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learning hierarchy model to t:he learning of the concept of a.food web,,

an important topic in biology curricula. Few validated learning hier- .-

archies have been reported in the literature for c'oncepta outside the/

‘realm of mathematics and the~'physica1 'sciencee. és a result, the .

/

applicatiod of Gagné's model in the present study provided some informa-
_tion regarding the applicability of the model to auch a concept. ];n

'addition, “the process of validating :t,he hypothesized learning hier'archy

provided a ready means by which to inveatigate students misconceptions

regarding skills comprising the hierarchy. Hence, a second aapect of

the present study concerned the identification of common misconceptions

which grade ten biology studenta hold regarding the food web concept.

This in turn provided some information regarding the applicability of

. the -learning ‘hierarchy - model to the study of students' misconceptions.

The sample consisted of 200 grade ten‘biology atudents‘ from

three coeducational schools in the St. John's area.. A llearning‘

’ .
N . !

" hierarchy was dev‘é_-loped for the food web concept using'v a Gagné-type °,
“l'.'ask analysia. Upon completion of regular classroom: instruction on food

_webs, the sample ‘was tested on the skills. comprising the food web

O

hierarchy. Following this pretest a self-instructional booklet, designed

"to remediate the skills of the food web hierarchy for atudents who had

LN
P , [
<

failed to learn then initially, was adminiatered.' Each subject received

an individualized prescription for ‘the remt/adiation of skills which were

e ' : /

The present study investigated the applicat:l.on of Gagné's" - !

L
.
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' failed on' the pretest. Following the remedial phase, a parallel form

. of the pretest waef administered to the sample. These data vere

- ing hierarchy model to conc;epts other than those of mathematics and the.

.. R b
B P S

[

-

theoretic and the Dayton and Macready methods. Griffiths method was
'used to invest:igate' the hierarchy in term.s'"‘of its-transfer validity.

'Data from test items which were answered incorrectly were analyzed and

-

~ -

subjects misconceptions were recorded. i. o o .

)

The hypothesized food web hierarchy was found to be valid both ‘

-’

psychometrically and in terms of tr /nsfer\ a:lthough transfer of learning

for connections involving 1ower skills of tge hi.erarchy could"not be '; ‘e

'j‘determined because too few students failed these slcills in the pretest. v

3

.
. ..

However, the validated hierarchy, appears to offer much potential use as

N PR R

an instructional tool for the instruction of food- webs. In addi tion, -

e
g -

5o o

physical sciences. Five commén /i’vhisaconc‘_éptions Held by grade ten biology

v

analyzed -uging- two psychometric validation techniques, the.ordering— L

' these findings]indicate some support for~ the applicability of the learn-

students concerning food webs, food chains and pi:edatio’n were idehtified. ’

In one case, a misconception was revealed for a la;:ge part of the ,sample

in -items testing subordinate skills but did not occur in the.,case of the

terminal skill, "['hi.s suggests that the learning hierarchy model may be ‘

useful in’the stud)”of misconceptions, in that it has the abildty to
reveal underlying misconceptions which would not be apparent 'from

students' responses to the terminal skill alone. - . ' e
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/. THE PROBLEM .

BEN

N : : 'Introélauctio'n. to the Problem , ) _ o
§ ] . K . o . ‘ . . . . T - -
: L l’t' is the task of the curricu‘lum developer to set the sequence '
P e e .

" .of instruction, to determine what must come before what' (Schyvab

‘task. ‘to learning. - T . : &‘

Often the curriculum is ineffective not because its content- is
“1nadequate, but because it is put together in .a way. that,
makes learning difficult. i e .

, v I At the instructional level it follows that difficulties which students

encounter with important concepts in sclence and other -areas of etudy

b o K . might be alleviated by improved sequencing of instruction. This is of

N

- particular significance when the learning of one element of instruction
may facilitate ‘the learning of another. In such a case? Briggs (1957,
.'p. 4) suggests that careful sequencing of eleménts“ in terms oi“":'s the .
direction‘ of such?tranEfer should be moré -efiective than random
o 'sequencing. Thue, knowledge of the sequence in which elements of
- knowledge should be leamed could provide a valuable tool for shaping

effective inetruction (White,- 1973)

“Despite several decades of reaearch effort which hae addresaed

BT R s the. problem of how to identify optimal sequences of knstruction (Dewey,

Lo . . 1916 ‘Bruner, 1960 Pilaget, 1964; Schwab, 1966 Gagne, 1977), what has

emerged is not a solution. but the realization ‘that more research ia -

1

P o | :
o ) C l964b, p. ll) Taba (196 P- 290) expreeaed the aignificance' of this -




.}’}ﬂ

. which several entire disciplines are organized into a suggested sequence ‘ i

~ level of"sequencing ie Col‘.nte's positive hierarchy' of the "scient‘:es in ‘\.' i

 of study (cited in Schwab l964b, p. 18) Schwab (1964a, pall),

t

'needed'before valid recomine'-ndations for practice can E'e tnsde (Posner &
trike 19‘56, p. 665) While no general recommendations .have béen made, _..~i '

\here does appear to be subs’tantial interest in the study of instrut- =
tional sequencit:g. . )
From thel literature it. ‘is apparent that. the sequencing problem

- may be studied'at v,arious lev,els, depending- upon the size of the |

_instructional ‘un:i't to be sequenced. ',o,ﬁ a "macro" level,.-‘Aseque‘n‘cing :
efforts focus on very large blocks of curr:[cul‘um.‘.' An e_xample of this :

e .

\

E3

however, notes the - fallacy in attempting to delineate a preferred b,

Lo ° . O:D _,,,-.' e

sequence of instruction at this' level: . 7t ... oo L BRI - f‘;}

r - .

. . . the ‘problem of the organization of the disciplines\ is a

. problem of- classification primarily. The diversity and variety :
of available modes of classification is great. Consequently, : LT

' nothing could: ‘be -more. foolish. than to suppose that the pro‘blem . ‘
posed to' us by this variety ei;adoctrines is the problem,of ' o

. determining which.one is- "right“.; With very Taws exeeptions, _— X
" each. of them is, -in its own way, "right". A T -

In this respenr.’ sequencing on a macro level seems to involve s. cur-' :
-r)lcular decision more SO than an. instructional one. C.onseq_uently, the o
problem of the identification of sequences which may improve learning
appears to be more likely for smaller units of instruction. In his .‘
review of the literature relating to sequencing of instruction, Briggs

~

(1967, Pe 12) suggests it would be most expedient to focus on brief

L units of. instruction. On such a hmit:r«:{)" level, sequencing efforts would =

"be directed towards elements of a single 1esson. Gagné (1973) takes a

similar view, suggesting that learning hierarchies, which represent one
v e L 5

approach to sequencing, are most clearly applicable to unitsgconsi.sting

.
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- of single l'e'ssons.h.‘ .

[y

T There- is some. support for

- units of instruction intermediai:e to those of thé macro and micro levels

described above. : Despite acknowledging the merits of focusing researoh

Y

efforts on single units of instruction, Griffiths (1979, p. 17) suggests

S,
e

that sequenoing efforts representi‘ng such small .,units of instruction
" are unlikely to be considered of significant value to edueators. He.

' proposes that sequencing efforts involving several lessons may allow

Il;

o
. v

*.":. sufficient experimental control, and still be useful to teachers. This

\is the. position taken in the present study. o . o ' \._ T

z
. n-.’~

‘ In addition to differences concerning the size of the instmc-— -

'tional unit to be sequenced the sequencing problem may be considered

’

with respect to another variable, namely the rationale used to order an

instrugtlonal- unit in a particular way. While almost all theoretical

positions acknowl dge the’ importance of effective sequencing, alterna—_
- ©

) “‘ tive ways of conceptualizing the sequencing problem exist ?Briggs, 1967

p. 15).» Posner and Strike (1976) have proposed a conceptual framework"’« -

for studying these alternative perspectives -of . instructional sequencing,
: as, well as their implicatiohs for sequencing research Their framework
. outlines five distinct categories of sequencing principle. world-‘
:_ re].ated, concept-r'elated leaming-related inquiry-related and'
.'utilization-related each with a num]l:’er of subcategories qut

_investigators appear to focus their research within a given category ‘or

. . DU - : . e

subcategory o . ] '. S e e
The present study grew in an attempt to alleviate difficulties

T . Aetudents may en’:ounter in understanfding an important concept in. high

.schooly'biology‘, namely, ;food webs. For several'reasons,‘ Gagne 8

"' Tt ° - M . . Kl ’
- “ . 1
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' 1earning hierarchy theory was considered a, promising model from which
. ) . . . .

to approach the problem.

»

First, sﬁch learning is’ representative of the domain' of

intellectual skills, as defined by Gagne (1972) According to Gagne, . T e

.' intellectual skills are particularly amenable to the application of

' ~

the llearning hierarchy model The rule—lik"e nature of the relation—

- shi s in food webs suggested that a potentially profitable approach

through which to promote more effective learning would be the. learning' '.

hierarchy nbdel Second the task analysis and subsequent data col— |

lectidn phases in the development and valida:ion of the learning . ;

hierarchy would provide an opportunity to reveal common misconceptions L
', | which students may harbour regarding the food web concept.v Current - .,

. science education research reflects growing sup$ort :for the need to

°identify., m_isconceptions held by students. with respect_ to particula.r

" sciente c‘:on.cépts'.' For example, Finley and Stewart (1982) suggest that
’ ""rese‘arch to identify ‘knowledge of commonly taught content domains

.which students have prior to :lnstruction would be valuable to teachere

s aud =curriculum developers. They suggest that this information could

be used ‘in planning instruction to-include missing knowledge and to

. .

correct comron misconceptions. -A learning hierarchy has several built-

in diagnostic features which are useful in pinpointing areas of

difficulty experienced by individual students (Okey & Gagne, 19703 A B

RE1d’ 1981)’ P_resumably, a ﬁood.,web hierarchy could provide a powerful e .
‘ to_ol for diagnostic testing and remedial teaching in this area.

. A third reason for considering ‘the use of Gagné's model in the

-

present study became apparent from a review of the literature. Here

..

' it was observed that studies incorporating Gagné's’ leaming hierarchy .

‘ T
Y
S

Y
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model rarely focus on concepts'cehtral to the biclo'gic':é']f sciences.

| White and Gagné (1974) underscore the need to determine whether/valid
hierarchies exist in subject areas other than mathematics and the ° N
physical sciences. The present study,may contribute to this.

Prior to discuesing Gagné '.s hierarchicel mddel of learning in
greater detail, it is important to acknowledge an alternate learnin‘gn.
theory which has' been more widely applied to biology educa.tion than

' ha‘s"‘ the Gagnéan model, namely, Ausubel's reception learning paradigm

. (nnsuhel; _1963'; Ansubel 5 Novak & Hanesian? 11973) . Ausubel's work'is-

'> ' bconcern‘ed largely with the 1earning ;f- verbal ‘knowledge. Gagné (1977)
. . appears to agree with Ausubel‘s views for this . type of 1eaming. |

.Perhaps because a large part or biology education involves the learning
of verbal knowlecige, Ausubel's ‘;:heory has gained wide popularity among

h,iolo‘gy. educators. Yet biology, dike other disciplines, involves other
d«omains in addition to"verbal knowledge——-including.that of intellectual . - '
skills., Accordingly, Gagné's_, theory is also relevant to biolo‘gy ednca-

. . tiom, and for the content under consideration in the p_te\sent study,

appears to be the most promising model.

$ ’

Gagné's Hierarchical Model-of Learning

As a learning .theo.rist,l Robert Gagné has made ‘many contributions
ﬂ -

to current views of learning. His hierarchical model of learning
(Gagné & Paradise, 1961; Gagné, 1962) has received much attention in
‘the 20 years since its_inception. The develapment of the model as well

~as changes and refinements that have helped to clarify its basic

premises will now be considered.




) tasks, while another may be able.to apply some capability whi?P comes

.from quite a different domain of knowledge not represented in

s st - . A . [

) ﬁespite origins in the behaviourist tradition, Gagné clearly
disnisses the‘notion that any one prototype of learning can be
applicable to ‘the domain of learning as a nhole. Fhis helief in dif-
ferent’types of learning led Gagné (1965) to propose that there may be
as many different types as there'are different'conditions under which

learning takes place. The importanse of this idea to Gagné's work is

N reflected in the title of his major text, "Conditions of Learning

.(1965 1970, 1977)

Gagné (1965) proposed that there were eight types of’ 1earning,

" ‘and further; that-these types form a hierarchical arrangement in qhich

types representing simpler, more specific capabilities are pre-

reduisite to the learning of ‘the next, more'complex, capabilities. A.

.slightly deifled version of this model ia illustrated in Figure 1.

As most children of school age will have already developed a.foundation
in the learning,types“comprising the_lower half of this model, it is

suggested that the upper four types are most significant to those

'concerned with the i&struction of these students. ‘Only the upper types

are represented in the model shown in Figure 1.
- The basic premise underlying learning hierarchies is that

failure to learn a particular skill is principally due to a lack of

. essential subordinate skills,"and correspondingly, that learning should

be easy to induce if all relevant subordinate skills are possessed by

the learner (White & Gagné, 1974) Gagne (1968) urges that a learning
v

hierarchy does not represent a unique or most effici nt route to the

learning'of a given final task for all learners. “He suggests that a

given individual may be able to miss.one or more of the subordinatg

-

he
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require as p'rerequisites e
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Figure 1. Gagné's (1977, p. 34) representation-’ . .

of types of intellectual skills. -
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. sequence (Gagné, 1968). : ' 0

=

hierarchy. Generally, however, for a validated hierarchy it is

anticipated that most learners will benefit from following the

In response to the question of how a learning hierarchy is

genersted, Gagné (1968, p. 3) suggests tha't for each task enc'ounAtered
one s.hould ash, "What would the individual already have to know how
to;d.o in oroer to learn this new capability simply by being given .
verbal instructions?" The same question- is asked successively for .
each new capability produced. The resulting structure may be linear,

or' where two or more subordinate skills are prerequisite to a higher

i

skill, branched. -Gagné (1968) suggests that the question by means of

‘which the analysis is begun implies that one is searching for sub-

‘! ordinate tasks that will transfer positively to the learning of the '

superordinate task. in question. In this way, when a subordinate skill

is mastered, it 1s suggested that the learning of the related super—

il

ordinate‘skill will be’ facilitated- and conversely, if the sub--

."ordinate skill has not been mastered that there will be no facilita-

tion of the superordinate skill. The crucial test of the validity of

a hierarchy throughout Gagné's writings has been the extent to which

learning of a'subordinate skill effects positi\'re transfer to the learn-—

.ing of superordinate capa-bilities. Those who fail to exhibit pre-

requisite capabilities are predicted to fail to exhibit related super- ‘

o ] .
. ordinate capabilities, while those who exhibit prerequisite “tapabili-

ties are expected to be more likely to exhibit superordinate capabili-
.ties. The corollary, that increasing the ‘p'roport:ion of learners who

! , . 4 . ,
can exhibit the prerequisite skills will result in a significant’

increase in the proportion who can exhibit the superordipate skills,

N



represents the eséential test of the existence of a‘hierarcﬁJ (Gagné,
1968). . - _
'Although reviews of studies incorporating the learning hier-

archy médel had generally eﬁcouraged further applicatioﬁ of the model
(ﬁriggs; 1967;'Resniék & Wang, 1§69; Walbesser & Eisenberg, 1972; “
Whi » \L973),’ they also revealeh certain anomal%es. This led to a
rec:j;zieration of the model on the pa?tfof Gagné, which ﬁi;imately ’
r'esult;.e'd in . a reclassification of thg_,nature,' chara;teristigs and uses
of learning hierafqhies SGagpé, 1972). 1Im addition,'the‘éevelbpment

of more rigoroué vaiidation procedureq.has led to further clarifiqation
=9£ the learning hierarchy cdncept, and éf the comp?nent elements .of
hierarchies. These'ﬁ;il now be disgdssed.

An imporﬁant characteristic of hieraréhies invo}?és_the
dapabilitieg which comprise the hierarchy. Originally, Gagné‘suggestéd
that his hierarchical pq@el applied to all types of learning (Gaghé;
1965). However, anomalies in res;égch findings e#entuéily led Gagné
é1972) ‘to probose a restriction of the use of his hiéraréhical modgl
to ﬁertaid kinds of learning. Where he originally outliné& eight types
of leérning (thﬁé,'l965),_Gagné now.pqstulat;s five domains.of learn-
ing: learning of intellectual skills;,cognitiﬁe Qtragegies, motor ’

' _skillg, vthal informatién and attitudes (G;gnq,.1972).. The eight
~types of learning which were originallg distinguisﬁed.are'now con~-
':'siéered tg represent components of one domain of‘learniné, intelleétuél
skills.‘bAlthough his claésification~of learning tfpes%ﬁas'changed
soméwhat, Gagné's basic belief in the existence of dif?erent types of

1) . .

learning, each requiring different conditions for 1earﬂing, remains

intact, ‘

. . L. R ; . )
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This reclassification of learning typeS\was accompanied by a
clarification of the role of .learning hierarchies. ~Gagné (1968)

proposes that the hierarchical model represents the most essential
. 1" ) c ' l
component of the conditions proposed for the learning of only one.
h

domain, intellectual skills, Although empirical evidence may support

the need to identify prerequisite behaviours in any domain, it does
2
not support the suggestion that these prerequisites form a learning

“hierarchy in any dpfmain other than that of intellectual skills (Gagné,

1968). ‘With thik view, Gagné (1968, p. 5) .has redefined a.learning

L4

. hierarchy to be
) ‘ . .
. .+ . an ordered set of intellectual skills such that each
- entity generates a substantial amount of positive transfer

"to the learning of a not-previously-acquired higher—order
. capability. (emphasis mine)

r

Kl

"‘Although each domain of learning has an important role in ;
‘.education,.Gagné (1974) advises that the identificationhpf hierarchfes
of intellectual gkills. cannot be overemphasized. Not onlyﬁdoes the
domain of intellectual skills represent a substantial part of school -

Alearning, but development in the domains or cognitive strategiles,
verbal information, motor skills and attitudes appears to requirelthe
.prior learning of relevant intellectual skills (Gagné, 1977)

In proposing that hierarchies contain only intellectual skills,.
and‘ ot elements from.other domains, Gagné (1970) does not intend to
suggest that the‘capabilities comprising each of the\other domains are’
irrelevant to.theAlearning of intellectual shills, rather, because
they do not exhihit a consistent relationship'éo intellectual‘akills

in_the hierarchy, he suggests they cannot be considered.a part of the

hierarchy.

Y



Gagné's views have also changed somewhat with regard to the

‘ v .
preferred amount of instruction to be included in a learning hier-
archy. O;igiﬂally, he proposed there was no limit to the amount of

content to be included (Gagné, 1963). More recently, Gagné (1973)

'suggests that learning hietﬁ(ﬁhieq are most applicable to the content

of a single lesson, although atguments have beeﬁ proposed for the
inclusion of more than‘this (Griffithd, 1979, p. 17). As such, the
qﬁebtion of hdt much content should be included in a learning hier-
archy has not bgen defined absolutely. | A' .

Although it was not intended that this section represent a

- '

‘comprghenfive treatment of Gagné's work, the basic principles and

applitability of the learning hietarghy model have been describqg.

Following a definition of terminology used in the present study, the -

" application of this model will be discussed.

'

Definition of Terma

~

Capability. The ability te perform a specific function\\jéer .

‘specified conditions; e.g., the ability to "determine how a sudden

increase in a given population in a food web would affect another, non-

adjacent, population located lower on the same chain within the web.

-

Community: A group of interacting populations existing

together in a particular habitat.

Food Chain: A'simplified modelvto describe feeding relation-
ships between populations in a community, in which nutrients are ‘shown’

a ’ -t .
to pass through a series of populations arranged in sequence.

At com——c oyt e w4 s , Lo .f .

e s e aneanas
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Fooa Web:. A relatively complex model to describe feedingj
relationships between populgtiqns'in a community, in which nutrieéts.

are shown to pass through a network of interconnecting food chainf.
‘ )

Hierarchical Connection: A relationship between two skil&s '
Lo I

such that the lgarhing of the lower skill is necessary for and/oﬁ'

enhances the learnﬂng of the upper skill, v ' e /
Intellectual Skill: Knowing "how" as contrasted with knowing
" "that" of information (Gagné, 1968, p. 4); e.g., knowing how to;deter-

mine the effect'bf.é“change in one populatipn on anotHer populétion in

i

a food web, as oppos?d.to knowing that populations in ja food Wéh
" interact. ) ! . : ' -
- i . P |

Learning Hieéarchy: An arrangement of intellectual fkills in

which skills are related to other skills through subordinaté-
/

- B suﬁerordinate relatiénships} such that the subordinate ski;l in each
ﬁgir is necessary for the learning of the-superordinate skill'and/or

exhibits transfer of learning to the superordinate skill.
. . . d
Population: A collection of individuals of the same species

go;occurring in time and space, among whom there 1s mo barrier to

o
»
-

breeding; as in the ecological definition of this term.

!

"Subordinate Skill: "The lower gkill in a hierarchical connec-
~tion between two skills, which is neéessary for and/or enhances the

learning of the upper skill.

Superordinate Skill: The upper skill in a hierarchical. con-

:', .nection between two skills.
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Need for the'Study K ‘ o B :

‘The need for the present stndp may be.assessed from three
xantage points.‘fThe first addresses the educational needshof the
learner; that is, the importance of the food web concept to 'a student's
education and the'ensuing.need to investigate a potentiallp useful

method'by which to teach this concept. Understanding the concept of

a food web forms an important part of most high school biology curricula.‘

vIn a- study in which.100 biology teachers were asked to rate 55° major

biology topics according to their importance, "food webs was rated as

‘one _of the 15 most important topics (Finley,. Stewarb~& Yarroch, 1982'

\

-Stewqrt, 1982) One _Teason for the importance teachers place upon an

to be central to an understanding of more complex ecological principles.

understanding of the food web concept | is its role as a basic ecological

principle. Before students can understand complex ecological concepts,
they must have a firm grasp of the basic tenets. Alexander (1982).

:'suggests that the ability to understand'and analyze a food web appears

In light of a leading professional é&ologist s view that "We are

+ .

‘abysmally ignorant of the ecosystems of which we are dependent parts"

(Odum, 1977, p.  1289), the importance of the food web concept becomes

'apparent.

\ o Alexander (1982 p. 189) proposes that perhaps at issue is not

the "need" but rather the "how" to teach principles of ecosystems,

. and that ome of the most effective means is through -the study of a food'

‘web. The fJod web model represents feading relationships among varilous

pop&lations-living in a.given community. The concept behind this model

"+ implies that individual populations in, a. given community do not live in

isolation from each other; they depend upon each other for* food. If
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the. gize of‘one population undergoes an extrehe change, thereby

"'affecting its” feeding potential, other populations in’ the food web will

be directly or"indirectly'affected;

By undersﬁanding therconcept of -a.

14

food web,.studenta will be better able to understand how a phenomenon B

'which drasticalty alters onelmember population of a fopd web will

ultimately affect other populations in the community comprising that

) web, This is an 1mportant ecological principle 76/:h is critical to

an understanding\of environmental issues including pollution, conserva-

' tion and population management- issues about which students may be called

upon’ to make decisions as conscientﬂbus members of soc1ety. In:

Q

.

«

<

,faddition Coletta and Bradley (1981) advise that the food web concept,

‘a

with its many interacting branches, can offer a realistic understanding

of natural environments.

!ﬂa

N

Such an understanding is essential if society

is to successfully balance use with conservation.

\

Although teachers rate the food web concept as an 1mportant )

part of. biology curricula, Finley, Stewart and Yarroch (1982) suggest

that they do- not perceive food webs and related concepts to be

particularly difficult.

examiners'

a

P

7

Yet Johnstone and Mahmoud (1980a) note - that.

reports on schoolrleaving examinations in Scotland over

. ' ] .0
an eight-~year period indicated that students experienced substantial ™

‘difficulty.

|

It appears,,therefore; that there is a need to_identify

particular difficulties and misconceptions which students encounter

in learning the food web concept, so that teachers may work to

B

prevent or alleviate them.

o

This leads to the.consideration of a-

- second need to which this study may.respond, and an emerging area of

of students'

P e IR

substantial interest in science education research:-

the identification a

misconceptions and alternative conceptions (Driver &
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Eaeley, -1978) of scientific phenmomena. Stewart and Atkin (l98f) note| ..

’ that 4 great deal of empirical research is ‘needed to assess the
knowledge and procedures utilized by'students in solving problems in
psrticular content domains, and that‘research of this type‘has'direct

. implications for science teachers.

Upon addresging the question of

what represents relevant research in hiology education, Steﬁart (1980)

cites the need for reSearch dealing with misconceptions which students

Very few dtudies of
LN ‘
although Brumby .

, b o :' : preconceptions which they bring to the classroom.

. misconceptions have related to biological conceptd

‘ '._' ‘ . Deqdman and Kelly (l978) report on misconceptions concerning evolution.

i . S - is particularly timely, therefore, to add to the literature on
students nisconceptions about biological phenomena:
.Finelly, few validatedtleérning hierarchies have been reported‘
.» 'in the literature for concepts ‘outside the realn of mathematics and the
physical sclences.” The present study may provide information regarding
the applicabilitY'ofnthis model to such a concept. Beeson (1977 -
oo addresses the need.to.test the concept of learning hierarchies in a
" ! . . ' L]

variety of curriculum areas. He claims it is necesssry'that the nature

and limits of the application of learning hierarchies in various cur-

‘riculum areas must be Investigated if they are to'have practical
application in the development of instructional sequences. This study-
attempts to investigate the application of Gagné's learning hierarchy

. . \ .
model to a biological concept. . e - T

-

K.

develop as a result of instruction, as well as the identification of* l , o,ﬁ:

(1982) reports‘data relating to students misconceptions of Jife" and . ?f'q

‘e
Y
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'hierarchy leading to the, learning of the concept of a food web

Purpose-of the Study N o

‘The primary purpose of this study is to identify a 1earning
.The
hierarchy will be considered with respect to both its psychometric and

transfer characteristics. . S

L4

\

%, held by’ grade ten hiology students with respect to intellectual skills

“which lead to the learning of the food weh concept. : 7'4". "" -

. Research Questions” - ‘ ' »l.

FI : - " '»”1 I
.~Queetion'1: ‘Does the arrangement of intellectual skills
" » represented in the hypothesized ‘hierarchy
represent a learning hierarchy which is -

valid psychometrically? . - .7 . Tt

lectual skills comprising the hypothesized~
¢ hierarchy represent connect}ons which are °
valid in terps of transfer of learning?’

{
&y

‘Question ‘2: Do¥any connections between pairs of intel-

. Question 3: What misconceptions do grade ten hioloép i

. ' _students hold with respect to the iatel- . |
lectual skills comprising the hypothesized i
hierarchy? T

» B . . . N "

belimitations of the Study'

1
)

Restriction of the sample to one grade level (grade ten) o
within the St. John 8 area’ of Newfoundland represents an important
delimitation -of the study.

~

not be generalizable to higher or lower grades.

Evidence gethered from.one grade level may

o
Also, it is possible
¥

that students’ from schools othe:\:han the three sample schools may

"respond differently, although there Is no perticular reason to believe

It is also poseible that students from geographical areas '

‘ ' ' O—/

this.

- PR T oy

]

’

A secondary purpose is to determine particular misconceptions ».1
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" Limitations of' the Study | .
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external to l\{ewfoundland mayj not respon_d in the seme‘way as the sample,

° - o v

e —

although again there is "no p'srticular Teason to suspect this ..

- | N

The study is furtherl' restricted to one particular topic, in

hiolbgy. Identificationll ofia valid hierarchy for ‘this topic, or
failure to do so, does not 'imply anything about’ the hierarchical na /e
of biologv :Ln general or ax‘!y other science.

Finsllm\ any hierarchy which is developed may not T T present
the only valid hierarch_y for the- concept under study, nor.is °it possible

to 'deny.-that some, hierarc y may.e,xist even if one is not found.

v

]
Q ., N ..

.

LA limitation of he\study exists in that the investigator h.sd

&

little control over sam le selection; It was necessary that the study

2

coincide with the ateach ng of ‘the concep;: of a food web in the class—

Q

room.

o M .

) Therefore selec[ion of schools was limited to those studying

food webs in sufficiezt detall and at the p.’articular time. ‘

A ‘second lim ation involves the remediation of skills.

Although each stuaen received a booklet indicating which skills were

“to be studied, ther was no control over whether the students did in

fact, use the bool7et.a ’l‘his may have reduced any observed transfer
In an atZempt to minimize this limitation, até’ effort was made

to design a booklet which was appealing to students. It is also

©

\possible that deZpite utilizing the booklet as direéted some students"

This could be

- may not have su cessfully remediated missing skills.

17 .




As no measuring instrument'is-free'of error, the instruments
. ; ..

used in. the present study represent a furthet limitation. Ideslly,

-

students should respond to items testing the same skill consistently

I

1f items representing a given skill dlffered with respect to format

or presentation, measurement errors could result. Becsuse of the
_nature of the skills being tested in the present study, this llmita- é/

tion is less serious., The items comprising the test instrument test .
1 »

'skills involving food web diagrsms, and two items testing a given
-akill differ only by slight modifications in the structure and

lettering of their respective diagrams.

o e - T R ' S
Overview:, - .= o : Y S v R .o .
. ) - : -T' - o ..

3

frcm“the time of the'earliest studiEs involuiné Gagné's learn4\'
. ing\hierarchy model investigators have wrestled with various methods‘
by which to validate proposed lesrning hierarchies. The next chapter‘.
.involves a descriptuln and discussion of techniques which have been-

used to 1dentify 1earning h1ersrch1es. Several recent methods.which

vere applied in the present study are discussed in detail. The'

L chapter concluded with a description of empirical studies‘relating to .

the development and applicstion of hierarchies in science. The design'

of the study and a description of’ the test 1nstruments and procedures

s
O

'_ used are presented in Chspter 3. Chapter 4 describes the angiysis n

‘of data and the results obtsined'from the stqdyl The report concludes

~ with Chapter 5 which includes-a syﬁnarf'of the studiesnd'the major-~

conclusions'and recommendations for further research,

-8
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Chap ter 2 . o

| A REVIEW OF RELATED RESEARCH - .
- '
Introduction - S . .

Learniné hierarchy ‘research has developed in the ‘two decades
. - .
since Gagné first proposed his model (Gagne & Paradise, '1961; Gagné,.

1962) With increased intue. in Gagné's theory came’ improvements o
LAY Lt e
in methods of statistical analysis and experimental design of hier—

[

archy studies. A review of learning hierarchy research tracee these

[} . .
N » '

This chapter begins by’ considering the development of a mcndel

v

) for the design of learning hierarchy studies, followed hy a presenta-

' tion of methods of hierarchy validation. The second half of the
chapter considers studies investigating learning hierarchies in science”
and ‘the application of learning hierarchies to the study of students

]

n;isc.oncep‘tlons .
The Design of Learning Hierarchy Studies

Huch of the research reported in the literature since Gagn
(1962) preliminary study has been concerned with proving or disproving
the existence of learning hierarchies. In a major review of’ hierarchy '

reaearch White. (1973) found positive but inconclusive support for- the

' existence of 1e_arning hierarchies.' Problems-in validation methodology, ,

for the most part, were cited as the reason. o / ;

EETI

-
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Early hierarchy studies ((_;%gné & Paradise, 1961; Gagné, Méyor,
. . . 27 .

- Garstens & Paradise, 1962) employed a method of teaching nalve students

the-skilla comprising a hierarchy, followed by the administration of a

posttest of all skills, arranged in random order. White (1974b, p» 1)

»

criticized these and other studies conducted in the following d'ecade',
citing several shor tcomings:

1. Hierarchies were not always checked to ensure a 'common-
sense validit:y before collecting empirical data.

2. Many studies used too few students. .
" 3. Hierarchy elements were indiscreetly or loosely defined, ?
" 'which led to uncertainty in. determining the possession -
of the element:. .

"4. Tests sometimes included only one item per hierarchy ele— L
ment, preventing any estimate of chance errors or
‘successes.

-5, There waé too much delay between instruction anci testing.

6. In:iestigators did not look for additional hierarchical
e "connt-_zct:ions; only those postulated were tested. -
7‘3 No objective. 'niethod was used'consistently to determine
the validity of proposed hierarchical connections.

‘8. Verbal information or rote knowledge was often included
"in the hierarchies to be investigated.

In order to improve the quality of research investigating

Gagné's learning hierarchy model and thereby give greater credence to. .

éupportive finrlings, White (1974b, 1974c) proposed a new model for the

identification and validation of hierarchies. He outlined nine stages‘

-~

" which invest:igators should follow to overcome weaknesses which were.

prevalent in studies up to that time. White's (1974b, p. 2) recom-

mendations are:
Stage 1: Define, in behavioral terms, the eleitent which is
to be the pinnficle of the hierarchy.

€

/‘
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‘Stage 3:

P Stage 4:

v,

Stage. 7:

Stage 8:

' Stage 9:

‘can only destroy postulated connections, not create

,framea that teach the element.- There. must.be ‘two
or more questions for each €lement to allow for an

el e —— R R . R B - s S .

R RN
Derive the hierarchy by asking Gagne 8’ 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

them. Avold verbalized elements, they can be
included in the instructions.

Check the reasonableness of the postulated hierarchy

with experienced- teachers and subject—matter experts.

Invent possible divisio'ns of the flements of the
hierarchy, so that very precise efinitions are

obtained. ~

4Carry out an investigation of whether the invented
divisions do in fact represent different skills. o

: 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 )

estimate of their reliability.
Hawve at least 150 students, suitébly chosen, workf

through the program, answering the questions as
they come to them. : -

Analyze the results to see whether any of the

postulated connections between elements should be
rejected.

‘Remove from-the hierarchy all connections for which

the probability under H, is 'small, say 0.05 or less.

Since the publication of White's model, s‘ev.eral ‘modifications

have been suggested. White and Gagné (1978) eliminated stages 6 and 7

by testing subjects on all skills of a- hypothesized hierarchy after

. they had received regular’ classroom instruction. The. results of this

‘s'tudy were consistent 'with White's (1974b) findings which teeted the

,same hierarchy but included stages 6 and 7 in the experimental design.

i

As a- result, it was suggested that programmed inetruction and the

_ process of teeting during instruction may not b_e essential stages An .
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| the«investieation of learning hierarchies. “In a l,ater atudy, Griffiths
(1979, p. 121) also supports the elimination ot these stages, fo'r two

reasons. If. the structure ef an); particular 'learning hierarchy is
independent of instruction, as Gagné (1973, p. 21) sug'gests,' it should
‘not be necessary to restrict instruction to a programmed format, as
White (l97lob) recomends. Second]éy, Griffiths (1979, p. 123) advises
that tyt’{g after ins:truction iFmore appropriate than testing during

A instruction. White (19?4b) suggegts that testing after the instruc'-
tional" proeess is complete is liltely‘ to be misleading if sulior_dinate
skills are forgotten by the time of the final test. However, Griffiths
© (1979, p. 123) points out that: W'hite s ﬁethod of testing during instruc—
" tion' may p):oduce anomalies if the learning of missed skills takes place
as a result of the initial testing process. He. also suggests that
immediate 'testing may produee anomalies.es a result of short-term
memery effects. Gritfiths_ (l979,1 P ‘122)‘- .propos.es a further eltéra.tion”
of White's (1974b, 1974c) model in recomnlending tne inclusion of- a
method to provide evidenc'e.of positive transfer between skills. These
ﬁnodificat:ions were adopted in the present study. ’

" White's (1974b 1974c) model addressed the need for the improne—

" ment of the experimental design of learning hierarchy studies. The

+ following sections focus .lupon the development of impro_ved statistical
‘methods fot the validation of learning hierarchies. ~Fbllowin.g a
presentation of ea'rly. methotls _oi:' hierarchy validation, more recent

- methods, including those nhed in the present--study, -are discussed.

v
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'‘The Validation.of Learning Hierarchies

w From the time of Gagné's pioneering studies (Gagné & Paradise,

3

1961; Gagné, 1962;_Gagné etal., 1962), researchers have wi'estled w'ith'

the problem of ‘determining the‘ validity of proposed hierarchical con- -
. . )

_nections. Hierarchy validation techniques have since become the focus

-of much research. {

_subordinate skill’ in a hierarchy is necessary for the mastery of its '.

e .
. J .Q
. .
’ 2

. .
Two major hypotheses are associated with Gagné 8 learning

hierarchy model . The prerequisite skills hypothesis assumes that each

-

;‘related superordinate skill(s) This is not to say that possessiom of %

[ «l.'

L ¥
.

‘ a subordinate skill will guarantee tha.t related superordinate skills B ‘f:

[
(3

are mastered' however, it is assumed that a superordinate skill cannot

-, be mastered unless: related subordinate skills have been mastered. The

. 'positive' transfer hypothesis assumes that if one skill is subordinate

_ to another mastery of the subordinate skill will facilitate the learn— ’

ing of the other skill. Hierarchy validation methods reflect these

. hypotheses, falling into two genersl categories: those reflecting the

transfer-properties of hierarchies, and psychometric techniques which'

il

reflect the notion of a relatively inviolate sequence.’ The latter are

further classified into those involving scaling, and those based upon

the use of contingency tables, or matrices.

Some researchers have tended to utilize a psychometric defini— ,

. tion of hierarchical dependence, while others- have focused upon the

:

'extent of transfer of learning between hierarchically—related skills.

Resnick (1973) observes that learning psychologists and instructional oy

designe s tend to define hierarchies in terms of asymmetrical transfer'

, relationships hetween skills. Two tasks are then considered to be

L
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' hierarchically related if learning the subordinate task produces_—
‘ positive transfer in -learning the superordinate task. Testing and
I-.e\'ra,luation speciaiists seeking to develop efficient diagnostic snd
s placement tests for in’dividua'lized ‘ed'ucational programs have approached
validation dif‘ferently.: two tasks are considered to be hierarchically
4related when anyone who can perform the superordinate task can reliably
be expected to perform the subordinate task. (Resnick 1973). Psycho—-' |
‘ metric validation procedures appear to be most directly sulted to this
r'stionale. White (1973) and White snthagné (1974) suggest that

" experimental vslidation of the transfer hypothesis.of a hierarchy is -
more definiti\}e‘ tha'n psycﬁometrid validation, howe\ier they point out

N

"the applic&tion of transfer validation procedures to a complsx hier-
[ “ 0;0 .

archy may be qui,te laborious Carroll (1973) tends to support this

‘view, noting that validation experiments involvi.ng transfer can be

'tlif'ficult-slnd time—consuming. It is therefore no‘t surprising that most

attempts to wvalidate hierarch’ies have tended to ‘employ psychometric

'techniques (Cotton, Gallagher & Marshall, 1977). Deepite this observa-~

. tion, several investigators (Carroll, 1973 White & Gagné 1974

X ’Griffiths’,' 1979; I}ergan, 1980) have stressed the importance of trausfer.
'Carroll- (19'73) 'cfls_ims th‘at t_he':oncept of transfer incorporates a way

) ot testing ‘whether the ability to 'demonstrste a particular task 1s

| really prerequisite tollperformance in»another task; snd 'that psycho-
.metric validation is only useful in searching for pairs of tasks which

,I night be tested for hierarchical relations qny the transfer criterion.

Griffiths (1979, 1982) is critical of studies in which either
‘ the_psyc_hometr‘ic or the transffer definition of hierarchical dependence

has heen applied exclusively. - He inaintains that bo‘th types of
. ! . - 0 : .
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.val‘idation ‘methodology ‘are of sufficient importance that ", . . an
. hierarchy validated 'by either but not both approaches sh_oul:d\ . be ,regarded
as incompletely validated" (Griffiths,' 1979, p. .66). “This claim is
supported by the.argument . that-’although it can be shown empiric‘ally
. that a given gkill is not 1earned without prior' 1earning of a second |
.skill, this does not necessarily' mean thuatb learning the second skill |

/ toa } [
helps a group of learners to learn the other skill, Conversely, a

significant positive correlation between the léarning of the, two skills

N doeé not mean that the learner must master the second skill first
A

’(Griffiths, 1979, :p. 66)‘.' . In a sim:Llar vein, Resnick (1973) suggeetsv‘
('thet dependeney' relationships between .two tasks,-which have been psychp— ;1
metrically validated show: only 'that 'under existing | cultural or‘ e'dﬁéé- :
tional conditions one task. ia. normally 1eamed before the other, and |
that such a relationship does not indicate transfer ‘from one skill to
‘another. ’l‘hus, when there is support for a hierarchical relationship
betw'een two skills in terms .of hoth‘transfer and observed sequence of

s / .
le%rning, a more legitimate claim for the existence of hierarchical
relationship might be made (Griffiths, 1979, P. 66) Other investi-
gators appear to support this rationale and have rl;eported both psycho—

* metric and transfer characteristics of hierarchies (Wiegand 1973

‘Bergan & Jeska, 1980) . Both types of validation procedure are, applied
in the present study. - o . o I »
T Despite the development of numerous 'validstion procedures, a
problem remains in specifying precisely what constitutes a valid

hierarchy. As a result; investigations of learning hierarchies have

often suffered from the lack of a uaeful, objective way of deciding

whetheiﬂch connection is valid oF not (White, 1974a). A learning




. g
T
e

cm ™

-
H . L3

hierarchy consists of a network of connections hetween pairs of

intellectual skills. Ideally, if a psychometric test of validity is

applied; there should be no exception to the superordinate-suhordinate .

~relationship hypothesized for each connection in tha hierarchy, °

Siinilarly', 1f the test‘ which is’ applied‘ is of the tra’nsfer t}.'pe, all
individuals who learn subordinate skills in the hierarchy should learn

the ~respective superordinate skills. ) Griffiths (1979 p. 43) has

identified two problems which complicate these ideal situations, how-

~ever. In the first case, he notes that in an experimental situation
',Ait s not’ unreasonable to modify the ideal relationships described
N above to allow some- exceptions. This implies that the' validity of a

R hierarchy will be’ assessad in. terms of substantial, rather than perfect

,y«

, “hierarchical dependence.‘ Complications arise as . individual investi—

- gators var.y with respect to their perception of what constitutes .

"substantial" dependence.. A gecond complication arises becsuse; except

'iil‘*{the previously described ideal situations, a hierarchy which has - =

been declered valid either according to a psychometric test or a trsns-..
fer ‘test will not necessarily be valid ‘according to the other. More- L
' over, Griffiths (1979 P. 44) notes that the application of different

transfer tests or different psychometric tests may also lead 'to

‘

different decisions ‘regarding the validity of the hierarchy, although '

such problems are not always severe 1in practice.- ,For' example,. ‘

Griffiths (Griffithe & Cornish,” 1978; Criffiths, 1979)7found4fﬁflli/§,‘,‘ |

. results when three different testsvwel‘e applied to the same Adate;.

Reviews by Briggs (1967), Resnick and'Wang (1969), Walbesser

_and Eisenberg-(1972), ‘White (1973), Cotton et al. (1977), Jones and .

‘Russel_l‘ (1979) and Bergan (1980) attest to the breadth“of,rese“arch

w?t,
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'present-study, follows in later sections.

i ,1962)

'learning hierarchies. .

to be the result of errors of measur_ement_.,

"index of proportion positive transfer."”

27
which has been generated by the learning hierarchy model, .Although
each reviewer has been supportive of the basic model, most have out~-

lined limitatipns in the statistical methods used in the validation of .

Some early statistical methods which have been

used -in hierarchy validation are- considered briefly in the next section. '

A pr‘_esentation‘of more recent methods, including those used. in the.

. Early H‘ierarchy,' Validation Techniques

4 Learning hierarchy research began with .a series of studies

i conducted by Gagné and his colleagues which investigated ‘the’ learning

of mathematics skills (Gagné & Paradise, 1961 Gagne, 1962 Gagné et al.,.

In each .case 1t was discovered that the skills formed a sequence

,‘in which generally, subJects did not learn a later skill in the -

: sequence unless they had previously learned ali of the earlier skills.. .-

Any exceptions to the proposed hierarchical connectionS'were considere_d

From these studies Gagné

' 4-,derived the concept of p‘ositive‘ transfer, in which he proposed that

- . the learning of earlier skills’ enhanced the lea‘r'lni'ng. of later“ skills.

In order to provide a suunnary measu‘re of the validity of each hier- ,

"archical connection, Gagne developed a descriptive index called the&

Y

Unfortunately, several sig— .
I

nificant limitations: of this index have since become apparent. White

3(1974b) demonstrated that the index may merely reflect a positive

"”correlation between skills, a necessary criterion, but one which is

Lt

.insufficient in terms . of hierarchical relationahip.

« -

In .addition, he - '

'indicates' that the. index ,takes no a_ccount of ‘errors of ‘measuremeqt and o

PO A e oaa T e LI S T T T . IS NN
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“

; , L o ;L ' o
lacks a sampling distribution. In an effort to overcome some of the -

weaknesses of the inciex of proportion positive transfer, Eiae‘nberg'and
Waibesser (1971). proposed a series of indices of positive transfer;
~however these vere also.-found to have several flans (Capie-& Jones,
19715 White, 19743 Griffiths, 1979, p. 47) ‘.

" Resnick and Wang (1969) attempted to use Guttman's coefficient

of‘,":reproducibility (Guttman, 1944) as a measure of the validity of

ey

hierarchies. It differs from the indices previously discussed, as it K
is a single figure which applies to the whole hierarchy, not to'
individual connectionswithin it. As a result, one'incorrect‘connec-

. tionm conld lead to the rejection of the whole»hierarchy. White (19743) N
‘notes that it is drfficult ‘to. interpret this coefficient when a hier- :
'archy is complex and branching, and like the other indices, this
N measure ‘takes 'no account of -errors of measurement and has’ no sampling

distribution.

T
2=

Capie and Jones (1971) proposed the use of the phi coefficient

”‘in the validation of a learning hierarchy, however their criteria

app‘evar to be necessa'ry, but not sufficient, conditions for a valid ’
hierarchy.‘ ‘White' (1974a) warns _that use of thesé criteria alone can
lead. to a hierarchy which contains superfluous skills. and superflﬁous. ‘
" .connections betwe_en skills., .
. - . ‘o .
Each of the methods of hiersrchy validation which has been out-
. .lined in this section has been considered unsatisfa'ctory for ‘One or
} more reasons (White, 1974 Cotton et al., 1977 Griffiths, 1979 Bergan,
1980) ' White and ‘Glark (1973) proposed a hierarchy validatiogm method

' which avoids the above problems and provides a probabilistic estimation

of the validity of hypothesized connections between pairs of skills. -

[
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The method has been applied by White (1973), Li.nke (1975) Beeson :

(1977) and others. However, ‘Owston (1979) has shpwn it to be faulty

"lin terms of the assumptions underlying its para.meter est:l.mates in some -

circumstances.

The two psychometric validation techniques used in the present

study are described in the following sections.

The ~,Ordering:Theoretic Method

!

In the ordering—theoretic method (Bart & Krus, 1973, Airasian 33‘

Bart, 1975), the validity of a hierarchy is det.ermined by considering

:the relationships between pairs of skills. Although an- arbitrary test h '
- 'of the validity of each hierarchical connection. :I.s used > the ordeting——

B theoretic me thod is very simple to. apply and has been shown to yield

results not significantly different to those obtained from the applica-
tion. of the White and‘Clark- test (‘Griffiths, 1979). In ~the present

study the ordering—theoret'ic method is used to provide an initial
I

analysis of the data, after which hierarchical connections are tested

further by application of the Dayton and Macready (1976a) method;

‘ ' In the ordering-theoretic method decisions regarding the |
validity of hypothesized hierarchical relationships are made on the
basis of scores represented in matrices for pairs of skills. . Such a

m.atrix is presented in Figure 2 where the letters A, B, Cand D refer

to the frequency of subjects extribiting each of the pass-—fail relstion—

t [FA)

-ships described below:’ b - | o

= the number of subjects who paes both the upper skill and .
~ the lower. skill.‘ . .

' . B = the " fumber of subjects who fail‘,the upper skill and pass S
the lower skill, B ' B . U







r————
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“C = the number of subjects who fail both the upper skill and
. the lower skil]+ T

D = the number of subjects who pass the upper skill and fail
the lower akill. .

"The frequency of each cell of the matrix is determined from empirical

data.

The ordering—theoretic method focuses upon the percentage of

~

subjects whose .responses are disconfirmatory to the exlstence of a

_ hierarchical connection between two skills, those passing the upper

skill and failing the lower skill. Ideally, if the hypothesized lower

skill is’ prerequisite to the hypothesized upper skill, the frequency of

s
ce11 D, the critical cell, should be zero. However in order to allow

for errors of measurement, Airasian and Bart (1975) suggest setting an

- : ys

arbitrary, prespecified tolerance level for cell D. Typically, 17, 2/

‘ot 5% exceptions have been allowed. Hence, in a study of 100 subjects,

‘a tolerance 1eve1 of 5% would allow a maximum of five subjects to fall

* )

in the critical cell without rejection of the hypothesized hierarchical

) connect ion. ,

' The application. of the ordering-theoretic method requires prior

correct classification of subjects as masters or nonmasters of each

- R . -

skill in the hierarchy. If each skill is tested by two items, a score

"of "2" would represent possession of the skill, and a score of "0" would

represent'nonposseasion. Because{ subjects with an intermediate score

of"l" could not be clearly classified as possessing or lacking a given

A - —————

skill, in the present gtudy these cases were "labelled "missing data"

-

and omitted from the analysis. This practice was adopted in an attempt. .

to increase the certainty of claasification of mastery status and

thereby increase confidence in the validity of any hierarchy which may

emerge.




.. observed ' number of hiex::arch'ical relatibnships. However, Cdttoq et al.

LT Wood (1975) defined ‘a sighificancg test for theé ordering-

32

. . . K * : ’ .
As. might be expected, one of the major limitations of the

ordering~theoretic method is the arbitrary nature of the tolerance

1éve1,sét for the cricsdal cell. The choice of an appfop‘riate

tolerance level appears to be left to the discretion of the investi-"

gator, As a result, it is possible that different ihyest:['gators using IR

the same data could arrive at different c_onclusioné regarding the

N

-validity of a given hierarchy. . o o ,x:.' .

theoretic method which was based -upon the total number of '.hierarch:l’.cal." S
relationships between all task pairs that exist for a set of tasks. ‘-,

Basically his test determines the éhance v,pro.ba’bility ‘of -obtaining ah o

) ‘(1977)‘ point ‘out’ that the Wood prbéedure is biased against coﬁfi‘rmat;ion ' o

. of simple hypotheses with small numbers of -hypothesized ﬁiérar&hic#l

to Guttman scaling (Guttman, 1944). The ideal form of a Guttnjan scale,

- Aapplied. to a linear' learning hierafchy, occurs when résponses of a " S .

relationships. ' o o v

Unlike the ordering~theoretic and White and Clark methods, the

Dayton and Macready model ,i.s‘ capable of considering the hierarchy as a,

whole, least for small: hierarchies. "'This.model is described :Ln.,the

Wt

next sec’tiox}.
The Déytdn and Macready Model

‘The basis of the Dayton and Macready (1976a) model may be traced L

number of individuals to several test items form a sequence such that . i

all individuals who make a.correct response to any particular item also ;

make correct responses to all earlier items. To maintain .some standard

-’

P
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fof.acceptance or rejecﬁion-of a scale3 whileistill allowiné for sone.’ -
reasonable level of error, Guttman‘(1944) derived an "index of . S
reproducibility." An arbitrary reproducibility value of at least 0.90
was declared necessary for the hypothesized scale to be considered
valid, Proctor (1970) made a significant advance by replacing Guttman s

index with a probabilistic estimate. ;Although‘Proctor s model has not

* been applied directly to the validation of learning hierarchies,,it

forms the basis of Dayton and Macready's (l976a) attempt to extend .
scaling to hierarchies of - any configuration. Dayton and Macready's

model also made use of Proctor s (1970) suggestion that it should be .

‘ possible to allow for errors:due ‘to guessing and forgettingion the part

- of subjects. :

The Dayton and Macready model considers the probability of

obtaining all possible response patterns for a postulated hierarchy

funder the assumption that the hierarchy is valid. For a valid hier-

‘ archy, only some of the possible response patterns are acceptable;—

This may be illustrated by reference to the following branched hier— '

~ archy containing five skills: - ST

Cor

- Ski i 5. . -.E .. . S '_ .

kill 4 . N T

2 . T . Skil1_3';‘ _’d B _]o- o {‘l‘.
Skill 1 ‘Skill 2 |

Whatever the confiéuration of the hierarchy, 32 (25)“distinct response
. ‘ te Al

patterns are possible. hoﬁever, only eight of these are true response -

..patterns"in that they would satisfy the ‘implied hierarchical connections..

" The true response vectors'mayhbe represented by'the following patterns,

N ,”
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where "1" and "o represent possession and nonpossession, respectively,

“of a skill- and the skills are considered in the hypothesized sequence:

(00000); (10000), (01000), (11000), (01100), (lllQOY,'(llllp), (11111).

ﬁsing Dayton and Macready's notation, the probability of a.

-

subject producing a specific‘response pattern, "u", if the hierarchy is

‘valid 1s given by:

q - ' o : . o
P(u) = .3 P(u|VjI j‘ej I o A1)
j=1 . o : .

where v, represents the set of "q" true response patterns and ej repre-

3

sents the probability that the JtH'true vector pattern occurs and

. 4 k ' L]
CB(ulv) = T ij (10 °13 sij (1 8) 13 -2y
| YT | | o

In Equation 2, @ arid,Bi repreeent miscleseifieqtipn*parenetere}

@ represents.the probability that a subject will produce a correct

'reeponse to a skill which he or she should not be able to complete

correctly if the hierarchy is valid. Bi repreeents.the probebility

that a snbject will produce an incorrect response to a ekill‘which ‘he '

or. she should be able to complete correctly if the hierarchy is valid.

Equation 2 ‘indicates the values of the misclassification

¢

1

Mtrue" response patterns.to an observed data vector. Similarly,

' parameters a and.Bi are each .raised to a power necessary to fit all

3

. (1;o1) and (l—Bi) are raised to the number of true responses in'eaéh

s

case, The proiuct of each of these terms over all possible response

patterns‘represente Equation'ZL Multiplying this by the probability

.that the jth true’:Tf‘ﬁ"t'E'rn' vector occurs (ej)’ "and summing thish for all
i , —_ . . :

.. true pattern vectors (q) yields ‘the probabilistic model represented by .

Equationyl.' o - T | o~

G e et e ———————— e ©
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,archy which is most consistent with the data..
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.

Maximum l1ikelihood estimates of,the‘various parameters in the

probabilistic model are obtained and these are used to compute the

expected frequency of response for everyLresponse pattern possible.
The goodness of fit between the data 'and ‘the hypothesized hierarchy is .

e

then calculated by both a,chi—aquare.test and a likelihood ratio which
1s expressed in the form of a chi:square.

The Dayton and Macready model requires a priori derivation of

.

a hypothesized hierarchy. The hierarchy is accepted or rejected in
its entirety, decisions regarding individual connections within the

hierarchy cannot .be made,' However, it is possible to test different

composite hierarchies involving the same skills to_determine the hier4“

t

»

In the following section, methods used in investigating trans— .

"fer of learning in 1earning hierarchies are considered

:Methods of:Testing for Transfer '

White (1973) has identified several weaknesses in simple

' indices.which have been derived to.test for transfer-of learning

. between skills. He indicates that Gagné's index of proportion positive

transfer and others.like it are not considered to be acceptable, for
reasons prexiously discussed. Other investigators have acknowledged

the importance of transfer, and have proposed methods to measure

ttansfer. Resnick (1973)‘proposes that the most satisfactory means

to. test for positive transfer appears to be the direct comparison of

"randomly assigned -groups of students, with one group taught according

‘hiefarchical or deliberately.scrambled-sequence.. Effects of the

to a hypothesized hierarchical sequence, and the other in a non-

e s 4 e g e sS4 ey
T Pty T




method could prove-to be-a very time consuming practice for hier- . ...

\ teaching selected. subjects in alternate sequences could represent a

. ‘ . ) . PR ) :
sequence of learning on the rate of individual -learning "of both

Q
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' individual tasks and the, whole set of tasks can then be examined. o Co

Uprichard (1970) perfomed a transfer experiment of this type to

" determine the most efficient instructional sequence through which

preschoolers acquire knowledge of "sget" relations.‘_ Skills comprising

the hierarchy were taught in all possible sequences, then .the

.efficiency of a particula‘r sequence was evaluated in terms of both

the time required to learn the task to criterion-and performance on

‘a posttest consiating of both criterion and transfer items. This

.

. archies which. contain‘fnan‘y skills, where the number of alternative

' f'sequences would be great. It could "prove‘useful, ‘however, in

. '
' - C ‘-

investigating transfer within a small part of a hierarchy. ce
The preceding methods of investigating transfer may present an
ethical question. If there is reason to believe that it is advanta-

geous to be taught in the hypothesized hierarchical sequence, then

deliberate attempt to nisinstruct them.. Griffiths (1979, p. 191) -
proposes.a method shich eliminates 'this problem. He suggests that in
o_rder.to test fo'r.trtinsfer, two groups. of subjects‘are'required.- One
gro'up. wouldﬂrec.ei-ve remedial instruction ;in accordance with the hier-
archy, and would then be compared to a similar group which has not '

received remediation, in order to determine evidence -of transfer.

Okey and Gagné (1970) employed another: method to in'vestigate

‘transfer in a léarning hierarchy - They compared two groups of students ‘

in which one. group received instruction, and was then tested. Reaults

- of this testing were used to identify subordinate skills which were

S e temit yeTN, @RI L. b
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.difficult for studente.' The.secondlgronp of students received instrucf
tion uhich had ‘been revised to help studentg overcomevdifficultiee
which had been identified for the first group. After compering.
achievement for the two groups, Okey -and - Gagne (1970) concluded that -
the hierarchy promoted transfer of learning because the attainment
. of hoth‘the final - task and subordinate skills was.significantly
greater for the second groupr This method, however, does not provide
means'for testing epeeific transfer'effects between skills. ’
White and Gagné (19745 propose that positive transferkmay be
investigated hy selecting a psychometrically validated hierarchy and :
-then, for each connection to be studied obtaining two groups of
4_.learners who are ready*to learn the lower skill. -One group is taught
\j)he lower skill of the pair, and then the upper skill. lhe second
group is taught only the upper skill White and Gagné (1974):suggeet
that positiue ‘transfer is demonatrated if more of the first group
acquire the superordinate skill, than those‘of the second group.’ They
‘ acknowledge that the practicel application of this design ma&"present .
some difficulty, as this would require eubeten:ial interferencevwith |
normellclassroom teaching.. Presently'there appear to he no published ‘
'accounts of etudies using this method. |
Bergan (1980) has propoeedAthe use of a‘structuralvanalysis
apprpach”in testing for positive transfer. ‘Structural'enalysis
involves a‘consideration‘of.severel other'ﬁariablee, in addition to'.;
that~of the attaimment of prerequisite skills,.in the study of the
learning of hiéher;level skills.~ercording to Bergan (1980); a
‘structural equation model would show_the relationships among exogehous

variablee‘determined by causes operating outside the model,’endogenoue .J

.variables determined by exogenous variables, and other endogenous




f3the same data.
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N variables within the model,‘as well as disturbances'including all .-
'unspecified sources'of variation’affecting modeliyariables but not
“explicitly identified in the model. A set og similtaneous equations .

. ”hased upon'multiple regression techniques 1s used to.describe these

relationships. The coefficients within these equations provide an

~.indication of the extent to which independent model variables mediate

transfer with respect to dependent’ variables. The suggestion that

other variables as well as prerequisiteiskills may -be responsible for
'.'j.positive'transfer betﬁeen skills seems reasonable,ihowever Griffiths
o (1983) has shown that ithmi‘possible to obtain significant path co—

tt'uefficients using this method while obtaining Low transfer values for .

-

The method‘used in thetpresent study‘to test for positive n

.transfer was developed by Griffiths’ (1979, P 196) This method is

"described in detail in the next chapter. It was’ selectedﬁfor‘use in

the present study because it is practical'for_research'inuolving intact

. classes and is also suitable for hierarchies comprised of'any number of -

"gkills.

P

lhe final section of this chapter presents‘several studies

which investigate learning hierarchies in-science and the application

"og hierarchx-theory to other areas.of educational research, including

'the'study of students' misconceptions.

in Science Education

«

. Since Gagne (1962)"first used the term ”hierarchy" in his

‘,theory of how human beings acquired complex skills and knowledge, there :

=

s has been: a continuing increase in the application of'hierarchy theory

( ————et e ana e . . . oy
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tc‘prohlens of instruction and evaluation. This secticn exanines some
current research on learning hierarch;es in science ;;d their applica-=
tion to science education, - ‘

’ lhe best known and;mcst extensive'attempt;té apply Gagné's
'hierarchical-model in science is 'Science-A Proceas.Approach’,Aor éAfA‘
(1967), a science curriculum for children from kindergarten to grade
six. This project consists of ‘an integrated network of, hundreds of
skills leading to the development'of important~processes used in, .
'coing sciencel. Deapite initial enthusiasm for the project, the
cunulative 'leyel of success exhibited by's.tudents enrolle«i in the SAPA
.experimental classes was less than the authors had hoped (Griffiths,<‘ '
,1979, p. 79) Indeed, Gagne (1973 P 25) has commented that : the SAPA
'Ilearning hierarchy is not a learning hierarchy at all because the
instructional units involved are entire lessons,andAthe contents of,
individual lessons were not designed’as learning hierarchies.
Other applications of the learning hierarchy model have dealt
‘with smaller units of content leading to the acqhisition of- science '

" _concepts., Okey and Gagné’s (1970) hierarchy concerning solubility
product problems, White's (1974a)‘hierarchy'relating to kinematics,

.. _Linke's (1975) hierarchy ¢oncerning graphical skflls, Beeson's (1977,

1981) hierarchy on electrical skills, Griffiths (1979) hierarchy ’

involving the mole concept in chemistry, Whelan 8 (1982) hierarchy

dealing with stoichiometric calculations and Pottle s (1982) hierarchy
concerning the conservation of mechanical energy all relate to con-
tent expected to be covered in several clfss periods..

Some early attempts to investigate learning hierarchies in

sciencé (Merrill, 1965; Kolb, 1967; Raven, 1967; Okey, 1968;V013en;

LA
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‘for this concept; but rather a “network which linked the.ideas
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' 19683 Capie & Jones, 197l) have heen criticized for reasons of faulty

‘experimental design as well as weak statistical procedures (White,

1973; Griffiths, 1979). Such studies have been omitted from the

present review; as the significance ofitheir findings have been marred- -;‘

|
by regearch flaws.

" "

The majority of atudies relating to learning hierarchiles have .

dealt'with mathematics and science skills, with the emphasis much more

towards mathematics., A review of..the literature‘indicatea few well—

f;eatablished 1earning.hierarchies exist in the‘area'of science, and . -

those that do often contain a substantial prcportion of mathematics

' skills. Indeed not: one published study could be found which investi—r

- 1

'Jgated a learning hierarchy dealing with a biology concept. A study~by 1

.'Baird ‘and White (1982) makes reference toa learning hierarchy dealing ..

oA
»

with genetics, however the hierarchy is not presented nor is a source

‘which includes this hierarchy cited.’ Upon determining the topic of

water potential in plant cells as an area of student difficulty in

biology, Johnstone and Mahmoud (1980b) analyzed the’ concept of water .

- pqtential in plants by performing a Gagné-type analysis.- However, the .

authors clearly indicate that.they did not produce a learning hierarchy

1

—_—

together" (Johnstone & Mahmoud, 1980b, P. 325). Deapite the call for

’ research dealing with hierarchiea in areas other than physical science -

(White, 1974bs White & Gagné, 1974} Beeson, 1977), there appears to be

.a lack of such studies.

Beeson (1977) has*addressedlthe<need‘to test‘the‘concept of

. learning hierarchies to nonmathematical areas of the science curriculum.'

_He constructed’a hierarchy leading to the determination of quantities
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‘claims there was ‘no point in asking two

w

in electrie circuits. : ‘The sample. used in the study consisted of 166
grade ten students from: five coeducational metropolitan Australian

high, schools. 1In discussing the results of the study, Beeson (1977)

suggests his work provides further support for the distinction between .

intellectual skills and verbal information elements in learning hier—

archies, in addition to demonstrating the application of‘therlearning

. ] .
hierarchy model to an area involving some nonmathematical learning.

Several‘aspects of Beeson's sthdy require further conéideration;-howe.,.

' ever. In-light of strong support for the exclusion,of verbal informa;
’ tion from learning hierarchies and the exclusiVe use of hierarchies to
g represent relationships between intellectual skills on the part of o

s both Gagné (1972) and White (1974c), there remains some question as

to the need for further investigation ‘of the role of ‘verbal informa- -

tion in hierarchies. However, Beeson (1977) indicates his intention

to investigate the distinction between the place of intellectual‘skills.

and verbal information~e1ements within a learning hierarchy.for a topic

involving a _substantial amount of nonmathematical learning.: of the 17

"intellectual skills comprising the hypothesized hierarchy, five are -

mathematical skills. hs almost one-third of the skills comprising the
| .

4hierarchy are mathematical skills, it is queitionable whether this can °

be considered a topic involving a "substantidl" amount- of nonmathemati-

.

cal'learning. In addition, Beeeon utilized Lhe White and Clark (1973)

" test to test only those connections which :ﬂd notcinvolve verbal

. ¢ : '
information elements. Only one item was used to test each verbal

.

uestions in such cases '

'information element of the hierarchy becazse Beeson (1977; P- 122)

/

" because the only way to do so would be t ask the same question twice.

[P




;E»This claim seems rather unreasonable'as verbal.information is often

_validity’of connectionsfinvolving verballelements by a.subjektive

-
s

tested by hore than one form of test iten (Bloom, l956- Hedges; 1966-

4(!

Hopkins &- Stanley, 1981), suggesting that it is not so impossible to

prepare two. parallel, but nonidentical, tesat items for verbal elements

of the hierarchy. Secondly,,because the relationship between verbal .

information units and intellectual skills was'a major investigative,

}
focus of the study, it appears quite inappropridte to deternine the

‘decision, while.connections between'intellectual skills are determined

| using the hhite andnclark (1553) test. Further, Trembath and White,

: (1979) advise -that ’ if a student is tested on only one item to determine :
: mastery, they might=have'nastered the'ekill,.but could we11 have-‘

_ achieved'only a chance success or suoerficial attainnent Beeson did

" ‘not provide a description of the procedure used in subjectively deter- C

)
mining the validity of hierarchica} connections.

4 A diagram of the final, validated form of the hierarchy emerging

from Beeson s (1977). study was not provided, although the hypothesized
hierarchy was presented and validation results were 1ndicated.-
validated form of the hierarchy was presented in_a later paper (Beeson,
1981); however several connections which were included in the hypothe~-
sized hierarchy were removed from'the.final-form without having been
tested A a result, it appears that further research is required
before valid claims may be made for this particular hierarchy in
_electrical science and for nonmathematical hierarchies in general.‘

A eignificant aspect "of learning hierarchy research has been

noted by Beeson (1981): most research has focused upon hierarchy

Lo e . ’:;A § et
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L (to recall relevant subordinate ‘skills at the appropriate time.

'~ cal way, rather than a meaningful way.

validation, with relatively little attention to the quality of learn— o x
ing achieved. In considering ‘the 1atter, he raises a significant
concern, supported by evidence in the literature, that students may'
tend to learn'intellectual.skills compriéing,a'hierarchy in a mechani—
‘ Beeson suggests.that the
mechanical learning of skills may result from several factors:A teach--
ing the gkills in.a relativelv isolated manner, such that'students are

unable to understand how to combine: skills already learned in order to

master higher—order skills' 1ack of a sufficiently elaborate -context

Mof verbal instructions, preventing the 1earner from fully comprehending

the nature of 1earning objectives inability on the part of ‘the 1earner P

Upon consideration of" Ausubel's theory of meaningful 1earning . ‘):
(Ausubel, 1963! Kusubel et al., 1978), Beeson (1981),proposed that 1f a

the learning of a-hierarchy'of intellectual skills occurred within a

- context of meaningful knowledge about a relevant anchoring idea, this

would facilitate meaningful learning. He investigated this idea with
a sample of 188 grade ten students who were taught a hierarchy involving

electrical science skills; prepared in an earlier study (Beeson, 1977).

' The students were divided into three groups and‘taughtvin one of three

different contexts: "isolated elements", in which the elemente‘ofithe

hierarchy were tanght in isolation; "verbal instructions", in'vhich the
types of verbal instruction specified by Gagneé (1962)'were providedr .
and'"anchoring idea", in which the elements -of the hierarchy werd
taught in relation to a relevant anchoring idea‘(Auenhel, l§68)?

Following‘instruction, students were tested after an interval of

approximately two days and again after an:intérval of seven weeks, in-
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order .to measure long and short-term achievement of the terminal skill,

skills, respectively. Beeson found’

el

that the "anchoring idea" group did.significantly better (p, < .005)

lateral transfer and subordinate

‘onrfhe short-term test of lateral transfer than the other groups.

However, these results did not persist after sevén weeks. The same
group did significantly better (p < .0l1) on the test of achievement of 2
the final task in the iong terﬁ. However there was no significant

difference between groups on the short-term achievement of this fask.'

- There was no significant difference among the three groups in eilther

the 'short-term or long-term test of achievement of subbrdinate skills.

The results of the study:suppoft Beeson'sxpredicfion that wbeﬁ'

..sfudgnps learn a hiefhrchy‘of intellectualhbkills in the context of an

'some direétion-toward attaining this goal.

‘One such area is mastery learning. In a recent study, Trembath and

anchdrihg'idea, more'heaningful‘learning resﬁlté; Iﬁportant'impliCa—

v -

tions for teaching arise from these findings. Beeébnfs (198l1) study l

offers strong support that the context in which skilfs are learned.is'

an important factor affecting meaningfhl learning. In addition, the .-

study provides evidence that students may learﬁ-intellectual skills in.

]

4 mechanical rather than a meaningful way.
‘In focusing upon.;he quality~6f learning achieved in learning
hierarchy studies, Bgeson's (1981) study has revealed some important

conslderations for'hierafqhy reseafgh, White and.Gagné (l974) have

described the end purpose of research into hietarchies as 'better . . ie-

. ro . S . b
learning than is .currently achieved'. Beeson's womh has provided

-

- Several researchers have investigated the application of

Gagné's learning hierarchy.model to other areas of educational research.
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" White' (1979) used a hjgrarchy dealing with kinematics:(White, 1974c)
. o o - ) .
to i_nvestigate whether' mastery learning could be improved through the

“ use  of "instruction based upon a-validated learning hierarchy. ' They

K ' _ @ kS found that it was highly effective to present tasks in a sequence
: . , @ - . ' . , ‘ L
which was consistent with the requirements of the hierarchy, and to

a

require learners to clearly demonstrate achievement: of each task before
. - being allowed to proceed to the next. The results of Trembath and .

White s (1979) study :mely that gng,;tery‘learning strategies may be »

improved if validated learning hierarchies are used to sequence learn— AR
ing materials intended for the teaching of intellecruual skills. They

’ also indicate an important consideration for leaming hierarchy

.

P ST research. that improved performance on hierarchically related tasks

- . . v ) . £,
v . . B

resulted from requiring learners to demonstrate @ high level of

m.a*r}’ of subordinate -elements during instruction. S PR
Research into learning hierarchi'es also appears to have - L

S ’ important implications for instructional development (Resnick Wang

Ao & xapqm, 1973; Gagné & Briggs, 19743 Dick & Carey, 1978 Reid, 1981). . - ';;""7‘-..
geveral learning hierarchy studieas involving sclence concepts. have '

Tom

' etudied the Epplicetion of the 1earning hierarchy model to thi's area.

Using a hierarchy dealing with solubility product problems, Okey and . 3

- Gagné (1970) inveatigated ‘the application of their leaming hierarchy "".T‘-""" :

' to diagnose weaknesees in a unit of instruction on this topic. ,They ‘\ x
’ \ R , propoaed that data obtained from teating Bkills comprising a 1earning t"
hierarchy could be used to identify areas of ‘student difficulty for . . {1‘
; t

this ,tgpic. °, Thes:, having identified‘ areas of‘ student difficu.‘fty, the ' * o

instrictional unit would be revised in an effort to improve atudent
y . - N . : - st E . : ’ i ;
" performance in these areas. ' Unfortunately, several weaknesses are -~ ' . . |2

e TaTa et ey STyes WA LT e
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“apparent. in Okey.and Gagne's study. The skills comprising the

”

solubility learning hierarchy'were:not described precisely; and

because 5he~percentage of individuals successfully completing'certain

subordinate,skills was quite low, even after remediation, it is

possible that the hierarchy may be less valid than the encouraging

results of their study suggest. Nevertheless, the use of the diagnos—

- tie capability of hierarchies represents ‘a promising application of

,.hierarchy theory. -

‘each skill as an integral part of that instructiou.

‘

Interest demonstrated by instructional developers in’ learning"

-,hierarchies goes heyond their use as a tool for identifying Weak area53

'._in existing instructional materials. In particular, leerning hier—, ‘

archies may be useful in. the development of new materials, where the

material to be learned involves intellectual skills. Trembhath and

../

.White“(1979) have identified several attributes of learning'hierarchies .

which makeithem'especially'attractive to instructional“developers. In

particuléra'they note a hierarchy contains onlv relevant skills, and”
the sequencé of instruction is clear. - In addition, students should be

able t0vunderstand instruction associated with a given hierarchy

because, by design, at every step it buillds upon what they are able to

.do and moves them on a small step further, 'Also, if instruction is

hased'upon a hierarchy, it is'possible td have a diagnostic test for

From the perspective of an instructional developer, Reid (1981)

strongly supports the use of learning hierarchies in instructional
. 'I‘\

-’development. However, he’ notes that there 18 no catalogue of validated

hierarchies which 1s availahle.to instructional developers. As a

‘result, they are forced to generate théir own hierarchies for .

S TR SRt O
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instructional design;purposes. $ince many important and'costly '
decisions depend upon the. validity of thevhierargby_used; the developer
must mate some attempt to assure its validity. Unfortunately;-advencea
in hierarchy validationttechniques which have been presented in the -

o | literature do not appear to provide a solution to the instructional

developer seeking practical validation procedures (Reid '1981). Rather,
e current research 1iterature appears to be moving toward more tedious
| ’ methods of validation in an attempt.to evoke more conclusive support
for the model. -

In an attempt to encourage greater application of learning ’ j T - Y
’hierarchy theory to’ instructional development, White and Gagne (1978)
propoaed that when hierarchies are viewed_as tools for instructional
planning, ratnerlthan as instruments,for researcn.purpoees,_it would P T o
be reaeoneble to sacrifice some deéree ofﬂprecision_for practicality.

- They perceive the collection orlempirical data pertaining'to a learning
.hierarchy as a formative evaluation procedure. On the basis of
empirical data, decisions can be made regarding revision of the nier;
archy itself, of the teaching conducted according to its plan, or of

* the testing of skills involved; Therefore, using a previously.
validated kinematics hierarchy (White, 1974c), White and Gagne (1978)
proposed a validation method for use by instructional developers which’
was not excesaively complicated and- time—consuming. Upon compariné

:tpeir results with more complex validation data for.the same hierarchy,
White and Gegné suggest that tneir eimpliiiad'validation procedure’'is
of sufficient accuracy for purposes of formative evaluatiob of instruc-
tional meteri'ale. However, they caution that whien research efforts are’
being served, more stringent hierarchy‘validation -methods should be A ' ":l

applied.
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Further support for the. simplification of hierarchy validation ;

’ ..'procedures for purposes of instructional development is presented by

4‘Dick (l980) < He advocates even further simplification of the procedure . '

descrihed by White and Gagné (1978) to that of simply determ‘ining'the
percentage of students who have mastered each skill of the hierarchy.

However, this method would appear td' provide a measure of relative

'

“difficulty.of skills, rather than a measure of hierarc'hi'c_al' dependence.

It is the view of .this inveatigator that "the solut:ion to the

problem of h.ierarchy validation in instructional development does not
: 'lie in partially diminishing the effort: required in validation, hut:

; 5‘ rather in removing this process from among the duties of an instruc-—

‘

: ‘ tional developer. There is a need for the provision ‘and cataloguing

of learning hierarchies to be used by instructi.onal developers. " Until

"such a pool of: validated hierarchies becomea available, it seems
.reasonahle to invest the time and effort required for rigorouu
validation procedures, rather ‘than developing inatructional materia].s

.based upon a learning hierarchy which may have dubious validity.

./'\
The Application of Learning Hierarchy 'I'heory in the
Study of Students Misconceptions :

The ‘1'earning4 hierarchy model may 'be potentially useful in yet'

- another area of educational research-' the study of studenta mis--

‘conceptions of important science concepts. Studies of students' con~

N

. ceptual errors in science have a.long history; the literature in‘dic'at'ea‘

researci'in this area has spanned no less than four decades (Hancock,

il

1980; Simpson § Arnold, 1982). Recently, interest in. students' science.
. . ! { . .

nieconceptions has been reviveld édnd many new studiés have emerged. This

o
o
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'in' order to explain these events, "Misconceptions occur as students.-

'are exoosed to-models and theorie'a during formal instruction' as

‘ _..‘ . .v. . ‘ . . . . . 49
renewved interest parallels a trend obsétved by Simpson and Arnold (1982,
P. 174)

There is however a growing recognition that it 1is not merely

the absence of appropriate mental operations, concepts or

skills which inhibits learning, the. pregence of previously

acquired theories, information or skills which may be: \

incorrect or inappropriately applied may actiwvely interfere:
with the acquisition of new material. .

Different forms of prior "incorrect knowledge -have been distinguished."
"Alternative frameworks" (Driver & Easley, 1978) are sald to arise as
a r_esult of.,stud'ente experience with natural events and tne,ir_ attempt

to make senée -of them, -ptior to formal instruction in the classroom,.

'l‘hey result when students formulate ideas which are cleerly erroneous,

students attempt to relate this new knowledge to existing knowledge,
wrong connections are made and misconceptions result. Simpson_and .
Arnold (1982) distinguish two types of mis onception.' Studen_ts may
assimilate material which is formally taught into existing alternative'

frameworks,.or they nmy‘form meaningful but inappropriate linkages '

. between true pileces of :mformation, resulting in an incorrect concept._

There is much support in the 1iterature for the investigation

_of stuclents misconceptions and alternative frameworks. Nussbaum

(1981) urges that the diagnosis of students' misconceptions and the

~ identification of reasons for such misconceptions is a prerequisite for

helping students to develop correct scientific conceptions. He mainta:[n]s.

~

that difficulties which students experience in comprehending and inter-
nalizing certain concepts could be avoided if teachers could'understand

the nature of their misconceptions and in turn make conatruotiye use of

. thig knowledge on the students' behalf. Finley and Stewart (1982) urge




that research. to ldentify prior knowledge of students with respect

to commonly ta_ughteontent areas would provide valuable information for

curriculum developers, as well as teachers. In thia way, curriculum

- and instruction could be planned to include missing knowledge and to

* block their understanding of - haaic concepts..

coi:tect common misconceptions. This view is echoed. by other investi-
gators. Desdxnan and Kelly (1978) a'dvocate the investigation of
students' prior understanding, or misunderstanding of a topic before '
the development of instruction .Likewise, Brumby (1979) suggests it
is important to identify students misconceptions of a given concept, _
and to plan instruction to overcome misconceptions which appear to

. \,v ’ |

This intereét ‘in misconceptions which relate to single concepts

.is a.r,elatively recent one., In early studies, researchers investigated

misconceptions which de.altwith science in gen’eral. Concepts from'a

' wvariety of ac:Lence disciplines were tested to assess the e.xtent to

which ge_neral ﬁcience misconceptions were held (Bailey, 1962; Kuethe,

-1963)..' In some cases, fallacies involving myths -and superstitions,

such as "a snake never dtes‘until sundown'-' (KRuethe, 1963, p. 361) were .

~

included in lists of prevalent misconceptions. More recently there

has been a trend toward the investigation of misconceptions relating ‘

to specific concepts. Doran (1972) investigated misconceptions relativeA

to the particulate. na ture of matter held by secondary school students.
-

. Nussbau_:n and Novak (1976) identified children 8 conceptions and mis-—

conceptions ati“out the earth. Johnstone, Macdonald and Webh (1977)

identified misconceptions prevalént among students studying the concept

of dynamic equilibrium. Erickson (197‘9) reported a raige of alternative

conceptions of tne concepts of heat and temperature held by 12-year-old . .



: to the fact that standard classroom tests do not normally -Anclude -
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children. Others ha\}e .focused upon misconcep,tiohs concerning the
concepts of "chemical equilihrium" (Wheeler & Kass, 1978), “elementary’
dynamics" "(Viennot, 1979),."light" (Stead & 0shourne, 19801, "gravity"

(Gunstone & White, 1981) and "life" (Brumby, 1982). ‘ ‘_

¢ Often, teachers do not appear to he aware of students' mis-

conceptions, Johnstone et al, (_1977_)_ discovered cases in ifhich mis-

,cohceptions evolved during lessons which teache,re perceived as .perfectly

lﬁcid'instructional presentations. Hart (1979) observed that while

mathematics teachera helieved that the methods of solution; presented

in class were those used by pupils in the auccessful completion of

simple mathematics problema, many’ pupils vere .aignoring tadght algorithms

and employing their own methods, which had a 11mited application.

B Likewise, Simpson and Arnold (1982) reported that although teachers

were aware of ‘some student difficulties concerning biology concepts,

' the precise nature and extent of students misconceptions and alterna-—

tive frameworks were not ‘generally aPpreciated. They attribute this

' _.questions relating'to peculiar and erroneous information held to be:

. true by &tudents. Siﬁpsoﬁ’ and Arhold (1982) suggest these tests are’

conatructed on the hasie that students can only know what they have

'been formally taught and accordingly tend to assess .only the extent of

retention of classroom-baaed~learning._

‘Johnstone et al,. (_19?7) emphasize the need to identify and .

enable them to teach consciously toward helping students make correct

, comnections of new knowledge with th'eir ‘existing knowledge, and to

warn students against wrong conziections. Nussbaun (1981) recommends

v
s ey T

o

.make teachers aware of potential misconceptions which students hold, to
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that the developme.nt of .appropriate skills for the diagnosis of

student misconceptions should be a primary concern for every teacher-
training program. He urges that it is necessary to develop an aware-
ness in teachers that it is not enough to evaluate apstudent 8 answers
in terms of scientific correctness, but that it is of equal importance

to pay attention to the nature of the student s miasconceptions.
_ . N

' The task .of dealdng with students' incorrect conceptions in

.. sclence 'is not an easy one, especially if they develop when students ::

encounter a concept prior to its introduction in the classroom.

Alternative frameuorks and misconceptions in which students assimilate
,new material into ex-isting alternative frameworks, may develop psycho- .
" logical meaning and hence, become quite resistant to extinction

|
.(Simpson & Arnold 1982) - In his investigations, Lebouter-Barrell -

(1976) discovered that in o'i'der to justify a false intuitive belief,

e

students often used precise put“Irrelevant geientific knowledge. Even

in the case of concepts taken froin_ subject areas. in which one would -

imagine students have very little knoﬁledge prior to Imstruction,

Viennot (1979, p. 205) advises:

. « . we all show'a common explanatory scheme ., . . which,
although we were not taught it at school, represents a’
common and self-consistent ‘stock of concepts and which,
" however wrong it may be, resists attempts to change or
. modify it.

.. Hhile investigating secondary school boys' knowledge of evolution and

heredity prior to formal teaching of these topics, Deadman and Kelly

. (1978) found that most interpret:ed evolution in what appeared to be

naturalistic or Lamarckian terms.
s

Researchers have uged various formats to identify student

misconceptions. Some investigations have been conducted in an interview

.
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format in which studenta enswer-.qUestions or think aloud while solving

problems (Nussbaum & ﬁovak, l976; Erickson, 1979; Stead & Osbourne,
k 1980).  Because of the long period of .time required to analyze such

. data, only smali numbers of. students are used In other studies,

structured-response tests have been applied to large samples. In such
cases, the advantagea of obtaining detailed interview data is sacri-—

ficed in favour of ohtaining qualitative information from a large '

- sample. This technique was used by’ Doran (1972) Macdonald et al.
(1977), 3Johnstone and Mughol (1978) and Heln (1980). - Other investi- RS
'.fgators (Warren, 1971 1976 Viennot, 1979) have uaed free response :

:tests and interviews with considerable succeas. ' Helm (1980) :le quick

.

“to atate. that one method ‘does not necessarily constitute the best"way

v

’ (_of establishing the existence of misconceptions among studenta, or

the firmness with which they are held. He emphasizes the need for more

information concerning 'studentls' science misconceptions, obtainéd by

a variety of means. The &arning hierarchy model.may offer a useful .

- 'alternative for the study of misconceptions involving concepts repre—

sented by intellectual skills,
Alternative frameworks, and misconceptions involving alterna—
tive fraweworks, appear to be quite resistant to.teacher intervention.

However, another class of misconceptions, those relative to narrowly-

defined concepts typically first encountered in formal instruction,

may be relatively amenable to correction. It is in the study of this '

type of misco ception that the learning h_ierarchy model may be

applicable. earning hierarchies deal with concepts represented 'by
iftellectual skills. They tend to be narrowly defined in terms of

spe'cific operations' and are typically encountered for the first-time

t

i '
B T




be analyzed for misconceptions individually and misconceptions may be
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' in‘ school learhing. Simpson and Arnold (1982) stress that misooncep'-
‘tions are likely to.be highly specific, and warn they .may perhaps only

" be discovered by _detailed investigation of individual topic areas. .

Classroom testing. often focuses upon the evaluation of students' -

. attainment of a particular skill representing the target sldll in a

unt of instruction. When .several other. skills are necessary prere—

quisites' of this target skill, an anelysis of- 1tems which :test oniy. A

‘the farget skilp may not reveal all underlying ruisconceptions. . In the._
) case of weaker students who may not be able to attempt: items testing :
complex skills, the teacher is left without any clues as to where a

Lo given studen; 8 difficulties msy lie. On the other hand, the learning
" hierarchy model involves an analysis of a given target skill into a

L _network of subordinate skills, f_ollowed by the testing of eech skill’

complrising the hierarchy‘.- As a result,- every siibordinate-skill may
r'evealed which would not heve been 'apparvent from an analysis of the
terget skill alone. This process could enable a teacher to pinpoint "

the source of a student s inability to achieve a given g8kill in a way

N .3

that standard classroom testing measures "do not.
Upon considering the role of teachers in dealing with students

misconceptions, Helm (1980) suggests that if the origin of a miscon_—-

ception can be identified, a teacher—.- nzay be able to help.'students"over-'-"

come this misconception. He observes that in certain cases, plausible
hypotheses for misconceptions may suggest themselves quite readily,

however Helm (1980) advises that while these guesses may.be correct,

it would be desirable to obtain some-quantitative information regarding.lj

.-mi_sconception‘s which would enable them to he identified more precisely.

.

Yo
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' This might provide some insight into thé nature .of specific mlsconcep--

tions.' - Data obtained from hierarchy validation procedures could pro-

vide quantitative information concerning misconceptions. In addition,

‘through the use. of open—re/ ponse items in the testing of hypothesized

subordinaite skills,‘ miscohceptions which may not have occurred to

'teachers and other experts are revealed.

Johnstone et al. (1977) stress that a teacher requires
adequate feedback An Zrder to detect misconceptions. However,' in an

inVestigation of pupils® knowledge of photosynthesis, Simpson and

-,Arnold (1982) indicate that concepts which are wrong but which are

nevertheless meaningful to the learner may escape detection by typical
R

methods of clas/ room testing.. Test instruments which ‘have been.

developed according to a learning hierarchy are capable of jroviding

this needed feedback in a nore detailed and efficient way than

standard tests tend to.

From the preCeding discussion, it is apparent that the. ability

\

to ‘identify, problems encountered by students in the 1earning of
.

intellectual ‘skills by identifying misconceptions of related sub—

. ordinate skills, represents a potentially important application of

the learning hierarchy model.,

—-—

In the next chapter, the design of the study and a description

of test instruments and procedures are presented. .

-

-
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Chapter 3

'DESIGN, INSTRUMENTATION AND PROCEDURES.

- Introduction o B A

The process of developing a 1earning hierarchy generally

-linvolves a eeries of distinct, yet interdependent, stagee. These .
9 - e

. . N 1 -
- 'include the epecification and statement of the desired terminal skill

" the generation of a hypothesized hierarchy for this . skill, the develop~
ment of test instruments for. the hierarchy, the development of an

instructional program, application of the’ test instruments and instruo— .

- I

tional progra.m to an appropriate sample and analyeis of the experi-~

Upon identifying weaknesaee in the methodology of early hier-

archy studiea, Hhite (1974¢c) prepared a set of guidelinea to eliminate '

i

L potential weakness.es in the development and validation.of learning

hierarchies. These guidelines were acconnnodated in the present study,"

The settions to follow describe the development of the learning'hier-‘

. iar:chy.wh:l.ch was used in the:present study."

HE

"Statement of the Terminal Skill-

As indicated in Chapter l, a fundemental reason for requiring

‘high school biology students to learn the concept of a food weL is to

) ;' enable them to underetand how a phenomenon which drastically alters

one population will ultimately affect another population in the same

community. Expressed in behavioural terms 1n accordanc‘e with White' s‘_ '

-
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- In specifying that the two populations are not part of a.common food

".one route, the skill requires that subjects understand that effects

- b A — k__ - -

57 f
(19 74c) recomendation, the terminal skill of the food web hierarchy
was defined as: . : ‘ . ) '
Given a food web diagram, determine the effect of a sudden
size change in one population on a second population which s
is not on the same food chain, when the éffect may be . e

transmitted along more than omne route, .
chain, the skill requires that subjects realize tlmt alld populations
in a food web éffect each otheti; _regardlesgs of their loq;z-il:ion i"n the
web. .Subj ects must recognizg implicit ’relalionshi‘psAwhich exist in
the web and not treat th‘e pr"bblem as a simple food Cha'i.llll pfobleml In

I SREPIPRE

specifying that the populations 1n question be 1ocated such that an

effect passing from one to the other is transmitted along more than

i
of "a change in one’ pqpulation may be passed to another along several

dif ferent pat}iw;:y’s, resulting in the production of a net effect.;

The preceding specifications establish lower bounds with
respecl: to. both |\the complexity and the' nunber of;’subordinate skills
required for th térmi;lal skill. In the present study, it.is impliecl
that the skill as stated may lﬁe applied to all’ ‘situations which adhere ) -
to these specifications.- This encompasses a variety of situations,
ranging in difficulytby ‘according to the size and complexity of the
food web to uhich the skill is applied. A

A food web 18 a model, a simplified representation of feeding
relationships in a given community. The more real.istlically the model
nirrors nature, the. more complex it becomes, The pro;:eés of -deter-

nining how an unusual increase or decrease in one population will -

affect another population in a real life situaticm is an onerous, if

not impossible, task In much the same way, complex food web diagrams

¢




T
i
o
14
b

B . . 3
b — oy e e O UG VU U U5 U U S SIP PO

v

' present .an arduous taok to anyone: attempting to determine the net.

effect of a change in one part of a food web on another. The exercise

i : . I . _ - :
becomes one of frustration in atfempting to uritangle endless numbers

" of pathwairs.. Su‘rprisingly-, students are occasionally'presented with

such taska. A typical example may be found in a popular biology text - .

3

(BSCS, 1970, P, 79) In the present study, subjects were not required

ITy

‘to consider food webs involving more, than four routes between popula—

- tions An question. It was felt that increasing the complexity of food

© -

"'webs beyond this level would only increase the tediousness of the t:ask

-without demanding greater understanding of the baaic skill.

¢ ' e ) L’. ° e ‘ LI

Generation of the Hypothesized Hierarchy

&t

After'siiecifying the terminal skill in ‘behavioural :t:erl_ns,“th”e _

o a

-hypo thesized hiefarchy was derived using the task ana_lysio procedure
'proposed by Gagné (1962). Analysis of the 'tern‘iinal skill was begun by

- ‘agkirng the question, "What would the individual already have to know -’

v

‘how to do in order to learn this new capability, simply by being given

' verbal instructions"" (Gagne, 1968, P. 3) Application of this

question yielded.other, 1ower—leve1 skills ‘which were considered to

.e

be prerequisite to the terminal skills. ) Care.was taken to describe

each prerequisite skill thus identified in terms of representative 4

" obsertable’ performancea which would indicate attainment of the skill -

by the learner, "i'.';he question 'was then applied to each of the sub-

ordinate skills, in order to identify skills which vere subordinate to )

each of these, The successiveé application of this method of task

analysis to each newly identified task resulted. in the development of

a hierarchical sequence of subordinat:e ekills hypotheaized to be

1.
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necessary for the. acquisition of ‘the terminal skill. The analysis
terminated at a level in which skills were generated which deacribed

behaviours assumed to be available to the lear'ner.population at the

“beginning of the instructional périod.

This hierarchy was considered by a group consisting'of a

: >
. Bclence educator, a bi’olog‘y professor, a research assistant who had

recent experience as a biology teacherl, and the. researcher who is a
biology teacher. : 4 .

' It is impo.rt'ant to note theg;gégy;era_l hiérarchiea were produ'ce'cin
hefore one was echiev'ed vthich epbeared to be comblete and ‘ready ifor 4
piloting. 1In vi'ew of ‘the systematic natute of the t'aslt analysis - "

procedure, it may seem unusual that careful application of Gagné's

o

'»que’stion to the terminal skill did not produce a suitable hierarchy '

initially. Yet: this is not as peculiar as one might first assume.

s

Reports of studies in which hierarchies were:-@eyelpped tend to promote

false expectations of the simplicity of the task analysis procedure.

In mést cases there is no mention of iIntermediate hierarchies which

were amended to a form which would then-be validated. Accurate answers

to the question, "What must °thé learmer be able to do.in order to learn

o

this new skill?" do not arise eagily. .When applying the question to a

given skill, the response may be too general, incorporating ﬁ;ore than

one skill, Whitey(l__Q?{ifc)_edvisee that once the:elements of a hierarchy ‘

have beenr identified, the researcher should invent and consider possible

.. divisions of these elements. In this way, the precise -definitions of

o

gkills become apparent. This process could change the structure of the

‘original hierarchy by increesing the number of elements and conhections,

In the present study, one“element initially required that

subjecte be able to .determiné’ the effect of a change in the size of a

5 e od
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. prey population, on its ﬁredafor poguiation;_'It was decided to divide

the originél skill into two skills, suggesting that to.determine the

‘effect of an increase ‘in a prey populatiod was ‘different than deter-

‘-' 9 miging the effect of a decrease in that prey population on its predatbt.

‘Siﬁilér divisiqns,of skills were made throughout the hierarchy. Upon
piloting the hierarchy, fhé data indicated that many pf the diQisions
did not ;ppear to represent drfferéht skiils. This resulted in another
'cﬁénge in the structure qf‘the ﬁyﬁothesiéed hierarchy.

Another complication may occur when answers to Gagné's question

- are. biased as a result of consideration of traditional teaching ' : o

éeqdépces. Certain skills'may'be\pérceived as .necessary prerequisitéS‘f -

of other skills because, traditionally, textbooks. or cu;ficulé,ténd to

" sequence the former before ;he'ldttér; even when there is not neces-

sarily a‘feason,'with respect to the logic of the sﬁbjéct matter,:for :
doing this. .Upon inspection of the hierarchy by otheérs, these rela-

tionships may be‘discovered'and~corrected, amending the hierarchical

', structure once again. 1In the present study, it was assumed that sub% ' :

il
1

- ,_i‘,,_,,.-... o mvapp i o w
H

e

jects must fi;st be able to solve word prqbleﬁs involvingrprédator-prey
relatiopsﬂ;ps.before Eﬁéy cgﬁla solngsimilar probléms based on food

yeb diagrams; and that s;bjecﬁs must firsf be able to deal Qith
.pr%dator;prey relagionships on simple food chain:diaérams bgfore Aﬁﬁempf—
iniisimilar pgobleqs An food web‘diagramsf In both casés, these assumﬁ- .
tiopé were not based on'traditional teaching sequences; however upoﬁ .
piloting?the hiergréhy, the data indicated that these assumptions vere
qof‘supported. | | |

It seems appropriate at this point to éutline some practica}

suggestions concerniﬁg the task‘énalysis prdcedqre,f First, it is '

el . ‘ -
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' practice to produce 'a sample test item to represent the skill, after

. study indicated the need for amendments to the structure of the hier-

e Application of the task analysis procedure described above,

" followed by modification after the pilot study, led to the identifica- ~

»—'—-—»-—-,A_." - ..'___.._L...«.. . . F ’ . '.u-'._....;__-;.v- e e ¢
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important to refrain from uging course objectives or existid\g .
‘teach;ng programs as initial te‘ferences in task fmalysis. A suitable
atavteu;ént of the terminal ;;kill to be learned and Gagné's qut:esti-q_x'n
should -b.e one's only tools. This will help élilminhte th'e biLs described
earlier, which .leads one to incorrectly perceive hierarchical relation-
ships where none exist. Second, care ‘must be taken to ensure that ea'ch ,m

skill dev/;ved from asking Gagné's question represents only one element

and that this element must represent an intellectual skill. "It is good

stating the skill. This exercise will Help to indicate whether the S

element represents one skill and whether this is an intgllect'uel:skill.- o

Finally, it is important to include all reasonable skillg‘ and connec- - . . i y

tions, as suggested by Whit;.(1974c); validation procedures may
' eliminate connections,' bu‘t. c'amxot prod\;ce nelces;ary skills and connec-l
tions which were gmitted firom the beginning. .
' Once a lilerarchy was produced which was suitable for piloting,
a pilot stud; was' carried out with 37 subjects from two gra(ie ten

biology classes from a St. John's school, Thesre subjects did not take

part in the main,.:-“study As indicated previously, results of the pilot
LA

’
»

archy. When these changes were made, the hierarchy was again scruti-
nized by a team of experts, and was then finally approved for the

validation stage. S

‘tion of nine skills., A description and illustrative example of each
.8kill follows (each skill is illustrated by reference to the food web

‘shown in Figure 3): . , ‘ : C : o

B T Tt ——fe 4 .- et T . - . ™ B
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" Figuré'_3. A sample food Veb to illustrate the skills of *
: ) the hypothesized hierarchy.
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' Skill 9: Given a food web diagram, determine the effect of 8

sudden size change in one population on a second
population which is not on.the same food chain,
when the effect may be transmitted along more than

| : one route .\/‘-" 4

For example, "“determine the effect of a sudden
increase in population F on the size of population
~' R" (Figure 3).

. Skill 8: Given a food. web diagram, determine the effect of

A sudden size change in one population on a second,
nonadjacent, population located lower on the same
food chain, when the effect is transmitted along
more than one route,

) - For example, "determine the effect of a sudden
o decrease in population P on the size of populat:ion
ot (Figure 3)

Skill 7: .Given a £qod;:yeb diagram, . determine the effect of a

~sudden size change in one population on a8 second,’
nonadjacent, population located higher on the same
food chain, when the effect is transmitted alcmg

" more than one route.

For example, "determine the effect of a sudden
increase in population L on the size of population
P" (Figure 3)

Skill 6: Given a food web - diagram, indicate all possible

pathways through which the effect of a change in

one population is transmitted to a second population.
For examﬁle, "eircle the letters indicating popuia—
tions through which the effect of a change in

population L is passed on to population P" (Figure 3).

. ' Skill 5: Given a food web diagrem, determine the effect of a

AN

sudden size change in one population on a second,
nonadjacent, population located lower on the same

. food chain, when the effect is transmitted along
only’ one route.

For example, "determine the effect of a sudden
decrease’ in population ' on the size of population
o N'" (Figure 3). p

Skill 4: Given a food web diagram, determine the effect of a
. sudden size change in one population on a second

population, not located ormthe same chain, when the

« effect 18 transmitted along only one route, . .

]
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For example, "determine -the effect. of a sudden’

Increase in population G on the gize of population
A" (Figure 3).,

'Skill 3: Given & food web diagram, determine the effect. of a
- sudden size change in one population on a second,
. nonadjacent, population located higher on the same
" .. food chain, when the effect is transmitted along
o only one route.

. For example, "determine the effect of a sudden -
decrease in population N on the size of population
H" (Figure 3). .
. O
Skill 2: Gdiven a food web diagram,- determine the effect of a .
o - sudden size. change in a predator population on its
. prey population. -

W

. increase in population G on the’ gize of population -
AN" (Figure 3).

' '_,Skill‘ 1: | Given a food -web diagram, determine the effect of a:
' 'sudden size change in prey population on its '
predator population. . o
For example, "determine the effect of a sudden

decrease in population N on the size of population
G" (Figure 3). '

'
. The relationships among Skills 1 to 9, in theit hypothesized
h‘iera',r.,chicel arrangement_, are shown in Figure 4. The sequence of |
development of the intellectual skills which comprise the hierarchy is
Vconsistent with Gagne (1970) in that Skills 1, 2 and 6 represent the

development of discriminations and concepts, while Skills 3 4 and 5

represent the direct application of rules relating to these concepts

and Skills 7, 8 and 9 represent the use of combinations of these rules,

which is the use of higher order rules. .
,‘.'J In the follo'ﬁing sectiona, the procedures which were followed
.

o

to determirre the validity of the hypothesized hierarchy are described.,
" These involve the application of appropriate inst:ructional and testing
proceduree to a sample_, and methods for the analysis of the data from

this sample.

_ For example, "determine the effect of -a sudden -

e h sy
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Effect of change in
1 population on an-
other on a different

chain, >1 route.

Effect of change in|.
1 population on an—h
other higher on the

chain,> 1 route. .

65"

Effect of change in
1 populationon an=|
other lower on the
chain, > 1route.

8 . \

L

Indicate all routes
by which etfect
-spreads from1 pop-

ulation to.another.

| Etfect of change, in

3

L]

1 population on an-
other higher on the
chain, 1 route, |

: 4
Etfect of change in
1 population on an—
other on a different
chain, 1 route.

5

Effect of change in ’

1 population on an-
other lower on the
chain, 1 route. :

1

its. predator.

Effect of change in
prey population on |,

o

PR

Effect of change in
predator population
on its prey.

2

b

Figure 4. The hypothesized food’ web hierarchy.
Co Note: '»" eignifies "more than."
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_Sample

The sample consisted of 200 grade ten biology students from
three high ‘schools in the St. John's area, Eight coeducational classes
'and three‘teachers were involved. The students Tepresented a variety
of socioeconomic backgrounds. A1l clasees‘studied.the same biology
curriculum (Government of Newfoundland and Labrador High School Biology
'Curriculum Guide, 1979) and used the game text book (Oram, Hummer &
Swot, 1979). S L

" Procedure

The initial step in the experimental design occurred as. part of ‘
the'regular classroom instruction of the students in the sample. The ‘
'study began with the subjects receiving instruction on food webs from
».their biology teacher. No attempt was made to interfere with the =
preferred instructional practices of the teachere inVOlved, which in
each case could best be characterized as conventional, involving mainly
" teacher exposition. As the structure of a learning hierarchy should be
independent‘of instructional mode (Gagnd, 1973, p. 21), it was.felt
that this practice_would not detract from the‘internal~velidity of the -
.etudy and uould‘tend to_promote greater‘external yalidity#than would use
of'an approach designeted by the reaearcher. Because instruction took
" the form of regular claLsroom instruction, the study was scheduled to
coincide with the teaching of food webs in the classroom, and selection
'of schools was aomewhat limited to those studyhng food webs at a certain
time. The three schools from which the eample was taken were atudying

the topic at approximately the same time, and all studente had studied

s some basic .ecological concepts prior to studying food webs. All three

‘
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vsohools had class periods of 40 minute duration.
Following instruction on food webs, the subjects nere teeted
‘on the skills comprising the hypothesized.rood'web hlerarchy:dhring
-qne'claes'#Eriod. Because this test preceded remediation in the
experimental design, it was called the "pretest." The pretests were
corrected and two days later subjects were preaented wlth remedial
booklets. Each subject was giren an lndlvldoal prescription for
particular skills from the remedial hooklet for.which’hoth items test-
lng'the skill were not‘enenered correctly, or were mnot Eompleted by
the .particular eubject. All Euhjects received booklete, however the
.number of skills to be remedieted in each case varied Subjects ‘were
informed they would be retested and were asked to complete all remediall

work as homework by the second test' date. Subjects were also informed

that the remedial booklets would be collected at that time and returned

at the end of the study.
Three days after receiving the remedial booklets, students were
posttested using a parallel form of the~pretest. Hhether they gained”

skills which were not mastered on the} gretest.was tested by determining

the nestery.of skills on the oostteet. ' These 'data were used to test
for transfer of learniné from subordinete to superordinatelekills.' The
method of testing for transfer was'developed by Griffiths (1979, P. 196)
eIt investigates the relationship of gain of eubordinate skills between
the food web preteet.and the food web posttest, and gain of ‘related
superordinate skills in the food web posttest. The following«steps
were involved in this part of theaanalysis. ']
—5———i\‘ Those akills in the hypothesized hierarchy which were
directly subordinate to -any other skill(s) in the hier-

archy were identified. The steps which follow refer ' '
to each subordinate-superordinate skill connection.

[EP ORI
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2, Following regular instruction, those subjects who failed
both skills in a particular connection were identified.
This group formed the subsample for each connection under
test. The size of this subsample varied for different
hypothesized connections.

3. Following remediation on those 8kills which were failed
" in the initial‘ testing, students were retested on all
skills.

4, Those subjects in each subsample who gained the subordinate
> 8kill of the comnection under test were identified; as
* well as those who failed to gain the subordinate skill.
These subjects were designated '"gain" and "no gain',
_respectively. ’ -

5. Subjects within the "gain" and "no gain" groups were
" further classified with respect to their performance on
the superordinate skill of the connection under test.
‘ These subjects were deaignated either pass" or. "fail "
. ’/
62~.The significance of the relationship ‘between Gain/No Gain :
" - and Pass/Fail was determined for each connection by
' .application of a chi-square’ test with one degree of- freedom '
in ‘each case. . ‘

The tests and remedial booklet are described ‘in the sectidns'_
to follow. The actual pretest, posttest and remedial booklet appear
‘in.appendices A, B and C, respectively., The ekperimental designlof

the study is illustrated in Figure 5.
Inetruments

Two testa.were administered in this study, namely the foed web
préetest and the food web posttest. For each element of the.hypothesized
hi;réfchy, a minimum of two equivalent test questions was requireu for
the-hierarchy salidation pfocedure. To.aveid spurious zelults for-
items occurring later in the test, it is necessari that~ail subjects have
adequate time to ettempt:all itens. .Hence, the maximum numher of. test

¢items per element was limited by the available testing time. ‘In the‘

present study,‘to ensure sufficient time to administer the test and to

{
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Classroom Instruction

on Food Webs o,

. .
.y . ., -

Food Web Pretest

lidentification of

Remediafion of Missing | [_Misconceptions

- - . Skills

|

Food Web Posttest

| Application of Hierarchy

Validation Methods

Figure 5. Experimental design of the study.
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enaBlé subjects to completé the test-within.a 40-minute ;ime period,
it was necessary to limit the pumber ofiitéms to two per elem;nt. As
a result,.thé test consisted'o£~18 itéms which were randomly sequenced
using a random number table (Glass & Stanley, 1970; p. 510).

Due to the'ﬁéture of the skil;g:comﬁfising thé hiefarcﬁy,»the
factor which-tended ta differentiate items tesﬁing various skills was
the relaéive poéitioning of the two pdpu;ations of interest within the

fbod.wéb. .As a result, the formatvof allftest items was identical and

. ha@ithg following general arrangement:

LAy

e In-the,foliowing food heﬁ;.

P

(food web diagram)

'If‘population,__;undergoes a sudden ’
INCREASE (or DECREASE) how will- -
this affect the size of population _ 7

Food web diagra;s were éf moaerate complexity, with an aQerage
of 11 populations comprising each er. Each poéulation in a food wep
was represented by a,capitalllettér; and populations wéréllettered _
an attempt to remove any confounding influence throdgh the misinterf- |

- pretation of the arrows‘betweeh popqiations in.the web, they were |
reminded that arrows ran from_prey popuiationa to predatox ﬁopulationq;
‘.nfﬁélpilot'data.suggestéd that the same skill was involved in
détermining the effect of an increase 'in size as -that of a decreas -
:in size of a given population. ATherefore, for eacﬁ:pair 6f itemsv l

jf : téstigé a given gkill, one involved an increase in the size of a

't:? :' - population while the other involved a-decrease, Digtractors were nof

. randomly within each web. Subjects were advised of this. Further, in

i
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included in the. format of the test items, and the names of populations

unddr consideration were under;ined, to facilitate interpretation of

,tesé items. . ' S .

Test items were of the "open-ended response" type. Subjects

H

werk provided.uith space on which to write their response and were
- H s .

indtructed to provide brief reasons for their responses. This open

. .
format provides some measure of whether or not subjects' answers repre-

.
T : . -

sented guessing on the part of students. Further, it provides'a means

'tq identify particnlar student misconceptions when they exist.

-

_The- test instrument was field tested using 37 grade ten biology

students who were of similar background to the target population.
ra

Revisione in the original test were made to i{mprove language level. and

. R
~ The posttest was identical in format to the pretest, except

for the order 1n whicnfitems teeting particular skills appeared.

'In order to ensure gbod content validity before testing, two
eiperienced bilology teachers and a science educatqr rated the con- -
gruence hetween test items and behavioural etatemencs of the related -
skills and found it appropriate.; Tetrachoric correlation coefficients
were computed to determine the degree of correlation between test items

teeting the same skill, for both the preteet and posttest. In order to

improve the coneistency of measurement of student‘responsee to test

» items, all. tests were marked by one person (the researcher), item by -

item, and then remarked by the reeearcher, test by test. The resulte‘
of hoth marking procedures were compared for consistency. A second
marker correcéﬂ% lOZ of the test papers and these results were compared

with those of,the firat marker for~coneistency.

1




The 'Remedial Booklet’
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As previously igji::ted, the remedial hooklet waas designed for
use In the.determination of transfer of learning{ In.order to deter-
mine the existence and strength oi transfer of learning from sub—
ordinete to superordinate skills, subjecte yere asglgned remedial
booklets and requested to complete assigned eections.

'The remediat booklet consisted of nine units. Each unit cor-
responded to a particular elenent in the hypothesized hierarchy. The
units were aequenced according to the hypothesized hierarchical order,
beginning with the lower skills of the hierarchy and continuing to the
terminal skill o ] o i

Gagné (1962,. p. 357) has identified four main functions to be

served by instruction in a learning hierarchy. These include informing
a
the learner of the nature of the performance to be learned helping the

learner to identify appropriate components of the stiwmulus situation,
such "as new symbols and terms' establishing high recallability of the
elements in the hierarchy, and providing guidance to thinking. In
designing the remedial hooklet, care was taken to ensure that Gagné'
suggestions were heeded in the instruction of .each unit., T

-Each unit hegan with a statement of the skill to. be learned.

a
The instructions which followed attempted to atimulate the recall of

‘relevant subordinate elements and to gulde the direction.of.thinking.-

In each case,\explanations of how the present.element related to'other
elementg in the hierarchyrwere'provided, in addition to a diagrammatic
representation in the form of a flow chart fashfoned after the

hypothesized hierarchical arrangement of skille. The remedial units -

attempted to link the skill to be learned with the subjects' general
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knowledge by utilizing subject matter and examples which were fam:liiar.

to the subjects. For example, food webs were often comprised of native

- Newfoundland species.. Occasionally, more exotlc examples (ptehistoric

. food web, arctic food web) were used in an effort to catch the learper's

. N
interest. At the.end of each unit a”"Test Yourself" section was pre~

sented in which students wor&ced through three sample questions testing
. . A v 3 .

" the objective of the unit. An answer key wag provided for feedback.

a

. Finally, there are many ‘aspects of personal instruction between
teachers and their students which serve to motivate, persuade and estab-
4 . _ . :
1ish attitudes and values. In ag\ attempt to provide these aspects of

teaching to the learning program, the design of the booklet also incor-

S - a
Qorated pictures, comic characters, encouraging n'rqrds and - humour. This

.

aapéc/:t ‘was also :I.mpo'i‘tanf to the experimental design, in that students
s . : . ' . ’
were instructed to.do all re dial work on their own time, as homework.

I

It was hoped that stud‘e'nts would be more willing to complete the work

if the exercise was not too formal.

-

The booklet:;was_ examined by a sclence Imstructor and three

«

l biolopy teachers with respect to its suitability for the test popula- '

+ tion. Revisions were made to accommodate’ the suggestions of these

2

. The design, instrumentation and pro;cedures described in this .

'chapter produced the data which were used to test the validi.ty of the

hypothesized'hierarchy and to identify pi‘evalént student migconceptions.-

0: The analysis of t@lese data is discussed in the next ch-apter._ P .
! o | A :1-‘-.' . ‘ . . ﬂ .‘V
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- o _Chapter 4

'RESULTS, AND DISCUSSION

Introduction . I

o | - 4
* The datalwhich are uséd‘to test the;vgiidﬂ;ﬁr of a hypdtl‘x’e.sized ‘
1ea'gning hierarchy ;;:e derived from responses of a number of'r individ- .
ualé to 1te§ns tésting intellgctﬁa} skills cpmpr:lsing the ‘hierarchy.
The valiﬂity and reiiability of t‘pes’e test§ are t:heféfore very impor-
tant. This chapter begins by éonsridering the validity and reliability -

of the tests api)lied in the present study. This is followed by dis-

" cussions of the application of two psychometric validation proéedure;;

the ordering—theorétic method developed by Bart and others (Ba‘fg)*&.xrus,
1973; Airaaian & Bart, 1975) and, where .aplpropriate, the Dayt‘on and
ﬂacready, (1976a) écaling'met:hod. Upon consideration of the results of A
these analyses, a decigsion regarding the va].idity of. th'e' hypothesized

hierarchy is made and a p_sychometrically validated hierarchy is pre-

séntt_ad. This hierarchy is further investigated with respect to the

degreé of transfer of learning which occurs from subordinate. to related

sipetordi’nate -Bkills, using a procedure develbped by Griffiths (1979,

~

P. 196). " The hierarchy which emerges. at this ;’Eage represents the

-validated hierarchy of the present study.

A furthe;r aspect of 't;he present study inVolves the presentation
[

of n;i_sconce‘p‘tipns which are hel} by subjects with regard to the food |

‘web concept. .Mist':onc'e'ptié.ns which _coimnonly emerged are indicated and

1
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" the corresponding behavioural statement of the related skill. All items

“wise indicated.

' Validity of the Food Web Skills Tests

validity. - ‘To ensure this, two. experienged biology teachers and a

:relationships in their responses, as conc.epts"éuch as compet::lt:i_on and

€ paine Mt A A e e A I AN

[T S — . .- e - PR - et

v/ I
A computer program developed by Dayton and Mat;ready (1976b)

was used in the applicgt'ion of the Dayton and ﬂacr;zedy analysis. Other B
statistical procedures were performed using the SPSS statisticéi ‘

package (Nie, Hull, »Jenkins,-St‘einbre-nner & Bent, 1975), unless other-

e

o

. ‘.
w, o,

o

-

The ordering-theoretic and DéytAon and Maéreedy methods? as well

‘as the test of transfer used in the present study, require a cfeéisipn

of the mastery status of each individual with respect to each intel- o

lectual skill in the hypothesized hierarchy. As a result ~-the'—-£ood—-wéb

.pretest and posttest are esgsentially composed of nine small criterion-
referenced tests, one for each‘skilllbeing testgd. Gagné;‘(1969)“

suggests that the most important consideratilon in the construction of
criterion-referenced tests is that: they should have good content : SR

i = o -

science educator examined the congruence between each test item .and
wer.;e Aconaidered to be acceptable by' all reviewers. The pretest and :
postte i;ems were then piloted using two classes of gr‘ade ten biology"
students who were mnot part of the main study. Anaiysis of the pi‘l'ot
‘d;ata indicated the need for some changes in the.test instruments. The )
format.of the 'testl items was altered to specify that stude\\ts

indicate the‘effect of a change_‘in ‘one‘ population on a secbnd'
populafion in terms of-.a sizé c.hange'. The purpose of this char;ge was

-

to discourage students from employing concepts other than predator-prey

‘e,

- - AR il IR
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‘

"predator swit:c“.hing strategies;i' were not invest;igated An the present

study, It:ezna testing Skill 6 ("Given a food web dlagram, the subject

- indicates all possible pathways through which the effect of a change in

" one population is transmitted to a second population") were rewritten
because results from the pilot study indicated that: subjects' misinter—-
‘preted the items, or indicated that they did not: understand the
instructions. This gkill proved to be difficult to test in the form

. ;f a written test item, .however, items were rewritten in an attempt to -

—_—

clarify the task at hand. Another change invdlved the inclusion, in°

. each item, of a reminder that arrows in _thé food web diagram ran from

PR ———

preyipobtlxlartions—tmpredator—pbpulations .- This—skill-was-considered
to be verbal information, ‘and not an intellectual skill; hence, it was

‘not considered to be a part of the hierarchy and was t:h‘exjefore provided

within the instructions of each test item.

, Reliability of the Food Web Skills Tests -

In the present study, each pair of items. testing a given skill
i8 used primarily to.determine the mastery or nonmastery status of

subjects for "that skill. Because each teét'of a skill consists of only

two it:ems, conventional tespt reliabilit:y statistics are/not)eaningful.,

/
However, it is reasonable to agsume that 1f two items reliably test the

same skill, there should be a large pqsitive correlation between

students' responses to these items, _ !

“'I.‘esi: items were scored dichotomously: acceptable responses were

-

assigned a score of "1", and incorrect responses were assigned a score

' . _of "0". The degree of relationship between dichotomously scored °

. variables may be represented by two different correlation coefficients.

+
L4
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‘One of these, the phi coefficient, is the Pearson product-moment

»

-

correlation coefficientb‘(applied to dichotomous data. The second is
the tetrachoric correlation coefficient. The tetrachoric coeff:l_.:cient
1& the prefe¥red coefficient for dichotomous data when the two
variahle:; being compared may logically be assumed to be continuous,
with their joint dis_tri;but:ion fqrming a bivariate ‘normal‘ distribution ]
(Walker & Lev, 1953, p. 2743 Tate, 1955, p. 259). If these assumpi:iork\
are valid, use of the phi coefficient as an index og relationship

‘ﬁnderes'timates the relation between the two variables (Glass & Stanley,

v

|
a—
L8 " . o
v

RS A,

the model of a _normal bivariate surface. Carroll (1961, p, 362) .

a function of the magnitude of the deviation is, in all probabil:(ty, a
- true for most of the %_lgilitieé being measured by test items in this
8idered a dichotomy of an underlying continucus ability variable where
" individuals above a certain threshold value on the ability variable
© corregfngss and incorrectness. Had items been assigned a different .

. range of scores would almost certainly have resulted,

The interpretation of the tetrachoric coefficient can only be ‘ Sk

neaningful to the extent that the underlying meas&rements ‘conform to

suggests that even when psychological characteristics are not distri-
buted exactly in cbnformity to the normal distribution, any distribution

’ i
in which deviation from central tendency becomes successively rarer as
good approximation to the normal distribution. This appears’ to be

. a
study. In addition, the "1™ and '""O" scoring categories may be con-
. L] 7

pass the item, and‘tlhc_)se below it fail, This tends to be supported by

the data, where subjects' responses indicated varying degrees of
. \ !

marking scheme, for.example, five marks 'per item rather than dne, a

- .

PR

&
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As a result of the preceding considerations, the tetrachoric

Y

correlation coefficient was used as an index of the degree of corzela-
t:ioﬁ between the two test items measuring a given skill. - The value of

a tetrachoric coefficient.is ‘dete'rmined from the results of a ma;rix
indicating'l;he scores for two ifems testing a given skill‘. Figure 6
,illustrate's such a matrix for two items, ".X" and '"Y", The' lef:ters A, B
B, ¢ and D represent tﬁe frequgncies of each of four cells com;;rising -
o the‘matrix',' whére ,e'ach ;:ell in&icgtea a dif ferent p;t;t:ern of scores
’ f.or the two skills. When“ the marginal disti”il?uitions of the tyo

variables are symmetrical, such that the ‘proportion of students master-

_ing-one item is simiiar to the proportion mastering the gsecond, the

oo : - following ‘equation may be used to determine the value of the tetra-
I

o cho.ric’: cc.)efficignt’(rtet): _ o

I3

(1)

. et + cos(180° / (1'+ VB'C/A]l)).]

)
¢

where A, B, C and D correspond to the cell frequencies'indicated An the
" matrix shovn in Figure 6. If the assumption of symmetry of distribution

of scores cénnot'be met, substgntiai errors may rea:ult by using Equation
1. If the proportion of subjects faiiin’g .either skill departs‘greatly ‘
from 0.50, an-'overly high estimate of thg ;etracho;ic c;oefficiént is
produced. Th.e‘distribution of test ac.(:re-s_;in- the ' present study were
asymmet:ricai. Asa resﬁlt, Jenkins' (1955) modification for skewed
© data was.-appl:led. -Tetrachorié‘corg‘ela;tion coefficients for pairs °f.
pretest aﬁd ppsttest items are showfl- in T#ble 1 The significance
) l.evel rqported in this table represents the level 'at which the null

hypothesis of no correlation between—the test items-can be're‘jécced..'.'
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: ‘ Figure 6. An item matrix for the determination of . -
: . a tetrachoric correlation coefficient.
Note: A, B, C and D represent cell f}'equencies.. . *
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Tgbie 1

'S : - .
Tetrachoric Correlation Coefficients (r;,.) Between Items
Testing Skills of the Hierarchy

Y

\:orresponding ~Sample Size

r P )
Skill Test Items . (n) tet : Sy
1 2,13 ., 9 . . .85 < .05
2 5,8 - 161 - *
3 6,15 - . 135 .62 < .0l
4 10,16 118 .79 . <.001
A 5 Tap, 163 J2 <001
6 12,17 78 .87 <.001
7 1,14 169 - x
8 9,11 182 * -
9 3,18 116 *
1 4,11 164 *
2 2,17 135 %
3 5,18 - 123 *
' 4 6,10 164 a5 <001
Posttest L L6 143 .89 . < .01
; 6 7,14 130 .98 <.001
7 RNt 161 "95~  <.001
8 L. 9,13 157 95 <.001
9 L 8,15

149 .75 . <.001

" .
Tret could not be determined for 1tema for*which zero frequencies
occurred in at least one cell of the data matrix.
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-i'ngly. ‘Ideally, any individual sﬁonl‘d ‘conaisténtly answer both items

b — g - . Y

The range of "the tetrachoric coefficient is ‘net.rest'riet.ed by
disparate marglinal totals of the matrix. from which it is determined.
As a result, the iralues"wh.ich‘the tetrachoric coeffic_ient can attain
rangé"fr:)m 'Tl to +1, and the tab]:ed values.can be interpteted E?ccord-\
testing a giyen .skill. Howene‘r. in practice such pe_rfeet agreement
{s seldom found. The sample size (n) indicated inA;l‘abile 1 va-ries as a
result of stud‘ent'_abéences‘and tne?elassifi,eatio,n of resnenses which
wvere ’diffli(:ult to interpret 'as:' missing data. | |

The "tetraehoi:i'e co'rtelntion ’cneffieient cannot be determined - )
if .one or more ce11.8 'in:t.he‘ skill matri)t “ha‘ve ‘a frequency of Aiero, !'Asl
a. result, 'tetrachoric coefficients could nnt b;r'detenn.inec.i from the‘

pretest data for Skills 7 8 and 9 because none. of thersample correctly'

answered items testing these skills However, tetrachoric coefficiente a

.

-were determined from the posttest data for parallel items testing these‘_
skills and .were found to be highly signifieant. Skills 1 and 3 were _

"mastered by most students' on the posttest. Aa a result, zexro frequen-
. e o . .

‘cies occurred.in at’ least. one cel:l in each of the e'orresponding

matrices, Although tetrachoric coefficients could not be determined

Vo

for ‘these: Bkillﬁ in the posttéest, parallel items were ‘found to correlate

" well in the analys:l.s of pretest data. Both :I.tems testing Skil} 2 were

" answered co;tect’ly by 97.5% of the pretest sample and 98.5% of ‘the .-

postteat sample.~ reé’béetively.‘ As’a result, tetrachoric coefficients

~

could not be detemined for items teati.ng this skill. . All other tetra-

A

' choric coefficients 1nd1cated a high degree of correlation between the

two itema testing a given akill as.indica‘ted_ in ,Table 1.

1
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Application of the Ordering-Theoretic Method

-t

In order to determine whether the arrangement’ of intellec-.’t'ff'al'

_skills presented in the hy_pothesized hierarchy represents a .learning .

hierarchy which is valid pej'ehome-tri::ally,"hypothesized hierarchical

connections were tested’ initially by the ordering-theoretic' method.

' \ ".  Ideally, this method should be applied to only the pretest data._ ‘
There is a possibility that the posttest data could be biased as a
result of subjects' prior exposure to the remedial booklet, although
this effect would probably be slight. In the present study it was’ Tot

Q) A ‘possible to use only pretest data because all subjects failed the upper
three skills of the hierarchy on the pretest ‘(Table 2). This made
test,_ing of'cennectione which involved these sicille impossible. Hence,

L - 1t was necessary to utilize posttest data for - the analysis of lconnec-
tions among these skilis.' The number of subjects used to test‘ each
hierarchical connection was not constant. -Differences in aample size

' resulted from the need ¢ffo elimipate subjeeta with intermediate test

A - o ) 'scores, who as a result could not be clasgified as possessing or lacking

“a given skill, and aubjecta whose responsea were incomplete or difficult

to interpret, from the sample in each casé., As a result, ‘the sample

» ranged from a min'i:mum. of 67 suﬁjects' to a maximum-of 147 subjects in

the pretest, and fron 83 sdnjeets ‘to .135"‘subjects in the posttest.

As indicated in Chapter 2, the order‘ing.—th'eoretic method tests
relationshipa be_tween pairs of skilis. The percentage of subjects who ‘
fail the subordinate skill of a pair, but paes\/rthe superordinate skill

f; 1 . ',-" ' “is identified and designated 'as exceptiona to the hiérarchical connec-

tion. In the preaent study, up to 5% exceptions were taken to represent

..

C ¢ '. an allowable level, and the test uas applied in both the hypotheaized :
. ‘ ‘ . DA

R B . . -~

¥
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Table 2

Proportion of Sample Mastering Skills of the Hierarchy -

-y

&
o

[ :
" Skill

Sample Size -

(n) g

Mastering this Skill
(%)

' Proportioﬁﬂof Sample,'

Pretest"

OO N U WN

149
161
135
118
163
78
169
182
116

©91.3
97.5
81.5
83.1
62.0
T17.9

.0
0
-0

(===

Posttest

W ONOU S W=

164
135
123
164, -
143
130
161
157
149

99.4
. 98.5
o~ 91.9
' - 84.1
91.6-
74.6
56.5
54.1
18.1.
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and reverse.direction. Table 3 contains.the percentage of exceptions
for each pair of skills in both directions. For a connectio.n to be
considered valid, the percentage df exceptions should be less than 5%
for the hypothesi.zed direction, and more than that value in the reverse
direction for a given 'c':&.)nne(':tion. Iht_a_ interpretation of Table 3.£nay ‘
be aided by an 41lustrative exdmple. Gonsidér the tabled pretest data | |
for Skills 2 and 5. For the connectiGn -in which ~Slyld.ll 51is ‘takdn 't:o-

Fond .

be superordinate to Skill 2, there are no exceptions (OZ)'ingi'g:ated. o ‘

. This qledns none of the subjects tested' exh.ib':lt:ed_Sk_illl 5 without also
exhibiting Skill 2. Thus, a hierai:chical relationship 1is sugpested. ) ;

Consider the reverse connection in which Skill 2 is taken to be sut'»er;

brdinate to 'Skill 5._ ngb_lg 3 indicates there ve;e- 13_‘;37; 'exception$~ to
thd._s connection. This /ineans that 13.3% of the subjects tested exhibited
Skill 2 but did not exhibit Ski}l 5. These data offer strong sdpport for
the hypothesis that Skill 5 is superordinai:e to Skill 2; as the number of
exceptions was lese than the critgrion value of 5% in the hy‘pothgsized
directidn,' and e:tceeded ‘that value i__n the reverse direction. ' )
Before considering 'the, results of the ordar:lng-theoretic

analysis, it is important to note the ?ollowing situai:ioqa which 1imit

the applicability of this method:

- If few subjects pass both skills in the connection under test, ,
- it is not possible to test the conmection. (Case A) . L

If few subjects fail both skills in-the connection under test,
it is not possible to test the connection. (Case B) ‘

The pretest data of the- present study suggest the food web hierarchy

‘may: be subdivided upon coneideration of the situa;iona described above.

Tablé 2 indicates that Skills 7, 8 and 9 appear to fall'into category A*

while Skills 1, 2, 3, 4. and, perhaps, 5'fall into category B. Skill ¢

N
1

A
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Table'3

Percentage of Exceptions to Hierarchical Connections

Ordering-Theoretic Resulfa:

Sdperordinate Skill
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i - .appears to be moderate'ly difficule. It:’ ‘is not d,ifficuit to jt:eat.t:he
va]:iditme_hypothe‘sized connection between any skill in the A cate-
' gory and any akili in the‘ B category;.hc‘awe'vgr it is not possible to
test connections between skills within the A categor;'. Similarly, but = |
to a.leoser extreme, it is ‘diffic:;t to test. ‘conneotiops between skills :
o | - within the B cat;gory; For conneofions amnong: catogory. A akillé. (Skills

©

7, 8 and 9)_,' it is possible to test connections. b'y using posttest daga,
as éu‘bst:gntialily more sub jects éAeré sutcessful in these skills on_‘ﬁhe“'
. pos.t:t“ea't. Howoiler, the difficultfyl in t'eb:ita‘g ‘connootiono among cate-
e . gory Bskills (skills 1, 2,3 4 and 5) becomés mégnifie&.,in t};e post-}-

test data, as more subjects became succes_sful in theée skills .on the

K

- post:t':est. - Given thia,"the pretest data were usecé to test connections
. " which involved two catggory B skills, and connections, bqtixeen .a category
A skill and a category B skj.il. . Hovever, pdst't:est data were used to

o = test connections inv::lving tvo category B skills. 'Skill 6 was tested
[ . ) . , . , ’ ‘
on each set of.data. <

.
- . . '

Consider first the connections between a category A skill and

- H
= -

- ‘a category B skill, and those between a category A skill and Skill 6.

.Skill 9is hypothesized to be sﬁperordinate ‘to each of Skills 1, 2, 3,
4, 5 and 6. skill 7.is hypothesized to be supenordingtg_to each of -
Skills 1, 2, 3, 4 and 6.. Skﬂl 8 1is hypothosizefl'to be superordinate
_ to Skills 1, ’2, 4, 5 nnd 6. ‘Table 3 indicates there were no except:iona o
-to any of these h}'pottieaized connections. vaersely. for the reverse -

relationshipa in.each of these connections, the percentage of e.xceptiona
N o were much laxger than would be pernmitted by-even a 54 tolerance level
of exceptiqna in each case. Hence,‘all conne'ct:iona becween edch of

Sk,ills 1, .8 apd 9 and all other qkills in the: hierarchy were supported.




ol 8

" As, indicated in Table 3, 'the same pattern of results was obseyed for -

these data to test connections among these s}cills. Examination of. SRR

’ 'Table 3 indicates Skill 9 was superordinate to each of Skills 7 a{1d 8 »/ R

"btlt not Skill 9. amT 25.8%.of the sample exhibited Skill 8 but nbt.

. Skill 9. ’I’hese data support the hypothesis that Skill 9 is super- .

of these skills was' even - greater in the posttest (Table 2) Because T

. few sub;]ects ‘failed any of these skills, hypothesized connections

»..;connection involving Skill 5, as this gkill appeared to be more difficult

. than the others, 1In this case there were no exceptions' to. the

R

between the_. skills, Although it is expected if a learning hierarchy -

. . : . - N -
C N " © : \ -
b metrentw w4 . e d e A . . - ar eeemgvemdememdme <, -
+ v .' " - - . . . )

T

the posttest data, except that the percentages of exceptions were

L 'lower in the case of the reversed connections- however ‘they were still ' 3
' much greater than SZ' For the connections between Skill 7 and Skill 6, : ' {
-and between Skill 8 and Skill 6, respectively, 0. 9/ of the sample (one

‘subject) exhibited Skill 7 and Skill. 8 but not Skill 6. In all cases

the hypothesized 'relationships were supported by the posttest"da‘ta.

In the posttest, a 1arger proportion of the sample e.xhibited

to,

,mastery of Skills 7 8 and 9 (Table 2) Hence. it was' possible to use -

¢

o '(with no- exceptions. 3 Conversely, 28 07 of the sample exhibited Skill 7_

! (]

" ordinate to each of Skills .7 and 8. - , S

Considering the category B skills, Table 2 indioates that very'

few subjects failed to exhibit Skill 1 (91 3% mastery), Skill 2 (97 5% R

mastery), Skill ?3 (81.5% mastery) and Skill & (83.1% mastery) in the o ‘u." ‘
{ .

) pretest; Skill 5 was slightly more difficult (62.0% mastery) Ma.steryl

4

 between Skills 1 and 3, Skills 1 and 4, Skills 2 and & and Skills. 2

and 5 are difficult to test. This problem is less serious for the

i

hypothesized .corinection, and 13.3% exceptions to the. reverse connection
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skills causes problems in the interpretation of results in terms of a |,

' preset criterion level. clearly, the criterion percentage of excep-’
/failing to show mastery of the subordinate skill of a pair under test.
.When the percentage mastery of both skills in'a given connection is
~typical levels of allowed exceptions Are no 1onger meaningful ‘l‘his T,

- ‘when one considers that of the small proportion of the sample' who did

. not master both skills, there were no exceptions to the hypothesized

‘reversed connectione tends to support the hypothes:.zed comnnections..

rside_rarﬁion of the relat“ive difficulties of the skills. Table 2 indi-'

: : o et - . . L .
' Skill 1, while only 81.5% exhibited masterpof ‘Sk11l 3, .and 83.1% -

respectively, for Skills 4 and 5. The apparent differences in the

it

.‘.88'
is to be useful for instroction,‘ that a,large.prlopo'rtion ofwthe sample e ¥
. . ¥ B f * Pt .
"!;‘-

‘will achieve the earliest -skills,.t,he ‘high Adegryee of ma’é)t:ery. of these C ; - i.
:

tions to a connection cannot be greater than the percentage of sub_]ects

unusually high, the number of exceptions will be limited, as few o - , 5' .—"

-

subJects fail to master one of the skills in. the connection Therefore,'

-

I\

: appeared to be the case for connections involving Skills 1 2, 3 and 4. - '-iv- v

Some measure of the validity of these connections is suggested however, 3

connections, while there were 2. 1%, 4 5%, 2 1% and 13 3% exceptions,
respectively, to reverse connections between Skills 1 and 3y Skills 1

and 4, Skills 2 and 4, ‘and Skills 2:and 5. It appears that, the direc-l
v
tion of the difference in exceptions observed for the hypothesized and

.

However,‘. this interpretation should’be treat_ed with‘ _some- caution. Some

support for the hypothesized connections is also suggested from a con-

»

cates . that in the.pretes't;, . 91.3% ,o<f‘ the sample exhibited “mastery of .
: . ’ . LoD t .
' L

exhibited master of Skill 4, respectively L'iltewise, 97‘5"7. of the

- . - (- . .

sample exhibited mastery of Skill 2, compared to 83.1% and 62. O‘Z,

s
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'relative difficulty levels of these skills are also in the direction,
of the hypothesized relationships among them. S P .:‘ ,-
In principle ‘it .woyld be possible to test connections between
_ these lower skills directly, as suggested by’ White and Gagné (1974)
' ‘Briefly, they suggest that the validity ‘of‘a hypotheaized eonnection
.~ _can be tested by using two groups of learners One. group is taught L
ithe hypothesizedulower skill of the pair, and then the upper. The .
second group is taught only the upper skill. The hypothesized co‘nnec-
tion is then considered valid if more of the first group acquire the

.superordinate skill than those. of the second group. Unfortunately, - ._,I-.

. one, limitation of this procedure which was noted by White and Gagné o

~ &

’ R (1974) appears to apply to this situation. Because -of ‘the nature B N Tt

"_of the skills involved, teaching the upper skills (Skills 3 4 and 5)

1.

R ’ 'would necessarily involve instruction in the lower skills (Skills 1
L L 3

and 2). In addition, because the lower. BklllSi deal with predstor prey GO . AA‘-.,

. relationships which most grade ten biology students may have been - ._

exposed to through day-to-day experiences, it would be difficult to

AR R ' ) assume that in teaching one group of students only the upper skill l?f

-

a hypothesized connection that they would have no knowledge of the |§
- lower skill. » - - , = /

)L.::
It may be possible that a study involving subJects much younger ' -

“fthsn those used in the present (study would permit the possibility of '\
‘,-q , g ~ ,"t‘

'., a i more exceptiOns and therehy 1ndicate stronger support for the hypothe-
sized cpnnections involﬂng lower skil’ls Unfortunately, there was no
opportunity to pursue this possibility'5~in the present study. 5}

All ‘connections in the hypothesized hierarchy (Figure 4

s

- Chspter 3) were found to represent strong connections in terms of the:
\ N .
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h¥pothesized hierarchy to the data.

Appl'ica.tion‘ of the Dayton and ‘Macready Method

,chi—square.j In computing the value of the 1ikelihc§>d ratio, the Dayt:on

be. clearly classified as possessing or lacking a given ekill.,.'were
B ‘3 N * .

_hyﬁothesized hierarchf’bould have a frequency:of zero. Similarly,

ordering—theoretic analysis, Application. of this method suggests that

- the data are consistent &ith the hypothesized hierarchy, although as a’

result of the high degr;ee of mastery of the lower skills,. eonnectian'

among these skills remain 'tentative. In the next section, the Dayton -

Al

and Macreddy method is applfed to determine the goodness of fit of the

7

The Daytbn and Macready method is descfibed in detail in
Chapter 2. 1In this pro‘cedure, goodness of fit between the data and

the hypothesized hierarchy is . determined through both a chi—square \.

analysis and the determination of a likelihood ratio expressed as a

and Macready method yields estimates of the misclassification param-

1
eters needed to provide a fit between the data and the hypotheeized
+

Sar

hierarchy. As these values increase, confidence in the hierdrchy

decreases.

It is very important that subjects are properly classified as

: . masters or nonmasters of each skill comprising the hierarchy; befor‘e.

applying the Dayton and Macready analysis. For this reasom, subjects

who received an intermediate score of "1", and who therefore could not

L]

—

_omitted from the analysie.- . : L

The results.of the ordering~theoretic analys'is indicated thete
. N ’ .

‘were no exceptions to connections between category B skills and‘cate'gory

. A skills. Hence, all pattern vectors which are inconsietent with the

SN
S

e e e - S e et T LRSI

L
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there were no exceptions to connections. among sk.illa in category B, and

to comnections hetween Skills 8 and 9, Skills '7 and 9, and Skills 6 and
The most stringent test of the’ hypothe— o S
U g

\\
"

9 of the category A skills.:
sized hierarchy would therefore exclude these’ connections, as they wouk
As a result, the Dayton and j
', St

|

preclude any inconsistent pattern vectors.
Macready analysis was-applied to the posttésf ‘data f.or Sk.ills 6, 7 and

8 only, as. these were the only connections in which some exceptions were

5
B
5, .
g P
. . ;
o
;

»

observed.
The null hypothesis under test is.that there is.no- significant
S
: L

those acceptable ‘under the assu.mption that the hierarchy is valid.
likelihood estimate and‘ t‘he misclasaif ica-

-Large_values of the max

tion parameters indicate criteria for the rejection of the hierarchy

Likewise, az significance 1eve1 of less than 0 05 for ‘the
. A//‘-

!

' under test.
maximum likelihood estimate would. indicate a lack of sufficient cor-
. 3 ' /'

he hierarchy under test and the data.

7

' respohdence hetween /
The results of the Dayton and Macready analysis indicated the

IR

e ! L.
hypothesized connections between Skills 6 and 7, and Skills 6 and 8
were consistent with the data, With ‘a maximum likelihood estimate of
Like the maximum

/

0. 94 and a sign] ficance level greater than 0. 80.
‘e, the values of the misclasaificatio‘n parat'neters were
. o

likelihood eatim
also snmall (guesaing para.meter estimate = 0 00; forgetting parameter
.y /“ N ) ’

eatimate = 0.02). . .
THe resulta of the Dayton and- Macready analysia support the
/

Hence, the hierarchy indicated in Figure 4
In the section which

hypo thesized hierarchy
/

(C'hapter 3) is conaidered psychometrically valid.
folloua, the tranafer aapect of: the food weh hierarchy will be addressed.-

di:fference hetween the observ;ed.’ﬁequency of response patterns and
.../: . I" "I-"‘ "4'.

e s’ v

e e o et bt ot Ao 1 ik i d wrein ) A
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L comprising the. hypotheaized hierarchy. In order t. test for transfer,

. Iransfer of l;eerning‘within, tlhe. Eood‘weh Hierarchy ‘

-used to determine if those subjects who gained prerequisite ski

- between testing periods are more successful ‘on posttest items testing

which the test of transfer is applied. " In the case ofv Yower skills ofi '

".'“‘l"':r‘rz-) y

il h : e T . . : s ’. A

: Research queetion 2 is concerned ‘with the exietence of tranefer _
-: !
of learning from subordinate ‘to related superordinate skills in the food".

S

web hierarchy. As indicated in Chapter 2, Gagne 8 index of propo‘rtion .

. ’ °
positive transfer and other indices related to it are not considered to :

be acceptable tests of the degree of transfer between skills in a hier—
archy. In order to invhstigate the existence of positive tranafer in
Il

the present study a procedure developed by Griffiths (1979, P. 196) was

applied This procedure was describ’ed in Chapter 3. Essentially it

- investigates the relationship between gain of subordinate skills from

_pretest to posttest and gain of related superordinate skills. Following

'regular classroom instruction, students are prete' ted on all skills

remedial ins‘truction is provided for ‘ea{ch subject n those sk:l.lls for

which they did not respond correctly~ in” the pretest. ollgned
. y e ’C‘ _s" . *

by a posttest of all skills. Yate's c‘orrected 'chi—equare test 'is then

. the  superordinate skills than are those subjects who failed to gain the

‘prerequisite skills.

'.'In"'ord_er'\&'o investigate transfer using ‘this pethod, a sube
. . . \‘. . . ' . )

,sta'ntialinumbe‘r of subjects mst fail to show_ mestery of the hypothe—

.sized skills ot the' pretest, as these auhjects comprise the sample to

the hierarchy, subjects are less likely to fail to master both skills

than in the case of higher ‘skills. . In the present etudy, because a

’ large proportion of the sample mastered most of the lower skills of t

T , v -~
Y

b e oty n o e

~

»




hierarchy, the proportion of’ subj ecta who failed‘ to exhihit these skills

~ was too small to allow meaningful interpretation of a transfer effect.

As-a result, co’nn_ections among Skills 1, 2, 3 4 and 5 could not be

- investigated for tranafer of learning. The results of the application .-

of the test of transfer for connections among Skills 6,- 7,"8' .and.9 are

presented in Table 4 ' -

[}

Significant transfer of learning was found "from Skill ‘to Skill '

9 (p < .001) and from Skill 8§ to .Skill 9 (p < 001) This -implies that

1earning of Skills 7 and 8 should significantly\enhance learning of
Slcill 9. Significant transfer of" learning was Eilso indicated from Skill
%
: 6 te Skill 7 (p < .QOl) and from Skill 6 to Skil 8 (p < _.001), which

' suggests the learning of Skill 6" should significantly enhance the
. . , & . '.
‘learning of both Skill 7.and Skill 8. AP e

In the present study, research question 2 could only be answered )

for the hypothesized ‘connec tions a.mong Skills 6 7, 8 and 9. Theee

results vere consistent with the hypothesized hierarchy. As 'a result,
v J .- . : ’

"the 'hierarchy which ‘emerges upon completion of baoth psychometrie\,end

transfer validation 'procedures includes relationsihips between skills

that have been psychometrically validated, as well as several which have

been validated both. psychometrically and with respect to a transfer -

criterion.

This :hierarchy is presented in Figure! 7.

In the'r inder of this chapter, a discussion of common mis=-

e conceptions which were identified for the food web concept will be

?l‘
it

presented. . A . L . ' S e
t - ' : .

.\ . .
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"Figure 7.
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1

/| its predator,

‘Effect of change in
prey population on

Effect of change in
predator population
‘on its prey.

2

The validated food web hierarchy

Note % indicates those

connections which are valid both. psychometrically and with

respect to transfer.
© cally valid.

s

.

. All other -connections are psychometri-
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. . © .- {m). (n) (n) (n)
- el —
) 6—7 w0 N 2 18- 18.91. < .001
- > 6—»8 . 10 0 2 .18 18.91- | <..001°
N 79 " 26 0 15 - 15 15.30 < .001.
. 8"3 24 .0. 14 - 16 15.72 - <-.001-
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Analysis of Misc_onceptio”ns' Relat‘ed to - the Food ;Web Congept -
f . - o . Pl L e

As indicated in Chapter 2,. currently there is much interest in
I
.the study and identification of students misconceptions of sciEnce h

| Co-
concepts. Because the ‘learning hierarchy model lends itself readily to

“an analysis of misconceptions, an important aspect of the present study'
involves the. identification of students misconceptions concerni) skills
comprising the ‘foad wt{ib hierarchy. Although misconceptions involving
skills related to the food web concept were identified in the present

study, it should be tioted that the remedial booklet was not designed to.

deal apecifiﬂ!ally wi;:h these misconceptionss The design of the study
‘ required that subjects be given the remedial booklet within two. days of "
the pretest.. As a esult, it was neces,'sary to prepare_ lthe remedial
‘. booklet i.:é‘n {n advance of.th_e analysis of‘,'s‘ubjects' misconceptions'.“.
'Test' items used i'nA'the present s'tudy ‘followed a free—response ‘
Iforms't; ‘ “Upon responding.to a given item, subjects were asked to indicate
;the reasoning used in arriving at their answers, ° This information proved
) " to be useful in evaluating subjects mastery status with respect to a-
given skill Just as important‘ly, it .vda,,s,useful in providing informa-
tion vhich gave’ elues to subjects' misconceptions. In some cases, it
was possible only to make inferences regarding a possible underlying

misconception, upon considering the errors made by subfect5° in other

cases, subjects stated misconceptions openly.

In order to identify misconce‘ptions, all items which were L -,.

answered incorrectly on the pretest were. scrutinized. ,Taken one item
at a time, subjects' explanations of the. ratiOnale used in answering
these items were analyzed for key 1deas or, common criteria, and were .

i -then transcribed on file cards. A series of categories of misconc@btions

»” '
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EX R

e wer."e de\r'e];oped'.a'nd- codeti . numericeilly'.
¢

.97

In this way, the frequency of each B /’:

A P

particular mieconception could be determined fgr each.. akill and for

,groups of skills.. It. ahould be noted that categories of miscOnceptions B

_ , - e . 1

vere developed’.after the major common i'deas had been identified‘in-\ '
1

euhj ects' explanations' they wvere no[ predetermined categories ‘of mis~

. ‘"iJ‘ M . s E

’ conceptions. Hhere a subject exhihited more than ‘one- misconception in - A

PREPE

responding to:a given it:em, each individual misconcepnion was reported
A presentation of misconceptions relating ‘to the food web

o concept which uere most commonly held by subjecta-in~the~pte§?:nt study N
r ., . . ) T . " - I' . ~

- -now follows. ST o C __\,‘ _ A e

- Misco'nception -1' " The interpretation of food web dynamics' in terns -
- . " of a food chain. S

l, ! . : -
4

A]_most the entire sample (95 57’) made a ‘common’ error When asked

. IR

to determine the effect of a audden gsize change in one population on a’

. second population which is. part of’ the same food web.. - These subjects
V"failed to conaider that the effects of a. change in one population could
. he pasaed along several different pathways as it approached the popula-
.tion in question. Rather, they tended to select /one of aeveral pathways L

., and considered successive predator—prey relat;lonahips until they freached
¢ Lo

the population in *_queetion. Examples of sugjects responses of this
— . .

type ate yresented in Table 5 These students appear to have dealt with

2

: food web”relationshipa by applying a atrategy bet‘ser suited to £food

-"‘-\

'chains. In a food: chpin, effects of a size cha?i ~ong’ population

S TS

T

.travel to a second population from one direction, along one’ pathway of- g\“ '

-predator—prey relationships. In contrast, the nature of the food web -
- .
model’ perm:Lts the effects of a change in one population to spread

1 o

~ o S

- through a. "ueh" 'of pathuays, prior to reaching a»population :Ln another |
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) Exanipies of R'esjmnsee Ianri:o_rat:ing M(i'sconce'ption 1

“'Item - - » Subjects Responses' ,

v

b ' ' N ‘In the followin} food web: = . i " would undergo am 0L
tr increase, B increases, . .
, .. . ; "F'decreases; and A L
5 ; o .7 .. ¢ " {ncreases because . . L.l
S . there-is plentyof O- . - PRI

¢

E . S /T S” L ,'a,nd therefore K" el o
Lo B o e e K ‘would decrease. LT
o ' o /B ' S e 'Because Af S decreased . LT
N K o Y o : R R B would increase and Y’ e .. LT
o L \' \ _ / , N wpuld“de,crease and ‘T L e
L . O NG /D o / . . .. would decreaseand M :
S . \ - B ! . S " would increase and thus o

SR ' : ' . o ' K. would decrease.’ e -'*
Lo : \ / : . ot ) . hv .

b : e 0o CoLT L . " will increase R
o S i : .- because'it would cause. o . . ¥
L ' R o ‘ © "7 77 Bto increase and’Y to . ‘

- . 1f population 8 undergoes a sudden . _ 'ﬁz::::: :;?2;“?8‘:":0 l(l _
. i. . .+ " DEGREASE in size, how will this . Gith an increase im - 4
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part of the web. Each pathway transmits an effect on, the population in

RN U UU S S . S e

fem - ot s e —

question{7 and each should be considered in determinlng the net: effect R

P .
. .

' of the initial change.' Unfortunately when subjects were askecl to .

disclose their strategy, they indicated that they utilized one pathway

in the we’b without expl.aining why they chose a particuiar lpathway, or:

N why they based thelr answer upon consideration of only one pathway.

.o

Although the underlying‘ misconcepti‘6n was not revealed directly, ‘a '

possible explanation for this inco;:reot strategy can be mferred from .

sEudent responses.-“' R ' A ‘ e

Y o Typically, students encounter the. food chain model prior to the

food web model. , This is quite reasonable, .considering that the former '

N

reptesents a less complex model on whith students may begin their underd- '

. . 1 R -

. standing of feeding relations between different populations in ‘a. com-.

- munity. Food webs are often introduced as’ a more realistic mode.l for

L™

.the representation of feeding relationships than the simple food chain

'model. Structurally food webs cre’semhle,- °and may ‘be described sas, a,..
*-1'0 s\ 9,8,
S,

‘network of food chains. However, misconceptions may occur' if studentsv

o~ ;

P Sy
consider a food web to be, functionally like a netviorlf. of individual Eood .Al

t
-

' chains. Sub jects in the present study did’ not appear to perceive the. S

dynamics of £odd -web relationships in terms of an interrelafed network
of populetions. Rather, they persisted in apparently arbitrarily
singling out an individual food chain or single pathway of populations
in the food web structure and considering only those populations along
‘this chain., The influence of the foo,i chain strategy is apparent ‘for
example, in the following su.bjects' ‘responses to food web problems

presented in the pretest'

e - : T PRI T

" ‘ \,'f;..,‘.v ‘.‘ :
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web concepct in“terms-of a food.."chain.

RY

: A.comon,fooq web.

s : C 100 -

L. B

If popula‘tion K undergoes a -suddeil. increase, it will not affect
population G because both are on different food pa::hs (in ¢
response t@ pretest item 3). ‘. : . . .

The effect varies because of different routes a food chain

could take (in response to pretest item 18) . ’ ) -

Brumby (1982) encounl:ered a similar problem in a study involving

52 first—year biology students at a British university. She ¥found that

over one-half ofthe sample int,erpreted statements involving the food

Although Brumby does not address

P

‘the question of why students tend to interpret the notion of a food web
.in‘.'terms -of a food .chain,”"she does note that this proble‘?n per_sisted

‘despite years of secondary school biology.

In the present study, this misconception was encountered for

=

o

_‘items representing all skills in ‘(ahich effects spread from on/ popula—

-

.tion to another along more than one pathway (Skills ‘6, 7, 8B and 9).

-~

In a food web, a change in one population will
“only Rffect another population if the Q‘Wo popula-
“tions are directly related as predstor and prey.

'Misconcep tion 2:

Surprisingly, following classroom instruction on'the food web"—
model, ].62 of the sample proposed that if one population in a food web
undergoes a sudden size change it will have no effect ona second

populatioiwhicu 1s not directly related as its predator or prey,-
‘ ' : t 4 y o

Exemples of respqnses which‘indicate this misconception are presented

in ’,Ijable 6. .The occurrence 'of this misconception is especially sur-

prising as it indicated that a considera_ble proportion of the sample

- did not appear to understand a basic 'premise'u.nde'rlying the’food web ,

dconce'pt: that populations which are not directly related as predator

and prey can still influence each other because they are part of a

This misconception was Ildentified for all skills in

o . ! . . . : s
. .

u
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Table 6

*

L

Eiambles of Responses Incorporating Misconception 2

&

Item - :
N

Subjects’ Resp6ﬁses

In the following food weh:

o ¢

If.pogufation R undergoes
DECREASE in size, how will this

affect ‘the size. of population E?

.consumed by E."

1)

"R won't have any

effect on E because
R is not directly

.

\

In the following food web:

s

. If population O ﬁndergoés 4 sudden

DECREASE in size, how will this
affect the size of population ¥? -

'

. "No effect. Y
‘doesn't feed on 0 and

vice versa."

-

* "There would be no

effect.  There’ is no
relationship between

"the two."

101
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- Table 6 (Continued) *
: Item Subjects' Responses .
r - - ' |
In the following food web:
. ; . . . . . ' . N TR
. o o ' ‘ "It will not affect G. K S s
' . : . ‘18 not directly connected - T I
o ‘ " in a .predator-prey relation-‘; ook
‘ ) ship‘ "e o Ty
iy "* o _"Thére'wourd be no effect. @ ‘.5':‘i e
. There 1s no relationship L R
“ between the two.. LT ST
f:f:.;'NB effect. The populations IR
" " are not related in the food
eb." ' .
‘ oo ] -
If gogulafion K ungergoes a~suﬁden
INCREASE in size, how will this
affect the size of EoEulation'C?
g B ’
PO T ;"ﬁ
. -
'
L . ’
!
|
{
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" which subjects were aeked to determine the.effect of a change in one

under consideration were not so far removed in the web . ThEvfollowing‘

s . A

s . 103

e

_— \
population on a second, nonadjacent population (Skills 3, 4,5, 7,\8-and

'9). I ‘
E l A small gtoup of subjecte (215% of the sample) exhibited a
related.mishonception; When ashe& to_determine the effect of a change
in ane population on a oecond population in another part of the web, they
suégeeted the two populations were 'too far apart' to affect each other,

These subjects appeér to have‘set an arbitrary distance with regard to

how far removed two populations mey he,'andistill affect each other.

2

o This misconception occurred in response to-Skill 9 only. The popula-

' ,tions referred to in’items'testing,Skill 9 tended to be placed on

opposite sides of the food web, whereas in other items, the populations.

vresponses are indicative of this misconception:

There will 'be no effect. The two populations are not really
closely linked (in response to pretest item 3). Y

No effect. The populations are too far away on the food chain '
(in response to pretest item 18)

ﬁisconception 3: A population located higher on a given food chain
within a food web is.a predator of all populations

located below it in the chain. .
. Alﬁost one-fifth of the sample (17.5%) incorrectly assumed that
L :

. a popolatioh located higher in a given food -chain within a food web is-

a ptedator of any populétion located lower in the chain. As a'result,

\these subjects were prevented from corfectly solving pgobigmj involviné

_ populations which were not;directly related as predator and prey.

)

Examples of responses which‘demonetrate this misconception are preésented

SN ' 4
__ in Table 7.. This misconception was observed in response to iltems test-

ing skills which require that subjects determine the effect.:l a change -

-~
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Table 7
. . ¢ ;
Examples of Responses Incorporating Misconception 3. /

&

- Item

- Subjects’. Responses.

‘ 'In'_tti‘e following food web:

If population F unde;:'goes a sudden
INCREASE in size, how will this
affect the size of population 0?

isn't changing but more F .

SR S
 "population O will decrease

'predators to eat 0, so O will

_ "Population O will decrease.

there are more F."

a

"0rwill decrease}({ecause o .
is preying on 0, lessening
the population of. the not-
also- expanding population.
because if F increahgs; that

means that there are more

decreaee. - e -

0'is prey and F is predator,
therefore 0 will decrease if

In the following food web:

K H\l/>e
D . F

\

If gogulatioﬁ R undefgoea a sudden

DECREASE -in size, how will this

affect the size of population E?

-

‘prey) decreases, it will make

‘.‘i ' . -

"E will decrease. If R (the

E (the predator) decrease.”

"R is being eaten by E. R is
prey and E lives off D-and R..
So it will be no R, so E will
decrease.” LI

]
¢ T e et g1 ¢
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ten\level, - o T

in one p.opulat'io'n on a second, noradjacent population 11{ the food web

1

(5kills 5, 7, 8 and 9).

Misconception 4: A change in the .size'of a prey population has no
- _effect oh its predator population. :

4

Six" percent of ‘the sample mistakenly believed that a change in'
. : ' |
.‘the size-of a prey population would have no effect on 'it”s predal.tor
population. Table 8 presents several responses which were'based' upon
this,misconception." I?hese’ subjects appear to be unaware th:a.t food

supply, in the form of a prey population, is an important factor influ-

encing the size of a predator population. Although this misconception

-which involves a simple predator—prey relationship did not occur fre—

Iquently, that such ‘a misconcep,tion is found at all at this level of -

/
!

study is a cause for cencern, In a study of,the‘f'predation conc-ept'f
involving elementary students‘, Powell and Powell (1982) advise that a -
realistic understanding of this concept is important. They suggest

l
that children who learn to understand predation will have a broader

.’perspective upon which to base important societal decisions concerning

conservation of wildlife and population management._ It is therefore '
: l

‘dis,turbing to note the persistence of this misconception at the ‘grade

i

-

+ »
I

Although they were observed for only a very small proportion of

the sample, two other misconceptions involving the concept of predation ‘

@

were noted. In light of Powell ‘and Powell's (1982) emphasis on the

-*

importance of this.concept, it was felt they warrant some mention,” In -

- the first case, 1Z of the sample .interpreted predator—prey relationships

in ap altruistic naturet. When a subject was asked to determine the ‘

effect of an increase _in a predator population, F, on its prey °

N

105

e ey .



N
\
'
)
1]
i
|
!
; .
-
)
. .
; )
! N
t
]
H
i R
{ i
- a
v
1 1
; B
e
oo
, !
i i3
1 N
: ?
R
. N
t .
; 4
'
, :
: !
{ |
ct K
i
'
i
\ {
X '
. :
. 1
. :
13 +
|
i
\
\
AY

Y

Ttem ' ’ Subjects' Responses
' In'the‘folldwing food webs ‘
\,‘ "It wilinot affect M,
The amount of food has
nothing to do with the
size of a population;"_
,ff opulation K undergoes a sudden o T o
INCREASE 1n gslize, how will this ;;4_\\‘ V%E
" affect the size of population M? : T
In thelfollow%ng fooq web: "This would not affect .. - ‘ =

. Table 8§
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' Examples of Responses Incorporating Misconception 4

If population R undergoes a éudden
DECREASE in size, how will this
affect the size of population W?

*

"population W,  Because

the only change it will
have is R's larger si and
therefore it will have more
prey." . o

"Population W will stay
the same because by R
_increasing, W will not’
need more prey to live.on
if there is already v
enough."

"If R increases, W will
remain the game but be

healthier. The reason
1s that there is more food
to eat." ‘ '

-/’

R e ad
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higher organisms. Thig/ suggests an anthropocentric perception of life,

. ) X
population;.M,'the following‘response was'given: 4\

"M would not have to'consume ag much to feed F. If F gets bigger,
then there ié no need to consume as. much .

When asked to determine the effect of a decrease in a predator popula-
tion, L, on its prey population, M, another subjeaf responded

If L gets smaller, then W will not have to consume as much for L.
Brumby (1982) . found that\Zl/ of her sample of 52 university-level biology,

students misconstrued predator-prey relationships in much the same way,. .

suggesting that plant populations ekist for the benefit of.mankind and

on the'part of some students, which has persisted despite the formal

- A . -~

~,study of biology in the classroom.

Secondly, some- subjects (ZA of the sample) appeared to mis—

ey

construe" the concept of a predator proposing that of two populations,

‘,the population with the greater number ia the predator population, This,
- may result from the association of the concept of a predator with

J"strength"’ and the idea that there is strength in numbers. Examples of

'

subjects' responses which indicate the presence of this misconception

: are‘presented-below (subjects’were asked to determine the effect of an

‘increase in a prey population, R, on its predator population, W

W will be greatly affected because W is the predator of R.
“When one population gets bigger, it has to eliminate the other
S0 this is what's ‘happening here. W will decrease, :

If R increases, R will" become the predator when W will become
the prey. o

e

Misconception 5: If the size of one population in a food web 18

altered, all other populations in the web will
be altered in the same way. ' '

e

-

Four percent of the sample appeared to believe that 'whatever

| ey

happens to one, population in a food web, will happen to all populations“;;.

]
e
[
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.dn the web’. The following responses are representative of this .mis-

conceptiont B

,one part of a food web on andther part of the web, these'subjects appear

Population L will decrease because if one part of the food web
- decreases, this will cause populations throughout the food web
" to decrease because there 1s less food (in response to pretest
item l)
14
If there is an increase, then43i1 other populations increase
,throughout the web (in response to pretest item 3).

* Population L would decrease in .size also because they are each
.interacted and so.if one decreases, everything else will be
affected also (in response to pretest item 1),

In utiliiing these strategies.in determining the effect of a change <in’

to ignore basic predator-prey relationships.' They seem to prefer.to

adopt a strategy which,may result from some mfsconception of the\concept

.+ of food web stability, in which all populations interact and react to

changes in the weh, For some reason,._these subjects.suggest they all

react in the same way.
A summary ‘of the five major misconceptions and the skills in |

which_they were applied is presented in Table 9. Examination of Table 9

'indicatea that misconceptions 1, .2, 3and § were identified from the

'responses of some subjects to iltems testing the terminal skill. Further,

thesge miseonceptions ran through responges.to items testing a number of

skills. Conversely, misconception 4, although identified for a number

H

of skills, was not identified in items testing the. terminal syillt

These ‘two situations emphasize the usefulneas of the hierarchical model

as a means to diagnose students precise 1earning difficulties. Further,x

' although 1t was not tested directly in the present atudy, this model

L4

-

offers the prospect, hncomhination ‘with the identified miaconceptions,,

as a means, to remediste learning difficulties and enhance learning.
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Table 9

LY

A Summary of Misconceptions Related to the Food Web Concept

<

Misqoncepfion

1

Skills in which the

Misconception Occurred

2

3

4

5

6

i

The interpretation of food
web dynamics in terms'of a
. food chain. o ﬂuﬁﬂ
In a food web, a change 'in
‘one population will only . -
. affect another population
. 1f they are directly
related as predator and

prey.

'3: A population located higher
" |- on a given food chain wWithin
\ " & food web is a predatoriof
all populations located. below
\ it-in the chain.. . e
! A change in the size of a prey
population has no effect’on
its predator populatiomn.

5.\‘If the .aize of one population
! in a food web is altered, all
other populations:in the web
will be altered in the .same
way. .

-
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Summary
. ihisjchapter‘has addressed the resesrzh questions which form
the basis of the‘present study. in'order to'determine shether the
arrangement of(dntellectual skiIls nresented in the hypothesized hier-
- archy weré psychometrically valid, hypothesized connections were first
tested using the ordering theoretic method All hypothesized connections

were found to represent strong connections, suggesting that the data are

consistent with the hynothesized hierarchy. Due to the large proportion~~~

“of the sample which mastered the lower skirls, however, connections anong_-

_ these skills remain tentative. In ordet to’ spply the most stringent tesgt
of the Dayton and Macready analysis to the hypothesized hierarchy, only
those connections for which there were observed exceptions\to the

Jhypothesized relationship were tested; Application-of the\hayton and'

-Macready anaiysis to\connectigns between Skills 6 and 7, and?Skiils 6
and 8 indicated furtherlsupport for the hypothesized'hierarchy. Hence,
regearch questlon 1 was answered positively, the food web hierarchy was
found to be psychometrically valid o
- o In order to answer research question 2 '"Do any.connectionsl
between,pairs of intellectualiskil' comprising'the hyoothesized'hier-
archy repfesent connections whfch are valid in.terms of transfer of
learning?”, Griffiths' test of transfer was appIied to the psycho-

- metrically validated hierarchy. In the present study the identification
of transfer between related skills was hindered because of the large .
proportion of the sample which mastered the 1o§er-skills bf the hiere
archy on the pretest.. hs a result, researcthuestion 2 could only‘be )
answered for‘connections among Skills 6, 7; 8 and 9. The results"

of- the transfer.analyses for these connections were,consistent with
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»the_hypothesized;hierarchy; As:avresult, this hierarchy was found to bel_‘
. .o ' \ : . .

e : psychometrically valid, and for connections'among the upper gkills, valid e
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prey do not affect each other, even though they belong tola common food

~web. A third misconception which was apparent in ‘the responses of more
* T

‘ that a change in the size of a prey population has no effect on its

] predator, and that when one population 8 aize is altered, all other

&

' ing the terminal skill nggesting that the learning hierarchy model may

gested that populations ghichiare not directly

‘below-it in the ‘chain. Other-miaconceptions included the suggeation‘ - T

-misconception was identified in responses to items testing»subordinate ) .i‘ ’;f

‘with respect to its transfer properties, also. - ‘ ~ o .

T——

With respect to- reaearch queetion/ijEEVeral misconceptions con-

———

cerning the food web concept were identified and‘discussed. A'large L
» \\'\\———-—4—’;—?"7
majority of- students appeared to interpret food web dynamics in terms

ain model. 1In addition, 16% of the sample sug-

than 17% of the sample suggested -that a population located higher on a- . -}f:;ﬁ
\ L
given chain within a food web is a predator of all populations situated ij-' ‘ N

populations in the ‘web will be altered in. the same way. In one case a

skills of the hierarchy, but was not evident in responses o items test- o

o

. N

be useful in the identification of underlying misconceptions which would

not be apparent from responses,to items testing the terminal skill alone.
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| 0 o * SUMMARY, IMPLICATIONS AND RECOMMENDATIONS ~

i

b <

" Summary of the Study.

The main purpose of. the present etudy was to~identify a learning

hierarchy leading to- the learning of the food web corcept. ' Although

L - many teachers acknowledge the food web concept.to bi an important part

of the.biology'curriculum; it is aleo'a concept which mﬁ§‘pose gome
o “;diffIEultixtoﬁstudents.
! ’ " e T . o WL .

; B '> R The identification of a food web learning hieraréhy was con-

‘sidered from both a psychometric and a transfer point of view, as e

-

was felt that both aspects’ are of importance:hlthe validation of 1earn—

) ing hierarchies. A review of the 1iterature relating to 1earning hierr'.':

archy investigations revealed several weaknesses in early methods of

’ hierarchy validation. More recent methods which have been developed to.

-

- 1mprove upon these shortcomings were discussed and three of these were

applied in the present'study. Hopefully?.the epplication of these.‘.
.methods in the present study will contributehfurther information regerd-
.'ing their practical application.

. fA secondary'purpose‘of the present_study was to determine. ’
fparticuler misconceptions which'grede ten biology etddents hold with

-
respect to skills related to the food web concept. There haa been much

support in the recent acience education literature for research of this

'

: N . type. _The identification of common misconceptione related to the-food

112 . : o
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'instructional development relating to this concept: - . S m}, X

‘the related test and remedial instruments, were examined by a panel of-} ';.‘. ,
’.experts which included a science educator and two biology teachers and"i‘:ﬂ;:; ?f

. were then, field- tested using a group- of 37 grade ten biology studeﬁts.;;' H. N "';;

“and its test instrumcnts. When the hierarchy appeared to be complete,,~.1

. instructional booklet which was-designed‘by the<investigator‘for the - - i ,;f“ﬁ
.remediation of component skills of the food web hierarchy was adminis—-‘

A tered to the sample, Each subject received an individualized prescrip- T .‘q

on the pretest. Following the remedial phase, a posttest which wasa . !

parallel form of the pretest was administered to- the subjects in order

. the pretest..

- method; In the present study, analysig of the data by the ordering-‘ ' o .

~!hypothesized-hierarchy; As a result, the most stringent test of the

——— e

- .
P L T s nad

0_ o . - o : Lo

v v
k]

°
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T et i &

web concept represents an attempt to provide useful information for

v b “
’ \
A learning hierarchy was derived for the food web concept using

-

a Gagné-type task analysis. The hierarchy which emerged, as well as

o o A it s s g

This process resulted in some modification in the hierarchy structure .

\.-A“'u’ n

a pretest was administered to the experimental sample which consisted o
of eight grade ten biology classes. Each:class was pretested~as sogn.:

as possible following instruction-of ‘the topic-of food webS«in the

regular classroonf instruction'schedule. 1Following~the_pretesﬁ,ia self{é

’
1

l ' [
tion for the remediation of skills which were not successfully completed ;

¥

e e e,
“la ST e

" " LR

to measure any gain of skills which were not successfully.cqmpleted on

a, '

a.’,,

. FEEN
FORT TP P NRE PR E

The pre~ and posttest data were then analyzed using two psycho—. N~

o

metric tests, the ordering—theoretic method and the Dayton and Macready _ ¢, ‘v;H
A S

theoretic method indicated strong support for all connections in- the
\ S li'_l'?

data by the Dayton and Macready analysis involved the application of ' i

! . . . Y
RN . N . .
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R this method to only those connnections for which exeeptions to the
" hypothesized relationsh‘ip were indicated, The structure of. the hypothe—. '

sized hierarchy was supported by the Dayton and Macréady analy_sis_. ‘As

. " a result of these .analyses, the arrangement of skills in the hypothe-

,‘: ' " W . sized hierarchy (Figure 4, Chapter 3) was considered to represent ,:;
psychometrically valid hierarchy.

Griffiths test of transfer was also applied to the dsts, .

, 4 N , . - “.n_

’however the high degree of mastery of the lower skills 1imited its

T .application to connections between skills at the upper levels of the

o

‘v“ 'hierarchy. .In. each case, these connections were shown to in&iqate sig— 3

Lo nifican:: transfer of learning along the psychometrically validated con-

.‘ K nections. The validated hies; W the present study . "

is shown in Figure 7 (Chapter 4) ,;\ ' Ce 1-;-\__,& ' “
. . T —
t - - ! F‘. \\\
Lol Finally, Dit was suggested that the le.arning hisrarchy model lends o
K g- i . , N M .. . .
- to itself readily to the analysis of subjects b m.igconceptions. Therefore,

' T an’ important aspect of the present study ihvolved the identification of

—

N e "_-subjects misconceptions concerning skills related to the food web con-
- cept. A brief review of current’ research investigating students mis-
‘conceptions was presented in Chapter _2. 'From~ these gtudies there

) B . N

’ .'app-eared to be much support for the potential usefulness of information

BT
e
-

PR

‘concerning, students' misconceptions, to teachers and curriculum

..developers.' In the present study, all items which were snswered incor-

s .

rectly on the pretest were carefully scrutinized. “Taken one at'a time,
j : . ~ : : .

‘ . subj;cts" explanations of the rationale used in answering these items
4 - o e ‘ . ’ . = s . ! . °
vﬁre analyzed for key ideas and common criteria and were them catalogued.

[ S S

, t , - ' . The_five major mieg.onceptions concerning the food web conce‘pt and
. N . : - Al R - . X . )
) . related skills which were identified in the present study are presented
- ot ' }o
“in .Fhapter 4, : . .o : :
o . . : - ' S
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lmplications,of.the Present'Study .

A major implication of the present study concerns the- potential
' usefulness of the food web hierarchy as an_ instructional tool in the.
. - *_ .instructiom of ‘food webs. A number of skills have been identified, each o ',. %3

of. which represents .a necessary prerequisite for an understanding of

K -

:i: C ' food webs. Where it was possible to test for- transfer, it was also -
shonn that the 1earning of subordinate skills.provided substantial posi-s
‘tive transfer to the learning of related superordinate skills.4 This has

, . R
implications regarding the teaching and design of instructional materials ce e ij“

.,’
- L

.o . w<for the concept of ‘a food web. . :[ o .' ) ? i o ; -

. . .
. - «

Secondly, the present study provides sohe evidence of the

:,‘,v“:fi,application of Gagné's learning hierarchy model to the learning of a

concept which involves a substantial proportion of nonmathematical

'%‘;;;-;":skills.' At present there is- little evidence in the 1iterature for the
Iapplicability of the learning hierarchy model to concepts of this type.
.The present study suggests that the‘iearning hierarchy model may be '7f~y ‘.' \ ﬂ
i quite useful in this application and that further inwestigation of the

K application of the learning hierarchy model to subject areas other than. - ].’j‘{;
s o _ DU

. e z':f mathematics and the physical sciences 1s warranted. _ LT ,M.g:
‘ *f‘ ,’i' A third implication -of the. present study relates to the | %;
a‘-:,; } methodology of learning hierarchy validation. In the present study, ' .;‘ ‘"-§fi

the validation of connections involving the lowest skills of the hier-ﬁ o ";-A%x

archy presented some dikficulty as a result ‘of the large proportion
" of. the sample which mastered ‘thege- skills. Such a 1arge degree of S '""g'f'

,mastery of lower 1eve1 skills is not surprising if one considers that "~ f',3‘ i.‘ i

L4

o for a hierarchy to be useful to. instruction, the’ lowest skills should

o be readily accessible to the target population.' Althqugh a "high degree_

[ A "«
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" from the validity of the connection, it does cause it to become more ' . L

" further research into hierarchy validation techniques should investigater Y

. of the sample“occurred in the determination of transfer of learning for o
-:‘test became apparent in the present study.
'Awho’sre classified as nonmssters for both skills of the connection under C e

. testo

~Lunder~test’has been,mastered by most-subjects.

" was not meaninéful.

of mastery of both skills.in avhierarchical.connection does not detract
difficult to validate empirically.
hypathesized connections,.shen both skills in a connection are msstered

.SCCur when one of the skills in a hierarchical: connection is not’ . 4

- ‘Another problem related to high mastery of skills on' the part : )‘7 i‘f_‘
'skills in the hierarchy.:
‘to investigate the occurrence of transfer includes only those subjects

.Ehe size of the'sample“used in testing.several-connections involving

.require larger numbers of unsuccessful subjects than-were available'in L

the present study; however, other"availablt tests of transfer‘appesrf-
p

.hierarchy researchers. -

. . . [ . - -

. v
a . . e

: T
Because the ordering-theoretic
S~ '

method focuses on prespecified tolerance levels for exceptions to

F. 1

(- . . . 1
by most of the sample the analysis is hampered Exceptions can only ’ <

.
o

mastered by a significant proportion of the sample...This implies that

. . . o

Lo e
ot i [ i ks ‘,
P .

-

this problem. ' L I T ':éi

A major disadvantage of Griffiths transfer .,fd lhwﬂy‘ﬂJ

" The sample which is used

- e ’

-

The size of this sample may be small if at least one of the skills s

-

Within the’ present ‘study, -7

-

.
T

lower skills was so.smallfthat the' test of transfer between thege skills

. Hence, the spplication of this method appears'to " , 'ff

- .\ N - . ' ) .

.

to be even less satisfactory. Given the importance of establishing.

transfer of learning‘between gkills, this presents a problem to learning ~* . .

-

A e e e s e e

NN B e 2o 4T oy



S 117

A fourth implication of the present study relates to the applica-j_-'

tion of“the learning hierarchylmodel‘ to. inst'ructi.onal development, as .

well as for. use in the classroom. Important implications for. the design

"materials and media, it would appear from the present study that 1earn—~ B

: ing hierarchies msy be useful to the classroom teacher in the preparation

of instructional materials for high school science arise from the present.

<

o . \ .
study. Where material to.be learned concerns intellectual skills, there

is ndw further support that these skills may be ordered into a hier-

t
-

archical 'sequence for efficient learning. Also, in situations where

]

students come to a’ new course deficient in certain gkills, there is

support from the present study that learning ‘hierarchiesmay be used to

; identify missing skills and to guide the teaching of them. In.addition R

e

to providing a primary reference for the developer of instructional

‘lof teacher-presented instruction, the diagnosis of learning problems,

l
‘and in. prescribing the content of remedial instruction.

Finally, the misconceptions which. were revealed in the present
' »
study have important' implications for teachers. It was found that half

thei.experimental sample did not understand feeding relationships between

" populatiéns as they are represented by a food web, They 'appeared to

"'interpret food web dynamics in terms of the simpler food chain model,

"'This suggests - that although most students are able to distinguish a food

'

" chain from a food web in terms of their structure, they may not be able

.to distinguish these models in terms of the feeding dynamics which they

' represent. This suggests that teachers should be aware of this problem

4 .conception to university—level biology (Brumby, '1982).

and' should' mske a conscious effort to prevent or eliminaté it. This is

’

even more important upon consideration of the persistence of this mis-

En
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‘The five misconceptions identified in the present study have

important implications for teachera, as well as to the design of

instructional materials reldted to the learning of food webs, food’
chains and predation. In addition, the preaent study suggeats that the

lear;ing hierarchy model may be useful in the stud& of studenta':miscon-

‘ceptions. The identification of a misconception in the present atudy

"which was peculiar to subordinate skills but was not evident from

responses to the terminal skill alone, suggests that the learning hier-

archy model may be valuable in identifying misconceptions which would

not’ be apparent. from testing only the terminal skill. .

Recommendations for Further Research - o

Severai directiona for further reaearch are apparent Theaé
1. Further application of the learning hierarchy model to other acience
!concepts, including thoae which do not involve aubatantial amounts
of mathematicel akills; and further application to concepta }rom
ndiaciplines other than acience dnd mathematica
2."Extension of hierarchy validation procedures to provide for the °

‘testing of hypotheaized connections in which a high degree of

masteryof skills occurs.

3. Further inveatigation of the development of more effectiva metheds
' of testing for transfer between aubordinate and superordinate akilla.

-in learning hierarchies.

4, Further application of the learning hierarchy model’ in the inveatiga-'

.
'\";tion of students' miaconceptions.
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5. Catalc;guing of existing validated learning hierarchies for use ’ i ;
by educators and instructional- developers,. ‘
8 6. Further investigation of the extent of meaningful learning which ) ,
- occurs wh:en' students learn according‘ to a learning hierarchy.
7. Furtlier investigation of the application of tpe‘ learning hier_ardhy :
model to studies involving mistery learning, ;
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h s L ) : INSTRUCTIONS - o . !
1. Ansver all of the questions in the spaces provided.
2. In some questlons\you will be Tequired to bnefly explam the*reasoning you
) used to get your answer; be sure to clearly state your reasons.
3. If you ‘have dlffmxlty answermg a questmn, proceed to the next one then
come back to the difficult one later.‘

4. Do any rough work on the food web diagram, if you wish. .
A "
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" IMPORTANT ',

" . Y N . .

p 1l This test deals with food webs. The food web diagrams in the test do not
' \

contain names of animal populations. CAPITAL LETTERS are used to represent the
various populations in a web. .

S‘d, ‘instead of: )
I ' , wolf

rabbit ‘ deer ‘

grass ,

"‘You}vill'seé,:-

4

z

(Note: the letters used are randomly selected, and are not related 1n any way
to specific populatiens.) - ,

Arrows are always drawn/fﬁrcm the prey to‘the predator.

Example: grass —» deer - . .
- (prey) (predator) . _ .

¢ R
To remind you how to interpret, the arrows, each question will have the
following J.nformatlon., (prey-—> predator).
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3. 1. In the following food web:

T T ’ \
!
2 .
‘ SN
.
<1 -
“

(prey — predator)

size o ation L?

a. I_f &%latlon K undergoes a sudden:DECREASE 1n size, how.will this affect the

ANSWER:

132 .

¥

b In a few worch, etpla:m the reasomng beh:md your answer: EEEE
REASONING - . - : Lo . LT

2, In the following food web: . . (prey—-bre&lﬁtor) .
" - ' A ~ -

- K 'r ‘
2 \ K /S
o \ / 5 \
" oa. If ulation P undergoes a sudden DECREASE m size, how will this affect the '
, size of population S 57 ‘
ANSWER: ;
RS -b.-—In"a—few--wordsrexplainvthe*reasuniﬁg’I'Jehind"your answer: - s
REASONING: '
mreml e e -




al

5. In the- followmg food web (prey—»nredator)

a. If population K lmdergoes a sudden INCREASE in size, how will this affect the'
size of @atmn G? . / .

. i T : 2+ : B
_ANSWER:' | C

\

-

. Ir} a few words, .explainv the reasoning behind your- answer:: : \ L
: REASONING: i

. \f!

Lo X I
.4. In the following food web:

(prey—»redator)

[

P

1

b In a few words, :qllam the reasoning behind your answer: o
© REASONING: : . . W

> a; If ulation F undergoes a sudden INCREASE in s1ze, huw will tlus affect t:he '
1 size of population I0? ) R L

L]
- X L B
i
*
N \ g
t
t
i N
' S
b
i -
. - e
: \ mteen . . .
L re e e e .
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'S. In the following food web:

- . - R
RO TpPR RS TR R

V a. If
51ze of pop at:.on M?

-ANSWER:

N

134

(prey—> preda;of)

Eogfxlation F undergoes a sudden INCREASE in size, how will ‘this- affect the

IR P O RSP Y Mgty e e b St o en e 4L

b. Ina few words explam the reasorung behmd your answer: -
. REA.SONING

. In the following food web: - '

St e dd

e
\

If

u
size of uIatmn E?

" ANSWER:

lation R undergoes a sudden DECREASE in size, how w111 this affect the

(prey— predator)

. In a few word.s explain the reasoning behind your answer:
REASONING:

ey W,

s
B

g
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7. In the following food web: o . oo (prey —s nredator) -
/ \\ . l-' ,
a. If pulation M undergoes a sudden DECREASE in 51ze, how will thlS affect the
size of E@anm A? : ) . )
ANSWER:
et 7 bJIna few words, ezqnlam the reasomng behind your afiswer: '
L ) P * REASONING: :
; Y the followmg food web: . K (prey—> predator)
. .- . . L
e N \ |
. " g / W K
' ) "4/ D ’
X .
a. If gomlatlon L undergoes a sudden DECREASE in size, how w111 this affect
the size o Eogulatlon W? 4 ' _ ‘
e 3
" ANSHER: i
‘ . b. In a few words, explain the reasoning behind your answer:
REASONING: '

N .
s Dot s e e e e e s e -
. N ' s
iy l'
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9, Ih the following food web: N - c',;;,,(pre)f—— [:;redator).'

L s, .B L -
On. ‘ \ R R
FI/ \J \M/K _ ' “

©,
“
.
o
.1
-
¥
:
Tt
v
o
*
ot

‘e

S ulatlon D undergoes a sudden DECREASE in size, how will this affect the
o . " size of EIanon G? *"'} : C

-3

;
B S : R
o ‘ 'ANSWER: f . "
: . ) "":.'-.'\\!- — ) . ; - . o N . s
T -~ e . N

b.'In a few words, explam the reasonmg behmd your answer
. REASONING: IR S A '

et g T e e e b a vam a L e eemee

: .
Ao * 10..In the following food web: . - (prey—» predator)
. - : E ,

| * \.o ‘

\i . R j

‘ \\ . | - L o . o )
* a. If population T undergoes a sudden INCREASE'in size, how will this affect the
V- .o size of population Z? i
| \ ANSWER: ' . ’ -

i ~b. Ina few words, explain the xjeasoning behind your answer:
S REASONING: .. - J

~
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11 In. the followmg food web: ‘ . (prey—»predator) .

/ \ \/\ !

{-- a. If ‘mulatmn X undergoes a sudden INCREASE in size, how w111 this affect. the . ’ :
‘ . -: size o ation P? ) A ‘ ) oo c

o0 b. In a. few words explam the reasomng behind your answer: . . L :‘ oo
SR ,?:Rmsonmc; ' : Lo e

12. a. On the following web diagram, CIRCLE the letters of populations through which -
. the effects of a change in the size of mp_v._x_latmn B would be passed on'to

Epulatmn 0.

‘;;f‘_@:' : . | , / \

f R \ ol

. { S o - , |
Je © . b. In a few vords, explain the reasom.ng behind _YOUr answer: .
* i REASONING = -
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13 In the followmg food. web: - prey——predator)
\
' 2. Sy
' ' L
a. If populatlon R undergoes a sudden INCREASE in sue, how will thls affec:tx
the size of population W’?
ANSWER:
" b. In a few words, explain the reasoning behind ‘your',ansiw'er‘:
REASONING: . ' R
44 14.. In the followirg food web: . R " "(prey~—spredator)-

-

a. If population K undergoes a sudden INCREASE in size, how W111 thls affect the'

size of population M?

138

ANSKWER®
"b. Ina few words, explain.the reasonmg behind your anwer
REASONING' ,
» . . :
LXs ‘
L}
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15. In the following -food web: ‘ S (prey —» pre&lator')

TN

5 . . ’ L] A R

a. If population N undergoes a sudden INCREASE in size, how will this affect the’

size of population A? o

W ' ANSWER:. ' o1

i)

_.b. In a few words, explain the feasoniﬁg' behind your answer:
REASONING:

16. In the following food web: Ly (prey —'—p?eda;tor)

o4,

- o . a. Tf population O undergoes a sudden DECREASE in size, how Vwill,this affect the \
. size o ) ) . L ’

ANSWER: .

b. Ina few‘words . éicplam"the reasoning behind your. anéwer:
REASONING: s CL
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: ' 17 a. On the followmg food web diagram, CIRCLE the letters of populations thrcugh whlch
. the effects of 3, change in the size of mulauon M would be passed on to Eop_ula-
H tion A. - .
! - - -
§ oA '
; L/ \ |
3
b
{ ~
! - ‘
i
; 'y
b.Ina few words, explaln the reasoru.ng behind your . a.nswer'
REASONING : | : : -
: !
' 18. In the following food web: " % (prey——epredator)
. _ } . 5 - _ A »
NN - ~
{ . > \ ' .- ‘ ’ -
K\ / . / , R
A / )
) _F
_ , 0]
a. If lation S undergoes a sudden ‘DECREASE in sue, how w111 thls affect the -
C size o% mgﬁatlon X? ]
g ~ ANSWER: '
:: : 2
. 3 b. In a few words, explain the reasoning behmd your answer: :
‘ REASONING: -
o n _
. N -
¢ ) .
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SCHOOL: o .
o , GRALE: . \ '
A DATE: .
2 ." o o ) -4 .
.‘. ." . ) v ‘ s . -
f o © DSTRUCTIONS - - oL
‘ . Lo - . B ] ] L G " .
1. Answer all' of the dueétiogs in the spaces provid;ed.‘ . -
) . e RN N '-\ - . . ' Tooee vt
2. In some quest:.ona you will be required to bneﬂy explain the rea.sonmg you
: used to get your, a.nswer' be sure to clearly state your reasons.
3. If yuu have’ dlfflculty answering a quesuon, proceed to the next ome, then

come back to the chff:.cult one later. o . .

4. Do,any rough work on the food web diagram, if you wish.
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i (prey — predator)
|
| .
; 1 . a, If latmn M undergoes 2 sudden DECREAS‘E m size, how will this affect the
' . size o? population A? : ‘ v
| ANSWER:
. ? . I .
o ; ' " b, In a fewwords, explain the reasoning behind your answer:
. % B J REASONING: . - :
© i -
g - —
i _ .
: 2. In the following food web: " {prey ——spredator)
; : .
5 /‘ e : / w K
: . 8 1
; \ __//———"' o
i X
i . . .
! a. If population L.undergoes a sudden “DECREASE in size, how will. th15 affect
: i the size of population W?
T AXSWER: .
) li % * .l
B b In~a few words, explain the reasoning behind your answer:
. REASONING:
1 .
?
i
! :
! !
. '
i .
{
i
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3. In the follwing food web: o ' (prey —» predator)
L X .
- S / \ \ i [
w ~ p P
| \\ f L
N/
B A/ . R . . : .
a, If Emfgatmn K undergoes a sudden DECREASE “in size, how will this affect the o -~
size of population L? . ) .- . L :
" ANSWER: . - -
b. In a few words, explam the reasoning behmd your answer:
REASONING: :
4. In the following onodt web: ) {prey— predator)
A N .
. c / \ N\ /E
T~ T /P il

size o ation §? . -
| ANSWER:

a, If population P undergoes a sudden DECREASE in sve, how w111 this affect the

b‘.!‘ln a few words, eyxplain the reasoning behind your answer:
. REASONING:

'
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7. a. On’ the following food web dz.agram CIRCLE the letters of populat:.ons through which -
the effects of a change in the size of population ¥ would be passed on to popula-
Tion A. '
\
A \ ’ .
b, Ina few words. explam the reasonmg behmd your answer:
REASONING ; -
In the following food web: ‘ . . ({prey—= predator}
. N . .- s . . ' ‘
e f
al . /
If ' lation S undergoes a sudden DECREASE in s:.ze, how w111 this affect the o =
. size o% UIation K? )
ANSHER:
. In 3 few words, explain the reasoning beh:[xid yOour answer:
REASONING : ‘
Pte - 123}
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9. In the following food web:

Al
, a.
i
D
10.
a,
/ :
b.
.

. (prey—s' predator)

5V

: 148 7

i Ep_ulatlon D undergoes a sudden DECREASE m s:.ze how

ation G?7 -

will tiu'.s affect the .-

\

- In a few words, explain the reasoning behind your answer:

In the Eollow:.ng food web'

[N

/‘
/ "

D

/\,P..
.

(prey — predator)

/

RN

i population T urﬂergoes 4 sudden NCREASE in s:l.ze, how will this affect the

size o EEE atxon z?

Ina few mrd.s, explam the’ reasonmg behmd your answer:
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1. In the following food web' ' (prey-——predator)

\/\
\/ o

"'*j,\z , f/\

"‘ a. If populatmn R undergoes a sudden INCREASE n- s1ze, hpw will this a.ffect
the size of populatmn w? .

- ANSWER: S

P

a

b Ina few words, explaln the rea.somng behind your answer:
REASONING'

P

2. Tn the following food web: ‘ ' - .. (prey—wpredator) .

d. 1€ Eﬂélution K undergoes a sudden INCREASE {n size, how will this_affect the

] s1ze ol popu ation M?
L ANHER

b. In a few words, explain the reasoning behind Your answer:

REASONING:
[}

_anatd
N
: -
. .
.
' \/
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¢
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I5. In the followil;g food web ' ) (prev—-rpredatgr) ' :

Ie . {

/\/ o

P B - ‘ L
. : a, If ation K undergoes a sudden I‘VCREASE in size, how will th;s affect the 1;
- - size o ilation G? ‘ . _ ; f
- ! ' ' . : ‘ ! .‘ ’ *

Lo b Ina.fewwords ex'pla:,n thereuonmgbehlnd,your answer; - UL .'.‘ ‘ ‘

.

v . I8, In the following food web: . (prw;-prmtor)

[P PR

L . : : a, If mulation F mdergoes a sudden INCREASE in size, how will this affect the
o . o R ) ‘size o population 07 , . '
e Co e kR , o . o S

o biIn a few uords explam the reasoning. behind your -answer;
. REASONING - : L ‘ :
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. 7. Tn the following food web: . - £ (prey—= predator)

a. If population F undergoes a . sudden INCREA\SE in size, how will this affect t:he
size of gggﬁl'atmn M?

ANSWER :

. .. b. Ina few words, explain the rensoning behind. your answer: \

) _ 18. In the following food web't ) " (prey-—= predator)
- ) H \
' G

- Y

C/ | e

. a. If p_g%_lauon R undergoes a sudden DECRPASE in size how will this affect the
' size o ation E? '

ANSWER:

3 _b. Ina few words, explain the Teasoning behind your answer: . ‘ : S
* ‘1" - /r‘ - . . - . -

T . T T REASONING:
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- Understanding how various populatiops
-interact with 'each other is an impoitanti. .
part: of understanding ecology.- Recently,’
you wers tested on your knowledge of.
predatqr-prey ralationahips in food wabs.

0 N .

l‘his booklet ha.s been specially daaigned .
..~ . to provide Manother look" at- some-of--the -
“more difficult concepts involved in inter-

e 7 -preting predator—ptey rala.t:tonships :I.n

t‘ood weba. -

I
# .

& [ P v ) l1
- “were indicated in‘the results of your teat.
- Ihis booklet will'help you clear-up -any -
difficulties by showing you where you went

wrong, then g:Lving you extra praotice in E .

those aress.. . . T e

K3
°

ES
»

o R E I

The conceuta‘wnicn gnve you diffioulty P

But first, a word :i'o_m your sponsor . . .
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 This is a do-it-yourself kit
for learning about population re-
lationships on food webs. YOU ARE

."LY R"QUIRED 1‘0 uOVER ]:‘{F‘ '.’ul.'EE:'lIIL
51?’1 'UH! N FH' f"S’ﬁ These wi ll
oe indicated on tne cEa.rt entlitled
“Key to Skills", which is 'located
on the next pa.ge'. ot

\ .

- The skills wﬁich gave you
difficulty -are circled in the
first column:of the chart.

, : .

Start with the LOWEST-
i NUMBERED SKILL, then turn to -the page
dealing with that skill, Read the infor-
7 mation carefufly, and-think about what. you
are reading. After carefully answering and .
checking all the practice problems, and when
.you are sure you have achieved the skill, turm
- bafk' to the key and write a "v’" beside that
gkill's numberg. .

3

. Then, turn to the page dealing with the
n;ﬁlCIRCLED skill in the column and atudy that
8 .

Continue until you have carefully’ covered th.e ,
material for each of the .circled skills. . .

&

op page 3.a. (following page 3) you can see
how each of the skills is related to the othersa.

¢ o For all food webs shown in this
- ‘I "booklet, arrows .will always go
from the'prey species to the
predator specles: L e
> B o A s '
w - - o rabbit fox
’ . (PREY) PREDATOR)

=¥

o
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Yote: You are only required to do those skills whose numbers are

circled!

Key to Skills

3.

Skill

Number |

-Description of Skill
™~

Page

1

of a urey population can affect the si

Understanding how a change in the size/[
of its predator p'opulation.

3

Understanding how a change in the size
of a predator population can affect the
size of its prey population.

Determining how a size cnange in‘one '
vopulation can affect another population
that isn't directly linked to it (when

the otaer population.-ts located higher

on the same food cha.Ln wi.thin the food web).

12

Determining how a size cnange 'in one
population can affect anot

located on a diffarent——chain in the food
web, .

er—population |

Determining how a size change in one
population can affect another population
that isn't linked to it directly (when
the other population is located lower on
the same food chain within the food web).

22

s s = 44 s

Considering all pathways through which
a change in one population can affect
another population in the food web.

27

Determining how a size change in one
population can affect another population
which is located higher on the same food
chain in a food web -- whan the effect is
transmitted through more than one vathway.

33

Ause

Determining how a size change in one popu-
"lation can affect another population lower
on’the same chain in a food web -~ when the
effect ia transmitted through more than one
pathway. \

18

3

betemining how a size change in one papula- 43

- tion can affect another population in the
web not on the same chain -- when more than
one pathway transmits the effect.

v



e A3 e me Ut e et

o - L ' v A Plow Chart of Skills

®

Determining how a-size change in one popula- .

- o tion can affect another population in the
‘ eb not on the same chain -- when moré than

. lone pathway transmite the effect.

etefmining_how a -si1ze change in one
population can affect another vopulation
which is located higher on the samne food
chain in a food web —- when the effect is

T |

trenszitted through more thazn one pathway.

etermining how & size change in oh2~popu—
ation can affect another population lower
on the same chain in a food web -— when the
effect is transmitted through more than one

N A

pathway.
T " . N

reera et e e 1
.

éDn51der1ng all pathways through which
) - a change in one population can affect.
. . another population in the food web.

¥ L)

2
1 . . A [

€D,

. Sgtermining how a size change in one °
- population can affect another population - -
N located on a different chain'in the food

Determ
popula
that ‘i

- - ' ’ the other population is locéated higher '

. on the

inxné hoﬁ a é1ze cnange in one
tion can affect another population
sn't directly linked to it (when

same Tood chain within the food web) .

betermining how a size change in one
population can affect another population
that isn't linked to it directly (when
the other population is located lower on

the same food chain within the food web).

e

Understanding how a change in the size
of a nrey population can affect the size
of its predator population.

nderstandlng how a change in the size
of & predator pspulation can affect the
size of its prey populatiog.

.

.‘E.E‘

86T

-
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UNDERSTANDING HOW A CHANGE IN THE SIZE
OF A PREY POPULAIION CAN AFPECT THE
SIZE OP ITS PREDATOR POPULATION.

“Almost every organism is preyed on (used as food) by
some other organism. (Animals that feed on live organisms

" are called nredators, the organisms that are eaten are

" called prey.

Zach link in a food web represents the eating of
members of a prey population by those of a pradator oopula-
tion:

“

clover

The food web shown above represents the feeding relation-
ships in a very simple grassland community. If these feed-
igg relationships have occurred for a number of years, the
sizes of the populations in the community will stay feirly
constant, generation after generation.

- e

‘l

&

159
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?y an unusually cold spring.

After years of being a
fairly constant sgize, it © G
suddenly becomes much smaller. -

Ty M
A
5- .
. Looking at the food web, we see that the rabbit popuia.-
tion feeds on a population of clover.
snakes /%us
ice. ~ rabbits
: \ /‘
jrass clover-
,
. N Over the years, the " . : L
- clover population may - . T
‘sbift.in size slightly Scie. [N o I = I e - e
but tends to stay a certain. ‘ ' Crowee
“"avarage" 'size. . Moqmu
T - T T T T T
- “Time L‘ms) :
Since clover is the ‘rabbit poprulation's main food sourga,
the rabbit population-is only as large as what can be fed
" “by the existing clovér population. So, if the elover popu-
lation stays fairly constant, the rabbit population will
also tend to- stay fairly constant in size.
: . . AVEERGE
R e
123 \c.\-';or\. ' ' ,-\/."\\ : f.bnu‘nou
P , (,--\ - L -\\ : e }"“,“ﬂ,‘
. - or RABG\T
; e — T —T—7— RrLaTIoN
“Time (yeors

Suppose one year the clover population is greatly reduced

=/
~%

lover .
¢ P:pdd\on

deciine

Time (yeart
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Qi‘lesﬁ;r\":

~

: How will a sudden decline in the size
of the clover population affect .its
predator, the rabbit population?

1f there i3 a decrease in food (i.e. the clover popula-
tion), some of the rabbits might die of starvation or leave
the community to find s new area to live in. Since the
number of rabbits in the origipal population is reduced,
the 3ize of the rabbit population has DECREASED.

Now take the 099OSTPE situation:

! . If some factor -- extremely good environmental condi~
tions, for example —— causes the clover population to becomse.
larger than usual, how would this affect the predator
ponu}ation’ ]

Answer:

If you said the rabbit population would increase in size,
you're right. Bravo!!

'°°r5:1"37) |
| wm\?j o

o

If there was an increase in the clover DoDU=
-lation, there ‘would be mors food for the rabBit
population to eat. Thus, a larger population of
rabblts could be supported by the larger clover
nopulatxon.

AQ you can see, when a ‘prey population decrseses, its .
predator population will decrease ,because of a lack of food.

161

¥hen a prey vopulation increases, its predator will increase,

-

Understand? Turn the page to find out!
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1. In the following food web, if the .ghraw nonu.lation u.ndergoes«
" & sudden LiCREASE, how will this affect the size of the

snake population?

[}

Answer:

SNAKES i RAccoens  WOLVES
"SHREWS FROGS’
pRAY\Tr;ng ;\ues DEER -
M s AT
AN ~ GRASSHOPPERS
. * \\

GREEN RLANTS -

-~

2. In the follow\hg food web'

/,
\f/

If ponulatidn I undergoos & sudden DECREASE in siza, how will .
- this affect the aizs of population H?

Answer:

‘3t Eiplain
Answer'

LS

the)reason for your answer to question 2, above.

(Check all

of

yohr answers on pege ¥1.)

Once you have mastered this skill,
turn back to the key on page 3., Find
the next gkill which has been circled
and proceed. .
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UNDERSTANDING HOW A CHANGE IN THE SIZE |,
OP A PREDATOR POPULATIION CAN AZFECT IHE
SIZE OP ITS PREY POPULATION.

All animals muat eat to stay alive.

, Animals that feed on live organisms are
& called predators; the organigms that are eaten are
. called prey. !

Each llnk ina food web represents the eating of

populatlon Dy those of a predator ponula-
- flon: ; . E

" diatoms .

ood web shown above renresents feading relation-
ships in a marine environment. If such feeding relationships
eccur for a number of ye(rs, the gizes of the various ponula-
stay fairly constant.

But wnat if one of the populations suddenly
Coel CHANGES in size?

. . . . . . . [

163
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,.Tha food web indicates that seaB eat caplin. '0v_er
the years, the seal population stays fairly constant, except
for'minor shifting in size: . " T

A o o T

i ’ . N ¥ - M N » a
_ S of PN SN e

it Y ruk‘h'.'\

. T Tume (Vears )

e . Suppose that one year thHe seal’ pbpula.tian is greatly

reduced ~-— this may have been caused by any number of
: ; factors. ~that effect will such-a:decreass in.a predator. '
T o _ population have on its prey, the caplin population?.

' . o L oo [ o

-

~

e = .
. If there were fewer seals feeding
on ‘caplin, FE#ER caplin would be killed®
than are usually killed. Ais a result,
- the caplin population would grow larger
than usual.

CALEFUL NOW, THIS 1S
vERX 1MPoRIANT L\°

T A DEGREAS‘E IN A PREDATOR POPULATION
CAUSES AN INCREASE IN ITS PREY POPULATION.

Now take the OPPOSITE  situation:

How does an INCREASE in a bredator population affdet .
1ts prey population? Por example, use the marine food web(pe)
to determine how &n increase in the tuna population would - .
affect the herring population; explain the reason for your = -

R . N -
- Y ) “* ANSWer.; L S

Answer: : e e A -
' T .

' . Reason: n . . ' .
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: If you said the herring population would decrease in ;

- size, you're right. Bravo!! You're an ecological einstein! = - . ‘

’

.g,
“ee If there was an increase - K
in the tuna population, 'they - 5
would éat mors herring, which is ! ’
their prey population. 4s a .
result more herring would be
(% *  hunted than usual, and the . . Y
' vopulation wopld DECREASE in : . : :
Y o ) size. ° " , | ' o !

In summary, when a. predator popuiatioh ’ v
: ecreases in size, the prey population tends’ x
to increase (because fewer will be killed , T

-for foo en a predator population. increases :

: in size, the prey population tends to decrease
(because more prey are being killed than :

usually are, to faed the predators). -

i :

Understand? Turn the page to find out!

3 i i . ?

1
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1. In the following food web- . . : 4 A
SNAKES . - RACCOONS WOLYES
- A [N o -
R
PRAYING FLIES DEE!
MA\IT\DSH GRASSHOPPERS
‘ GREEN riLANTs- :
,? If the frog population DECREASES in size, how will this affect
3 the sizae of the -fly population? - .
) . L Answer:
. 2. Explain the raason for your answer to question 1, above.
Answer- .
/' 1
3., In the following food web: \\\\
R .
Q"””' P
| \ -

If population W undhréoes a sudden INCREASE in -size, how will
thls affect the sxze of population K°

Answer'

{Check your answers on page\H.)

Once 'you have mastered this skill,
turn back to the key on vage 3. Find
the next skill which has been circled

< {and proceed.
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DETERMINING HO¥ A SIZE CHANGE IN ONE

POPULATION CAN APFECT ANOTHER POPULATION
THAT ISN'T LINKED 10 IT DIRECTLY (WHEN .
THE OTHER POPULATION IS LOCATED HIGHER '
ON THE SAME FOOD CHAIN WITHIN THE WEB).

Iissing Links???

, Even though iwe populations may not be linked dirsctly

to.each other within a food web, they can still affect each . o
other. To see an example of how two such populations can . ,
be affected by each other, let's look at the fg)llowing food . .
web : - . B

¥

0@' rabbits o
TN~/
wl g / T

vegethblas sapplings

‘If some factor causes the vegetable population to
decrease drastically, how would ‘this affaect the owl .popu-
lation?. .

. Turn the -pago, to find out . .....}

deer f .
. ’ ‘ ‘ ' .'-{:A;‘l.',:'l"

PSSP N
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“' .J * B . N . . . " . : e

)
[} [I- 9 "
| . L. g ,
‘: R , . . -
i . "
1 o
STEP ONE: Mirst, locate the popu- . . .
_ Ta%ions on the food web, and mark oL s
thle ‘population that has undergone
tfe initial change in size. = o
: . . - N n\oun’h&l\-
: 7‘“ (ol Weps
: rakes : T
H :
! mi:e—/,s / deer
. R rabbids ‘ )
1 ? ! .
- Z ovom .
; Jras= \u‘ch-ue‘.‘ smrph_l'-\’s
5 : ‘--ﬂ . . N
K : .
; . T Ybmdsfora y
) . E N d_cf;rnu;ﬁ:n{-]. .
"_- STEP TWO:Notice how a deorease in :
~ ' ' The vegetabla population can spread ‘
.. through the web, by observing the
. populations which are linked -directly
to the vgetable population. : . .
v '\ s - L _
o . : - ' mountam K
. , i shrews . - owls lions .
. : Wfﬂ\ rabbite deer” A
. [ ‘ 3(“ v les mrrlmss '
- STEP THREE: A change in the vegetable T s bt
population causes the moude and raboit : N . ) B
populations to change. A change in - . K
the rabbit population will directly . . .
affect the mouhtain lion pppulation * - ’ " a
.and ‘the owl population. \ 4 L -
— 50... A CHANGE IN THE vécEmELE
, POPULATION CAM RAVC AR grecer
ON THE swlL POPULATION, .
THRoUSH TIE RABBIT  ° )
PoruLaTion | A
- "q . d . . - "‘ ,‘
&.‘i‘* hl '-v'
c. ) N
— .
T e AR L e b i LI - - = - - - v, § e g e -
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STEP POUR: To ddtermine what the
effect on the owl popula®ion will
be, if the vegetable population
suddenly decreases, first detarmine

how the rabbit pqpulation will be
affected.

., ’ *+ 3ince rabbits are preda.tors of the vegetable

population, if the number of vegetables is
suddenly decreased, the rabbit population
that feeds on them will also suffer a decrease, '

mmnh\l\;',

shrews

rabuits® dest

A 'ﬂ**;’;"? - sapphngs:

Now. determine how this changa
in the ravbbit population: \vill affect
the owl population. -

- » . | i ouls ~7 liofs:
% a - , \‘ ({2——“-§5nakcs." . ‘17//”,)?")? '
o I ,\i,.s\/g

! ‘ .
P . .

* Sinte owls are predators of the rabbit
population, if-the rabbit poovulation
decreages, the owl population that feeds :
on them vriil|.1 also decreu.se. .

od:k@"

uce ) rnbb'd@ Lh" _

. sarfhnqs
P ‘ .
SUITdARY :A decrease in the vagetaole ponu.latian wou.ld calse

the owl popula.%:.on to decrease, in t:.me. ' ?,‘}‘b%
. ao ¥

%,

Jow you ¢ itl Using the same foo& wab deterwine how an =« °
increase in the sappling population would affec’c the mountain
*1lion population.

Answer-

- ' - LY -
bEY ' .

' t
.

rrnuﬁ\"aué -

e

"y
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- e
é . Anawer- The effect of an increase in the sapnling population
I on-the mountain lion population is to cause it fo
! , increaae. '
° Here! s"why: An increase Ln sa.pnlings wouJ.d cause an
: . an increase in their predators, the deb®
porulation.® in increase in the dJeer
. . population would mean more prey for the
. mountain lien pouulation - causing it
.. %o increase.
h , o mounh\@
@ owls \iors
o ¥ 4 } /
p . ra\htb ’
: o . \h_ﬂgﬁﬁh& rh"{s@‘p”y
§ . - T
: . , ¢ ' .
l\\/ ‘~ br"' . »
« : Q g ' .
‘ .‘ ' . ~l *
-+ Now, turn the page and’ o
f - . gsee what you learned!
L [ . .
& . o \ -t - P,
v .
- N . .
° . 1 . ,
? I Mo A . . ¢
. T . Ty A N .
LS ~ ) ¥ . " | Do .
b X . . T \ .
N ’ . ) < . ‘ . "'r;l. “' ! ' )
, ' ."A N . o - i s " ' Y ..
e X — - S g e




Foe’
Ao, ‘I '
f‘r\

’ES* Toursclg'

l. The following web represents feeding rela‘cionsn:.ps in a
prenistoric community

allosaur

thecodont
TOg
: .. gtegosaur T/(
. } brontosaur. N stonefly
egetation | -

- N v

I -

Predict how a sudden decrease in "vegetation (due to an
impending ice age) would affect" me size of the thecodont
population. . .

"Answer:

2. In the following food web:

If population ¢ suddenly increases, how will this affect the
size of population I?

Answer:

3. State the reason for your amswer to question 2, above:

Reason:

(Check your answers on page 44.) . .
nce you have mastered this skill, L
turn back to. the key on page 3. ZFind
the next eikill which has, been circled
| and proceed,

R

-1

=l .
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DETERMINING HOW A SIZE CHANGE IN. ONE
POPULATION CAN AFPECT ANOTHER POPULATION
LOCATED ON A DIFFERENT CHAIN IN THE

POOD WEB.

Even though two populations in a food web may not be -

linked directly by an arrvow, they can still havs an effect
on each othar. - - *

- Consider the 'following'foqd web

muskrat \ N = ‘Q/ . ?
- : turtle
reeads , . ’ﬁ

green plants

i some factor causes the heron population to decrease
drastically, how would this affect the.bass population?

-

. R

4
Ll
‘o
t
.
4
- -
.
. . H
ERES .
¥ A ¢
r 1 '
bt ——— -
PEE] ' . e LS
ORI Eage 1

A1

L e
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i Even though the two populations are not directly linked, - .
* eventually one of the pcpulations which changes as a result ' !
: of the decrease in the heron population JILL have an effect .o oo
S on the bass population. To determine what the sffect will . . :f
. be,  follow these steps: v
"SIEP ONE: Pirst, lacate the two , ' o e
populations on the food web, and ' ' - 3
mark the population that has undergone o W : 3
the initial cheange in sizs, : C aaatnt g
) o ' o . . ‘heron : . oL
.. @ ;
/’ \ - B
muskrat insect ;
- turtle i
—~ - ’ P
reeds - green plants 3
4 i !
. ' S1EP TWO:0bserve how a change (in - !
. This case, a decrease) .in the size .
- of the heron population can spread ;
through the web; and which popula- Y
tions are linked to the heron . 7
< : population directly. -
oo : ' | * puskrat ‘ i
v, L . o \ turtle\ L'
‘ - : reeds . green plants '
i
STEP THREE: A change in the heron \
“Population causes the frog popula- ) , .
- tion to change. This change in : o
1. the fox populatian diroetly affects ) . . s ~
v o bass and insects,” . R
. o A CoanGl 1N THE werond . .: . S ,‘ . {
. - bm.nfwﬂ u-l MIT AW LPPEET DN . ' ,
. 0 wsl . . NOW, to dotermine how the %
<, bass will b . :
. - . .af\fected P {
) o . AN N N i
s ' . ﬂa. " I
! ! + .'.5 — 4 — . §
. . i
- . . ot o R : , i
5 ! . * ‘.x. ‘ * -
. ' . . "~ ) T !
. . '« . ]
A : * ' ". v R 5 2
. 5t L . £ ! -
‘-' . f . - 3 »
f e ] o ' .
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STEP FOUR: To determine the sffect of )
a decrease in the heron population on .
. the basa population, first determine
how the fxpg population will be affacted.
* Since'herons are predators of the frog population'
a decrease in herons will cause an INCREASE in the
- frog population, their prey. a3 a
: A B ~ mink .' Wbasa : ; ]
" -, - . 4 . . fro ‘ . . L .
. muslé_t ] : R C IR I
d T hirtle insect . ; :
T " redds gh'n p]{ants ) \
i ‘ ) '
r Now, determine how such a change in the frog popila- . .
tion will affect the bass population. :
: : S~
: ¢ Since frogs ars the prey of the bass population,
it an increase in the frog population will cause
; its predator, the bass population,to INCREASE. -
. . . ) i
: ‘ - ) heron ,s ‘
: S ’ mink Y : © .
\ . . - /’ & Dags msrnssil .
* . N . “* K
. ' . ouskrat : fro i ' ;
“ \ . . P ":.
turtle ins ‘”f ‘ ;
i ¢ \ . ' '
3 reeds green plants A
i" . -~ . - N
=, - .
} : ’ Therefors, in this casé, a &eorease in the heron. .
l / population resulted in an inorease in the tass population. -
; ' ' ~ . ¥
! o
¥ " ~
;4 ., r . 1a 1
; L § ,
i,’ . ' r, t B ! .
g . . “ .
;‘f“ 1 . N ] -
;"1 ¥ (] 1y -
] N ) -
RERE CXI e & T T ey :




. Let's see how you did: ,

2. If the mink population increasas, the effect on its

s g e i o o e v
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Using the same food wed, determine how an INCREASE in
the” turtle population would affect the muskrat population. ) .

Answer: B - v

l. If the turtla ponulation increases, tha effect on ita
prodator, the mink population, will be to INCREASE.

prey, the muskrat population, will be to DECREASE.'

Therefore, an increass in_ the turtle population would
cause the muskrat population to decrease. ‘

" (Note that we are ONLY taking into consideration the

effects due to predator-prey relationships; this may,
as a result,be. a rgther simple interpretation of a

- more complex situation.)

,' 70:: ’ . ) -

muskrat fr 0 G

\ turtle . }sact o e ,- . '

_reeds ' green plante

g
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1. In the following food web: ' - ‘
havks s onls ) .
. oide : ' S '
frogs. "deer ' e '
sects .
- green plants .-

- ‘If the mouse population suddenly :.ncreases. how will th.is .

: affect the aize of the frog population? v

;  Answer;____ , ‘ . - -

{ ! . N . ' -

o s =5 e

- ,._.._.,..._._‘, - ,‘._h‘.i PO

 ~ahaaali
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2, Expla_i.na"'tne reason far your anawer‘Fo q{xestian 1, above. ,

Answer: . i t ‘

J. Consider the following food web:

If population 3 suddmly decreases, how will this affects .
the sige of nopulntion cr - .

Answer: ’ ’ C '
L\lﬂ' I

(Check your answers on page#9.)

Once you have mastered this. akill -
. turn back to the key on page,J. Pind '8 ‘

the nedt skill which has been circled : '

and proceed. C ; -
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- DETERMINING HOW A SIZE CHANGE IN ONE . .
POPULATION CAN APFECT ANOTHER POPULATION .
THAT ISN'T LINKED 10 IT.DIRECTLY (/HEN
THE OTHER POPULATION IS LOCATED LOWER -
IN THE SAME POOD CHAIN WITHIN THE VEB).
i 'Vhat';' the Connection?? .
1., . o . b - . ' / i
. . ‘. Even 'thouqﬁ-two populations may not be linked directly I R
. , to each other within a food wed, they can still affact each -
Y -’ other. 7To see an example  of this, consider  the following. ‘
food wab: - C . v
1
/’ caribou - )
. _ } ) n% and zosses ' co
— —— " = If some factor causes the polar bear vopulation to- e
inorease in eize, how would this affect the ptarmigan .
porulation? . . E .
L
= !urrn the page,-to find out . ..
; v I A, oo b
. S~
v - -‘ . ~_:,Q'
- ' : .
N L s \ . X
W Lot n
- v ey ' ' s . . b
e . o, [ ' ¢ . W
)‘;' * '. ‘. ’ '
K . . . :
Pabsnanes ST
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i STEP ONE: First, locate’ the pSpu- - 4 -
: Tatlons on the- food web, and mark V"W:,ﬁs’ )
. the population that has undergone 5
. the initial change in size. ' N
{ . . Ty wolf
l v
G(reen vlants and nogse
t < .
. ‘ o _ ‘
| ’ .STEP TWQ: Obgerve haw a enanga (in - \
s case, an increags) in the size .
! : . of the polar bear population can : \
s ’ ~_spread through the web; "which popula- ___ . I
o - tions are linked to the .polar bear -g
i { populetion directly. 4 ear i
X { . . - R )
Lo : W < ic | wo
{ ] .
! 0 , .,FAU”'
R 1
ptarmigan ..
. . . : aretic aribou ' ‘
P! hare / . .
i s - .
! | Co ' green p ants and nosaes R
i i - ' ' ’
N H - | HR ) .
; ; STEP' THREE: A change in the polar bear :
o ropulation causes the fox population
,t to change. A changs in the fox population
: dirsotly affects ztamiga_h .
o . - . om— <
1 "
! . v‘ n -~ ¢ - - 1
i H - [
% N
; f Now to deternine how the
P %.. A CHAnNGE 1 TnE e el ‘ptarnigans will be o
' ' . . POPLATION CAH HavE AN KFFEcT . . a.frocted cie -
4 - ‘ ‘
"?‘ ‘ ) :
{
5 )
i A . ) .
:' N ! A ‘3 * “ *
g" . 2 ’ A‘ ' B i . o . -
§:| . . . . i ' ,, . . X
R ! 4 T i ¢ (‘.'J o, Wby T e ’ ; eoy R ‘:-"“'—:‘;‘:;

. L ' ; . P .
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STEP. POUR: To determine the effeosof—-
an increase in the.polar bear popula-
.tion on the ptarmigan population,
‘first determine how the arctic fox
population will be affected.

p‘tarmi

green plants and m¢sses

179

.

*Since polar vears are predatc':rs of the fox population,
an increase in the polar bear population will cause’
a DECREASE in its prey, the arctic fox population.

e

Now,'datqrmina how this change in"che fox population

will affect the ptarmigan population.

O

! fox population

(AN

" aretic fo;fww‘ e
. o

- W .
' ar¢tic
. Ptarmih €8 & hare

— —@reen Plants

B

nosses

e ' : .
% Since foxes are predators of.the ptarmigan, if the
creases, its prey, the pt

armigan
will' INCREASE 1 popula.jbiqn size, .o

caripou

d .

v
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: o : Using the same food web, determine.how a DECREASE in
the polar bear population would affect the grsen plant and
@0oss  population. .
St o © Answer: ‘
O N . . .
-1 ‘./ﬁtg_!s see how you did: '
; 1. If the polar bear wopulation decresses, the. sffect
: .on 1%ts prey, the fox ‘population, will be to
! -increass.
. . t “
y 2. If the fox population 1ncruaau, the effect on
; ‘its prey, the ptarmigan ponulation, will be to
- ~ decrease. ) ‘
¢ 3. If the ptarmigan populat:l.on decreas’u, the
f effect on its orey, the green vlant and mosas
Por population will be to increase.
P
ot s S Therefore, a decrsase in the polar bear popula.tion
b .. : wonld. cause the gresn plant and moss popula.t:\.on to
t ' , INGHEASE o
P : - ‘ ‘ POLAR BEAR
Pt : : .
Ly : ARCPIC ¥ ﬂO‘LP
| : . : . . pox‘.@
? ’}. . . . . I . ) f .'n -
> - ]
bk v _ ARCTIG
| ' PPARMIGANG) - . HARE .CARTHOU
= SO '\'=® ) .
P LT GRBEN PLANTS AND MOSSES
. { ‘ . -

Ry U TP
. 3
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»
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Test Yourse\gl . | o E

1. Consider the follomg food wab:

osprey corporant

merganK /‘ .
' ~  blowfish

f£luke : _ < o

A claK )
cladophara . nlankton . ¢

If the cormorant population, suddenly decreasos, how will this
affect the size of the clam vovulation? .

Answer:

2. In the following foad web. g

: ,-'/\“’\

\\/

4

If population A undorgoea a sudden increa.se, how will this .
affect the size of popula.tion X?

Answer:

J. Explain the reason for your answer to qu'.astion.z, .above.

Answer:

"(Check your answers on page M1.)

Once you have mastered this skill,
turn back % the ksy on page 3. Pind
the next skill whioch has been circled
jend praeeod.
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CONSIDERING ALL PATHWAYS THROUGH WHICH:
A CHANGE IN ONE POPULATION CAN APFECT
'ANOTHER POPULATION IN THE POOD WEB.

In pravious problems dealing with ths effect of a change
in one popilation on another population in a food web, there
was usually ‘only ons pathway in which the affect sould travel..v

‘.T.‘h:l.s is not always the case.: In faot, for most focd
webs, this Ls RARELY the.case. PFood webs are used to ..
represent feeding relationships in a community.. They.
usually consist of a complex neiwork of ilntexrconsections.
As a Yesult, there are numerous ways in which the effects .
-of 8 ohange in one population can spread to a different
nopulation. In order to interpret food webs correctly, 11:
is important to be aware of these, and to consider all of
them.

‘ Coneider the following simplified food web (each letter
represents a different population):

D o S

e

e

R . R .
It populaf:ion"B increases in size, ‘dus to an extremely
sgooeasful breeding season, how will this affect populat:lon

Pirst of all, notioce
that when population
B inocreases, it .will"
T .agfect: not. only. popu=
lation 8, but also
: opulationa Dand A, -

?I.et the broken lines
represent the effeoct
spreading through the
web.,)

) - - * -
/I N ,{/{':
’ . Pl .

oo continqad .°. «
. -\"‘ et .
\ F A
‘ - : L " e -
C i . . %._ . . X . . »
- N . «il', B .
. v - . "f;‘ * N
e . . e o .
‘ . -
o
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, Even though populations A and D ars affected by the
. inoresase in ponulation B, thers s no pathway ¥Yrom eithar
of these. populations, back to pdpulation C.
o v 'f“p
As a result, if populat:l.on 3 incresses, '-b -

.'.‘ . ,

-

As indicated on: the previous page, the effact of a
change in population B c¢an.only reach nopulation ¢ fron
ons pathwey ~— directly ﬁom popula.tion's. R

population ¢ will also increess, since
it is population B's predator and the
effect -travels only through this pathway.’

This time, we'll consider a difrerent situation, in
the folloving food web (agad.n. each letter represents a -
differont population).- o .‘

o

gUESTIOHa If po pulation $ suddenly decreases in sizd, how will -,

this affsct population u?

‘. )
K
° -
- ’ : >
Y v R ’
N »
. an
! »
A v
. 3
. o
v
a“t
i ' !
, f
! -
A -
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i -
I : Sl . S

‘183 -

¢



- 34

Pirst of all; notice that

when population S dscreases,
it will affect its predators
‘§popula.tion U) and its prey
population W). " Let the

brokan lines represent the
effect spreading to these
populations.

AN
.tg /},[

In this food web, the

. The effact of e change in populatlon S on

o -populat{on U MUST be determined by considering
all possible pj PAthways that the effact could.
arrive at oopulation u.

If 'we conslder only the fifrst (shorter). pathway, we would
tonclude .that a decrease in.population S would cause idts
predator, populat:.on U, to decrease. N7

If we consider only the second (1onger) pathway, what would
vie predict the effect to be on population U? .
Take a :nomant now, tc’> do fhi_s.

Answer:

© e b N et o 581

- ¢ .
L X ) ,' I . 4
/ ‘) : ; « effect of a decrease in

Nt s e

v - P A R bty - e v
P ¥ O PR B

184

R
‘ . ’\ . population S can reach popu.la.t:.on
~f T oy . ' from two pathways:. _
. { 7‘ L . 3 1. From S to U.directly.
. e ,
. K \§ ‘ 2y homStO\ItootoTtoEtoU:!! g
\‘\W RN ‘ .(this route may take longer)
\\_-o r’ v . . " .

A

“
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o

Check your spswer here: , . : .
- a decreasa in popu.la.tion S Would cause ean increase in
its prey, population W

» B — .an increase in ¥ would cause an increase in its predator,

’ population O ;

- an ‘J}pcregse"in 0,would cause an increase in its predator,
population ¥ . ‘ '

L] °

: —-an increase in T would cause an increase in its oredator,

- : pepuletion B -

.

« = an increase in E would-causb \decrease ia its prey,
" population R- .

and PINALLY, a decrease in nopu.lat:l.on ] wdhld cause ‘an
‘increase in its prey, population U.

- This route seems to suggest ‘the effect is QPPOSITE to that
A of the other route's effect. .

} .

: The’ most likely effact is a.combination of the effacts ' of

o the various pathways. Since in Ghis case Lhere wers GTWo

" poenSIe effec%s, opposite to each other, the effects

' Swould tend to candel out. In this case, a DECREASE in-
Dbopulation S would probably result in no change in population
U. ' ' :

n . 7 .

Cge
Sometimes tnero a.re more than two patnwa.y’s to consider'

>
o~

List the vanous pathways -through which a cha.nge in ponulat:l.on
L uugnt affect populat:.on X, in the spa.ce below:

M"‘a‘ ’ o \

¢ K
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& X 4
- N . ‘ ‘ : .
° fa a
L %" There are three- 'possiblq pathways: : M

I 1. L tox, directly ' L_/;./?X\

. T 2w LtoMtex [

[N
- .3 L.%GA toDto P toX - . F .

U
L

L e

i The skill of considering all possibls affecte
= FTrom all possible 'directicne is impertant ix-dealing
@ Wwith food webs. 1In a food web, as we’ have seen, ;o
¢ there are often many complex interomnnecting pathways
" between populations, It is these pathweys that glve’

a food web ilts stability -- so that often the effects
of a drastic change in one part of the web are cancell
out-before they drastically affect ot;ler populations -

in the web,

W

Now  pop.

SOME  MOCE  pracricd”
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”
o
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Testfourslg”

' .

1. Por the following.food webs:

) . S hgron\ . t 4
basg . C '
crayfish./"-"’ 3 o

' worms : o .
. sunfish ' L .
T 4 "\ ipfects. . '
plants

In the space b‘elow, write out all pathways: through wh:.ch a:
charige in the size of the bass’ population ‘can be passed along
to the cra.yfian nopulation. . ,

. i B ‘ \\,-,r
v 2. ‘For the- following food web: '

‘On the food web, cirgle the latters representing pouulations
through 'which the effects of a change in nopulation Jewill
snread to ponulation P,

(Check your answers on page ¥1.) ' <] ‘,
+ | Once you have mastered this skill, ‘
. turn back toc the key on page” 3. Phd
' : the next skill ‘which b.a.s besen oircled .
and L oroceed.~ ST o
) i

e

b
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‘an arrow,

IS TRANSMYITTED THROUGH MORE THAV ONE -
PATHvwAY.

DETERMINING HO# A SIZE CHANGE IN ONE '
POPULATION CAN,AFFPECT ANOTHER POPULATION
YHICH IS LOCATED HIGHER ON THE SAIE POOD
CHAIN IN A FOOD -ABB -- FHEN THE EPFECT

Consider the following food - webt

EBlowfish

Mud wnail

Cladophora

If the audsnail popula.tmn suddenly incraaSes, how will

affect the merganser populat:.on" -

Although these populations aren't directly linked by

effect their predators, mergansers.

it is ¢lear that a change in the number of mudsnails’ i
could affect their predatora, blowfish, which in turn wou.ld !

Thé solution to this problem is not so si’mple," however, . ...

=
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If you Llook at- the webcarefully, you will'motice that.
the effect of a change in the mudsnail population can apraa.d.
to mexrgansers by another pathway in tnb web:

<

o
ospre

mer‘gan_se:i_' s
' blowfish T
coymorant

ﬂuke

Answer: . ' . b

(‘/r

Tha sscond pathway involves more, popula.tions. . The
Teffect could be passed in the. follow:.ng nanner: ’

~y

mudsgails to cladophora "to eels to mergansers
. " . :‘

In ordexr to oreddct the effect of a change in one
population on another population when more tha.n ohe
path.way connects-them: . . ’

', S l.girst 1dentify all poasible pathways in
which the effect “could be passed from one -
population to the other, i L

2. For EACH pathwdy, determine the effect of
¢+ the initial chenge on the population in
; qusstion.

{continued -2
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3. Sum the individual effects,'to get a net effect.

This is the best prediction of how the nopulation
will be afreotad. J.n the long ru.n.

-
. " b
Y

For the" food web we have besn considering, determine the
, - effact of .an increase in the mudsnail povoulation on t:he
mergunsep popu.lat:.on, using the guidelines below-

Sten one : In the space below, list all possible vathweys
through which the effect night traval.

T ‘
. - ". - . . X . ' N ! ) -
- . ’ o -,
'

teg £Wo ¢ Por each pathway listed above, dacemine the

- effect of an increase in mudsnails on. morgansérs.

. '
. Y

N

. )

._ T , " . C, ‘

§ ap thred: Detemine the overall net effoct ‘of an.increase
by su.mming individ- o

in mudsnails on merga.nsers,
. ual effects.

7

(Whan you hava finighed step thr e, check your answar'™.
‘on thy nexf page.)

’
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Check your. answer hers: o

:

v .. *- Step one:
A Y .
N
L} - .
. .
N Steo two: -
e [ . o
i . . o [} - . .. .L\.
g. N R ) .
f ' - .
i .
P 4 .
. B oo .
! H _Y .
l ’ . N . = .
T 5 c. . : ,
Y L - v . -
Nk < : sac L
: v n "
! b J N ! ' . ) ;
B . . . .. Cat . . .
] ‘s B o * . . .
x \; ., :' o, ) o
. . . L .
[ " toe -, Step "three:
- . i
. . .
v v S 5,
! : ' .
t N . A
.' T - .
' - . -
.S
;o
. . .
I
- . f‘T
. , .
i,
- o b’ " - '.
s f
1 f‘
. . .
1
. U
.
Tn ‘;: k4 L
' ; -
- E ot
. ) , ,
i
t I3
-_' \
o
3 ) ot
T e e e b M o NN

~
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Fa oo . .
1%r mudsnail to blowfish to merganser
U .
2. mudsnkil to cladophora to eel to merganser

1. an increase in mudsnaild would cause’ their
- pgedators, blowfish, to incremss; this oo
. would causge théir predators, mergansers to ’
.increase. - A . i
_Through this iathway; an increase in mudsnailg
results  in an: J.naregse in mergansaers.

2, an inbreass in mudanails .would cause their
prey,‘cladophora, to decresse; this would
cause their predators, eels, to deorease;

“which would cause.thelr predatars, Xergansers,
" to decrease, T :

Through this pathway, an increase in mudsnails -

o - °

results in p decrease in mergansers.

Y

The net effect would be "no chenge" since the

- effects of the two pathways cancel sach other
out. ‘ ) R
ey ‘
. 4 .
. . .
. .
T e
]
. .“ '
v( _" :
e 1
H ' ) (.
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p
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’Eer tourszg - z;\ v S
. s ~ ) 1. In the following food wab- : /
~ ‘ . ) _ L ‘\'\8
' ta ? '
S 1
' R If popu.lation T suddenly 1ncreases, now_. %ill this affect the
size of population z? B . - :
. Answer :
2. State The' ‘reason for your anawer to‘question 1, above,
. . s
. Answer-'
e ) ‘ Co X . oot . '
3. In ?he following food web: : e o -
] , : N . . polagebear . -
A wolf ' ] “ li\ L
) , n ’ , 4 fax : PR .
i : P arctic.
ptarmi gan hare ° , .
: /( lemuing
. greén plants—'/? . .
’ CIf the 1emming population suddenly decreaaas, how will this
: affect the size of the . pola.r bea.r nonulation" K
Answer: . ' s
- . » . . N . s
Y. State the reason for your answer to questisn 3, above. '
Ansrer: o 2 _ )
- “ i

(Check|your answers on page’SO.)

Once you have mastered this skill,
turn back to the key on page 3. Pind
the next skill which has been circled
sad Dproceed.
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e : DETERMINING HOW /A SIZE CHANGE IN ONE POPULATION
C : .CAN AFFECT ANOTHER POPULATION LOCATED J,
) . ON THE SAME CHAIN IN A FOQD WEB —- WHEN THE
EPFECT IS TRANSMIMED THROUGH MORE THAN ONE
. PM!HWAY. g .
17 . v!.
) ! T Consider the following fom}i web:
[ .
SR ) )
Lo
[ . .
|‘ i :.’ v
| I .
1 : oL
b ’ .
oo S
!"‘ . &
i P
oy,
B . et T
RS :
s ’ L] '
".‘ﬁ v . o ' 1f tne osprey popula.tzon suddenly decreases. how will .
oo T _ this affect the si—lversides popula.t:l.on? .
IS oo . , e A T . o N
1&; - Lo . . \ y .
N . ' - ,
" ‘ 3 ‘ ' :
i i ’ :
.‘I\ ' Ld
L e e
; o ’ w ! .
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Althuugh. the osprey and silvers:Lde populations aren't .

,-linkgd. directly by an arrow, it i3 cXear thatb?lchan ge in

the osaprey population could affect its prey, 1fish; wh:.ch

in turn would affect ‘its preyt silversides. , ; . "p

The solution to this problem is not so s:.mnle, however.

If you look at the web carefully, you will.obServe’

"that tne effect.of a change in the osnray nopulat:.on can

‘spread to,cne silverside population by another pathway,

_osDprey .. X ,
i l ".:h .
Lo A
1 ¢ . N l. e
. bay i A
3““ SRR ST
L o ':'
orgam.c- . .
debris |A
' . _‘;
In the space below, ldentify this othexr pathway .
Toe . o . .o ‘::'
An;w_’er: : . '
The second nathway involvea more populations than dld
the firast pathway: . . B
'if \
. froa. osprey to blOWfJ.Sh to clams to plankton to T
. gilversides. . L : T
T In order to predict the effect of & change in "ons -
population on another population when.more than one . .
. pathway connects them, t‘ollow the steps indicated on the )
‘- next page. ° . . . N
bt}
%
- . :
- 2 T ‘ ; -

—+"
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" STEP-IWO :

oh.:..hu,. N B b s g =

e e o N O SN - .
- . [ 4
. . “ ’ . . <
: ‘ | e ) R
| SIEP ONE: Pirst; determine all pathways through .

which +the effect of a change in ons
’ pupula.'cion can nove to another popula.‘cion.

.For EACE pdthway, daternine the éffect:of
the ind tial change on the population in
questlon.

ST\:‘P TYREE: Sum he i.nd:.vidua.l offects, to gat an

T overall effect. This is the best nrp.d:.ctor
of how the popula'b:.on will be affected ,i.n
the long run.

Fo:; the food web we have been cons:.denng ‘*deter:n:.n@

- the'effect of & decrease in the osprey population on the

silyers:.de populatj.on. us‘:lng the guidelines below w«,.

A :
Liat all possible pa.thways through which the

. STEP ONE:
: effect pou.ld travel between the two populatlons.

<

STEP THO: For each of the pathways listed abowe., determine
the effect of a decrease in the ogprey population
on the gilverside popula.t:l.on.

BN . . -
- . ' . .'. . g.

STEP T‘-IRT-‘E State the net overall effect of a decrease in

the oaprey population on the silverside popula-

tion°

.. . . . ., N

Check’ your answer ‘on the he::l: page, once you ha.ve comnleted"

all three steps.

N
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: Sorrect Answer: 1 ' .
e g . i * - %
s £ . ’ . 3
- . Stepone: 1, os‘prey £ billfish to silvorsides ) .
. 4 2, osprsy to- blowfish to "clams to 'olaukton to . a 7
N . silversides - . 1.
. " - ‘ ik
o " B
Step two: ' 1. A decrease in the osprey populdtism would . Lt
. causs 'its prey, the blllfish population, to . . T é
increase; an incresse in the ©illfish -popu~ ] ce®
\ 2L2ation would cauge it3 pray, the allverside IR |
. populs.t:.on, ‘to dscrease. n ]
- o |
3 -~ Therefore, for this pathway, a decrease in P
B .. the osprey population results in a decrease,
- \ in the s:.lvers:.do population.
b ) 25 A dacrea.se in the osoray popu.la.tion would
. " i . Cy cause Lts prey, the blowfish povoulaticn, to
; . increase; an increase im the blowfish =woudd
IS . cauge its prey, the.clam vpopulation, to-
- : -decrease. ‘A decrease in the clam population .
would cause its prey, the plankton population,
e to increase; an increase in planitton would -
cause its predatora, the silversides to -
‘ m-
@ Therefare, for this patnway, a8 decrease in ]
'_the caprey Jsbulation-results “in dn increase © 7, ,
in the silvetside population. g 08, ) ‘gp v - i
! . : ’ " e i b
Step three: - The overall'affect' of a decrease in the;'- : '
- . R osprey population is "no change" in the 2
silverside population. R B ;
. B v
\A‘ . . A ' ‘
N * - ‘
J_ L] A . ;
t
S
' ' o T ‘ B
LS ;’_‘
. E ) ' B ' " - o ) ’ 3'..‘
- -l ' ' ‘ :" et o , :j
: . . .
" ‘ s ; o ‘ ‘
e - . - = A'. v l\ 3 v A.' ]""'.
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. - .
N 1. In the following food vreb- : v ‘

o3 .

L O N lions . L

f‘ : . 4 ) ]
g hyenas °
Fe . - e ‘

. s inéacts )

. } . ( " ) ‘w . . . . . Lo ~ .
L : ) If the 1ion popula.tion suddenly increases, how wxll .this affeot )

O A ”b'A . the insect population? S o

:" '1. M ‘ . ' . . ' . 1
:~ ; " Anawer: L ‘ i

B " . ; - " . ' . e

}’ ' 2. state the reason for your answer to queation 15 above. \

o Answer: ) :

‘ {‘ ' - N

CL A

¥ . - 3. In the following food web: é‘ . N
Gl' \ . &

: . ° ’
! - /'/’ .
‘si / |

o E ¢
5 v.' T
E. : oo b )

, ) If nopuls.fion D suddenly decreasea, how will thi’s affect the sve ..
i' , ' of population H?” . . B
! '+ Answer; - ) .

ﬂ: . - 1 0 ) ~
R RN ; . . -
4 s (Cherk your answers on page S0.) - .

, A 1 . K ! . , , -

i . Y 2 Once you have ' mastered this skill, - , . -
¢ : turn back to the Key on page 3. Find .
i oo the next skill which has been circled}

S “w T and proceed.

. I: L. ’ ’ ) ) "

. ‘; . ’

1 : ; } .
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ﬁ;‘ : o :
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: DETERMINING HOW A SIZE CHANGE IN ONE
PQPULATION CAN AFFECT ANOTHER POPULATION
IN THEWEB WHICH IS NOT ON THE SAME .
CHAIN -- WHEN THE EFFECT IS TRANSMITTED
THROUGH MORE THAN ONE PATHWAY,

.-

gy ’ .
N 2N o . A food web is a network of interconnecting
cr ) e predator-prey relationsnips. The populations in
TR ‘ the web determine the linkages which give the web
ts stab:.lj.ty. . ° o

- o — ! \ aome relationships are more dlrect, and
C Basa.l./ traced, than, others. * Regardless-of how
directly two ponulat:Lons interact, you can be

‘ sure that within a«food web, every population has -
. gsome influenge on every other nonulation in the {

wab. .- . . :
’ . . Just like a spider's web, when
v bne part of the web is changed in
, . some way, the effect will reverberate
. throughout the web -~ to the farthest
: corners. . - - '

A3 you have probably discovered,
interpreting food web relationships
is not always easy. The more conmplex
the web, the more difficult it is to

race effects through it. )

In this section , we will study
how to determine the effect.of a change
.~ - in one part of a web, on another
.- povulation located in a different part

of \the web.
' ;

O O U U IS Y B P U
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Congsider the following food web: ™
. ' . ~ " RACCOONS
: ' . SNAKES .
WOLVES
SHREWS ’
' 'PRAYING v
MANTIDS .
. SHOPPERS ‘ T
7 CRAS ~ FLIES EER. .
GREEN PLANT
- If the raccoon population suddenly increases, how will:
. , this affect the shrew popu.lation‘? . e . .
) ' ‘ ! ’ To answér this question,' it is necessary to see which
. . - populations are directly linked %o the shrew population. °
. List these populations, and nc;te which are predators
and which are prey of the shrews, in the svace below:
. " .
Answer: j a
{check your answer on -next page) .
. . K
n ' . °  The overall effect of an increase in the raccoon populg-
) tion on the shrewa will be felt through thesa three popula-
. R tions. ) 4
’ / - ) .
iy w.‘- e - - - o
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&8 you can see from the web three populations directly

affect the shrew ponulation.

SNAKES 9

grasshoppers and praying . )
mantids are prey of tha ’ ' : : !

[ 12 2 2 J

(2 X 2 2 )

shrews _ : :

R : SHREWS
snakes are pre;ators of o s
the.ahrewa . e ‘PRAYING
S : . MANTIDS .
\ L . o

C .+ . " - GRASSHOPPERS

It is very important to FIRST determine the overall = - -
effect of an jncrease in the raccoon population on each
of these populations, before. we can determine the fina.l
effect on shrews. ' . e

. {

. To-determine the overall effect of the increase in the .
raccoon popwlation on snakes, grasshoppers or praying mantids’
it is necessary to consider ALL pathwaya through which these .
populations can be affected. . .

Then it is necessary to determine the net change in
the population, by summing all the individual effects.

Snakés: S:ane the initial change happens to the raccoon
population, the effect will spread to snakes by . °*
the following pathway: ) ) - :

Plg L‘P? ~. - (dotted line indicat'es pat,fwiay; changes
) “/ /rBEARS in population size

- are given in ()'s.)
SNAKES RACCO?RS /WOWES .

. SHREWS FROGS ‘ |
, ‘ '\ ) Net effect: decrease
PRAYING - FLiEes DEER in snake population.

ANTIOS
M ~ RASSHOPPE S

GREEN PLANTS

200
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E‘v_ins mant:.d : The effect can spread from mccoons to

" praying mantids by two pathways:
(dotted line :I.nd:.cates pathwa.y,

BEARS - ) changes in population size
. SNAKES RACCOPQ;S /-'WO.LVES' are given in ()'s) -«
i . * ARG Net effect: decreage in
Het effect g8 .
SHREWS ' FROG \\ praying mantid population
_ /\ (since both pathways
PRAYING . B ES\ DEER , indicated a decrease
MANT;DS ‘ o i in praying nantids),

&GmssnoppsgA / - ; .
o RE LgLANTS / : : )

SNAKES -
SHREWS FROGS)

pRAYlNéég-) ; Ef
MANT| N !
i GRASSﬂOPPERS /-

. . N ! )
S : ‘eR\EN PLANTS .

(=

. . . — ‘ ]'.

Grasahogg ers: The efrect can spread from raccoona to

AR

‘ grasshoopers by two pathways:

BEARS A ’
P ™~ Net effect:ldecrease in
SNAKES RACCO‘?@S& /WOWE grasshopper population
. . (aince both-pathways
- SHREWS FROG?A&) . indicated 2 decreage in
i : grasshoppers). A
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"To determine the net effect of an 1Ecreaae in tne raccoon .
,o population on the shrew population,”it is neces'sary to - :
. . determine the effects of snskes, praying mantids and grags-
. ) hoppers oh the shrew, population.

. . R .

de have already determined how an increase in- sraccoons
. . will affect snakes, praying mantids and grasshoppers. These
- results are shown below-

iy

L F . ‘ . : '__ _SN'AK‘ES (net 'decrease)

- : . . i

S ©)SHREWSH?

- T (net dscraasePﬁﬁYN‘%‘gs

GRASSHOPPERS 2

R - . L ‘ e (net decrease) .

A ‘deoresse in snakes will cause an INCREASE in its prey,
the shrew population. A decrease in grasshoppers will cause
a DECREASE in its predator, the shrew population. A decrease
' - in praying mantids #tll cause a DECREASE in its predator, the
, . o shrew population.

. : . As a result, the shrew population would undergo a nef
o o . . . decrease in szze~(since there were more individual decreasing
& . effects, than increasink effects). . o - .

2

o SUMMARY: To determine the effect of a change in,"population A", .
’ ) - eew——=T _on snother population located in a diffarent part [
' - " of the weab (call this population'B"):-.

1. Identify the populatlona directly linked to population B.

2. For each of these populations, determine the net effect of

o a change in population A by: (1) considering all pathways,

0 , o T then

| : ' +(ii) summing individual- dﬂfects
! - e . to obtain a net effect

3. Determine the net.effect on population 3 by considering
the individual effects from the pooulations directly linked
to it.

. T . - - -
Ly O SURVEISR P - L . ;
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1. Consider the following food web:
I 1e population Y suddenly 1ncreasas, how #ill this affect
‘the size of nopulatmn K? !
Answer: . .
I' ‘
. : ' .
. : . 2. Explain the reason for your answer to question 1, above.
. e Answer: (use ‘the space below) - s K ’
L4 i £ M V * . - ' M

'Y
\ .
‘ ‘ ’
9 * . . !
. L v C X T .
. © " (Check your answers on pageso.) "
. . A
'7
1 ' . l
. '
T . Iy .
‘ “ ‘ * .
P - - »
. . -
1 ’ q‘ £ 3
. . X
o
K

R e N T

n - Ao bmn o x e o
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age 7 :
E. the snake population would increase .
- 2. population H will decrease

3. Since population I is the food of population H, if there is
a decrease in the food supply, some of the animals will die

or leave the population.

vage 11 '
I The f1y population would increase

2. Since froge are the predators of fliaes, if the frog bonulatlon
decreases, fewer .flies will-be killed for food -- so the

pooulation will tend to increass,

3. population K would decrease e

- r

oase 16 '
e thecodont nopulation would decrease

: 2. population I will increase

49.

v

.3, If population C increases, there will be enough food for more -
‘predators, so vopulation P will increasa. When P increases
it will in turn allow I to increase, since thare is more food

g

available than there was before.

age 21

E the frog population wouldrdacrease
2. If the mouse population increases, it will eat more insects,
80 the insect population will decrease. If the insect+popula-

3.

2.

tion decreases, its predator, the frog population will be

caugsed to decrease.
population C will- increase |,
R S 4 .

age 26 :
f the clam populatio7 would dacrease
i

vopulation X would/increase

3. If" population i increases, it will kill morTe prey .-- 80, vopula-

tion E will decredse. If population E decreases, it will not
Xill as many prey as usual, so populatlon X wbll tend to increase.

Eaga 32 !
+ = oass to crayfish, dlrectly

- bass to heron to crayfish

- bass to sunfish to insects to nlants to w ras to crayfish

Vi

ed

B 4
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;E. population K will decrease.

“ ST s
.(contipued§ o~ L . S _
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vage 317 . '
would probably remain the same size

.2 The effect of a change in T can travel .to population Z by two

pathways:
- -T toRto Z =

-1 to U to P to 2 v
In the firat pataway., the effect is for 2 to increase; in
the second, the effect is for Z to decrease. Since these -two
effects cancel out, the net effect is for 2 to remain the
game size, in the long .run.. .

3. The polar bear population would remain the same size. :

-

. 4. The sffect of a change in lsmmings can travel # polar bears

by twa pathways.

-lemmings to green plants to arctic hares to
polar bears (causes polar bears’ to decrease)

The twa pathways give opposing effects, s80° the not affect 1is
no change. ,
. ~

ege 42 . ' :
f the insect pcpulation would remain the same size. '

2. The effect of A& change inh lions can travel to insects by two
: pathways. -libns to monkeys to insects '(causes an increase)
' -lions to hyenams to zebras to grasses to insects

(causes a decreass in the insect population)
Since these two effects are opposing, th.e net effect is no
change in the insect population. . .
3. no.net change in population H

e 48 .

2.. The net effect of a change in population Y on population K will
ultimately pass to population K via populations E,N, and G. So,
the net effects of a change in population Y must first be deter-
mined for each of these, by considering all possible routes.

population N: Y to 2 to N (causes N to lecrease)
Y to A to 0 to 2 to N (causes N to increase9
. NET EFFECT! nmo change

Y to 2 to N to E (causes E to increase) :
Y 40 4 to 0 to Z to N to E{causes B to decreaua)
NBT EFFECT; no change .

-~ Yto2 togtoG Ecauses ¢ to dbcrsaae;
=Y to A to 0 to G (causes G to deorease
NET EFFEGT G will decreéase

population Es

. population G:

The nat effect of the changs in-Y on population K will denend on
individual effects passed on from populations N, E and G. Since.
neither N nor E change in size, they will not cause & change in

‘K, but & will cause K to decrease,

Thereforse, ths net'effect on nopulation K is for K to decrease,

3

205

-lemmings to foxes %0 polar -bears (causes an incraase)
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