0 42, 0.49, 0.54). with each of the other

items testing Skill E in Quiz Twa. ‘Similarly, the phi coefficients R

: between ltems 207a and 208a (which are parallel to Items 18a and 22a,v
respectively) with the other items testing Skill F in Quiz Two- range X
from 0.41 to 0 74 and are also considereﬁ to be highly significant.

'Hence, it does npt appear likely that Items,Ol 18a.and,18b are
deviantvin the sense that.they are’ unrepresentative of\the skillsx

hich they are intended to. represent.~ Therefore, no items were elim—

inatedd from the tests for Skills E and F.

A different\interpretation appears 1ike1y for several extremely
1ow phi coefficients between items testing‘Skill H (molar mass as a“
ratio), which are represented in Table 8 The items in<this sub-test

separate into two distinct pairs in which significant phi coefficients
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are observed between itenB within each pair ‘and non—significant phi L

coefficients are observed between any item in either pair and any item

in the other palr. Hence, consideration was given to the subdivision

'of Skill H into two sub—skills, each tested by a pair of items. One

of these potential sub-skills, tested by Items 102 and 106 in/9uiz One

and by Items '06.-and 16 in the Final Test may be considered to require‘

.discrimination of formalized definitions of atomic and molecular

weights from several plausible alternatives. 7 This sub-skill was

rejected after further consideration on the grounds that it required \

recall of verbalized knowledge rather than an intellectual skill. The
.ﬁher potential sub- skill, tested by Items 101 and 105 in Quiz One and
by Items 11 and 26 in the Final Test focuses. upon relative atomic and‘
molecular weigﬁts of substances as the rbtio of the’ Weights of the

atoms and molecules involved rather than upon discrimination of a

formalized definition. This was retained as a modified form of Skill

4’. -
H. Further references to Skill H relate to this aspect of the. original

N

- skill.

bReliability of the Chemistry Skills Tests

The determination of the reliability of each of the tests for

chemistry skills requires first a consideration of the most appropriate,4

type(s) of reliability. In ‘the’ present study each test for chemistry -

- skills is used primarily to determine the mastery or non—mastery

statys of each individual subject with respect. to the particular
ski%l. Hence, the most appropriate estimate of reliability should

. ' \
relate to the consistency of mastery/non—mastery decisions. An appro—

priate measure of this is Cohen 8 Kk (Cohen, 1960) This was applied



,only the data from those subjects . who were not administered the
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fto determine the consistency of mastery decisions for.each subject

with respect to each skill when tested in the quizzes and Final Test

,

respectively.

To avoid distortion of K by gai of skills due to remediation,

remedial units were included in this analySis. Each'of these subjects

‘was compared according to mastery or non-mastery status for each skill

as determined by- the appropriafe quiz and Final Test respectively, and

wthe value of k for this sub-sample then determined To determine if

~

the - coefficients obtained were significantly different from zero the

coefficients were converted tofstandard scores<and the significance

of these scores determined by reference to the normal curve. The

results are indicated in Table 9. v W o B I \

N N

With the exception of the coefficient for Skill F all of the

,estimates of K are significantly greater than zero at the 0.001 level

- of confidence. These results are particularl? supportive of the con-

sistency of mastery decisions based upon the tests when the data in

0

l.Table 10 Eﬁhaﬂso considered. Table 10 indicates the means and standard

¥"°’

deviations for the complete non—remedial sub—group on the tests of the .

'?%hemistry skill¥ both in rhe quizzes and the Final Test. With ‘the

J exception of Skill Hb‘the mean for each skill was greater in the Final

Test than innthe corresponding quiz, hence tending to artificially »

*
5 i

) I
decrease the observed value of K

Further, the appa ently 1ow level of agreement observed for Skill

. F may be explained in erms of the high mean scores on the tests

involved. As indicated in\Chapter.2 (p.'75), the expression~derived

by Cohen to estimate the measure of agreement between the two test
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Table 9‘

Cohen s K as a Measure of Test-Retest
Reliability for Skills A to H

Element

Significance -

1a

‘.40.'

.56

.64

64

42

) .35
A

+25

4. 40

5.33’

5.87

7.20 -
4,04
2.05
5.51

3.38

.001
001 .

~.001
.001
001

. " N.S,

001

7=
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‘Table 10 '. e _‘

_ Means and. Standard DeviatLons for the Non—Remedial
Sub-Group on the Tests of Skills A to H in-
‘ the Quizzes and Final Test

Sk;llﬁz_ “>“~N - Mean , S.D. Mean&-’»SfD..- S ‘

X

S ! 3.2 3.3 ° 3.8 ¢ 3.1

5. 12 2.8 31 41 32
¢ Tus 27 33 31 3.3

D | .~ 143 oo ‘wz3.~o 3,i2_ - A.g 3.2

B 112 46 32 B 61 2.3 ]

F /. 13 6.8 2.2 73 1.4 ’ .
G " .?14_3‘ 37 3.1“'. | c 5.3 2.6 | |
“wo. "1‘51_,_-: U onaine T 2.1 ¢

\ ) - N ~~ Yoo

e

— . - T - ‘
Note: . All scores scaled where ﬁecessary to give a.
maximum poasible total seefe bf eight.

\

-,

Pl

a8
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administrations is o d ' o

(Poﬁgc) 4.(1fpc)/’ . | : <;;*’H;~

while the significance of the value so obtained is determined by,
, _ k ’ ke %y

as
]

o

i

application of the expressiongg

. y Zo = . . } N |
‘l , o v nQ1 Pc) | S ‘

' followed by reference of the Z value to .the normal distribution.

Simple arithmetic illustrates that when a large proportion of the sub—
\ / -

jects is judged to show mastery of the skill-involved in both tests )
‘then the value of P —P is small, (l—P ) is small, and hence k is

bsmall Hence an underestimate of k 1s likely. ‘This 1is compounded

when the value of Z is determined as its value is also decreased when
P is 1arge and (1-P ) is small. The low value of k for Skill F : \

appears to be related to these factors rather than’ to a 1ack of agree-

-~

ment between;the mastery decisions made on the two occasions.
* In addition to their use as determinants of thejmsstery status
‘of individuals with respect to‘the chemistry skillsvinvolved‘in,the

‘present study the chemistry skills teSts were.used to provide contin* :

uous scores representing degree of attainment of these skills These

scores were used “in regression analyses performed to provide a test

12

of~hypotheses three‘and four, The.stability of these continuous
scores over‘time was estimated,by determining Pearson product—mdment
S correlations (r) between the scores on the parallel tests for each

skill in the. appropriate quiz and the Final Test respectively In

this snalysis only the data from the’ non—remedial group were used, 80

‘that confounding through gains attributable to the effect of- the

. o - .
h S ’ 2 o, ’ o : |
|
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‘*%ach of these measures merits some discussgion. Both depend upon -

- - ' | - r~1153

remedial treatment would be elimihated. In addit&bn one final esti-
mate of reliability which was ‘determined was Cronbach s alpha (a),n .
which is equivalent to the Kuder—Richardaon Formuiq,20~estimate of

internal consistency The need to provide an.estima5$ "of internal

-
o~

consistenéy derives from the use of White and Clark's té@g ”‘ inclusion'

as part of the hierarchical analysis. The White and Clark’ test vf”fﬂvﬂ
.. . = L » k\ ‘::”:,’,,.“.:‘

assumes equivalence\of items~testing the same skill. R

- Before presenting the estimates obtained for r and»a~the use of

variance in the'individual scores involved. However, in the ideal

- case in a criterion—referenced test.the variance'should be small

) because subJects should either answer all test items. from the same

o

domain correctly or incorrectly Hence an underestimate of reliability

:is likely when the product—moment coefficient or Cronbach 8 alpha is

/.-
{

determined. However, in,practice‘the variance 1is often sufficiently

[ >

large to allow the meaningful use of these statistics. As is-indi-

cated in Table 10 (p 151) this is true of the tests in the present ‘-»"

\
study. The estimates determined for T and o -are presented in Tables

4
N

11 and 12, respectively e T Qv : . i

The values of the parallel forms estimates of reliability and the

!

coefficients of internal consistency are generally sufficiently high

.,. o iy \

_to offer good:sppport for the use of the'testS‘applied 4in the present

py .
tod

study to determine individual achievement. of ‘the chemistry skills
involved. ane again, the nost‘deviant values are those obtained forh;
‘Skills F and H. Again the explanation for the relatively low ‘values l \
obtained for the tests of these skills ~appears to lie in the restricted

\

range of scores on these tests.
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Table 11 ‘
Parallel Forms Estimates of Test Reliabilities
B (Non-Remedial Group)
Skill | Correlation N Significance
A 0.61 101 < .00t
B 074 - 1120 < .001
c ~0.72 116 < .00l
D 0.72 ©o143 <..001
E 5 0,57 112 ¢.o001
F . 0.39. 13 < .001
¢ | © 0.5 . 143 <.001
B ' 0.36 151 . <.001
.
’ (/‘ ¢
i
i »
[
[
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Table 12

™

Cronbach's Alpha as an Estimate:of‘lnternall

Consistency for the Tests for Skills A to H

Skill

&

e R e R A

Skill

R R e

248
254

<

e

1205
212
213
251
207

255

239

248
249

boggg i
246
233

245
254

0.36

’

- _alpha

- 0.84
'0.78 -
7 0.90

0.92 *
0.89
0.89
0.77

'alpﬁa

0,77
S 0.79

0.90,

..0.85

0.79
0.72
0.33

n
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.Inusummary of the present section it is suggested that the use

of the chemistry skills tests to_provide.decisions of the mastery‘
.status;of individuals as well as continuous achievement scores may be
approached with reasonable confidence. In the sections which'follov
the data from these tests will be used to answer _the questions posed A

P
Lo

in Chapter 5

'inal Test D .-

Pl

x

to be the most appropriate test available at the present time to

determine the existence of hierarchical.connections'betWeen pairs. of
intellectual skills. \Compared to'the orderin§~theo#%¥ic method the
White and Clark test makes use of more information,\does not require
a mastery decision and provides a more rigorous statistical test.
Consequently the White and Clark test in the modified form described
in Chapter 2 was used as "the primary method for determination of
hierarchicalaconnections between the skills under consideration in
dhe presént stéﬁy when the hkills are considered in pairs. In the N

cal

discussion which follows wherever mention is made of the White and-

J

Clark test the modified version ‘developed by Griffiths and Cornish

(1978) {s implied. 3

' Research question one asks: "Lbes the arrangemen?‘of znteZZectuaZ

hskzZZs represented in the hypotheszzed hterarchy represent a Zearnzng

vhzerarchy whzch is vasz accordzng to the applpcatton of %he White and

© Clark test?" If the answer‘to this question is negative Research

question two' will be considered. Research question two asks*"lbes an

arrangement of a 3ub~set of the ekills represented in the hypothestzed

~

156

Applicgf,on%% the White and Clark Test to the 1 Lo v

grv“ o il ' ’ ~ L
As: whs indicated in\Ehapter VA the White and Clark test appears

—~.



, u_‘a sub~- skill by sub -ski1l matrix to which the White and Clark test

Lo | | a7

. hzerarchy exmst auch that the arrangement.represents a Zearnzng\
hierarchy which e vaZrd accordzng to the White and Clark test?"

' Before considering these questions it is appropriate to first
determine whether the appropriate 1eve1 of analysis is represented by’

the skills in the hypothesized hierarchy (p 116) or by the subdivi-

S

sions of these skills represented in”the modifi ation of the hypothe—

sized hierarchy (p 118) The possibility of an internal hierarchical

connection between sub-skills representing each skill in the hypothe-

. \ ‘
jsized hierarchy was ‘therefore considered. For each pair of sub- skills

~

. . cowld be applied was constructed. The number. of entries in the cri-
tical cell(s) for each possible internal connection in each direction
is presented in Table 13. Skill H (molar mass .as- & ratio) is shown

in parentheses because each sub- skill for Skill H was tested only by

\ - B v
one question - _ . o«

- . N

If an hierarchical relationship exists between the sub-skills

comprising'any particular skill the expected direction is. such that,

~

o the sub~skill representing chemical compounds should always be super—
dinate. The ‘data represented in Table 13 support this for Skill D
- (moles: 3 particles) at the 00 level and for Skill F (mass f moles)

. at the 01 level when the White and Clark test is applied No hieraré

-~

chical relationship is found within Skill A- (mass relative { parti-

cles), Skill B (mass '# particles), Skill E (mass equal # moles)

\ .
and Skill G (mole .molar mass, L}particles) Surprisingly, for Skill
C\(moles relative # particles) ‘the direction of the connection is the \

inverse of what can ‘be logically expected The general pattern of

) these results denies the superiority of the modification of the hypo—

™~ B
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_ Table 13
‘EA o~ & 3 <
White and Clark Test for Sub-Skills. (Elements v. Compounds)
within Major Skills (Final Test) 2 b ?_ "L

Number of Exceptions o i

A : " Element Compound ,
Skill ’ Compound 'Element -

S N T S

c 0 6 . 249

D w2 24 ;Qfg o
N e 6" s 2 o
P 10 2 202

. . 1 e 25

H | 5 1254 .

E

P 1;.\
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thesized hierarchy over the hypothesized hierarchy’itself;‘ Tehta-
v ! ' . ' /o .
tively, an hierarchical relationship- may be held to exist for the sub-

skills within Skills D and F. However, retention of these 'logical'

L}

connections should be accompanied by retention of the 'illogical'
\
' connection within Skill C, in which exhibition of this skill with

respect to chemical compounds appears to. be subordinate to its exhi-\
f'.bition.fOr chemical elements. In view of the foregoing findings and -
consideratipns subdivision of the‘skills represented in the hypothe-
sized'hizsarchy was not considered appropriatei In the analysis and'
_discussions which follow_reference to 'the hypothesized hierarchy'

. . | R
 should be taken to.mean the hierarchygoriginally hypothesiredt
‘ Research questions one and two are now. considered. N

.

hy The results of applying the White and Clark test to the data from

“

.the Final Test are represented in Table 14 The test was applied to .

~

vall pairs of skills where the data suggested the possibility of an

-,

hierarchical connection whether or not the connection was hypqthesized
originally ' Hence 4in the table the designation upper ' and 'lower' ' \

does not reflect any theoretical position. Each cell in the table

‘J

: contains the number of exceptions to the particular hierarchical con-
nection (that is, the\total number of entries in the critical cells),

'and in- parentheses the level at which the: connection is considered

\ k)

;valid. With_regard to\this, three leveIS‘only are considered. Ihese »
' allow for entries which can be ascribed to errors of measurement only/< ’
. --,,g \
'_(OO), errprs of measmrement plus one percent exceptions (01), and

N
errors of measurement plus two percent exceptions (02) In all cases

a five percent 1eve1 of significance is used Where a connection is

lnot validated st any of the three 1evels, only the number of ~excep-

v



@ " Table 14
~ White and Clark Test at Three Levels of Stringency: .
‘Number of Exceptions and Level at which =
: Connectionis valid. .
! Upper' .Sk.i‘lJl'
, 238 <'N. < 254 -
A B C D E F G H
~~ 16 - 4 12 45 73 27 73
00 -
/ 21 — ¥» 3 57 82 28 84
4 : (02) (00) - T
27 26 - 19 79 106 46 107
7 14 14 vl -~ 43 61 18 60
"Lower' Skill (01) (01)
| 0 4. 1. 3 - 1&6 7 18
(00) (01) (01) (01) (02)
0 Y0 0 0 0 - 0 1
‘ (00) - (00) (00) (00) (00) .(00) (O1)
8 B 2 3 23°35 -- 33
~(02) (02) (01 (00) -
- 3. .3 0 2 4 6.  R—
(01) (01) (00) (00) (01) (02) (00)
\

160
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In terms of the hierarchical relationships which .
sults in Table 14 may be more informatively expressed
The latter indicates those skills judged to be subor—
the other seven skills, at each ‘0of the three levels
of'stringency““”‘lied. T ' L~
In determining the hierarchies that emerge from the data only ~

( those hierarchies leading to Skill A as superordinate Were considered
since this was the desired capability in ‘this study. Depending on the
stringency applied to the White and Clark test, three alternative

!

hierarchies emerge. In order of decreasing stringency these are repre-(

™ .
A

vsented in Figures 9 10 and 11. o ' - T

| Consideration of these hierarchies raises several‘questions.'
Firstly, given three hierarchies to choose from, which is most appro—
priate? It WOuld appear “that the more stringent the test the more
certain one can be of the validity of the hierarchy.\ However, this

is not necessarily so. Some connections app\ar to be only marginally

established at one level because they disappear at a less stringent

level the relationship hecoming bi—directional. For example, Skill
- H Cmdlar mass as & ratio) is not found in Hierarchy One, appears-to e
be superordinate to Skill F (mass # moles) in Hierarchy Two, and in[

' Hierarchy Three is equivalent to Skill F. A similar relationship_is-
found for B and D, although these skills do not festure in’Hierarchies
One to Three. In general it may be suggested that provided all skills
are of use in themselves larger hierarchies are more usefuil guides’
than smaller ‘ones to the arrangement of instruction because they an—

’ tain more information. However,,while this might suggest testing at

much less stringent‘levé}s such a procedure would not be particularly

~



Table 15 : ’ \ v

Summary of.Hierarchical Connections Identif:f
After Application of the White and Clark Test

» E F, G, and H at the 02 level. |

| Level A B C D E F G B
: o® E F A B F F A
. o F F F H .
. ; H G
- \ 0 [
01 1, E D LA B F F F
. " F E D E H H
/_,N-H F E F
. H F G
' G H
v -H
A _‘
02 E D - A B _F H E F
' F E \_’g/rf' H F ‘
G F R H
H "G. E G .
\\H T F \ H ° - N
. ' G '
. H
-~ Noﬁe: . The reader s interpretation of the above and similar tables

~ may be aidéd by an illustrative example. Table 15 indicates

that Skill A is superordinate to Skills E and F at the 00
level; to Skills E, F and H at the 01 1eve1, and to-Skills

162
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- Figure 9. Hierarchy One from application of the
' White and Clark Test at the 00 Levelh

to the Final Test Data. - s
s
- 4 .
~E. -v
po
\ H o ~
\A
+ . /
F

Figure 10. Hierarchy Two from applicat;on of the '
' White and Clark Test at the 01 Level '
to- épe Final Test Data.

]
LI

E > @ > >
E 24

Figﬁxe 11. Hierarchy Three from application of &he‘
- White and Clark Test at the 02 Level
.to the ggnal Test Data. :



_'useful because,vtahen to the ultimate:extreme, the relationship
between the skills in each pair would be validated in both directions.
Hence there'would be no hierarchy.';at“the opposite extreme only S
. exceptions attributable‘to error oﬁ measurement would.be allowed.

- This represents'the‘absolute notionlof anvhierarchy;‘butvmay result>
“in very small hierarchies of'little‘practicai user‘rAs suggested by

. Gagné (1970b)substantia1 rather than absolute 1evels of hierarchical
dependence seem more appropriate but what constitutes an optimum
‘level is less clear. The present'investigator suggests, in the absence
\of better criteria that 1t is appropriate to Fetermine the hierarchies

\
which emerge under progressively less restrictkve criteria, indicating

-\
~

the hierarchies “and’ the allcwed percentage ‘of exceptions in each case.

When the number of uni—directional hierarchical connections begins to

'decrease analysis should cease. In the present study this occurs when

™ .
N

’analysis is continued beyond the 02 ‘level.
In the hierarchies considered above some.of the connections nay
be. considered tenuous. In Hierarchy Two, Skill H is superordinate to b
iSkill’F ‘whereas in Hierarchy Three they:are equivalent. The differ—
énce between them with respect to their empirical relationship to the,f‘
!

other skills is not substantial Hence Hierarchy Four, represented f

in Figure 12, 1is considered a reasonable alternative to Hierarchy TvO. . .

B

o h | | |
»/\ ’ - o E| o
A . Ea

-

R _Figure 12. Hierarchy Four- as an alternative to
\ T o Hierarchy Two. :
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A’ second potential anomaly relates\tp the position of Skill G

"(mole. molar mass, L particles) which is not empirically subordinate

~ r

wuto Skill A (mass.:relative # particles) until the 02 level.. In addi—

.tion it is difficult\to juatify the superordinate position of Skill G

relati /e to Skill E (mass equal i moles) and Skill F (mass' # moles)
o_sin te of the 1ogical relationships between Skill G and Skills E‘and

F respegtively. White (1974a) suggests that connections which are

\

"illogical in terms of the subject matter concerned should be ignored
: ‘c

,“This posit on - difficult to accept for two. reasons. First, the‘.

1

: _logic of the subject matter is not necessarily congruent with the

psychological sf e learnerrf Second, it does not seem _“;

.reasonable-to\a, rcher to‘accept”some connections'and to'
reject others ‘wh ,unirical evidence with respect to both may be
v/the’same. Indeed if White 8 contention is accepted,the appropriate
nethod for generating learning hieranchies would be by logical intro-
B spection by experts,‘unaccompanied by empirical validaéion.' The

r»history of learning hierarchy‘research suggests such prsctice to be -

ineffective. Nevertheless, further consideration of Hierarchy Three

in the- light Qf the illogical relationship between Skill G ‘ahd Skills b

~

h E and F together with the marginal connection between Skills E and H

N

-suggests the need to\investigate other alternative arrangements of the'

skills represented in hierarchy Three. Hierarchies Five to Eight

- which are represented in Figure 13 are suggested as possible alterna—

\allows a test of the relative appropriateness of alternative hierar-
;chies‘derived from the same data. This is investigated further in.a"

1ater-section. . ‘ e . \

165

L tives to Hierarchy Three. Fortunately, the Dayton and Macready method 3
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- Hierarchy Five v . Hié;afchy Six

<> ™

'Hie:a:chy'Sevén ; ) ;_, - S - Hieraréby Eight
. ,vg'.g: \‘ ‘ o . o . ) . -. ST
Figure 13.\H1Fiarchies Five to Eight as - L

‘ . alternatives to Hierarchy Three.'
. Lo . ' ] R v

. - ¢
- . - s
. (
- - s
.- .
!
o .
’ - '
@ ~ |
. Y



— S ' Vo - 167

‘Research question one has been answered n4gatively. Application
of the White and Clark test to the data indicates that the hypothesized \5
.hierarchy is not supported in its entirety. Research question two has
- been answered positively. On the basis of the White and Clark test
itlis poséible,to propose an alternativevhierarchy (Hierarchy One)_‘
.which'is'composed from a sub-set‘of thelskills\represented in the
hypothesized hierarchy.' If Linke'sﬂmodification to allow for one and \
two percent exceptions to each hierarchi¥a1 connection is adopted AN
Hierarchy Two and Hierarchy Three,respectivgﬁy, may be considered
valid. : It is further\suggested here that because Hierarchy Three
contains more skills than Hierarchies One and Two it is ther most
useful of the three to the designer of instruction As well as these
three hierarchies five others (Hierarchies ‘Four to Eight inclusive)
" have been suggested ag’ possible alternatives following consideration
of the connections involved. Before considering the validity of these
'hierarchies by application of the Dayton and . Macready method another
method which compares skills in pairs, the ordering-theoretic method
: will be applied to the same data as the White and Clark test. This

is. the focus of the next section.' =

e ¢ - - . .
. . . AN
a Y

' Application of the Ordering—Theoretic Method ‘ o S S

The greater precisiﬁp of the White and Clark tfest compared tb the’
uordering—theoretic method has already been noted 4n Chapter 2 However,

A -

. the recent popularity\of the ordering—theoretic method suggests a com- R

‘parison of thesresults obtained from application of each to be appro— 5;

>

tpriate. Moreover, the ordering—theoretic method is easier to use and
]

if it produces similar results to the’ White and Clark test it may be used
. R S
' in preference to the White and Clark test. The_relationship between .



Aany- hierarchy which

fhierarchies may exis

the two methods 1s the focus of research question three, which asks,

" t is the extent of agreement between the results of applying the

168

thpe and Clark test and the ordertng-theoretzc method to the same daza?"

1

| The correct classificationvof subjects as masters or non-masters
of/s skill\is a problem in this studx, as\in other similar ones. ‘For
the application of both the ordering¥theoretic method and the Dayton
and “Macready method such classification'is necessary. Therefore, each
analysisjhgs‘been performed twice, firs&_using the complete sample and
then the same semple restricted by elininating‘subjects with central
scores. - Hence, in the first instance scores of at least one, three

-

and six points were taken to represent possessign and lesser scores

~ . B -

'to represent absence of a skill tested by two, four ang eight items

respectively. In the,seCOnd~instance sCores‘of at leést two, three

and 8lx points were taken to represent péssession of the same skills -

-~
~

bwhile scores of less than\Pne, two and three, respectively, represented
.1ack of these skills, it was. considered that subjects with intermediate.
~ scores could not be clearly ciassified ‘as possessing ot lacking the

skills\and these subjects‘were dropped ‘from the second analysis.. Ihe -
intent‘of'this second classificatiOn,was to increase the certainty:of‘,»w

gclassification, and hence to increase confidence in the validity of

if oneabonsiders'partial possession of skills “

e

e

as opposed to posSes ion and non-possession. .. ,\j." T TR

A *

Hierarchiﬁgl\oo nections were tested by the ordering-theoretic

method for both the restricted and’ unrestricted sample, allowing
1 \ ‘
‘successively for one, two and five percent exceptions The resultsj

- are indicated in Tables 16" and '17. ‘As in the .case of the White and

3

y emerge. A second possibility is that different :

>
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\ . Table 16
X ’ A .
Ordering—Theoretic Method Percentage of Exceptions
. to Hierarchical Connections (Complete Sample,
' - Final Test) '
\
'Upper' Skill _
» A B c D E F G H
A . —- 11" 4.5 8.7 28 42 18 42
- B 14 . —— 2.8 7.4 35 . 46 21 45
c 18 17 .- 7.0 4 56 26 .55
D i &9 2.0 -- 18 46 17 49
E 1.3 4.0 1.2° 3.7 .-- 18 6.5 19
F 0.0 0.4 0.0 0.4 3.0 - 16 7.5
h ¢ - 8.0 7.1 2.0 40 24 33 - 32
‘ ~ . ¢ S
» H 1.2 1.2 034 0.8 - 1,6 2.4 0.4 -
» - .
Q ) .
I .
A :‘q‘\. R .
. !yt " « . ey
X
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Ordefing—Theoretié Method: Pefcentage of Exceptions

Table 17

to Hierarchical Connections (Restricted Sample,

Final Test)

'Upp;r' Skill
A B ¢ E F G H
A -~ 8.9 2.2 25 T3 17 40
L B 12 - 3.7 32 46 Vs 44
C 15 14 -- T4k 56 29 55
"Lower' K11 D 8.4 2.4 0.6 27 3% 12 36
E0.00 2.2 0.6 — 82 44 9.6
F 0.0 0.0 0.0 0.0 - 0.0. 0.5
G .5.0 .,5,0\_ 1.3 .15 20— - 21
Ho 1.6 1.6 0.0 2.1 3.1, 006 -
: - ‘{ {
\ i \\ e
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susmarize the connections identified from consideration of the results’ -

i

represented‘in Tables 16 and 17. To facilitatecdirect comparison‘of
the results of applying the ordering-theoretic method and the White
band Clark test to the data in the present study, Table 20 was compiled.
flt summarizes the information presented in Tables 16, 17, 18 and-19.

N ,Cohenfs k was used to determine the'level df agreement between the

( N X ) - _-‘, :‘ . ’ . E ' e

W " results of applying the two methods. ‘The results of ‘this analysis are

D . ) . o . \ . oo ~ vy .
presented Jn\Table 21.'~ R T

e . \

. imilar to the Tresult of applying the White and Clark test at the 00
level. At the 27 1evel the result kf using the ordering-theoretic
method 1ig most. eimiﬁ%} to that for the White and Clark test at the é)
01 level Finally, at- the SA level the result of using the ordering-
‘theoretic method,is mgst similar to, that for the White and Clark ‘test

\\Lﬁjg at the - 02 1eve1 A further finding is that the results from the use

w N N

of the White .and Clark test are more consistent with those from use

of the ordering~theoretic ‘method for the restricted sample\than with
the’ unrestricted sample at each level of stringency. This better fit

'could be attributed to ‘greater precision in classifying subjects,.or

*alternatively to greater congruence between the implicit mastery cri—

,\ —

terion in the White and Clark test and the mastery\criterion for the

-~

-restricied sample whentthe ordering—theoretic method is applied rela—
- tive to that used when the sample is unrestricted The complete

“ agreement,between the resultsvof_applying‘the_Qrdering-theqretic

- " . , ~

1

‘Clark test all possihle connections, were considered.> Tables 18 and 19

171
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' . Table 18 .- .
Summary of Hierarchical Connections Derived by Applying
the Ordering—Theoretic "Method’ (Complete

: mple, Final Test).
o
Level A B C D E F G
1% F F F F
. H H® ~
. \\
S~ ' o : ' o
2% “E F , D F F F
F H E H o H
™ H - F
~ G .
Kl : H
e | _,
5% E D A " E F H F
F - E . B. F H H 1
\ H . F D G \
\ \\ H e E H, : \ .
i E \,
-G )
H T .
\ .
\\\ _\A.
v‘ @ | \ 3 \ : =
' ) )
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Table 19 |
‘Summafy of’Hierarchical Connections Derived By Aﬁplying '

'theTOrdering4Theoretic Method (Restricted
Sample, Final Test) : ‘

Level A B c -D E F . G

1% E . F F  F

i

/
oMo

o]

2%

D )
| E E H
\ F. F - ,
& [ BS H

5%

o
mammyY
ma"mY W
oo

—

“ i
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Table 20
- Hiéxafchical Connébtions Derived by Applying the
.. oOrdering-Theoretic and White and Clark Tests
A | |
. ‘ “ ;Ordering—\ [
Connection . -Ordering- © Theoretic
(first over "Theoretic ) (restricted S : :
‘second) ' (whole range)  range) o White and Clark
‘ 12 2% 5% 1% 2% 5% 00 01 02
y ’ X
‘jg* AN
. A-B 3
- A-C
A-D | .
v A-E o 11y 1 it 1
AF 1 1 1. 1 r 1
A-G 1
A-H - 1, 1 1 1
~ \
B-A :
BC d
- B-D 1) 11
B-E . 1 L 1
B-F g 101 101 1 1 1 >
e T | -‘ g L
BH . L1 o1 1 11 \ ‘
C-A 1 1 1 1 1
CB , 1 o 3 ) 1
Cc-D : 11 1. 1. 1 1 1
C-E 11 1 1. 11
cF - .1 1 1 11 101
c-G- S 1. r o 101 1 1
R - R . \, . K N o \1 : . . P
c.H . 17 1 1 1 1 1 Iy 1

«...continued

N \

: . ' - : ¢
Note: 1 = 0 Validated.honneqtkon, blank = non-gglidated connection.

~
. 4 . \



‘VTable 20 (continued)

_ o » - Ordering-
Connection - Ordering- Theoretic
(first over ~ Theoretic ~ (restricted
second) (whole range)- - - range)

1% 2% 5% 1% 2% 5%

< a0

»

White a%lark A\
Q0 01 02

@
N e
e B

E-A

E-B
E-C
E-D

E-F E 1.1 SRR R | 1
E-H - . ' 1 : 1

F-A
F-B

’—l
R

1<




“,
. ’ ‘\\\ ’ B
+ . ; R4 T
o ‘ : “
- ’ ‘ Table 20 (continued) . .
A

_ Orderings . :
- Connection -Ordering~ i  Theoretic = : ‘ \-
(first over Theoretic: - + (restricted : S
second) . (whole range) range) - ° White 7nd Clark

1% 2% 5% 1% 2% 5% 00 01 02

G

< G-A .
G-B

G-D , . : S - , }
G-E . . ‘ ° 1! : 1

G-H 1 1 1 11 1) 1 1. 1

H-B ‘ o , i’ -
e . | . ,
H~D R ‘ ; ..
H-E‘\" S RO ‘ \
H-F - o o ‘ 11 1 11
H-G S B ‘

~ - S ’ \
: = Y
° | ‘ \/ .
N
~.
— . N
’ Pen
- oo '
| B
o .
RN N .
. | A
A - R
~
| .
N
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Table 21
Coh:eh's. K as a Measure of Agreement Between the
; . Ordering-Theoretic Method and the
wud " White and Clark Test
4:;-4,:;1 . . . N - ‘
[sY ] \ - ‘White and Clark =
7 00 0i .02
' Ordering-Theoretic - 1% .61 .31
 (unrestricted) - ey S
BN - . 2% (% 6 c69 u53
‘\“ "‘ ..'- .. B . . .. - )
N2 ST .85 .86
| Ordéring-Theoretic - 1% | .68 .56 L2
(restricted) ’ ,
. - ‘ 2% .64 .85 .68 .
R ) g 5% 042 : 082 1.00
\ — VA :
:
/\\ o
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especially for the restricted_sample,'had been used in place of the
o . . ~ ) . : .

lhl 178
:‘ N ; ﬂ
method to the restricted sample at the 5% level and the White and Clark

test at the_02 level encourages the interpretation that results from

. ”
§' :

»

ap;lication of these two tests may_he used'interchaﬁgesbly. The meas-—
ure of‘agreement obseryed ianableiZl for the.comparisOnsigt‘the other
'levels isvsimilarly'encoursging. However,‘the absolute number of;
differences observediwhen‘these’tests are applied to-the same'data.in
the present sthdyhsuggests:the need fdr caution; Comparing the appli- |

cation of the ordering-theoretic method with the restricted\sample to

the application of White and Clark test, six, four, and zer0'different

connections were observed at the three-successive gstringency levels. .

a

' Using the unrestricted sample for\\he ordering—theoretic method in

3

_ similar tsshion six, seven, and four differences were observed. I i i

N

the present study little or no difference would have been found in the

hierarchies_suggested at each level 1f the ordering-theoretic method,

A

Whhte and Clark test. However, this may.haye been fortuitous-becauser ’
msny of the deviant results related to Skill B (mass R particles)‘which
did not feature in the evedtually preferred hierarchies." Neverthe—y»

less ‘the answer to research question three is- that the results, partic— !»

ularly at the least stringentilevel, are at least suggestive that the

lordering—theoretic method -may be shbstituted for the White and Clark

test. Whichever of these two tests’ is used the fact remains that the

resultant hierarchy is a composite and is not tested directly.‘ The-

- Dayton and Macready method tests the validity of an hierarchy as a‘

coleete entity. In the next section it is applied to determine the

goodness of fit of Hierarchies One to Eight to the data.

~
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\creaaon the Dayton and Macready method was applied using the same

Application of the Dayton and Macready Method -

'

Research question four® asks, “ﬁbes the. hypotheszzed hzerarchy,

“or aﬁialternatephierarchyiﬁomposed.of somezorraZZ of the 8k$ZZB con-

tainbd'in the hypothesized hierarchy, répreaent a learning hierarchy-

whzch i8: vasz accordzng to the appchatzon of the Dayton qnd thready

‘method?" . This question is addressed in the present section.

The Dayton and Macready method waS\described in detail in Chapter L

23 Goodness of fit betweﬁn data and an hypothesized hierarchy is

determined by both a chi-square analysis and the determdnation of a
likelihood ratio expreSSed as & chi-séuare. Both statistics suffer

from the fact that for any hierarch\\containing more than three skills

the number’of possible response patterns qbich are inconsistent with
rd

S

the hierarchy exceeds the number of response patterns which are con-

/0

g should he 7ero if the hierarchy is vahid. ?nfortunately, the value

of the chi—square statistic may therefore bF substantially atfected

by as little as one response which is "false negative (thht is, when.

the subject falsely appears to lack a skill relatively 1‘ in thE’_a
hierarchy while exhibiting one or more related higher 8 lls). The

~

[

" 179

E

?‘_sistent with it. Hence a‘large proportion b the observed frequenciesh,r

it is more robust than the chi—square statistic. In heAlight of -

these comments correct classification of s%bjects a#rmasters or. non—'

v ~ / ”

masters of- each component skill is particularly important. For this -

L - ol

restricted sample as for the application of the ordering—theoreti/

method, as ‘well’ :as. for\the complete sample.‘.;\ g ﬂf
In compdﬂ{ng the value of the 1ikelihood ratio theﬂDayton and '1
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' Macready method yields estimates of the guessing'and forgetting para-

/‘_

meters needed to provide a fit between data and’hierarchy. \As these

values increase, confidence in the particular hierarchy\decﬁeases.
They may .be used to aid differentiation between alternative hierar-
4chies, although the primary statistic used for hierarchies containing
an\equal number of skills is the difference between likelihood ratios.
‘Hierarchies One to Eight were therefore subjected to analysis by : \
nDayton and Macready s-aethod., Table 22 indicates thé values of the
ih;misclassification parameters and the likelihood ratios for these eight
1hierarchies when the data from the complete s‘mple\ﬂﬁe used without |
belimination of central scores.‘ The hypothesized hierarchy was not
o ;
‘subjected to similar analysis because - the frequency of response .,21f:ysir'
patterns inconsistent with the validity of thi;'hiefarchy was clearly
too high ‘The null hypothesis under test is that there is no signifi—
, :cant difference between the observed frequencies and those expected
‘if the hierarchy in question 1is considered true. For the unrestricted
sample none of the three hierarchies (Hierarchies One, Two and Three)//
suggested after applying the White and Clark test was consistent with
the data when the Daﬁton and Macready test was applied at the five
percent level. However, Hierarchies Four and Seven, suggested as
’ alternates to Hierarchies Two and Three,respectively, were consistent
’with the data when the same test was applied. Further,‘another alter—.Vi
nate to Hierarchy Three (Hierarchy Eight) was only marginally incon—‘ 3;;
sistent at the five percent level. - ‘ ‘ R
The question of whether Hierarchy Seven or Hierarchy Four is most

-

appropriate is perhaps best answered on utilitarian grounds. In

general it is suggested ‘that given the choice of two hierarchies which
- \ - .

%

@
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L 7\ Table 22 » \

: ; \ ) T
‘Dayton and Macready, Analysis: Likelihood ‘and -
Misclassification Parameter Estimates7for':

Hierarchies One to Eight (Unrestricted
~--Sample) :

. . \. e /7
. Gtieésing' - Forget',‘éin'g? qMax.:{.mmn ‘
Hierarchy Parameter 7Parameter Likelihood : of

_ Degrees Significance

‘Estimate .

Estimate

Estimate - .Fréedom -

- Data

1 0 .50

2 . .00

4 . - .28
5 ¢ .20
6 (.20

' '7‘ 7 . .18

3 .22

K'OO

'\-06 ‘

00T

.00 .

S

15,2

336

51.9%

©38.1

v

31.6

31.8

47,6

\

38,3

2

9

23

20

22
21 -

21

'~ 0.000
0.001

1 0.055

0.018

0.012

0,064

0.046 -

-~ - ., f .
e “
A h . .
\

181
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"are both consistent with the data, the hierarchy containing more

skills should be chosen because it c ins more information. In this

|

case, therefore Hierarchy Seven appears to be the more appropriate.
The superiority of Hierarchy Seved over the other five—skill alterna-
l N

tives may be further tested by examining the significance of the

difference between its likelihood ratio from thevDayton and-Macready

vtest; relative to:each‘of the alternatives. ‘The~results of applying

. . E
‘ this"test are given in Table 23. A represents the difference between
\the likelihood'functions. The sighificance of the difference 18 -

determined by reference to a chi square table.‘ The number of degrjes

"of freedom is equal to the difference between the degrees of freedom

<

for thevtwo hierarchies when.they were considered separately;

‘The results shown in Table 23 confirm that Hierarchy Seven is

~
i . T N

.more appropriate than‘Hierarchies Three, Five and Six. Very 1ittle 4

e of these hierarchies the values f the misclassification parameters

instance was significant only at| the ten percent level. In allxthree‘

difference is obderved however, between it and Hierarchy Eight. ‘iﬁ
Repetition of the above analysis with the data restricted by’

removing those subjects who could not be clearly classified as.masters

or non—masters of the Skills involved yielded the}results represented'

in Table 24. When the data were restricted in this way all eight hierar-

chies were consistent W "h;._ the data. The most co/yistent hierar_chy@g :

was Hierarchy One which formed 2 perfect fitv{_Hierarchy Four was -

again superior to Hierarchy Two, although the difference in’ this R TRy

\

AN EECES
[
N ‘!

‘'were negligible.~ In the remaiuing five hierarchies, all containing _"Q;
( -. o
five skills, the guessing parameter was large ( 20 to .28) although

t_nthe forgetting parameter was’ again minimal. Again Hierarchy Seven




Likelihood Ratio Difference for Hierarchy Seven .-~

Table 23

Against Hierarchies Three, Five, Six and

,AlternétiVe
» Hierarchy

Eight as" Alternatives

..:df\ -

‘Significance

Y
N

of Data

7

©20.3

6.5

6.7

0.2

.000 _v'\ ‘;l ..:"
011




= Teble 24 - N
o Dayton and Macready Analysis Lik‘éliho'od and .'
o Misclassification Paramet:er Estimates for
- _ ST Hierarchies One to Eight (Restrict:ed
e G‘\ie"ss_i:‘ng' : thﬁé‘tting Majd.mum " Degreés Signifitance -
_ Bierarchy ~Parameter - Parameter . Likelihood " of o of
w7 Estimate  Estimate Estimate ' Freedom -  Data .

T W o oo 2 Loo
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provided«the best fit. However the difference between the value of

this*statistic for Hierarchy Seven relative to each of the others was
g b

never significant ‘at the five percent level with the possible exception

»of that forvHiersrchy'Six.' Hierafhhy Three was weaker than Hierarchy

Seven at about the eight percent level. 'Moreover the guessing factor,
was worst for Hierarchy Three. Hierarchy Eight was again very similar\
to Hierarchy Seven in 1its goodness of fit to the dataL

In summary it is suggested that the most appropriate hierarchy

'of the eight tested is Hierarchy Seven because it offers a good fit

R s

e to the data and is the best of 1arger hievarchies to do so. Never—'

theless, the 1arge value of guessing parameter is a concern. A smaller -

hierarchy, Hierarchy»Four, also offers a good fit and has negligible

. values for its- misclassification parameters. However, the additional }‘
o information given in Hierarchy Seven suggests the 1atter to be#hore

appropriate. Whether it is in fact superior to Hierarchy Eight is 7‘f Sy

open to some question._ It may be best to compromise here and to »

&

dirional connection in Hierarchy Seven over Hierarchy ‘
S -

This may be represented in. Hierarchy Nine; -

\ a\

'g Figure 14.' Hierarchy Nine as a Compromise Between
S Hierarchies Seven snd Eight. S

L

g
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| relationship which is in each csse contrary to the expectations

results of applying the Dayton and\Macready nethod to thé data.z

Firstly, the superordinate relationship of Skill E (mass. equal #

».

*emoles) over Skill H (molar mass as a ratio) was predicted in the

originally hypothesiz;?/hierarchy and supported by the results |

‘»'of application of the White and. Clark test and the ordering—theoretic,'”

'method. However,vthe better fit of Hierarchies Seven and Eight (which
do not include a connection between Skills E and'H) relative to the |

.fit of Hierarchies Five and Six (which do include this connection) to
he same data is evidence against the existence of the necessity of

R

.hierarchical connection between Skills E and H. - "«~

R

A similar situation is found in; the relationships between Skills

e (mole molar mass, L particles) and E (mass equal # moles) and

Skills G and F (mass v# moles),respectively. According~to the results

of applying the White and Clark test/and the ordering—theoretic method

to the data,Skill G is superordinate both to- Skill E and Skill F, a
3

' expressed in the hypothesized hierarchy Application of the. Dayton N

and Macready method to the ‘same data allows a direct test oﬁ the rela-
tionship between Skills G and E within the context of the hierarchy
as a whole, by comparison/gf‘the goodness of fit of Hierarchies Seven

¢

“and Three to the data. The much greater fit of Hierarchy Seven )

"clearly indicates that Skill E is not a necessary prerequisite of ‘

4

Skill G. The msrginal nature. of the connection between Skill G and
Skill F has already been discussed Although Sklll G as superordinate

to Skill F represents an inverse relationshipﬂto what was hypothesized

«

*“ﬁrigtnslly, the relationship 1is not entirely illogical in either ‘

N

Several interesting implications arise from consideration of the



¢

direction. Skill G requires an understanding of the term mole in

terms,of molar mass- and also in terms of the number of particles

Y

]

‘ represented.’ The items testing this skill require recall of the
j'Avogadro Number (L), the ability ‘to identify that a given mass of a
‘:i substance represents ‘the molar' mass (and implicitly to calculate the
"molar mass), and the ability to correctly apply these two parameters

' and “to distinguish between their use if neeessaryain a given problem.

'Skill F requires the inter-conversion of mass of a .substance and

number of moles represented b; ‘that mass. In dEriving the hypothe-

stzed hierarchy the position was taken that the learner should know '

what is meant by the term mole if he 1s to be able to calculate molar

’)

‘masses.. In retrospect it is clear that while it may be desirable for

meaningful “Jjearning that the learner should have an.understanding of

- the term mole before he learns how to calculate molar masses, it is

.not "’ essential It is quite possible that the learner may be able to

calculate molar masses’ algorithmically whether or not he understands

'the significanqé of the term molar mass . Further, it is equally clear

in retrospect that the learner must, be\able to calculate molar masses'v

1if he 1is to demonstrate his- understanding of the term mole as' it

'relates to the number” of particles in a given mass of a substance.‘f

/

L}

'What is illustrated here perhaps is the difference between the need

to have grasped some idea of the neaning of & concept and the abiliity

“to apply that knoLledge. The latter, which is illustrated by the

?it/ms\testing Skill G, requires the - demonstration of an intellectual

\

skiil.v Skill G is therefore seen as the skill needed to demonstrate

'understanding of the term mole. Skill F represents one. of several

o7 components necessary-?o the?%orrect application of Skill G. Viewed

v
N

187



from this position it is not surprising that he data are at least
quite suggestive that the ability to calculate holar masses is a

prerequisite to. the- ability to demonstrate understanding of the term A

~

" mole.

A furthef implication of the results of applying the Dayton and :
p Macready method ‘to the data is that the hiérarchies which fit the data

l'best (Hierarchies Four, Seven, and perhaps Nine) do not coincide

-

exactly with those (Hierarchies One, Two and Three) derived by appli-‘

5 ¢

cation of the White and Clark test and the. ordering-theoretic method.

It ig apparent that consideration of skills in pairs does not neces-
sarily lead to identification of the same hierarchy as when the skills
" are considered collectively. It is suggested that consideration of
" intact hierarchies is.more appropriate because there is a greater -
_chance of anomalous connections ‘when skills are considered in pairs
and the resulting connections combined to form a composite hierarchy..
It is" possible that the primary function of the White and Clark test.
;,1and the ordering—theoretic method may become to sift data so that

,f.possible hierarchies may be suggested which may then be further tested

by the Dayton rnd Macready method. However, the suggesrion made ia

W

'Chapter 2 that the Dayton and Macready method requires further refine—‘

ment. is/reiterated at, this time. o L 7ﬁ'\ ‘,Z'

f Before making a final interpretation of the results of the fore—
‘ going analysis one further important amendment may be made to f
!Hier'archy Nine. From Table 15 (p. 162) it is evident that Skill-C
(mole relative.# particles bappears to be superordinate to Skill A

'(mass relative # particles) when the White and Clark test is applied

to the data, even at the most stringent 1eve1 when only exceptions due.

188
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' nJo errors of measurement are allowed.. It is not possible to justify

Al

- .this result in terms of the logic of the connection, even’ retrospectively.. »

4

rther, Skill D (mole # particles) appears to be empirically equiva—

ent to Skill A (ma38° relative # particles) Again, this Jpsult is
surprisiﬂg in view of the logical relationships postulated to exist A

'

between these skills when the hypothesized hierarchy was derived -One.
possible reason for these anomaﬂous findings could be the‘extensive use
of algorithmic procedures, the application of which would tend to negate'
an attempt to validate a logically derived hierarchy. However,

. analysis of the subjects' test papers indicated that the use of algor—

'-ithmic procedures was limited to subjects in one class in one school

.

.Y .
’representing slightly less than -ten percent of the sample. Moreover,‘

LI - o .

——

this _group of sub1ects accounted for only a very minor pr0portion of
the anomalous responses.’ti L ; . .-tj .

E Further examinétion of the subjects test papers suggested the d,
possibility that some subjects arrived ‘at . correct answers to test items
for Skill A (mass° relative # partitles) by applying Skill D (mole, #
particles) without applying Skill C (mole' relative # particles),

. while others applied Skill C and ﬁnly implicitly Skill D which was
.empirically subordinate~to‘it. This may be illustrated by considering

Item 19 testing Skill A in the Final Test. The subject is required '

T

: lto calculate the mass of ammonia (NH3) containing twide as many mole—

. cules as. 52 grams of oxygen (05) . He may. reason ‘as follows. L

32 grams ofﬁoz = 1 mole of Oz.v_'
1 mole_qf 02 6.02 x 1023 molecules of 02 L e
i o \

© 6.02 x 1023 molecules of NH3 = 1 mole of NHz. b

2 x 6.02 x 1023"mblecu1és'ongH3 = 2-moles of'Nﬁérl'. o x‘y
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-

e 2 moles of NH3 = 34 grams of NH3.

. This route involves applicatgn of Skill D (mole # particles) but not

Skill C. (mole relative i# pérticles) Alternatively, he may reason
‘32 grams of 02- lmole of 02 v _\‘ o

' The number of molecules of a compound is‘proportional to the »
-number of moles .present. e o . . s

; Twice as many molecules requires twice as many moles.“- '

'I‘wo moles of NH3 are ?equired to contain twice as many molecules v

as ‘one mole of 02, o

Y oL

‘Two moles of NH34= 34 grams. o 1\ S

A

This route involves Skill C but not (directly) Skill D. ,

'Each of these routes was used by subjects in the present study.

" As’a consequence Skills c and D might appear to be more di‘fficult -

la

”;relative to Skill A than is really the case. This suggests the possi-—lv

bility that Skills c and D might yet be appropriately placed in an.

\

hierarchy leading to Skill A as the superordinate skill. ' The! rela—

o '.-itionship\ of Skills c and D to those skills already shown to be subor—

T

sub/ordinate to Skills C 'and D Further, Skill D, is 3ubordinate to

", Ten (following page)

Sk)l_ﬂ These consider

gj(aa e to Skill A was therefore considered fiz': | Examination of .

v’

‘ Table 15 indicates that, with the exception of Skill E at the 00

level, all of the skills which are subordinate ‘to Skill A dre also

tions lead to the possibility of Hierarchy o

It is not possible\ to use the White and Clark test to test the

\

| reasonableness of the disjunctive relationship which Hierarchy Ten S

/e .
suggests for the cormections between Skills A, C and D. The Dayton

.and Macready method does allow for such a test. 'l'h‘is wa‘s.appliedl.



in psychometrically valid hierarchy aLd is accordingly re-stated in
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*v:without eliminating those subjects with central scores. The gues— .

sing parameter“was found to be 0 18 the forgetting parameter was

0. 02 and the value of the maximum likelihood function was - 55 67

u

©

B with 52 degrees of freedom.‘ This value indicates that Hierarchy J%“;u¢3:3;f'~

"Ten is not rejected at the .05 level of significante. Because it ’J’/T'J
contains more useful skills than do Hierarchies One to Nine<and also

'offers a good fit to ‘the data, HierarchyfTen is considered to be the

,1 .

‘_imost appropriate hierarchy. It is therefore considered to be the

,'more detail in Figure 16 in terms of its component skills.'”L”

v“.*Transfer of Learning‘Within the Psychometrically SR N
'.Validated Hierarchy : v , ]

Research question five is concerned with the existence of

~

.transfer of learning from subordinate to\related superordinate
‘ skills in the psychometrically validated hierarchy. Hypothesis _“

ixwo was" derived from thia question. Hypothesis two states that no

' szgnzf%cant reZatzonsth exzate between acquzsztzon of’subordznate

";fskzZZa and acqutsetzon of reZated superordznate akzZZs in the valz-<;f

s

dbted hzerarchy o ; ;,,fip' yw,rv

N

Ky

Y
A

L
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As indicated in Chapter 2, Gagné's index, proportion positive

"

.transfer, and others like it is, not conside;ed to bé an acceptable

a

test of the degree of transfer between gkills in an hierarchy. A

more direct method is to remediate for missed subordinate skills

I

and.then'compare achievement»of the superordinate skill for the

.remediated group‘yersus a control group not receiving remediation.
© N

‘This procedure was 1initially adopted-in the present study; . Remedial

v

units relating to the "development of the subordinate skills in the
“ hypothesized hiprarchy ‘were' administered within the instructional
"period The remedfal sub- sample was comprised of 107 subjects in
four intact classes which were randomly assigned before commencement
" of instruction to receive: the" remedial units. Details relating to
~ the administration of the remedial units were dencribed fully in
Chapter 5 (p 128) Briefly, Remedial Unit One represlnting SkillS‘
G and -H was administered immediately after Quiz One which tested
‘Skills G- and H, and Remedial Unit Two representing Skills C, D, E
?and F was administered immediately after Quiz Two which tested
'Skills'C, D,LE ‘and F. ABoth remediaf\units were administered'as
take-home assignments which were returned-with completed exercises
at the Feginning of the next instructional period in chemistry.
This procedure resulted in administration of remedial units to all
subjects in the remedial group including 1o  who ¢ 'd not need
remediation. This:procedure‘was designea to minimize interference
with normal teacher and student-activities;. hoWever,\those in each
group who successfully exhibited a tarticular remediated skill in

the prior quiz were deleted from the. sample in any analysis relating

to remediation of that particular skill. For the purpose of such

1193
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analysis those subjects needing and receiving remediation for the
particular skill concerned Were designataﬁ remedial' and those
subjects needing but not receiving remediation were designated
'non-remedial. ' |

Before determining the relationship between gain'of renediated
{skills and acquisition of the superordinate skill, it was necessary
to ascfrtain if the remedial group exhibited*greater gain of each
'of the remediated skills, relative to the control group not offered
remediation. To establish this the quizzes were - considered as pre-
tests and the Final Test as post-test. The numbers oé subjects in

-

the remedial and non-remedial groups gaining and failing to gain

the remediated skills are reported in Table 25. A chi square test , .
was applied to these data to determine the statistical significance
the difference in proportionate gains for these two groups. 'The
results are presented in Table 26, Skill H was not included in the
_analysis because only three percent of the sample failed to exhibit
it in Quiz One. » . ' ‘ 1\. ' : - 9
Invall cases the remedial group outgained the nonfremedial
group. However, _e results in Table 26 illustrate that in no case
was the'differen:e significant. Hence ‘the intended test of transfer
could not be applied The problem lay not with failure of the ' : w\
remedial group to show substantial gain ‘but with the fact that the
_non—remedial group also gained substantially, thereby reducing the
relative gains made by the remedial group. This result is at first
surprising, but is consistent with Wlegand I3 (1969) study in which
testing of subordinate skills promoted gain of superordinate skills
Nevertheless, in designing the present study it had been hoped that

S
R ‘
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Table 25
Numbers of Remedial and Non-Remedial Subjects GaininL
and Failing to Gain Remediated Skills
Between Quiz and Final .
) o . Remedial o ' %onfRemedial
Skill . - .
C Failed - Failed ' -
. to Gain Gained to Gain - Gaipefi B N
G 12 32 . 27 42
P ‘ 6 . 16 | e 11:
E 13 .28 23- 24
D ' 46 B 17 79 19
c a1 14 T4 11
) 4
!
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v | \ | Table 26 ' ‘- | - B

Results of a,ghi Square Test to Determine ‘the
 Effectiveness of: Remediation of Skills 'Afj
_" CDEFandG '

. ‘Remediated {._‘ 2 R o 'Vf
. - Skill e odf .Sign;f%canee

6. . 2.82 'e 1 |  .>;05
. F_ ":f 0.29. 1 _ﬁ >.05
B 2.9 . 1 s.os
D T S 5.0

c, .27 . 1 >.05

o ‘ o /
5 | | “
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the effect of remediation would have been sufficiently greater than ﬁlef .

A

h‘the effect of testing for the former to s‘gpificantly outweigh the

- involved in this alternative analysis. fF':'

latter.“ Unfortunately, for the transfer design in. the present study

‘o

this was not. found to.be so. N pV;,’

s

In order to provide some evidence of the existence of positive

‘transfer wibhin Hierarchy Ten an alternative procedure waS'applied

which, alt‘Jugh not as strong as that which was intended is con—*

; “,..

sidered to piovide useful information.' The follcwing steps were

1. 4Those skills in Hinrarchy Ten which are directly Subordi—k>»77

‘v

nate to any other skills in the hierarchy were identified
2. Subjects who failed to exhibit any of these subordinate L

skills in the relevant quiz were identified for each par-

I
~.

'tipular skill and for groups of these skills whereaa group

N,

was directly subordinate to any particular skill(s) in ﬂ\\
Hierarchy Ten. The size of the sub—sample selected in-
this way varies from skill to skill No distinctiOn was'.

% made between subjecis previously designated remedial or.
non—remedial as ‘the question to_be answered in the alternative
xprocedure related to the relationship of gain of subordinate
skills between- quiz and Final Test and exhibition of related
superordinate skills iri the Final Test.

. 3.:_The performance in the\Final Test of each of the subjects

S(ff videntified in step 2 was determined with respect to whether
or mot tue subject exhibited the subordinate skill(s) he '
failed to exhibit in the quizzes. _These subjects were

labelled 'Gain' if they exhibited the skill(s) in the Final

. e



£

Test and 'No-Gain' 1f they failed to exhibit the skill(s) in.
‘ the Final Test. -

Ty

b The performance on the Final Test of each of. the subjects S
identified in ;tep 2 was determined with respect to any skill
ssuperordinate.to any of the:subordinate skillsvhe,failed to
L ekhibit in‘the quirzesf  Based upon"performance an this
\fsuperordinate skill subjects werefdesignated_as 'fassi'orl
'Faili for the particular skillr‘jh
5..‘The significance of the relationship between Gain/No-Gain and

'Pass/Fail was determined by application of a chi square test

} with one degree of freedom in each case.

Two exceptions were made to the above procedure. Once again'the

connection between Skills G and H was Lot considered because ‘the pro—f

portion of subjects failing to exhibit Skill H was too small to allow

meaningful interpretation of the results.- Secondly, becausevof their ™

disjunctive relatidnship to- Skill A (mass relatiVe # particles)'Skill):'

C (mole: relative # particles) and . Skill D (mole: # particles) were

treated as a pair in which gain represented a change of status from -

’ failure for both in Quiz Two to success for either in the Final Test.
: This is not totally satisfactory because some subj%cts who show gain
'of;Skill D.but not SkilliF'may try,'almost certainly unsuccessfully,
to apply Skill C to the solution of items testiné Skill A.i The net‘

Kresult is to depress the observed‘transferi When Skills E.(mass:

&

' equal # moles) and G (mole: molar mass,’L'particIes)wwere considered '

3

as conjointlylsubordinatevto'Skill D (mole # particles), failure was

considered as failure to. exhibit either Skill E or Skill G and success

’

was considered»as‘suCcess on both skills.



- manner described above are presented ianable 27.\ These results indi-

Co “to 1earn related superordinate skills.» However, the finding presented o

bremediation and actually gained the skill(s) involved- tends to deny

o199

The results of applying the alternative test of transfer in the

1

cate that subjects who gained subordinate skills between the quizzes

and the Final Test exhibited significantly greater(achievement of
: l
related superordinate skills in the Final Test. This finding is con-

. »sistent with the exis%fﬁce of positive transfer of 1earning between‘ ‘ g.

‘related skills in Hierarchy Ten. . It is therefore supportive of‘the

i

mhierarchy . o Lt . S " S v

. v
The above finding might imply that gemediation of subordinate

skills until mastery‘would be beneficial before 1earners are required

”~

D {g{w

earlier in the present chapter that the remedial units used in the s }

<

preseng study did not significantly enhance ‘the 1earning of the’ subor—

\'vdinate skills doescnotcsupport,the above implication. It is possible‘
-that the remedial units themselves were ineffettive. However, exami—

‘ nation of the proportion of subjects in the remedial group who needed

N

this explanation.

Two other explanations are also consistent with the observed

gains. The first which has been discussed already, 1s that testing A

e

of skills within the instructional period is sufficient to induce gain

-

of skills which subjects failed to master at. the time of initial

instruction of those skills. However the fact that the remedial sub~
-group exhibited greater gain of«each subordinate-skill, even though

' the difference was not statistically significant may be considered

-~ N

to ameliorate this effect of testing explanation to some- extent.

A second alternative explanation.for the transfer data is the A

v



Alternative Test of Transfer
: Superordinate

o )
R . No-Gain - Gain
. Cdnnection :

&S - Table 27

]

from Subordinate to ‘i

Skills = -

df Sigﬁificance

200

A\

Fail Pass  Fall Pass - *
™ @, W
C.DtoA 73 .37 9 15 5,75 1 <0.05
Gtoh 72 34 31 "38 8.20 . 1. <0.01
S DtecC 119 -5 21 12 24.97 1 <0.001
: A oD . CoA :
E to D 39 5 33 17 5.49 1 <0.05
G to D 89" 8 28 _a'41 48,31 1 . <0.001.
» : ‘ . . ‘ ‘ , : i
E, GtoD ~ 101  1Z-. 24 42 ' 44.86 1 <0.001
FtoEx 12 2 = 12 15 4.88 1 <0.05
CFto G - 14 0, 15 12 6.78 1 <0.05
.*Yates.corristioniabplied}’
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bpossibility of downward transfer (Cotton et al.; 1978) in which‘thelfk

-

:thesized to be. subordinate to. Skill A (mass.

. nation. However no provision was made for this.

‘from the hypothesized hierarchy (p. 116)

,reason for this exception is not clear, especially as a parallel ,

learning of later skills enhances ‘the learning of partiai%y learned

201

earlier skills. Provision for a_gub-group'of subjects in the present';

study who were'not exposed to remediation nor testing until the end.

of the instructional period would have allowed testing of this expla—

3 , s T
In summary, the transfer\data supports Hierarchy Ten although no,

significant support is given to the’ suggestion that remediation of

subordinate skills enhance 1earni§g of related superordinate skills..

: It is appropriate at this time to discuss the structure of Hierarchy

study.- This d13cussion follows immediately.

The Structure of the Validated‘Hierarchy S '_ " ) -

Hierarchy Ten (p 191) exhibits simila ities to and differences

f the seven skills hypo—.

relative # particles)

‘ only Skill B (mass # particles) was not found to be subordinate. The: -

|

relationship between Skill C (moles; relativeb#Aparticles)fand'Skill'D
(ﬁélesi i particles) was substantiated empirically.

A number of other-relationships hypothesized'to‘exist.between'
pairs-of'skills were_substantiated. The ability to exhibit Skill C
(moles: relative i particles).and Skill D (moles: # particles):
required,ias:hypothesizedé the.ability‘to demonstrate understanding
of mole in terms of molar mass and the number of‘particles represented

therein (Skill'G)oand also an understanding of molar mass as a.ratio

|

'fTen,_which is considered to be the hierarchy validated by the present o
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- (Sk1l11'H).. In turn Skill G was, superordinate td Skill H, as hypothe—

sized.. Finally, Skill E (mass equal ## mole: was superordinate to. Af

Skill F (mass® # les)

Hdwever, as well{ﬁs the unexpected lack of relationship between

~Skill A and Skﬂll B, several other surprising,results were obtained.
\

It has been anticipated'that Skills c and D (relating humbers of moles
4

to numbers of particles present) would develop independently of Skills

"E and F (relating numbers of moles and masses) HOWever, Skills C and

5

D were found to be clearly superordinate to Skills E and F. A possible
- k o
reason for this ‘is that it might be easier for the learner to relate

—— ’

" ‘moles to~masses than tO'numbers of particles-because masses may be °

_more easily related ‘to direct experience.' Expressed another way, the
'relationship between these pairs of skills may\be psycholoéical rather
.uthan lggical s v»_,% f' "!“l/

A. further unexpected relatioﬁship between Skills ¥ and G in which

©

the expected order is inverted with Skill G superordinate to Skill F -
‘;has already been discussed (pp.l86 187). To reiterate briefly, the

'learner does not necessarily have to be able to exhibit an understanding
>

'of the ‘term mole (Skill G) before he can interconvert the masg of a }5

substance and the number of moles represented by this mass (Skill F)
1.

,Indeed it appears more likely that the learner must be able to calcu—

~\
. late molar mass before he 1earns the meaning of the term mole.

: /
Finally, Skill H (molar~mass as a ratio) is not subordinate to

Skills E and F. Again, in retrospect this is not difficult to
g !
‘ rationaliie. What this result suggests is that the 1earner can apply

the numerical values of molar masses in some situations without neces—

sarily understanding what is implied by these values. -H0wever, it is
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. ” . '/ Ve . ’
also noted that Skill H is subordyé/te to Skill G and is therefore
also subordinate to gkills A, o] and D. Hence it,nmy be necessary to

expose the learnér,to the meaning'of-molar mass asi‘a ratio early in '

““the treatment of the mole. However, this”suggestion’is:tentative

because it was not possiblevtoltest>for transfer from Skill H to .

related superordinate skills hecause too few'subjects;failed"Skill H

o

originally

. Before turning to the Research questions six and seven which
.relate to 1earner developmental level,»one final question-will be con— C
. sidered relating to the existence of an hierarchy of skills leading to

the mole'éoncept; This is the question of when to test, and in the

present study whether the Final Test data are more appropriate: thén

" the -quiz data. o )~'V - ; 1

“A>Comparisonvot.Hierarchical Connections Validated i
_ Within and After the. Instructional Period
White (1973) has criticized those studies in which the existence
of hierarchical connections has been tested after instruction, rather
antduring instruction. ‘He . arguestthat/the fOrmer approachvconfounde
the results because the effect of differential forgetting of skills ' ~
is not controlled. _fI'he argument has already been made in. the present .
“report'that:it isjpossible‘that some subjects~may vauire skills as a
'result of further instruction not directly. designed to promote those
'particular skills. Depending on the pattern of such gains a variety
‘ of spurious outcomes -are possible. For example, suppose that in the
present study a sample achieves a significant gain on a particular

'skill (say, Skill G) between testing on Quiz One ‘and Quiz Two.v Further;

suppose that after Quiz Two there is no further gain of Skill G or
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Skill D'(ﬁhich:was tested in<Quiz Two) .- This would probably result

_,in the identification ‘of more exceptions to an hierarchical connedtipn

) in WhiCh Skill D iS tested as Super@nate tO Skill G if the quiz )‘..

data was used for the test than if th Final Test was used. If the

additional-gain~of Skil% G was made after-Quiz Two and again no fdrther/
e

gain was made for. Skill D there would probahly be little. difference

'»in the number of exceptions ‘to- the hierarchical connection if the test

' was made on the quiz data or those from the Final Test The problem

'is that it is not possible to tell at what time ahy gains were actually

;o

made.

To test-1f there is any difference in the present study ‘when the

.=

" tests for hierarchical connections are made using quiz resu&ts rather

hthan'those from'the Final‘Test the data from thoSe subjects who did-

notireeeive remediation were used. In order to test if this non—remedial'

- sub—group was representative oﬁ the complete sample the ordering—

theoretic method was first\applied at - the 57 level to’ the Final Test
{

' data for this sub—group, and the hierarchical connectiFns identified
- by this analysis were then compared to those identified for the com-‘;
','plete sample for the Final Tést data. In each. case the dataﬁwere -

'restricted by removing central scores in the manner described for the’

vearlier application of.the ordering-theoretic method. Table 28 indi-

cates the percentage of exceptions for each possible connection in

. each direction when the data from the non-remedial sub—group on the

/?inal Test weneanalyzed The connections identified from this analysis
r /

. are- summarized in Table 29, These results. are in substantial ‘agreement -

[N

- . | . . ’ oo
with~those73btained from'a similar~analysis for the main sample

~

(Tables 17 and'19. pp. 170. 173).. Only one difference was observed.



Table 28

g Ordering-Theoretic Hethod Percentage of Exce tiALs to .
Hierarchical Connections (Restricted Non-
Remedial- Sub- Sample,.Final Test)

~J.

'Upper"‘Sklll‘ o
‘A B ¢ D - E F G H

A = 7.0 2.4 6.5 30 50 .19 45

13 . 4d

\

¢ 12 . 15 == 10 41 64 24 55

'power' Skill D T4 2.8 0.9 | —--. 32 48 10,9 4l

¢ 66 430 L1 L1 9w 195 = 2L

g - 0.9 0 1.0 == 9.2 " .42 9.0




Lo 'Tabie 29

Summary of Hierarchical Connections Derived by Applying.V

- the” Ordexing—Theoreti ‘Method at the 5% Level -
" 7 (Restricted Non-Remedial Sub—Sémple, s
. Final Test) - - T e
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Skill A vas.superordinate té Skill G using‘the data from the main
sample while no hierarcuical’ relationship between these shills was
found in the data from the remedial, sub -sample. ﬁowever, even this
one difference‘was only marginally accepted for the main sample and -
marginally rejected for the sub-sample. In contrast, as may be
inferred\from Tables 30 and 31 the same sub~sample exhibited a quite
different pattern of connections on the quizzes compared to the Final -
Test: Eight differences were. observed Connections B (mass: # partih
cles)/A {mass: relative # particles) and G (mole. molar mass, L parti—
vcles)/A (mass: relative # particles) were observed on the quiz data

but not on the data from the Final Test. Each;bf these connections
fis difficult to justify in terms of the logic of the subJect matter.

N .
“8ix other connections, namely A (mass: relative # particles)/E (maSS"' h

1equali# moles); B Kmass:(# partibles)/G (mole: molar mass,»L particles);
B. (mass: # particles)/D (mole: # particles);D (mole: # particles)/G

? | J

(mole. molar mass, L particles), G (mole’ molar mass, L particles)/E

| 5
(mass‘ equal # moles) and H (molar mass as a ratio)/F (mass # moles),
respectively, were observed only for the Final Test data. It is note-
' worthy that the first four of these six connections which were exhi- |
bited in the Final Test data but not in the quiz data were hypothesized
in the originally hypothesized.hierarchy and that the fifth connection
found (G/E)\ although not hypothesized has already been rationalized
' in terms of the 1ogic‘involved. Moreover, for each of these five
'connections the lower skill was tested on a prior quiz to that used
to test the upper skill. This is consistent with the earlier sugges—"

-tion that anomalies may occur because skills are gained between the - X

time they are tested and the time that later skills are tested.

N
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. Table 30
‘ . _ . , ‘
Ordering-Theoretic Method: Percentage of Exceptions to v
Hierarchical Connections (Restricted Non- L .
- Remedial Sub-Sample, Quizzes) '

o '"Upper' Skill

.
A B , ¢ D E F ¢ - H
! A = 41 L2 54 21 52 3.8 60
B0 — 2.3 43 126 68 7.9'; 67 .
¢ 7.2 6.9 = 7.6 ;2} 61 14 67 ™

"Lower' Skill D 8.7 6.5 1.0 - 20 53 10 62

E 5.1 2.6 1.0 3.1 -— " 2,9 51 39

F L1 1.1 0 o 0 - - 0 11
. T . ,‘ : - . . R
G 15 7.9 3.6 110 ° 20 47 == 53
H 1.1 2.1 0 0 | 1.1 3.3 1.0 --
\ TR A )
" % B
ﬂ‘“ . [4



Table 31

Sﬁmmary of Hierarchical Connecti&hs'Derived by'Applying

Final Test

Quizzes

the Ordering-Theoretic Method at the 57 Level
(Restricted Non-Remedial Sub-Sample for
(a) the‘Final~Test,\(b) the Quizzes)

O

A B C D E’ G
E D A B . F E
- F E- B. E. H~ F
H 'F D F. H
G E G
H F H
G )
- H
" F E A B F A
H F "B E H . F
H D F “H
\ E H .
F
G
H

209
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To summarize, White 8 conLention that delaying testing uhtil

‘after instruction is complete results in different hierarchical connec- . -
\

tions is supported by the data in the present study. Whether he is .
correct in advocating testing only during the instruct onal period is
‘vchallenged by the same data. For each skill the number of subjects

showing gain of the skill between the initial testing and the Final

Test exceeds the number showing loss of -the. same skill between these
twoloccasions. Hence, forgetting does not appear to be a major factor.

Spurious results_appear more likely if data from the quizzeszuz used

rather than the data from the Final Test..

~

. Learner Developmental Level and Acquisition of
the Skills'in thé Validated Hierarchy

Research question six asks whether a significancnrelationship
exists between learner developmental level and acquisition of each ‘
skill in the validated learning hierarchy This question is re—stated

_in the form of the null hypotheses 3(a) and 3(b), which state that no
significant relationship exists between achievement of each skill in
the validated hierarchy and scores on the Test of Developmental Level
and the Skemp‘Testnrespectively. These hypotheses were tesLed by

‘ application of correlation andcregression analyses. |

| Pearson product—moment correlations were first determined between |

total scores on the Test of Developmental Level (DL), the Skemp Test
1(SK) and each of the Final Test sub-tests for the seven skills repre~‘

, scnted in Hierarchy Ten. ‘Thevmatrix representing these correlations

-

1s presentg ‘n Table 32 (it is noted that a similar analysis for each

~individual lassroom group did not indicate that any group was sub-

stantially different to any of the others in the pattern of correla- -
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Table 32 .
Pearson Product-Moment Correlations Between Final Test Scores
for Skills A, ¢, D, E, F, G and 'H, the Test of * |
Developméntal Level (DL), the ) 1
Skemp Test (SK) _ '
N = 209 _ ' . \
Skill Skill Skill Skill Skill Skill Skill
DL - SK . A- _C - D E F G H
' : R . '\\
DL 1.00 e 0
. SK .48 1.00
SKill A .30 .35 1.00
7. . ,
Skill C .27 .35 . .67 1.00
oo A
Skill D .36 .41 .65 .74 1.00 ;
< ’ . ’ .
'Sk11l E .30 .37 .6l . .42 .44 1.00
Skill F .29 .29 .45 .37 .36 > .51 .1.00 -
Skill 6 .30 .31 ©:56 .61 ' .61 .37 .35 1.00
Skill H  .09%% .15% .23 .24 .24 .21 .21 .24 -1.00
o e i .
*Signi&icant at .03 level.
v**Not significant . o S

'Notg All other correlations significant at O. 001 level

A
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‘tions: obta‘ined) In all cas\‘es the correlation obtained for the Skemp
‘Test with the chemistry skills tests were great T than or' equal to .
those obtained for the lestgof Developmental Level:with the same
skills. This finding appears to.suggest that the ability to exhibit‘
second-order thinking is more important to ‘the acquisition of the
intellectual skills represented in the development of the mole con—’
cept than anithe more generalized intellectual competencies represented

1

in the Test of Developmental Level. However, application of a re!

. test (Ferguson, 1976, P. 185) to determine the sigﬁificance of the |
difference between these correlations indicated that in no case was
‘the diff%rence significant at the 0.05. level

Scores on both the Test ‘of Developmen;al Level and the Skemp Test

‘exhibited correlations with the scores on the testS\for six of the
skills (Skills A C, D E, F and G) in Hierarchy Ten which wereasigni—-

‘ficantly different from .zero at the.0.00l level*of confidence. With
respect to these six skills Hypotheses 3(a) and 3(b) ‘are therefore

a rejected. The remaining skill Skill H did not ‘correlate signifi-”

cantly with scores on the Iest of Developmental Level and exhibited a

conrelation of 0.15 @ignificant at 0.05 level) with scores’on thev'

N

Skemp Test. Hypothesis 3(a) 1is therefore rejected and Hypothesis 3(b)
'tentatively accepted for Skill H.. In general, research question six \
\is answered affirmatively for . the skills represented in Hierarchy Ten. -
A sfgnificant relationship exists between the develoqmental level of | 3
fthe learner and acquisition of each skill in the validated hierarchy. v:l.
' However, the magnitude of this relationship can be considerédgn\\more |
than moderate in each case, with a range between 0.27 and 0. 4 |

Despite the relatively low correlations between scores.on both

1



the Test of Developmental Level and the Skemp Test'with the tests for
the Chemistry skills reprgéggged in Hierarchy Ten it is possible'that
collectively the two developmental tests may contribute more substan—
'tially to the scores on the tests for the chemistry skills. The
moderate correlation (r = 0. 48) between the Test of Development Level
and the Skemp Test supports this possibility in that it is consistent
_with the interpretation that the two tests may be measuring some
different aspects of’ formal operational thinking To ~assess their
.combined contribution to the variance of the scores for the tests for
each of the skills in Hierarchy Ten a series of stepwise regression
analyses were performed with the test score for each particular skill
in turn as dependent variable and the Skemp Test and Test of Develop-
mental’Level scores as predictors in each case. In all cases the
Skemp'Test scores entered-firSt, as would be expeCted from the relative
3values reported in Table 32 for the correlation between each of these '
'tests and the chemistry skills scoregf— The. results of the regression
analyses arevreportedlin Table433. They indicate that the proportion N
of the variance'in scores on the tests for the skills represented in |
Hierarchy Ten which can be accounted for by the Skemp Test and the

N

Test of Developmental Level collectively is relatively ‘small in all
o
cases, and in no,instance exceeds 18 percent of the‘variance. This

-

" proportion of the variance is sufficiently large to encourage the

>

‘-suggestion-that learner deVelopmental'leyel has some bearing on acqui-

1sition.of thé,Skills leading‘to'development of the‘mole concept, but
. is not large_enough to suggest that deyelopmental level is of major

- importanc'e to acquisition of\thése.skills. v .
Correlationsvbetween sc;res on tests of skills eihibiting.a direct

: » ) \ ‘




o ' ‘ ‘o 214

Table 33
} .

Proportion of the Variance in the Chemistry Skills Tests -
‘Accounted for by (1) the Skemp Test, and (2) the
Skemp Test (SK) and the Test of Developmental
Leve\l (DL) Combined

i .

Skill | R (SK) R R+ DL
A St o260 04149
c - o0az -_"o.1£7 g
D C o.166 0.178
E . 0.139 0.159
F o098 . o0.129" 3
¢ . 0.097 |  0.125 |
o oo 0.021
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hierarchical relationship to one another in Hierarchy Ten were all .
higher than the correlations observed between each superordinate skill
and the scores on the developmental level tests. The relative import-
ance of availability of. subordinate skills. and learner developmental
levgl 15 the focus of the final research question addressed in this

study. This question is pursued in the section which follows.

|
The Relative Importance of Developmental Level and
Availability of Subordinate Skills to the Acquisition
'of Superordinate Skills S ’
Research question seven is concerned with the relative importance
of developmental level and availability of subordinate skills to the
acquisitionvof'related superordinate'skills. Hypothesis 4 stated in
. the null form suggests that there is n0'difference between these two
parsmeters as predictors of achievement'of superordinate'skills;' .
The inter—correlations between the test scores for the skills
represented in Hierarchy Ten were reported in Table‘BZ. ~The values
of these correlations are generally much higher than those between the'
same chemistry skills tests and the Skemp Test and Test of Deve10p— -
- méntal Level,respectively. To test whether the correlations between

test scores fordhierarchicallv'related sﬁills are ignificantly‘greater'.
than the‘correlations between'the“superordinate.skill scores and
‘scores on each of the developmental tgsts a ‘t' test was applied
(Ferguson,'l976, p; 185).' The results of_applying thisvtest are indi-
cated in Table 34. o 4¥f‘ |

The correlations reported in Table 34 indicate that the learner s
r_ability to compare masses of substance in tesz of the relative numbers

o &
,of particles represented (Skill A) is relatéd more strongly to his

3
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e ‘=Table 34
. . > ! ' o - -~ . . .
Significance of the Differences Between Correlations of Test
 Scores for Hierarchy Skills with Scores on Tests for
“.  Immediately Subordinate Skills Compared to Their
QOrrelationé;with Scores on (1) the Test of
- Developmental Level (DL) and (2) the
‘ Skemp Test (SK) .
N ” N = 209
- o
Superordinate.“Subordinate '~ Corrélation With | ‘ kP
Skilil . Skill (§UB) - SUB - DL SK
A c - .67 30 o 6.05  <.001:
A ¢ .67 .35 5.55 ' <.001
A D .65 .30 6.65  <.001
A D .65 .35 5.29 <,001 "
- C D JIh .27 9.04 <.001
c | D .74 .35 7.74 <.001
p | E Jhho .36 ©1.06  N.S.
D E b 41 043 NS,
D . G .61 .36 3,97 - <.001
D G .61 - W41 3,25 <001
' E F .51 .30 3.01 <.01
E . S F s .37 72,05  <.05.
G ~ &\ H W24 .30 ‘O;7O N.S.
G H .24 .31 0.83 N.S.
G F .35 .30 0.66  N.S.

S
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ability to convert moles to relative numbers of particles (Skill C)

or actual numbers of particles (Skill D) than to his level of intel- .

lectual development. In turn, acquisition of Skill C is more strongly i
related to;acquisition of its immediate subordinate Skill D than to |
developmental level. Similarly, ‘acquisition of Skill D is more , N
strongly related to one of its immediate subordinates Skill G (mple..

AN

molar mass, L particles) than to developmental 1evel although the
correlation of Skill D with its other immediate subordinate Skill E

(mass: equal # moles) is not significantly greater than the correla— .

© tions of.Skill-D :either with<the°Test of Developnental‘Level or the B

‘Skemp Test. Skill E follows the general pattern described‘above by

: \
correlating significantly better with its immediate subordinate Skill F -

(mass: # moles) than.with~either'developmental level test. Only Skill

G (mole molar mass, L particles) failed to correlate better with its

immediate subordinates Skills H (molar mass as a ratio) and F (mass:

# moles),respectivepy,than with the scores on the Test of Developmental

.Level and - the‘Skemp~Test. It is possible that the 1ow failure rate

for Skills H and F (approximately four percent and ten percent,respec—

'tively),decreased the variance of the scores for these skills suffi-

ciently to significantly depress the correlations of these scores, with '

those for Skill G, thereby making the oorrelations between scores for
Skill G and each of the developmental level tests spuriously important.'

In general the results discussed above suggest that the availa~

-

'»bility of specific intellectual skills is more important than the

developmental level of the 1ear§er to his 1e?;ning of the mc  con~

k_cept a finding which is consistent with the Gagnéan hierarchical -

. model of learning. - To test this\further the combined\contribution of

\

Ty
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the Test of Developmental Level and\the-Skemp Test was compared to'the
& \

contribution of immediately subordinate intellectual skills as predic—

tors in regression equations in which the test scores for each skill

superordinate to any other(s) in Hierarchy Ten were. treated successively

\as-criterion variable.v The results. of this analysis are presented in
rrter

N

Table 35t, These?results'further support the suggestion that the avail—

ability of‘related'subordinate skills is more important than 1earner'

‘ developmental level to achievemedf of the intellectual skills examined

BN -

in the present study.- This interpretation is reinforced when the-
contributions‘from the two'develhpmentalvtests are added after the
contributions from immediately subordinatehskills:have been enteredh
into stepwise regression equationsfin which the same,superordinate
skills represent the criterion variables. The results of '_t:his analysis

which are preSented-in Table 36 indicate that little is gained;ﬂeSpec—
. . . R ' 1. SO

L | A v , . i o
ially for the three most superordinate skills (Skills A, Cnaner),~byv‘

yincludingfthe»developmental.contribution:in the,regression equations.

AN

Hypothesis seven, that no significant difference exists between the
—

effectiveness of the developmental tests and subordinate skills as

predictors-of achievement of related superordina e sk v13~is therefore

Hrejected. The most important factor contributing to achievement of

o

- the mole concept is the availability of . specific ubdrdinate intellec~

-.tual skills.

,Summary of Results o |

In- this chapter the research questions and hypotheses which form

the crux of this study have been investigated Briefly, the follewing

. major outcomes were identified: Thenhypothesized hierarchy was not i
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Table 35 |
Contributfbns (Rz)fof-(l) Scores on Tests of Immediate.
Subordinate Skills (SUB), (2) Scores on the Skemp Test
" (SK) and the Test of Developmental Level (DL) to the
Variance of Test Scores for Superordinate Skills
when (1) and (2) are’'Entered Separately into /
' T the Regression Equations.
' N = 209
Superordinate Subordinate - RZ RZ
- Skill Skills (SUB) (DL + SK) (SuB)
. A c,.D 0.15 0.51
c D , 0.4 0.55
- D E, G ©. 0,18 0.43
B F L 0.16 | 0.26
oo A B ,
e FyH - 0.13 0.15.
; D .
: ol
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Table 36

Additional Contribution of Developmental Test Scores (DL + SK)
to the Variance on Tests "of .Superotdinate Skills after the
Contribution from Scores on Tests of Immediate Subor-—
dinates has been Entered into ithe R*ssion Equation

o o N"= 209
.Su.p'erOr'dina‘te - “Subordiné.te‘ ' 2 N - : ' AR? -
SKi11 - skitls K GUB) (g2 (toral) - RZ (SUB))
A . “cp 0.510 . . 0.011
I , T
c . b 0547 \o.oos”’
D E, G ¢ 0.429 . 0.028
e - F O - 0.265 . 0,05
6 . ®om  0as1 . 0.0% .
: !\'Qf‘ S . o
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.vs%bstantiated by any of the tests applied. Alternative hierarchies
o ) N . H X

"/ were suggested following the application of the White and Clark test,
'themextensiveness and structure‘of these hierarchies,varying according
,to the degree of stringency applied to the test. Good agreement'was
found between these results and those obtained by applying the order-

-ing-theoretic’method to the,same data. Application of the Dayton and

-
Macready method to these data yielded a more: extensive hierarchy con=

‘taining. all except one of the originally hypothesized skills. Because

this larger hierarchy contained relationships between more skills and

A.because it w?s'derived.byrconsideration ‘of the whole hierarchy rather

. R .
than by consideration of pairs of skills it was considered to be the

]most‘appropriate of those tested. It was.confirned by the existence

of positive transfer of learning between related skills. Finally,"

--learner developmental level was found to correlate only weakly with ‘

N

the skills in the hierarchy.» The most important contributor to

-,acquisition of the skills involved in the present study was the avail-

ability'of related subordinate1skills. .

\

4



Chapter 7

SUMMARY, IMPLICATIONS AND RECOMMENDATIONS

: _ .
\Summary i‘n

The maJor purpose.ﬁr\the present study as. initially conceived
Wwas to attempt to- idendhfy a valid learning hierarchy 1eading to an
understanding of particular aspects of the mole_,concept, a concept
which is both ofrcentral importancexin many high school chemistry
courses and a source of difficulty to many high school;students.
ﬁnfortunately, many ‘of the methods which have'been used by researchers.
to validate learning hierarchies have been the subject~of coéept. ‘ .

criticisms. Several recent methods have been developed in response’

N3

to thes% criticisms, but these methods have not themselves been ex:-en-.

o
B}

sively analyzed in terms of their theoretical and- empirical charac-

teristics. Consideration of these characteristics for thkee methods.

and a comparison of theahierarchies validated' by them when applied
‘to the. same data became a primary focus of the study. Thisxoffers
. not only a potentially important contribution to the research litera—

o

ture concerning methods of hierarchy validation but also ‘enables

Ay

greater confidence to be placed in the hierarchy validated in the
present study. .The final purpoese of the study was to determine the

relationship between learner developmental level and acquisition of

¢

the intellectual skills representing development of the mole concept

and further to evaluate the relative importance of developmental level

3

.and availability of subordinate skills to.the acquisitiOn}of relatEd -

q

222
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. superordinate skills,

A learning hierarchy for the mole'COncept was proposed'by the

‘ investigator and modified after. field testing and discussion with

f
teachers. The resultant hierarchy represented the hypothesized

hie rchy for the study. Four chemistry tests, each compounded from

several smaller criterion referenced tests, were developed to test

o

'7the skills represented in the hypothesized hierarchy. Each was:pilot-

testei and modified as a result of the feedback gained. Three of the

tests, labelled Quiz One to Quiz Three, were each administered by the
{-

T C o—operating teachers to their own classes in the next regular chem-'

‘istry class following instruction of the skills represented in the

particular tESt. Collectively these three tests tested all‘bf the

vy

‘skills, in the hypothesized hierarchy. -These skills were again tested -

in the Final Test ﬁhich was administered several days after completion .

of instruction relating to the skills in the hypothesized hierarchy.'
In addition to the chemistry tests two developmental level tests were

administered by the investigator just prior to the commencement of \

.instrubtion of the tiole-concept. The first of these, the Skemp Test,

was considered to be a measure of, the ability of the subJect to perform

>

second—order operations. The\second consisted‘of a battery of three

neo»Piagetian tasks representing different aspects of formal opera—
/\1 ;

' tional thought. In addition to°the test instruments two written
~remedia1 units representing the skills tested in Quiz One and Quiz Two -
e
» respectively were developed. These were administered immediately

‘ after these quizzes and returned in the\next chemistry class period

9

Three tests were applied to the Final Test data in order ‘tp

-~

determine the validity of the hypothesized Hierarchy.-’These tests

\ ' 3
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o

.were the White and Clark ‘test of" inclusion, an ordering—theoretic

method developed by Bart and others, and a scaling method developed
by Dayton and Macready. As a result of this procedure the hypothesized:
hierarchy was rejected but a number of other smaller hierarchies

‘derived from the same set of skills weré, suggested as possible alter-

natives.' Ultimately, after testing these hierarchies the arrangement

of skills represented in Figure 15 (p. l9l) was considered to represent

7

a psychometrically valid hierarchy. This hierarchy contained seven

‘ _of ‘the eight skills represented in the hypothesized hierarchy. The

validity of this hierarchy was confirmed by a test of transfer in
which a significant relationship was found to exist between gain of
subordinate skills and gain of related superordinate skills. The
results kbtained from application'of the White and Clark test an the\

ordering theoretic method were not identical but ohowed substantial \

; agreement. ~The hierarchies derived from application of these methodS'

were not entirely consistent with those validated by application of

Dayton and’Macready s procedures., In such cases the hierarchies

,validated by Dayton'and Macready's procedure. were accepteh bbcause

~N

’Athey considered the validity of the hierarchy as a complete entity

rather than by aggregating hierarchical connections betweenQ\airs of

skills.  ° '
Correlations between scores on each of the developmental fests

and the tests for each of the. chemistry skills were generally signifi—

fcant but‘moderate. The 1argest.correlation was only 0.43. Cellec-

tively the two developmental level tests accounted for no more than'

- 18 percent of the variance in the scores for any*of the tests for the

¥

ch=mistry skills_ This was substantially less than the proportion of

% i

g
o .
1
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the variance in the same chemistry skills tests scores which was

accounted for by scores onfthe tests of subordinate skills. When the
developmental test scores were entered after scores for subordinate

skills into regression equations in which the dependent variable in

each case was a related superordinate skill the increase in explained
variance was_negligibie’fbr the three most superordinate skills and

relatively small in'all cases.
N

Implications ' .

N\

The"study has implications forlthe methodology of learning
hierarchy,validation,\the arrangement of instruction for the mole,.
and theﬂreiationship betWeen-Gagnésn and Piagetian theory:;

Until generally accepteble nethods are svailahle tor th;‘Valida—
tion of 1earning hierarchieS‘consiStent progress cannot be msde in

-

the arrangement of instruction of intellectual skills nor can the

hierarchy model'itself be\properly articulated. Two of the methods

'V’aoplied in the present study, the White and'Clark~test_and the Dayton

. and Macready method, of fer much promise\in this regard. The White and

*
Clark test has significsnt advantages over earlier methohs which

consider ski%ls in pairs. In particular it allows for errors of
measurement"and provides.an appropriate test of significarice. However),

in its original form it has several limitations. It allows only for

v
i

exceptions due to measurement error and is restricted in the number -

of test items'which'can\be‘osed. Further, it is restricted to consid- ‘

\

eration of skills in pairs. The first limitation has been removed by‘
Linke's modification to allow for different degrees of stringency,

although in turn it should be recognized that Linke's modification

- ’ °

3
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re-introduces an eiemeﬁt of arbitrarinessbiﬂto‘the de;ision of hlerar-
éhical‘dependency bgtweeq»two skills. The second limiéation haS‘been ~
removed by Griffiths and Cornish in the ébntéxt qf‘the present study.
The modifigation propoéed is coﬁsidéréd to bé an important outcome of

the stud&."The third limitation is shared .by most other methbdslwhich‘

have been used in the\validation of higra#chies, But‘is nevertheless

Ve
B}

an important limitatioﬂ\because the aggregation ofvpairs of skilis:
which are hierarchically related may not lead to the same hierarchy

as when that hierarchy is considerqd as 3'compoéite;

b ’

’  This latter limitation isxremoved in th; method suggested by -
Dayton gﬁd Macready, which.conSidéré thg ﬁat;e:n of.fegponses‘in ;ﬁe
‘comﬁosite hieréfchy., Mpréoﬁer,\;his methodﬁﬁas an'appropriate'étagis—
£ica1‘;est of the gobdness qf fit between hig;archy and data. How-
ever, it; too, hés several disadvantages. Fifstly, while in fhedfy it
subsumeé.tﬁé Whi;e ;ﬁd Clark test ip:practiCe thé/Daytoh and Macready
method‘is not yet'gufficiently deveioped to allow th%s; ‘Sécondly,
this results in the need to méke méstéry decisignsvfor;each subjecth
-with respect toieach"skill. Thirdly, thg statist;cai méthods'apﬁlied
ﬁy Dayygn and Macready aré'not‘rabusx wheﬁ;ev?n § sg$1l ﬁumber of‘F
Vmiséiassificatiohs oécur with réspecf.to "true' ﬁéstery status. ‘Thé
aépropfiate}claééifiéatién of“suﬁjects as mastefsfbr'noh—masters is
therefore.of the utmost'importaﬁce. Despiée tthe limitations the
.Day;on and Maéreédy:method éppéaps,tO‘be the most promising availablé
' tgét‘of the vali&ity of aﬁ hietarch&. In gddition to considering the
hieraréﬁy aé'é whole iflalso alipws a direct fest”of the goodnes§ of

fik of alternative hierarchiés:to the same data. , =~

The guggestibn has been made that application of the White and

\

&
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| Clark test and the Dayton and Macready method to the same data may

bnot lead to acceptance of the same validated' hierarchy. It is
‘important to’ examine this Suggestion in the light of empirical evi—
dence. Except in the present study no such evidence exists.~ In the \
present study it was  found that different validated' hierarchies
lemerged as a result of applying the two methods to the same data.

A third psychometric method the ordering theoretic method

was also applied to the same data. The ordering-theoretic method

like the White‘and'Clark test, considers skills in pairs. The method
appears to be inferior to the White and Clark _test in that it does -
~not allow for errors\of measurement, requires a mastery decision and
does not include an appropriate statistical test. However, it is very
simple to apply and may not yiﬁld results significantly different to
those obtained from application of the White and Clark ‘tes't, The o

relationship between the result of applying each method to the same

: data has not been tested excgpt in. the present data. The results

/": obtained support the possibility of substituting the ordering-theoretic

B method for the: White and Clark test although it must be recognized

) that the results obtained from one study may only be considered

suggestive. A fﬂrther consideration relating to which of these

'methods.should be used relates to the purposes of the particular vf-.
'investigation. If the relationship between a particular pair(s) of -
skills is of maJor importance, the White and Clark test is the most

f appropriate available. If the validity of a composite hierarchy
‘represents the central question the- Dayton and Macready method appears
“to be most’ appropriate. In.this case a preliminary sifting oﬂéthe

ldata to indicate the most likely hierarchy(ies) may be necessary. The

i
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White and Clark'test and the Ordering-theoretic method appear to be
appropriate~for this purpose. JHowever, if‘similar hierarchies.emerge
from the applicationhof these two methdds and these hierarchies are .’ﬁ

to be furthervtested‘by application of the Dayton and Macready method,
| the simpler ordering-theoretic method may be considered appropriate

Two further implications relating to the methodology of 1earning
hierarchy validation Emerge from the present study. ‘The first‘is thata
testing after instruction rather than during instruction is appropri—
ate. The second is that it is possible to identify an hierarchy which
'yis valid in terms of its transfer characteristics as well as its /_ “,
.psychometric characteristics ‘when instruction is delivered in a normal
classroom setting rather than in’a programmed fofmat | '.~" : *Q
With respect to the sequencing of instruction leading to learning
of the mole concept several implications of the present study may be
stated. Firstly, a major implication is that a number of intellectual
| skills have been identified each of which is a necessary prerequisite
to the learning of the key skill in the mole concept Thus, the -ability
.to determine the relative number of particles in given mole quantities
fof}substances, the ability to,interfconvert the number of moles of a
- substance and the number of'particles present, the ability tohdetermine

the masses of different substances which contain the same number of

moles, the ability to inter—convert masses of substances and the numbers

v of moles present, the ability to relate the meaning of the term mole to

~

molar mass and " the Avogadro number of particles, and finally to exhibit
understanding of’molarjmass as a ratio are all skills which are sub-

ordinate to\the ability to relate masses of substances in terms of the
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relative numbers of particles‘present. The actual arrangement of these
‘skills is represented in Figure 15 (p."191). :" . “i . - »
| Several aspects of the validated hierarchy are of interest.‘ |
First, there is dispute amongst teachers about whether there is a need /
for students to be able. to calculate the actual number of particles
in given mole and mass quantities of substances. The data in the
present study support the "need to dev@lop this ability, ahd in turn
'_therefore to gain an understanding of 'mole' in terms of the Avogadro
number of particles. This relationship had been hypothesized to exist
by the investigator on the grounds that it may be easier for the
learner to- work through -an actual numger of particles, even though
the number is unusually 1arge, than for him to think in terms of
- relative numbers.‘ Another relationship which appears to\depend upon
"psychological factors rather than upon logical relationships\is that;
-the learner needs to be agle ‘to cdiculate molar masses .and to relate
masses of different substances in terms of the numbers,of moles present
before He can determine th= actual number of particles or relative
'number of particles present in masses of substances. This relationship
was not hypothesized but is possibly related to the fact that an
\
understanding of mass (or at least weight) is nearer the learner' s',v
'direct experience than are relatibnships involving atoms. A further
‘more tentative suggestion is that it may be necessary for the learner
_ to be able to calculate molar masses.before he can comprehend the
‘formal meaning of: the term mole. Finally, students have-little‘diffii/;/ﬂ\J/(ff\

*culty in calculating ‘molar masses of compounds . This appears to be

N ) )
\

\



“of these correlations were never more than moderate and were generally

of developmental level. However, several qualifications

decrease their apparent developmental level. This would tgnd to !

230
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further reflected in the lack of a. consistent hierarchical relationship
\

between ‘the ability to apply the same fundamental skills to elements

b

and compounds respec%ively In general subjects who could apply the

(skills representing the mole concept to test items involving elements

could also do 80 for test items relating to compounds.

The final implication of the present study relates to the rela-

tionship between learner developmental level and acquisition of the

’skills 1nvolved in learning the mole concept. It had teen anticipated

thatvcorrelations between developmental'level test scores and scores

on the tests of intellectual skills would be greater for the most

complex skills. No pattern was observed. Further the actual values
: } i ) o .

significantly'smaller than the correlations between skills exhibiting

an hierarchical relationship to one another. Inuterms of the.propor-

" tio_n of variance in the scores for tests of the 'tellectual skills

arepresenting the mole concept which could be . accounted for, the influ-

ence of the availability of subordinate skills was: much greater than

the influence of developmental 1eVel. This finding is supportivevof\

.:the hierarchical model of 1earning,_and tends to deny the importance'

upon this interpretation. Firstly, the finding only relates to‘
) .

particular content studied Secondly, the tendency of individua s to'l

3

revert to concrete thought when faced with novel problems tends to

decrease the correlations observed between these test scores and o

achievement scores. ln‘addition the. written nature of the responses

4

to the developmental tests wruldbe expected to decrease the‘precision

~.
=
N PN



' with7which subjects were classified.as concrete or formal.- Despite

these qualifications the. overwhelmingly greater influence of the |

availability of subordinate skills is impressive testimony to the

power of the hierarchical model

Suggestions for Further Research

A number of_suggestions forofurther research‘may be made. These
-fall intonthree categorigs; ihe fitst relates to the methodology of -
learning hietarchy validation, the second to insttuction;in'science,v
and the_thitd'to psyehologieal considerations.telating to science
instruetiont The following suggestions,are made;\

.1. The.relationshi; between the results'of applying the White

and Clark test, the ordering-theoretic method to the same data should

be further investigated :

o ZT\\Xhe Dayton and MAcready model’should.be extended to allow._‘ i
the testing ofalarger Kierarchies and‘to allow for unrestrictedemis—.
classification parameters-in.situationS'additional to those’inyolving ;j'

the concept attainment model;

4
~

3. . The White and Clark test and the Dayton and Macready method

\ /
should be applied in studies relating»to developmental hierarchies.

4. The application of the hierarchical model of learning should
- be applied to extension of the mole concept as defined in tJe present S
study. For example, the.use of the mole in stoichiometric4calcu1a~n;

tions\should be investigated'through this model. ' ’ .
5. It'seemsvlikely that‘hsny concepts in physical scienee are
amenable to investigation through the application’ of the hierarchical

model. This-possibilitybshould be investigated further in the light

\
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df”the more aggtepriate metnods now available fer 1eatning hiera:chy~~:
_validation. h | | . | |

0 6. The relationship between developmentei 1eve1 and acquisition
_»pf intellectual skiizg.shOuld be investigated in a variety ‘of content
areas,of different\levels of sophistication._"

R
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| APPENDIX 1
\ o
. } L .
Quizd . Closed Book . NAME
Attempt all questi"on}sv. For questions one to eight circle the cor‘rect'q
answer.
You are gi‘izeri the following atomic weights:
- " carbon —6 12 , oxygen . \-‘T 16
* chlorine - °35.5.  °  phosphorus + 31 -+ = -
hydrogen - 1 godium . - 23
nitrogen - 14 - sulfﬁr_ - 32
The Avogadro number = 6.02 x 1023
. : \ ’
. Ii\f you have any idea how to taé\kle a question, even_i\\f yo'u‘ cannot
complete it, DO WHAT YOU CAN. ‘ " '
‘ _ ' \\ T o B
1. ich of the\ following, 'if any, best describes the meaning of the -
. . . . - ) R -

term 'atomic weight?'»
(a) the weiéht.of one atom of the element.

(b) the weight of one\milliorn atoms of ‘the element.
(c) the weight of one atom of the element relative to the weight
N of“one atom of another element_ taken as\ a reed standard by

- ‘sclentists. |
(d) .carlmot‘be cietermined with' cex_'teinty Pecamse the atom is too .
‘s.mall. | o |
2. 1f the atomic weight of magnesium is 24, what is the atomic weight

of an element whose atoms are 6 times heavier?

4
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(a) 6 | () 24 ._
. - “\_“ N X B .
(c)_ 144 » (d) = cannot answer, not enough information

_ 3, Which of the following represents one mole of copper (at:omi-c/

weight 64)2

(a) 64 atoms . (b). 10° atoms | -

A , . . \ ) \w v
. 23 . ' 5 i

(o) —6—9-2—%-[71-9-—- atoms (d) 6.02 x 1023 atoms. o

4, Which of the following repr‘esentsv one mole of calcium (atomic

iweight 40)7
’ \

- (a) '14% 81'811\‘18‘ (b) 40 grams‘
m .
23 — | , ‘
(e -@-'-—Q-g—-}-zam—— gr ams - (d) 40 x 6.02 x 1023 grams

5. Which of ‘the following best describes, the meaning ofv.'the, term
: o : o L ) ’

molecular weight ‘of a compound?
‘(a),‘_ the weight of one molecule of the compound.

'v_.(b) “the weight of one million (106) molecules of the compound.
(o) rthe weight of 22.4 molecules of the compound.

(d) the weight of one molecule relative to the weight of one ‘.

/——————“m"f—m—element ‘taken as standard for the atomic weight

scale.
6. If the molecular welght of a gas is 44, what is the molecular
' weight of a gas whose molecules lare twice as heavy?

() 2 . . (b) v22

LA

%

" (c) 88 _ (c) some other number
7. Which of the«follow.ing represents one mole of -nitric oxide (NO)

" (molecular weight 30)?

8]



-
(a) 3Q_grams A

(o 8:02x 1023 v ams
30 B!

~ 8. Which of thevfollowing fepresents one

(His; mbleculér welght 34)? s

(a) 34 moleéules ' ‘ (b)

fc) 'IOG'molepqles o (d)

9. <Calculate the“weight of oné_mole of:
. ’ i ! .

(8) hyergen“chloride (HC1) " (b)

7

(e) nit;ogen>dioxide (NOZ) » ‘(d)

2.

~

3 .

T

T

e

* ‘(g); pﬁg%fh@%ps—trioxide (P203)' (£)

For
i3

6.02 x 1023:

030
® 13 3ra?s
(d) 30 x 6.02 x 1023 grams

mole of hydrdgen_sﬁlfide'

6.02 x 1023 molecules

3L mo}ecules

-

carbon monoxide (CO) .' -

phosphine'(PH3)

R

“sodium sulfide (Na,8)

\
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\ : L ‘APPE.:NDIX'Z
: : - e . o

Quiz 2 Closed Book ' " NAME
‘» . 1Y

N i.’ ‘.’. . ! . . )
Answer'-all questions.. Please show all your work. You will lose no

* marks" for any working which 1s incorxect, only for incorrect or
incomplete answers,
N . . ‘ . . "

kr.You are giyen the fqllowihg atomicbweights:'

IV

catbon = - 12 nitrogeny.v— 14 .

calcitm '40" . oxygen . - ;16
B . ¥ .

hydrogen 1 - . ::'_potassihm‘ -39

AR
Nif

- 56 © sulfur - 32;
The'Avagadﬁc'ﬁuhb;r = 6,02 x 1023

E'AE'T?;A :‘%‘) "

: P
I

' DO NOT SPEND.TOO LONG ON ANY QUESTION YOU HAVE DIFFICULTY ANSWERING.

ﬁéisyﬁﬁaﬁavé;aAYFideé;hdw tQ'tackle a question, even if 'you cannot
SN L e _ : R .
g oy : 5 : co
? éompleté it, DO WHAT YOU CAN. - b -
COom Y - ,
. 4 . : LN ,r’ ' . .
$1.” How many atoms are there in:

(a) 2 moiés carben s

E \
e . ! ¥

(B)' 5 moies iron

. .2, “How many'moies are.thefe\in:'

(a) 6.02 x 1023 atoms of iron = . -

<3 . . O » ‘
£ K ; \
o~ ' co S

-



'
@

(b) 3,01Jx71023ratoms of carbon

\‘ d : 9
3. How many molecules are th%re in
(a): 2 moles carbon dioxide (002)

e 0

(b). one-tenth of a mole of hydrogen sulfide (Hi/.s)

4, How many moles are there in: | .

 (a) 6 02 x 1023 molecules of carbon dioxide (COZ)

.o

<

(b) . 3.01 x 1025 mplecules’ of sulphur dioxide (soz);;

e

5. How many moles are repreeented'by;_

(a) - 24g carbon - . o ,;: : “

* '\ i S \.
i | ,\
“(b) 108 calcium -
\h o
6. What le_the'weight of:
(a): 2 moles sulfur T ". - .
L » R . .

.(b) zjmoleg oflpotassioh

AL



7.

A_ 0.5 moles calcium?

10.

11.

"12.

N\

\

.What is the weight of:

(a) 2 moles of carbon dioxide (CO

249
How manf moles are reﬁreseqt‘e& by:

(a)  60g nitric (o}/cide (NO)

3 (b) 23g nitrogen dioxide (Noz)

)

(b) .on"e—tenth of a mole of hydrogen sulfide (1\-125)

W

How many moles of potassium contain the’same number of atoms: as

How man}; afoms of sulfur are represented by the number of moles

containing 1010 atoms of carbon?

- ~
~

How many moles of carbon dioxide (COZ) contains the same number

N

of molecules as 1.5 moles of water ('H 0)? ‘ o

/.

A

o

. o . o - o

How many molecules~of sulfur dioxide (§02) are represented by the

4 o 7 S :

number of moles conta.ining'lo20 molecules of wa\ter (HZO)?
v o 4



|

13. Calculate the mass of carbon representing the game B L
_ i ¥ . 4

7y

moles as.64‘grams of sulfur.
” " v I

How many moles of iron would weigh the same as 2 moles of carbon?

N

14{%

at

15. Calculate the mass of waier (HZO) containing the_same number of

" moles as 34 grams of hydrogen sulfide (HZS)'

; .
[ .
\ ~

i

'

. ‘ o |
16. How many moles of,carbén dioxide (CQé)'would weigh the same’ as
! S moles of water (HZOf? o .
i ‘\“ \\\ ! v '



S © APPENDIX 3
. _ . ;
‘ Quiz‘3 . Closed Book .- : ' \PAﬂE"

i
\

Answer all questionsk Please show all your work. You will lose no

.

marks for any working which is incorrect; only for incorrect or _

I

incomplete answers.

meueghmlme%dﬂNMghmM£wdgwm'

_aluminum - 27 ." ﬁitrogeﬁ - 14 ; oA
ca?ﬁoﬁ T - 12" o oxygen = - 16 :
coppef  - 64 . potassium - 39
hydrdgen —'..1 _ ' s#lfur - 32 .

~ The Avogédro number =‘6:02;x11023

~
\

DO NOT SPEND TOO LONG ON ANY QUESTION YOU-HAVE DIFFICULTY ANSWERING.

If you have any idea how to tackle a question, even if.you cannot

™.

‘complete it, DO WHAT YOU CAN.

2. What is t#e mass of 3.0l x

I )

1. How many atoms are thefe in 6.4 grams of:copﬁer?“

.

10 atoms of sulfur?

!
|

|

3. Cglculate'the'mass of potassium\cénfaining thé same number of
. atoms 55/108 grams of aluminum.

"

251
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~

Calculate the mass of carbon containing 4 times as many atoms as

A
1]

64 grams of sulfur.

R »

How many molecgles are there in 8.8 grams of carbon dioxide (002)?

1}

~

What is the mass of 6.02 x M22 molecules of sulfur dioxide?
- : \ .

. . .
\ - * ! b ' \

-
Y

Calculate the mass of hydrogeh sulfide (HZS) containing the same

4

number of molecules as 54 grams of water (H20).
Calculate the mass of carbon'mbnoxide:(CO) containing 3 times as

' S : i ‘ !
many molecules as 90 ‘grams of nitric oxide (NO).

4

\
£1

am

252
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APPENDIX 4A

DATE

¢ \ .
Chemistry 10 «'f'isif{ g

f"

This is a closec‘i‘ 'book test. Attempt all questions. Answer multiplé

choice questions by circling the appropriate '‘letter. - - \

N\,

In the questions which are not multiple choice it is very important:

that you show all your work. You wili lose no marks for ﬁ@ work

which is incorrect, only for incorrect or incomplete  answers.

Please use the following atomic weights:

‘a.luminum - 27 magnesium - 24

\ calcium = 4 } o nitrogen‘ - 113.

& c%r“&or: w- - 12 - oxygen - 16

" chloride - 36.5 * potassium - 39

| copper ' - 64 * silver - w08 ~

hydr‘ogen - 1 - gndium - 23

iron - .56 | © gulfur - 3;’2'

'The Avogédr\o nuniber (N) is 6.62 x. 1023 | o o ‘ ® \

DO NOT SPEND TOO LONG ON ANY ONE QUESTION WHICH YOU HAVE DIFFICULTY
ey .

oy, . A .
ANSWERING. . . S ' ‘ .

If you have any idea how to tackle a question, even if you cannot

*

complete it, DO WHAT YOU CAN. -

253
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1

1. How many moles of magnesi:zgwould weigh the same as six moles of

, carbon? ' \

: N

L3

2. How many;moleéule; are tﬁere in 23 grams ofbnitrogen dioxide
(NO.)?
(NOz).

3. How many moles of the named compound are there in:

'](a)“;6.02 x 1023 molecules of carbon monoxide (CO)?\

(b) 3.01 xv*1025 molecuies of suifur tfibxide (503)?

4. Consider 10'% atoms of calcium. How many atoms of carbon ére

needed to give the same number of moles as this number of atoms

{

oficalcium? .

~

.

5. Which of the folloWwing reprgﬁents one mole of hydrogen chloride
(HC1)?

~

(a) 3?55 grams l (b)- 36.5 grams

. 23 . ‘ ‘ : oL
(c) 9—‘—92—3—‘6‘—_—;-0—— grams (d) 36.5 x 6.02 x 1023 grams

Y

254
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N

\Which of the following, 1if any, describes the meaning of atomic - |
weight? -

.(a) the weight of one atom of the element. ?’}jxﬁfl @ ' . o
(b) the weight of one million atoms of the element.l?i;gwﬁ_$4 ‘ i
(¢) the weight of one atom of the element relative t; ﬁhe Qeight
| of one atom of another element taken as a standand‘agreed 3“"f“u?

_ upon,bxiscientists. h D o | f iﬁv ' li' o
~(d) cannot be determined with Certaintybbeeeusebthgietom ls,tooi, - -
h tﬁsmallQ
%, L - O : o
H »"many atoms are there in: ‘ ’ S

(a) 2 moles of copper? a (h)‘ half a hole ofbirool.

N

How many moles of nitrogen (NZ) contain the same nUmber of mole- =
g v : : ‘ o

cules as 2 moles of carbon monoxide (co)?

How many molecules are there in:

(a) 3 moles of hydrogen gas. (H )7 (b) oneftenthvof'a ﬁole of
{  hydrogen chloride (HC1)?

t

_How many atoms areithere'fn-lom8 graﬁs of silver? -

\
\‘

|
\

1
A
e
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f
v
~

11. If the molecular weight of‘a gas 1s 33, what is the molecular
wei;hf of a gas whose molecules. are kh;eé‘;imes as heavy?
(a) 3 A () 11
(c) 99 - (d) ééme other number

12, Calculate the weight of one mole of:

< ey

CIREN :
(a) sodium chlqride (NaCl) - (b) nitric oxide (NO)
(c) sulfur dioxide (SOZ)' (d) methane (CHﬁ) »
(e) : ethane (CZHG) (f) hydrogen sulfide (HZS) |

13. Which of the'foilowiﬁg.repfesents one>moleuof sodium?

2\

' (a)'.12 grams - (b) 23 grams
’ 4 < 1023 o ‘
’_(c)‘ £¥Q24§§l9——-grams (d) 23 x 6.02 x 1023 grams

14, How many moles of sodium contains'thé,same number of atoms as

.0:5 moleé of calcium? B -

o _ -
15, . Calculate thé/ﬁéss of co
: i .
-moles. as 24 grams of carbon.

Bér'representing the same number of

16. Which of the following best represents the ﬁeaning"of,the term. R

"molecular wedght" of a compowmd? - ¢ _ \



17.

18,

19.

20,

21,

. (a) 24 atoms - ) ‘ (b) . 10° atoms

BTN T SR T W AR RUSL TR T L A B T R RS I {O R WS G {1 2 e v e s

=~

(b) the weight'of‘oné‘molecule of. the compouﬁd relative to the

weight of one molecule of hydrogen.
(¢) the weight of 22.4 molecules of the “compound.

(d) the welght of one molecule relative to ;he'weight of one

¢
~ ‘

atom of the élement'tgken’as standard for the atomickweight

‘3‘13) the sum of the actual weights of the atoms in the molecule.

Ce

scale.
! |

. : T » Voot :
What is .the mass of 3.01 x 1025\a§pms of carbon? :
. . \ o o

)
\

[ g

How many moles of the named compound are represented by:

(a) 88 grams of carbon dioiiae (COZ)?

(b) 32 grams of sulfur dioxide (50,)?

o~

Calculate the mass of ammonia (NH3) containing twice as many

£l

molecules as 32 grams of oxygen (62). ) ) S

Which of the following represents one mole of magnesium?
. : . il . .

~

w 1023 ' -
(c) §492—§Zlg—~ atoms - (d) 6.02 x L923 atoms

—~ 2 ¢ g .
s

How many moles are there in:

(a) 6.02 x 102% atoms of silver? (b) 3,01 x 1023 atoms of
- : ; sulfur?

i A
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22l

23.

24. .

25.

26.

27,

A TR i T T A A YR KR R Y S N
v PR

(a) 2 molés“of carbon monoxide (CO)?
AT
(b) one-tenth of a mole of ammonia (NH3)?
AY
- . |
- C o .

.Calculate the mass of hydrogenv(Hz),containlng the gsame number
of molecules,as 14 grams of carbon monoxide (CO).

N . . ’ . » L ) B

What is the mass:of 6‘02 X 1025 molecules -of-carbon, dioxide |,
oLyt P |
;(COZ) ‘ E/»”'/ﬂx/\ ) ) _ .

- e L i —

R i ‘ \ ‘T;

Calculate the ‘mass of am%onia (NH ) representing the same number

of moles as 28 grams of c%rbon monoxide (CO).

i ¢ ~
b

'If the ‘atomic weight of Jopper is 64 what is the atomic weight
. of an element whose atoms are four times as heavy?

(a) 4 ~(b) 16 I

(c) 256‘ L '(d) cannot answey, because not enough

’ ' ' ‘information fs ‘given
bHow many moles are represented By:
(a) 20 grams of calcium? (b) 69 gr?ms of sodium? =~ =~




28.

\ < 29,

- 31,

32.

33. "Which of the fbllowing represents bﬁe mole of carbon monoxide

(c)

=

- 259
Consider 10° molecules of hydraogen (Hz); How many molecules of
carborn dioxide are meeded to give the same nﬁmber moles as
this number of moélecules of hydrogen?. \
Ca®culate the mass of calcium containing the game nhmﬁex of atoms
as 108 grams of aluminum. .
What is the weight of:
‘(a) 3 moles of calcium? (b) oﬁe-tenth of a mole of calcium?

\ T

|

How many moles of carbon mohgxide (CO) would weigh the same as

\\

.4 moles of nitrogent(Nz)?' -

Calculate the mass of magnesium containing 3 times. as' many atoms
as 36 grams of carbon. \
) . -

~ N ~

-

(coy?. o
(a) 28 mglécuies \ v (b} 10°% molecules

«—6‘—0\2——’2%9'— molecules (d) 6.02 x 1023 molecules

s
g3,

A& . '
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APT .NDIX 4B

N . . .
ITEMS' TESTING SKILLS A TO i, FINAL TEST

\ B a
A (mass: relative # parpiciés) B ' B .19, 23, 29;/3a
B‘s(mass:i# particles) \ - 2, 10, i7,A24 gl
é_ (ﬁole: relative # particleé) B ‘ - _ 4,'8,‘143\28
D (mole: # particles) ' - i -3, 7,09, 21

E (mass; equal # moles) ~1, 15, 25, 31

" F (mass: # moles) : ’ 18, 22, 27, 30
' _ ' ‘ ' -
G (mplet molar mass, L particles). 5, 13} 20, 33
H (molar mass as a.fatio)V~ . | . A 6*,.11} 16%, 26

~"

*vTﬂese items were droppe& from:the analysis.

N.B.  Item 12 was iﬁcludedlas a linking item between elements -and o |
compounds. '

N



_APPENDIX 5

THE TEST OF DEVELOPMENTAL LEVEL
NAME_

. This'Boqklet consists of four exercises.

IT IS NOT A TEST.. However, we would like

to see the approach'yqu use in arriving
at youi solution_t each task. It 'is

thereforg\essential that you show all
your work ciearly. '

i
i

.o . . . |

261
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‘ The Two Solids (TS)

- This task involves: separate'ly subiﬁerging, two’ sdlida'in some wateir in
a'graduate‘. ‘Read the instructidns carefully. DO NOT answer any - ’
questions until you “arev'feady, BUT once yoii have begun a new citxest'ion :

. R ' \ : TR e
DO NOT changm\previous answers. Answer the questions in ‘the order
in which they appear.- | ‘
. i . v - 9 ) ) . . R R v K
> 1. Compare the Be., ‘Are they the same c;dlbuf, how do ~
RN their weights 3 they the same size, . . .?
) . . . I 3 ’ : . - - N -
2. Write down the n er on the ‘graduate which',corresponds to the .
water level. = ° | o |
" 3. Very carefully lower solid A into the water until it re.sf‘f on the
\ ' bottom.. Write down the new water level. s
1 . . . b \ l".
4. . WITHOUT DOING"IT, predict w'rgvat'kwater- level you would expect if

solid B. had been put \in the water instead of solid A.

R - 5. Explain as carefully as you can how you arrived at your answer to

question. 4.
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6. Carefully remove solid A from the graduate, and replace it with
solid B. Write down the new water level.
- f L] : \ ' ' -
' -/ : .

7.  Explain any differences in,your answers to 4 and g

@



4

The Ratio Task (RT)

The figui'e drawn below répre:sents ‘a SMALL cheme.cal flask, When

. . _ e : ~ '
measured witﬁ\ large paper clips, the height of the small flask was
found to be 4 clips. When a similar LARGE flask (not shown in the\ .

diagram) was measured with ‘the same large paghr clips ,  it was found

to be 6 clips' high.

Now please do these thin'g;s:

1. Measure the height of the

o small flask on the right‘
ﬁsing the SMALL pap'er clips

. .

_ provided. .'I'he height is
___.S‘MALL paper clips‘.

2. PREDICT the héigﬂﬁ of thc;
LARGE flask 1if it were
measured w_ith ‘the same
small clips. The heigh;:

of the LARGE flask would

el - N 5 _'
‘3., "EXPLAIN how you arrived '
at your predictiéq; You

' may 'use diaﬁrams, words ,-__

\
\

264

or calculations. :Plgase '
eiplain yoﬁxf‘steps care—
fully.

'EXPLANATION (Be.precise)



|
' The Radio Task (RA) \

I

B

| 4

=g - costs $40, but you can buy arfy of the |

A transistor radio

f

following "extras" if you want to: _ . ] :
leather case oQ - $10
-
\. 5 : | /
| X
OR carrying strap . 1 - 85/
: - T |
: X /
. . _ '
‘ OR extra battery : ‘ ‘ _ $2 -
\ . . .
\ .
. ’ o - _
. - . . . e o.o ‘ -‘ ‘
" OR - ear phone : / L $1

K

. Suppose you want to. buy ‘a radio. ‘Write dm or draw as many different

-' choices as you can think of

R For_ 'example‘- . . l : : - o
0o ,radio + case + earphone -
\‘, e -' . ;&,/ . ) o R
\ .
\ ' (oo Lo o - S
SN I X radio + strap
AN
' 4 Lo
. - ’ . ' - -
Put your answers on the special answer ‘'sheet on the next page.
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APPENDIX 6

THE SKEMP TEST
i 1 :
v 8K6: TRACTICE SHEET

Operation 1

—?H P —r'f‘r

C — O >

S

PN

In the above figures, tha one on the left of 'enﬂr.h pair has

been chasged to the one o6 the right by means of the sime
operatfbn. In other words, the sbove figures given tkrce
of a perticular opecation. You have to find out whar the
is, and cthen do the sane %ultian to some other figures.

.

What iu the cperation? It is reversing froc left

\

sicpla
exanples
oparation

to right.

E; this on each of the figures below, and fill ic tre arnswer: in

e blank zpd\/:cz. Chack with the answers on the tlackboard to

make surec that you have undsrstood. o

-

[:: J— o . I:::> —

-~

Do Operation 1
on thase,

K
P

f]

Hare is.a diffarent operacion:

O —f'A

4 . L uoL

0
Operstion 2

re

_ a |+ +
| '-”‘ ‘3 ) <:> - ‘§:>'

5
\ B

\

""" len you huve found out what it is, do it anfth‘c figures

below. Check with-the answers on*the board. -~ O

A

— , -

Do Operatiom 2 D h T -
on thece. . " e E] —_— X —

-
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: /
. SK6: DEMONSTRATION SHEET )
- OPERATIONS A TO E -
2 : o .-
(OPERATIONS JF TO J ARE ON THE NEXT PAGE)
. ﬁ v ‘o AL
*" | Operation A - -
d \ vT o
\
) X - e 7
S, 4
. Operation B oW <
i .
S 3 R | Vv - T
Operation C Q —y x . >< . \O —_
C ' , \ T vV
) ~ ]
| o | ] z
.Operation D oK) )
c ' —_— oo — e 0
- — o0
; RS T < .
/! ‘ B ) AV xx .
. X ))é T %%
Operation E . -y e o
e . g - X . ‘ N . wa——— (ol ‘——'s
. 1
> .



_ ‘
i !
e
SKQ; , DEMONSTRATION SHEET
OPERATIONS F TO J
T vit+ v O . .
Operacion F = — = —_— é
- \ \A ’
t
\."\ . . P Y aYa
ot o - 4 ]
Operation C X — xx | ¥ — Q Q I — | l
\ L
\
Operation H — 4. — — .
o o - oo ["oco  oocoo|l & DA
_Operation I V — |VV

-_ Operation J

1

'i’ . ’ .
1. AA L AAAA

|ssss ss

d
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- »
NAME o evnrnennnnsenennennnennennns ety SCHOOL vevnvevnneannenns
‘Last i Pirst Middle ) )
AGE v\eveveeveis GRADEu. uur.... ". BOY GIRL DATE....... Foeas
" Years - ’ (Circle one) Day Month .Yr, )
SK6: PART I
. Find out the operations from the DEMONSTRATION SHEET, and
£111 4n the ansvers in the blank spaces, just as you did on the
PRACTICE SHEET.- - o '
Do Opezaticn 0. o ' A
A on these. T — T —~— \\ u ——
Do Operation ' Ve O\ :
D on thase. -_ : — Y o
" 'Do Operaction ' . | “ . v : .
C on thase, 9 — \ \/ — : - BN
. i3
Do Operation - —f—
D on these. e | ‘ — l —
~N : ‘v ¢
©
Do Operation o ' N .._| _— ~
< E on these. - — l ‘ —_— ) —
. —_— \ - ——
- \ . N
<



. . ~~
Do Operation F
on these.
k] .~
Do Jparation G
on these. -
X g:p"-'
Do Op-ration‘B Y ° . o
on thesa. T e —
—+ + ‘
Do Operation 1 C} > . O\ )
‘on these. o L e ) —
| |
Do Oﬁirzxtip;a 1. XX . LAAN
.on these. —_— : —
i occe $S :
\ /17

e
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. ANSWER SHEET FOR SK6, PART I

Here are the ansvers to the pipblwl you'did. Go through

these carefully and put a tick in the right hand margin 1if you think" <
_that you got tha whole line right. If you ars not sure, ask for an .
explanation. ’

Operation A is: ‘

turn the other g : ‘ . ‘ .
g =] =L v \

Operation B is:

. ’ ’ ’ ’ Py ~
rotate a quarter ) / g .
turn clockwise. |. ? : M > ) T + o . H

v

Cperation C 1s:

intcrchange . . I 4 . )
upper and lowver - — — .
parts. : ] : .

Operation D is:. |~ - - s _l e oc l ou'

replace each e c O ' : )

horizontal line. s ° "~ I - I ‘ e

by two circles. - © . B —-I -— ""_'I"‘".' oy e

- . v - » - o ’ S %

Operction' E is: .o . -—l— —_ S ‘ "?
dreplace each S — XX | i X .
“Ivertical iine et T X R , S .
|by two crosses. —— ' "‘l"" “x . ’

—~ Al -
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‘ [ : ‘ N
" ANSWER SHEET FOR SK6, PART I

A . \ (conTvyED)

< . — . :
Operation F is: T . ¢yo a1 V ‘
v add a symmet- —_ !, i —_—r [ —
» rical lower half, ' 1 : .
. ‘ ~/ e ol o B
. , - . - - , : -
Operation § Is: e A X X X
double evn}y- —_— . —_— —
thing.. . : ' \‘,- ) ' eo0 @eo o
. . » \ N
=
Operation H is s S e o \
:z:?h the lower ‘ . —_ O___’ O
, . o T TT | + + +| + + +
. N\ ' . .
» Operation. I is: ° ‘oo O O ,
L double the | ~
T . | smaller part. - + + . + | ) ))
b . AR s ‘
) ™ fal
e - | Operation J {a: ) ’ AAN AANA
h "] interchange x x _.,.x X X T — TT _—
chc@bgrga 000 o0 ss S\ /// ///
. \ L -
R gl \ ,
\\
i s
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,N*:B. eesesss SCHOOL..... cerscaceecses
A Last . First \ Hiddlc

AGE.«.eeveeeeees GRADE..esveannnnssos BOY GIRL {nxra\...;......... -

oy Years . (Circle one) Day: Month Yr. L

o ' : o - N g,

SK6: PART II ; ‘ -

'In PART 11 the problem is to combine the opdrations on tha
DEMONSTRATION SHEET or to do them in raverse, or both. VWhen ™
combining operntions, they are to, bg done f the ord given (i.e., . .
"Combine C and G" means, "Do Opu'n,tim C first and. thﬁn do Opu'ucion o \ oo coe

= ‘ " ' :

‘ . G. ) ‘ » _ \ - : . \{

- Look at thc examples givm:’:!mlov and then cnt*‘r\y out the - \\

operations indicated on the following three pages. ) ' }

-| EXAMPLE: ;
. Reverse B A

m_;c  4-+)<>°

N - hrd ’ N - ) ' . . ) s
EXAMPLE: - ‘ ’ » L

. v Vvv .
Conbine C 6 G. | ? __,++ T ._..-V : _L ._...{...{—

7

. ’[EXAHPLE: :
) ~° !Raversas and - — o+ XX —» o
\ icoquine G LB T T_’ \\ g $ -~ o o X
! .

A

‘-"\\\
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= " SK6: PART II

Reverse G i o — coco — ' .3;,

. . . "c‘o ' l o 0o ° ov
,Revcr_u D : ‘ N vy — 3 ‘
ra ‘ G Vv

3

~ i

[Reverse i o —p | — - ; _*
|+ + .- XXX X

4

~
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. .' ’ .
. SK&: PAV 11 .
» C:' -
5% RN
’\\ -
Combine E & H > oaal ot : y
R . o | X , ;
ot P . )
- ST 2
- - - . v .. \ ¢
t ’ >' ' \.: . T \
' . .0 X - WAV :
Combine A & I - X —n 17— 1 ( -
: |
: ] —_— v o
Combine D-& J R ) — _
XXX’ - ~ .-
Il N ‘r/ .
- - ;
| Combine B & F - =1__,. /_, » | {
‘ \ * o
' - _ o /s -
o ‘ _ T / ‘ B T
Combine F & B =1 - / —_ /__, \
" -
" |
\\‘ . - ‘::}
\ -~ ] g .
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k ) SK6: PART I : R
‘ . . f

Reverse andy, X i X o X
Combine B & J - o X T X , o x

L ARt ; :

7.

' ~.-JReydij'i.ci and x o Xlx | o
Combine R & E S 3 I S B

Reverse and L o . )
Combine A & I - ‘ LT ‘ ) B
' 00 i ) .

Revcrae and v - ' / - ‘ =l .
Coz:b‘;ncrs'c‘ - \( : : 88 . ‘ | |

'
. . Reverse a d ) i . . o - ‘. o ) d

C.ombincA&lc J,J; , ___ ‘V"T"




S o o APPENDIX 7

_ PROTOCOLS FOR ADMINISTRATION OF THE TEST OF -
DEVELOPMENTAL LEVEL AND THE SKEMP TEST |

N

The following protocols were used for the administration of the Test

of‘Developmentalh\ayel and the Skemp Test. The page nunbers haye been
.\ v
changed to correspond wit\h those in Appendices 5 and 6. N
!

Test of Developmental Level

\\\ ]

1. '"What we are going to do is not a test but a series of tasks
designed to help'. u‘s‘f'ind out how you deal with certain kinds of

situations." ’ - e

2. "Please begin by putting your name on the front page of the

* -

'booklet. » If you have any questions now. or, during this period

please direct them to ‘me by raising your hand. ~

e

-3 ‘"Nvow turn to pa‘ge 262, We will hegin with the task called 'The

| Two Solids' because it requires dhemonst‘ration; by me;" -

4, Question one asks you to con;pare the solids."
A 'brass cylinder and an identical aluminum cylinder was displa)’éd.
Several member;s of the class An different parts of the ‘room were
asked to handle and examine the cylinders and to describe as many‘

By

'.In each . case the similarity in

properties of them as they could.’

_size and shape and the difference in weight were noted, as well

as extrsleous characterist-ics swch as celour, -s_heen, and attach-

‘ ment of thread.
.5_. \ Attention was drawn to a graduatedjcyl_inder containing coloured
\water. ‘Several subjects w:lere asked to read the level of 'the' water
. \
and after complete agreement the subjects were asked to write
o own thi_sj number as the answer ‘.to question two.‘
\ E ' o
Vo .
\ IR 4

AN
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6.

7.

8.

'aluminum cylinder (a) was removed,and the brass cylinder (B)

: v
lowered into the water. The\hgd’water level was ascertained by - 5

S T 279
The aluminum cylinder (A) was carefully lowered into tb.e water in-
=
the graduated cylinder §§§il the aluminum cylinder rested on the

. bottom, completely submerged. Again several subjects were asked

to’ determine the level of the water. This was recorded as thd
"L:w M - /\
answer to question three. v'f'- A o

Subjects were then asked to answer questions four and five.

. - ’

_When all members of the group had completed these questions ‘the z S

\f

»

\ ) -

: ~
several subjects, and the group asked to respond to question seven

if they needed to and could At this point the class was reminded

.‘v' 4

" not -to change any of their previous answers, 'h,‘ o A2

. strated and the class then asked to answer: the remaining three

‘279_\ and 27

"against you in any way Do what you can. Don t’ worry if y0u§

- "Now turn‘to page,264 M 'The use of the paper clips was demon~ .

N
~.

tasks (including/one which was deleted from the analysiq and is -A" 3§"

,not‘ahown in Appendix 5). Subjects were asked not tﬁ‘discuss the

'items and to remain in their seats until everyone had finished

T

Skemp:?est,__ v ' ' ,

"Please complete the in@ormation requested on page 270. "Pages

7, &
‘have been separated Leave them f@g@ down unitil told

RS
S ¥

,test which will countf?'

to refer to them. ‘Once again this is\notxgg

are

_unsure of some items. The first parts are for practice and we "

a’iwill go On to'the‘later part after we've talked about the early

N answers-,; Lo " T - L

~with .as they\arose.

g

v

ST

"Let's lookvat pége 266. Any questions?" Questions were dealt o .

L . - N
» D R
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3.

4.

5.

6.

& N

267 they weﬁe asked to turn to page 268
"On page 268 and 269 are ten more operations.' What you have, to
do is find out what each operation is and apply it to the ques-
tions on pages 270 and 271. I suggest you find out A and apply

it, find out B and apply it, etc. Do not ,turn to page 2?2 until

s 'y, <

e . . \

Whenlall'subjects had completed as much as they could'of‘pages

268 to 271qthey were asked-to turn oyer pages 272 and 273 ‘and to

o

' compare their answers witﬁ the correct. answers indicated on these

pages. Any discrepancies were discussed with the whole group..
. | :
The group was asked to turn to page 274 and the examples on that.

page werer discussed. until each member of the group agreed that he -

v

They were then asked to complete

3

or she understood the examples.

v

as many items as they could on’ pages 275—277, and to remain seated

without talking until everyone had finished

When~evervone had finished the subjects were thanked for their

N

\co—operation and asked ‘not: toqreep any of the pages.

ORI o -

R 4

tOld. e, : '_ ¥ N .

-
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APPENDIX 8 - . N
. REMEDIAL UNIT 1~

’\ 1\ “~.Q 'NAME ‘~

~  SCHOOL R

Atomic Weights and Moles

Atomic Weights o EE ‘_ o

. The end result of your present work is the sbility to calculate
- -
’numbers of atoms in given weights of elements, and similarly with S

N -
a

¢

\ - numbers of molecules in gi\ren weights of compmmds ‘ Chemists need ‘to
be- able to do this because chemica?l reactions take place between atoms ,

. and molecules, and it is important for them to know just how many
*

]

atoms and molecules r\teact. You will need this skill to learn ,to do

other things in this course, and in any future chemistry you Elo. A “

N . 4 < s

‘ 1ittle time spent now may save you a lot later. But there is a pro- '

blem e atoms and molecule‘s are-so smallwthat we 'cannot see them, . oy

by

: 1et alone .count them out, as we would count apples or oranges for
example. To help in this chemists usé the 'mole.' : \

-~

.l - 'I’he usefulness of the mole is that it a‘llows us' to count"‘atoms
’ eand molecules indix*ectly. ‘ That is, we can say with reasonable cer—
tainty that a given weight of an element contains a certain number of
_ atoms, or that a given weight of a compound contains ‘a eertain number
of mole\*cules.‘ Moles are the linkﬂthat allow us to do this.

. Let's begin by considering just how small atoms are. Mosl: mole~

cules are about the ssme size as atoms but just a bit bigger. To -get

»

. s'ome.,. dea of the size of

’ atqu‘ C@S,idér fthe following _approximate\\, :




B o | R

's_izes.: o o ’. N . o f\ L

: & boy 100cm tall " 10%cm o |

‘ l.cmon“,?ruler C L em”
| :Ia fm; grain of aand - ' . 10"2@‘n o o 6:\) -
. T avirus ) | o - 19_4@ o o
\ o | "a Rarge molecule 10",6m - '. -
an atom. . 10 8cm )

Note that each time we divide by one’ hundred. ‘Try to divide one
o : centimetre on a ruler one hundred times. : You can Juat about‘ do it.
That 8 about the gize of a fine grain of sand. Notice that to get
. down to the size of an atom you have to divide the grain of aand
’ 100 X 100 x 100 times. That is one million times more. ° No wonder we
cannot count the number of atoms in even a few grains of an element.
_ b Although we cannot see atoms ‘and cannot weigh them individually,
| - it is poasible to gare ‘their Weiglts Consider the- f\tﬁ;lwing_
illustration. o i ‘ " ' “ S

'&i‘I'hink of three kinds of naila. Let a call them type A, B, and C

"»ﬁebdo :know the speeific weight Qf any of them,rbut we do know that
A is twice as heavy as B and that A is four times as heavy as C. That :

1s, the felative 'w_eights are 4: 2: 1.

p

Relative 4 ' - P2 : o o 7.
- welghts SR - L e
v - Co R
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Voo o \

Now think of small piles of each kind of nail with.10 nails in each.

| ‘Hew would the wei‘gh'ts of the piles compare? " s
\ The weights are now 40 : 20 ': lO o S
'BUT. the RELATIVE WEIGHTS are still 4 ::z 1. B s
) 'In-jgen,gral, as long as you have the SAME NUMBER of each kind the | .
re'lative w’eingof the piles\will,eq‘ual the relative weights of_ one R

o

Lo = co

nail of each kind.\

The S ame reasoning applies to weights of atoms. "The atomic weight

of an element is NOT the weight of one atom of_ the element. It is. the

weight of an atom ‘of the element relative to .the weight of an atom of .

L

some standard element. The standard has changed several times in the

‘history of chemistry, but the principle is the same. When we tal)( of
- . ' . J
‘ the atomic weight of an element we are comparing the weight of one

' atom of the element to the weight of one atom of the standard element,

N

or more realistically, we are comparing the weight of a large number . |
| of" atoms of the element to the weight of t/he SAME large number of |
- ‘atoms of the standard.. Today ‘the standard- is carbon. ’, More correctly
the weight of the carbon 12 isotope is given a value of 12 0000 and
everything else is cdinpared to it.. (Do .not worry about the meani_ng
| '.of 'isot0pe o o e it ‘will become clear later.) We therefore arrive

at the atomic wei’ght scale. If we round off the atomic weights of

some common elements we find the following as part of the scale.

112 “16 27 32 4 8% . &

l 1 ( ! 1 L 1 [ T -
T T T \‘ A L) ¥ L{ “
H c 0 ‘A1 - - S ca ' Fe

Mose chemistry books have an- atomic weight table. Look up those for

tassium (K), bromine (Br) and silver (Ag} ?";( e e %



Moles

O'nee we have the idea of ’atomlc welght es‘tablished, we can begin
to think of moles. Agaln let's b'egin ‘witb an 1llustration: Suppose .
.you are provided with a pile of ‘small beads. You are told tbat the
weight of one bead 1s exactly one ‘gram, You are asked to find the
number o‘f.‘beadS’-lwithout ‘countin_g them. What would you_do?_ A

Well, if .you could weigh the beads y‘ou‘v]%oul'd'.‘.be_ able to find the
“ number by a simple calculation. Suppvosetl‘\e pile weighed say‘ 10" A
'g_rarns. How many beads would that.be?- Well, if each welghs one vgram,
it would .take _IOY to weigh 1'0 grams. ‘ ‘Therefore there are 10 beads.

L

Abx . o - 8o
: _ 0500

- (o]
weight 1 gram ' - 10 grams.
number . 1 o 10,

< i
.- Let' satake another example, only very slightly more difficult. Suppose

a dozen apples welghs 5 lbs. ‘How many apples wbuld there be in a pile

4

kn‘own to ‘weigh 35 'lbs - You would work it out this way. 2 c
T 5 lbs. is the weign: ‘of 1 dozen '

.’?5 lbs. is the weight of -15— dozen

i.e., 7 \dozen apples (or 7 x 12 = 84‘ apples)
7
|
We use the same method for using weights to count out atoms. The mole

L 3

-is the c.hemist '8 dozen, except that the number is not twelve but much

larger. A mole of atoms 1is 6. 02 x 1023 a“toms The number 6.02 x 1023
' is also called the Avogadro number (N) You might be wondering what

*this has to do ‘with counting out atoms Congider the following:

0 g o

284
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:It is.ppssible for chemists to sA -that - ,
12 grame-df'catbon'contains 6.02 x 1023 atoms.
Also, 32.grams of sulfur contains 6.02 x 102'3 atoms , )
Dobyou see the connection? No? Think back to the meaning of atomic
weight, and the significance of 6.02 x 1023 atoms. Let us try onér .
more, ) L | |
24igrams_of magnesinm contai;s 6;02 m 1023 atq;er |
‘Notice what 1s happening.

‘ 1. We begin with ‘the atomic weight of an element.
2. We take that number of grams of it.“
3. It ta#es 6.02 x 1023 atoms of the element to.make'np that weight. -
4. This is one~mole of the element. ¥ ‘ .I;‘ " .

:i' If yen weigh.qut the number of grams in one»atomic,weight, you hé&g 1 _ ((

L]

' weighed pne‘mole.v This~cbntaine 6.02 x 1023 atoma. THIS APPLIES TO
'\ALLELEMENTS N . ' o

When we speak of a mole of.an element wé- are always referring to «»
the game number'of atoms no mattey what the element. We can always n? )
- Y determine what weight of the’ élemZnt this s by looking up the atomic

| weight, amd taking that ngﬁser ef gtams. Pr;ve_to yonrself you hnder-:

«

‘,ustand-thls.by.trying.the followinghqnestions‘(aelf'teSt)g',}:

1. What & the atomic weight of aluminum?*
2. What weight of aluminum represents ome mole? ' N ‘

Lo

-

_'3. How many atqmskdoeébthishcontain?.

4, What 1s the'atomicfwéight of nitrogen? ' : L

e f 5.; How many moles is this? s ) u}' L o
Ab.’iubw many’atoms‘ddes tﬁis‘contain?v - T i A .
. . : \ | : ’
| - : 2
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‘ ~ - . 7 - . . . . N b' -nv : ' . ) .
7. Suppose the atomsyof‘twofelements were being compared. 3Each\atom
| - - El

‘I

- of the first element was twice as heavy as each atom of the second

‘element, .If the atomic weight of‘the second element is lZ; what

N

is the atomic weight of the first elemerit?

iy ' : . BE s - 1‘
(Chech,your answers at the end-of the ‘booklet) .- - | - o

. . ™~ s
f‘ Molecular weights and moles of compounds ‘f'\ . SR

CEKN ’

Now, 1f you have thefidef of atomic weights and moles of elements,‘

you can easily extend this to molecular weights and moles of compounds.

| PR

A compound is a number of elements j_ined together to produce a

substance with properties different to. the elements which it contains.

s h ' You will find out how this happens if you study chemistry further., o o :
v ¥
Chemical reactions may be between elements, or between compounds !

. or between elements and compounds. Therefore, it ‘makes sense to use

the same scale for molecular,weights of compounds as for»atomic _
'weights of elements; that is, the standard for each is the carbon

P 7

1-twelve isotope taken as 12 0000 (see earlierx ' “» | ‘[‘ g : .;.' / c

i " Now consider whatcthe formula of a\compound tells us. lt tells R s
us the actual nugber'of "atoms that'makes up'one molecule of thgécom;
“Pound. ' Lo L - ‘ . “;“5 RS

f ) ~

For example, the formula of hydrogen chloride is HC1l. Ome mole—v

cule contains one atom of hydrogen and one atom of chlorine joined

e

S tozether.-: o e oy .
The formula for sulfur dioxide is 802 Qne{mOlecule contains' .
. . - A‘ o ) R A' ) « N .,“n
' one sulfurwatom”and'tyo oxygen atoms. In SO, the 2 refers only to '
- _ « . i . . & i . 4 .

o
the oxygeén, i.e., to the symbol hefore
contains one MOLE of sulfur atoms_and.
’ w ——— . A A

. . A : . e P R
AR - . - ' .

£. Further, one MQLEAof SOé

0 moles“of3oxyéen atoms, whlle"f-

.

< . -4 . R N
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one MOLE of HC1 contains one mole of hydrogen atoms and one mole of
chlorine atoms Finally, the formula of water is\ H20. One mole of

H20 (.:onta.ins TWO moles of hydrogen atoms and one mole of oxygen atoms. ‘
~.

o NOTE. The two\in this case refers to the hydrogen. In all formulas
. the- numbers inside or at the end of the formula always refer to the

number of atoms of the element immediately in front of the number.

/ SR Now, if one mole of water ‘contains 2 moles. of hydrogen and: one

" mole of oxygen : then the weight’ of' one mole .of water is made‘ up of

&
2 X 1 grams (for the hy rogens) PLUS 16 grams for the oxygen.........' '

that is 18 grams, or the mo

The ‘rule for calculating

‘ mole ular weight (or the number of .
- grams in a mole) of a compound is to \___————/

o -.‘ (1. Multiple the atomic we;ight of ‘each element by the nun'}ber of

:t"'» | atoms of\ the element in one mole.cule of the compound.v
- L 2. Add the results together. - o

This 1is the molecular weight. . |
A This numb er of grams is the weight of one mole._ '

It contains 6.02 x 102 moleculeSfof the compvound..‘

R 2

What is the weight of one mole of the compound phosphine which has ’

Consider this example ) S

L

the formula EH§7 S

<

L. “the atomic\weight of phosphorus is 31
2 " the atomic weight of hydrogen is 1, multiplied by 3 gives 3
"3, the total 1§g31‘+»3 =é"':;m\:

T4, th‘e'molecular w.eigh't. is 34

X : :
5. the weight of one mole is 34 grams .

| 6.v 34 grams of. phosphine contains 6 02.x_ 1023 molecules.

Q
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Now try self—test (2): o L }‘ o h ;;P.

l. What is molecular\weight of hydrogen bromide (HBt)?

!

2. What is the weight of one mole of it? ‘: : »f AR

- 3. How many molecules does it contain? '

"4, ‘What is the molecular weight of carbon disulfide (CSZ)?______

' 5;‘ What is the weight of\one méle? NG 5E o ,“}r-{.:,'. 5
6. 'How many'molecules~doés}iq_eontaih2ki S ”::f ;f“¥1 s j \
Answers o»self—test (1) e o h{ﬂf" ?:f::i“gi.:f Lo ‘fifk
B 1 27 - _»'-‘ '52 27 grans :'::: 3 6.02 :‘:“_1_1023”/’;. R RT
5. she -  \‘ _6,..‘ 6.02 % 1023 ; 7 24'(»‘2};15). e '
| Answers to se1f~test (2) _ . “ _
o 10 81 (1480) 2. 81 grams ' 3. 6.02 x 1023



APPENDIXQ T " T \‘, -
. REMEDIAL UNIT 2 , ,

© Masses, Mo‘le,ﬂs,i anvd-“At'oms

. ‘
. . . . e . N N ) ‘ ) , ‘ . . . ‘
R If-you-are~reading this, you'mustfbe hsving'some trouble either
' with the 1ink between masses and moles or Dbetween moles and atoms, or ..

o both. It is important for you to understand this as it will affect
P

'1"‘}?our learning of other chemistry concepts. Hopefully you have some .
understanding of the‘ meaning of the term mole from your 4previous .

:(.work. All that you hgve to do row is to apply this . understanding to \

B ,Scme spec‘l\fic examples. “So let 8 try again. _’ o '_ ‘ \
Coaw B ’ e ' S o

) Moles (—~) Atoms or._ Molecules SR '

s
oy
Let s begin by recalling the meaning of the teLm mole. A Remember/that ‘

, A

the mole is in a. sense the chemist s dozen except t'hat the number :

) represented by one. mole is 6. 02 x 1023 atoms of an elen}ent or

-

6 02 x 1023 molecules of a compound.; Let 6 illustrate with ‘dozen
) \and then appl‘y to mole.j,‘_‘ o ,- SR O/ . B

- Consider the question..,..p...How many eggs are there in 3 dozen’z

“ You would reason.s  1 ;'ﬂ ST /
von! dozen eggs is twelzre eggs, . \ . ,\"

: 'I'herefore, 3 dozen eggs is 3 x 12 eggs, which is 36 eggs.

_ Similarly half a dozen eggs is 15 x 12 eggs which is 6 eggs. e

v,,,

I . . ERENS
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" Now consider this question..........How many atoms are ‘there in 3 '
moles of an element? This can be answered jus% as above:
one mole is 6.02 x 1023 atoms.
e : 23

Therefore 3 moles is 3 x 6.02 x 10 atoms,
. which is 18.06'x'1023 atoms, or 1.806 x 10%" atoms.
Similarly, half a mole would contain 0.5 x 6.02 x 1023 atoms, which .

- | R :
is 3.01 x 1023 atoms.

v

Now considér the opbosite kind of calculation, changing number of
¢ ' s : v . _

atoms to number of moles.

F

Consider the question..........How many dozen apples are theré in

\

~

‘60 abples? - ': ' : o \
Yoﬁ would~reasdn: ”

12 apples makés 1 dozeﬁ. T ST | S
Thergfore.l apple'makestljlz dozen, ' .:~ T | : e
agd 60 apples makes\GO/ia dozen, |

 which 1év5‘dozen.A

‘»\

Now consider the question..........How mémy moles are there in
6.02 x 10°" atoms of an element?.

You would reason:

o

6.02 x 10°3 atoms makes 1 mole. ,
‘ ' b

1 aton makes g7 23 moles.

' ‘ o a2
6.02 x 102" atoms makes QZSELJLJQ%j;
¢ - 6.02 x '0°
which is 10 moles.

¥
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All of the above applies equally well to moles of compounds and the

number of molecules cohtained, because ONE MOLE of a compound contains |,
6.02 x 1023 molecules. | |
For exémplé, |
1. How many ﬁolecules are there in 3 moles of carbon dioxide?

i'mble contains 6.02 x 1023 molecules. Therefore:

" 3. moles coﬂtains 3x 6.Q2 X 1023‘;olecuiés,

vhich is 18.06 x 1023, or 1.806 x 102* molecules
_ 2. How many moles are there in 3.01 x 1023 mol culeé of carbon
~dioxide? ‘.. . . i

- \ ’ \ ! . I
6.02 x 1023 molecules is 1 mole, a S

S molecule is -———-:-i—--—-.moles,‘
6.02 x 1023
S . 23,
3.01 x 192.3 molecules is -3-—0—1-—}5-—1—0-— moles,
: - ' 6.02 x 1023 '

which is 0.5 moles.

Now for a simple ekt_ension:
' One mole of any element contains 6.02 % 1023 atoms. ’
eig.y 1 m e of carbon contains 6.02 x 1023-atons,

1 mole of iron contains 6.02 x 1023 atoms. . , '

We: can'generaliize' this as follows:: o

ONE MOLE of any element contains THE SAME numbeér of atoms as one mole.

of any element (we know this to be 6.02 x 1023 atoms, but let's not
SROAVARR . o |
worry about this specific number for the moment) .

3
e . -

-
Now, suppose we take half a mole ,017/ several different elements. - They

L



no longdr contain 6.02 x 1023 atoms but they all contain the SAME -
number of atoms as ‘each other. -

In the same way, if-we'had? say, 0.157 moles of different-elements, .

each contains the same ndﬁbef of atoms. (No longer 6.02 x 1023, .and

we are né; really intere#ted in exactly how many.)v :

Lét's generali?e \

SAME.ﬁUMBER OF MOLES me ans

SAMF. NUMBERI OF ATOMS :

........::..and

SAME NUMBER OF ATOMS means IR R

| SAME NUMBER OF MOLES - o R SO )

- The same is true ror compounds except that we refe:\to,molegules
instéad of étoms. .\

Thus for compounds, EQUAL NUMBERS OF MOLES means EQUAL NUMBERS oF

MOLECULES, and vice—versa. | ‘

To take this one sméll step fut;her,_

'T&iée as mény moles hquld me;h twicé as many atoms of an eleﬁent.or

twice'as ﬁany moleéﬁles of a compg%nd; dhé-third as many.moleé‘wouldn

mean one-third as many atoms or molecules; etc.

For example: § - - .

. Two moles of copperfcontainé éxactly as many atoms as two moles of
vt . " - . R K
iron, and twice as many atoms as one mole of sulfur.

"One third of a m61e of carbon dioxide contains exactly the same

number of molecules as one-third of a mole of methane (CHA)’ ,
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| Masses ¢—3 Moles

Hope fully you cah now convert mdiééféfféigﬁgﬁts and:conpounds to .
. .numbers of atoma and molecules. However, when‘wehweig;?out subétances
also if we want a particular number‘of moles” how can we. calculate how ‘*
fnany grams we need° This is the focus of this section.
: Recall how you earlier determined the dﬁss of one mole of an element,
© Al you had to do ‘was find the atomic weight and\weigh out that many;g;a#;.;
grams. I | w7 “
For compounds it was a little more difficult.:}’
The procedure you_folloued was:
‘1. ﬁultiply the‘atonic veight ot'each element preeent‘by the nunber
: of atoms ot the'elenent in one molecule of the compound (remem-

D)

e

‘bering that any number inside the formula or at the end of it

réfers only to the nunmber of atoms immediately in front of the

¥ .
, : g
nunber). 3
.2, Add:the results together.'
3. This many grams is the weight of one mole., o ' " ) ‘///

For example, the molecular weight of proaane (C H8) is 44, You could //

calculate it as follows: RO C ‘ o S

1. The atomic‘weight of carbon is 12. The formula for propane tells

us that»one molecule contains 3. carbon -atoms, The contribution

4

Q v of carbon.to the molecular weight is therefore 3 x 12, or 36
u » ~ > .

_ 3 atomic weight units. , ‘ -
\\\\N\;_;”f;2/¥he\atomic weight of hydrogen is 1.
_ ' o N\
— The 8 hydrogen atoms in the molecule therefore contribute 8 x 1,

or 8 atomic,weight,units. - .

A

L7we deal in grams not moles. How can we-convert . grams to moles, and ’1\l3ﬂf
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3. The total is 36 x 8 = 44 units on the atomic weight scale.
’ *Therefore, the mol_ecular weight 1s 44, and the weight of one mole

is 44 grams.

Now,. once you can do this, you should be able to calculate the mass

-

of any number -of moles.

Far: examp'lc;a, the mass of 5 moles of rarboa 1s five, times.the mass of
on. mole, 1. e., 5x 12 = 60 grams,

The mass of one—half a mole of propane is Y x 44 = 22;. grams Y
. The rule is very simple. |

TO CONVERT M_OLES TO MASS,"MULTIP'LY THE NUMBER OF MOLES BY THE P.IASS.VOF B

ONE MOLE.

5

The. opposite ig equally simple. '
'

TO CONVERT MASS TO MOLES DIVIDE ‘THE MASS (NUMBER OF GRAMS) BY THE

MAS§ OF ONE MOLE, ) - . .‘\\ g .

. . | .
e.g., How many moles are there in 48 grams of carbon?
12 grams of carbon is 1 mole

48 grams of c;xbon is 48/12 moles , or 4 moles

'If you understood the _co'rnt‘ent‘ of this booklet, you can now:

1. Convert moles of elements and.compounds to the equivalent numbers

N

_of ‘grams.

2. Coﬁvc\art grams of elements and compounds to the equivaient_ number‘
of moles. ,. - \r - | |

3. Relate different numbers of moles of substances to the equivalent

_numbc~s of atoms or molecules present. ' , r

-
‘4. Convert numbers of moles of substances to numbers of atoms or

molecules present in elements and compounds respectively. '

~
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5. Relate differ.:e,nt numlaers of moles to the equivalent numbers of
atoms or molecules.

To see 1if you can do these things try the following self-test. 1f

you ‘are unsuccessful on any questions go through this booklet aga.in. ’
It yill really pay off later.

' Self-Test. (Cover the answers until ypu have finished)

1]

1. How.many moles are rep‘ftesen‘t’ed b)lr_:w e

(aj 78 ‘gra‘ms potaseium x)? \‘:“"
(b) 17 ‘grams hydfd‘gen sulflde (Kzs)i? :
2. What is the welght of: - |
(a) 3_moles_o'atbon (C)_? - o - .
(b). 'ihelf a. mole of ammonia ‘(.NH3)<? . ’ . . -
3. }lpw many atoms are thei'e" in 3 moies of‘sulfu'r (S)? v
4, How .many molecules are there in half a mole of methane (CH4)'7
5 Hon many moles(‘of the - named substance are there dn: ' | A
A (a) 6 02 X 1027 atoms of magnesium (Mg)
(b) 3.01 X 1023'molecules of carbon monoxide..'(‘vCO)
6. Which of the - following contains most atoms: o
(a) ,243 carb_on c S (b)’ 27g aluminum (Al)
(}c)i “48g sulfur (s) o
Answers » . =
L 2,05 2. g, 8.5 3 1.806 x 10247
. . , (ie.3x602x1023)
| b4, »3'.01 x. 1023 5. 104, 0.5 6. 24gC (2 moles)

i
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 APPENDIX'10 . . . \\
TABLE 37

Test Scores for Skills AtoH bnvtbe Final Jést '
~and Quizzesl‘the Test of Deve%ngiétal (

'Leveli(DL) and the Skemp Test (SK) 'f - .

\,

N
NOTE:. Subjects whose responses were not clearly interpfetable

3 - Lo

for a.sub;test.of the'FinallTest‘orba\quiz were. treated as ﬁiééing .
data for analyseé involving the particular.éubftest(é). Such |
.jsubjeéEE\are fepresented 5j a ‘Q}Iin Table 37. Subjecté wﬁq were
absent for any quii were éliminatédlfromvthé sample. \Subjects who
were absent froﬁ any 6fher test are ;eprésentéd byba -1 in Tab1g_37
for Fhé partiEular test(s). Sdbjects whose - ID beéihS»with 1 or &

_were in the fémediél,groups.
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