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An optimal instructional sequence can be defired as one which maxi-
mallyvfacilitates\achienement, transfer, and retention; requires the
least amount of time for”the_learner to complete; and induces minimal
anxiety and frustration. on the learner's part (Phillips, 1971). Two

" questions arise logically from the formulation of the above definition.
(1) Do 0ptimal instructional sequencee exist?"(Z)l How are they

. determined and verified? The purpose of this paper is to review the
empirical evidence supporting the feasibility of the development of
optimal instructid® sequences and to explore the’problem_of developing -

i

and validating such sequenccs. /

Learning Hierarchies ‘ o ) a ) : o | .

A learning h1erarchy may be characterized as 'representingpthe most
probable expectation of greatest poqitivc transfer“for an- entire sample ..
‘of learners whom we know nothing more than what specifically relcvant

sklllq they start with" (Gagne, 1968). Thus,. it appears thatulearning

o |
) N hierarchy theory can serve as a foundation for determining opt1mal instruc-
" ‘tional.écquences.
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Numerous studies support the hierarchia{ structure of learning
Atheory. DiVesta and Walls (1967) demonstrated positive transfer -from
relerant "pre-utilization" training to the Maier two-string problem.
Davis (1967) shoned_the effectiveness of téaﬁéfef‘cf previously learned |

verbal rules to switdh -light problems, and a similar theme is developed o
by Overing and Travers (1966, l967) in.studies pertaining to the problem

of hitting an underwater target. Scandura and Wells (1967) demonstrated

positive transfer effects from prior learning in concrete situation8*

involving relevant rules in problems concerning mathematical groups and
combinatorial topology. Battig (3968)dcitedrevidence that the learning

of paired associates,is typically facilitated by prior discrimination

learning on stimulus-*erms and response~ terms, as well as by prior ]earn~

ing of stimulus coding responses. For a more extcnsive review of studies

related to transfer of training, Schultz (1960) may be consulted.

Another'typewof“study:from which evidence.about learning hierarchiEs"”
may be derived is one Whlch attempts to try out a total hierarchy in
- .which the various levels of intellectua] skills are to be learned in a -
_A_v\s,ing_l‘c}_ instructional sequence. Gagne (1963) hypothesized that "a v
indi?idualuwill not be able_to learn a particular topic if he has failed
to achieve any of the subordinate topicslthat support it." iThis‘
- hypothesis was’tested in severa] studies of the aforementioned type.
Gagne and Paradi*- (1961) studied transfer relationships within a
lJearning hierarchy for the task of solving linearwcquations They

concluded that when particular suboxdlnatc skills required for new

learning were prcsont in the learner high positive transfer. resulted.




-7

When they were absent, very low transfer took place. 1In a similar study,

Gagne, Mayor, Garstens and Paradise (1962) measured the effects of

bulearnlng program variations upon achieVement Thelresults'indicated that

acquisition of subtasks. at successively higher levels of the hierarchy

4;L‘was dependent upon prior mastery of subordinate subtasks The authors

Avl‘,
JI

also found that when the mediating effects were examined for subtasks
intervening between higher and lower ones, proportions of achievement

of higher Subtasks indicated significant amounts of positive transfer.
Several other studies (Gayne,.l962; Gagne, 1963; Gagne and Staff,
University of MarylandlMathematics Project, 1965) yielded the same ;i

results reinforcing those of the previously discussed studies. In

general the results of thesc studies indicate that new skills and

knowledge emerge from lower order knowledge, and that“there is a signi-

ficant .amount of positive transfer from each successive subordinate

0

level to the next higher level ip a hierarchical ordering of such lcvels

Sequencing Instructional Materials

Instructional design requires decisions about structuring content

and designing and ordcring a set of instructional tasks. Gagne (1967) and

‘Briggs (1968) have proposed the use of instructional sequences that require

the learner to follow a specific route through a. content structurec, suggest-
ing that optimal instructional sequences can be developed by sequencing

materials according to learning hierarchies.

substantial evidence suggest that optimal learning sequences do, in
fact, eXist, Recent studies of sequencing (Brown, 1970; Niedogmeyor, Brown,

& Sulzen, 1969) indicated that §s using materials sequenced according
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to\learning‘hierarchies performéd reliably better than Ss using materials
whose sequence was scrambled, relative to time to complete the instructional
program, to errorS“made an the program; and to performance on a criterion
test of complex prcblem-solving skills. -Brown (19?0) concluded that whengwuﬂwmmwgi'j

a sequence involves ‘tasks that are complex, ordering of" problem-solvlng
.behaviorsyis an important factor in 1earning, even for bright and relatively
mature learners " In summarizing~research on sequencing mathematical tasks,
Miller (1969) concluded that mastery of ind*vidual subtasks in a hierarchy
'can be achieved in several ways, including learning from randomly” ordered
sequences, byt that logical sequencing appeared best in terms.of overal]

‘ efficiency and effectiveness. Roe (1962, p. 409) stated that " careful
sequencing of items has a significant effect on student performance, at
'1east for programs of” some length and complexity. King (1970) described
‘the‘above as key studies utilizing programs based on hierarchies and well

controlled learning situations avoiding methodological weaknesses.

Phlllips and Kane\(1973) conducted a study to investigate the effects

. e

of seven different sequences upon the overall eff1c1ency of learning

from programed mathematical maferials.‘ No scquence maximdlly facilitatedww;;fmblu~
achievement; retention, and trhnsfer, and required less time to complete.

However, based on the group means, students using materials sequenced

via a hierarchy developed by the Walbesser - AAAS (1968) technique

performed more efficiently than student using any of the other six

sequences.

Several studies. (Levin & Baker, 1963; Miller, 1965; Payne, Krathwohl,

& Gordon, 1967; Roe, Case, & Roe, 1962) however, suggest that varying

e




sequences of instructional stimuli that have high interdependency'does_not"
make much difference in effectiveness of instructien. However, some of
these studies ere plagued.wifh eesignwgrekiensnﬁﬁing,71970). Before Eéq—
‘uencing instructionalumaterials for“qse in classrooms, the effects
of>se4ueneeiunen rine“roiaehieve the terminal behevior, aehievenent,

4]

transfer, and retention should be investigated.

Hierarchy Validation Techniques : ,.\

Validating a iearning’hiererchy’fg‘heg a simple undertakiné, Many

| researchers (Ausubel 1963; Bruner, 1964; Gagne, 1965; Glaser, 19643 and
Suppes, 1966) have long recognized that sequence is a critical variable in
- learning. . The learner begins with slmple tasks and progresses to increas-
ingly complex ;asks; However, both Gagne (1968) and Pyatte (1969) have
pointed out that determination of this hierarchical'ordering of subtasks

from simplest to most complex is a major problem. .

Gagne and paradise (1961) were pioneers in learning hierarchy Qalid-
ation. Their approach was direct Qalidation Paséd on learners' responses ’
“52_3_Pfogtemﬁggﬂ}eerningmsequenee~endfcriterion tesrsiadminisrered'immed-
iately after the instructional‘program to establish pass-fail patternS'for
eneh component of the learning hierarch§. Consider the simple two-lcvel

hicrerchy in Figure 1. : -

11 - Higher Level Task

(more complex)

. 1 Lower Level Task
(less complex)

Figure 1. A Simple Two-lcvel Hierarchy

\




Gagne's validation procedure was based on the assumption that .task 1

\

must be mastered before task II can be mastered. Failure on task I would

automatically produce failure on tagk II. Using + and - to represent pass
and:fai}"resoectivciy, there arenfodr§fossible_pass-fail relationships

| which can be observedt (i+), (+), (--), (~+). For example, the‘first
relationship signifies that the learner.passed'(oerformed to criterion) both

task‘I and task IIi Only the relatlonship (+—) iu in direct contradiction

“of the theory and indicates a flaw in ordering The relationship (—+)
(passed lower level task but failed higher level task) indicated a weak-'
‘ness in the instructional program ‘but provides no information concerning

the validity of the hierarchy._

" To validate a hierarchy Gagne_analyzed the pattern of respOnseé of
each transfer in . the hierarchy. That‘is, he constrdctcd a contingency table ‘ﬁ .
of the observed responses to a higher level task and the task immediately
prereouisite to it as illustrated in Figure 1. ‘He calculated the following
ratio to determine the degree of validity of the hierarchy.:

-~ proportion of Positive Transfer (P+) = __ (++) + (==)
" N O R .

Perfect validity would be indicated by a ratio'of 1.00. If all learners
contradictcd.the theory, having observed patterns (+-), then the ratio
would be zero; Thus, P+ is bounded above and below by 1 and 0 respectively.
The'degree'of”Validity of any hierarchy is meaéurcd‘by P+ with the lower

limit of acceptability for P+ being .90.

Phi]lips and Kane (1974) investigated the cff:cacy of this ratio when

appllcd to tcst data alono. Using ‘Gagne's task ‘analysis a leax&ing hier-
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N
archy for the'computationalfskills.of whole number addition was c0nstrncted./
:Based on the hypothesized ordering of the subordinatelenels, a-test was
constructeo to assess mastery at each level. A second test utilizing a |
* random ordering of the sanehitems wasﬂconstructedr‘ Both“tests“were admine /.
istered to a'large.sample'of elementary school children in grades 3'throd§§f“rti;i“'
6 in ofaer to obtain a wide range of ability levels ' The proportion of

—— e N 4

positive Lransfer between adjacent items on both tests was computed using

-

VGpgne 8 formuia The proportions between adJacent items on both tests were

above .90, except in two’ instances. Thus bath, the hypothesized and the

random hierarchies were validated by this procedure, The authors concﬂuded
. . : ]

that pfiar educational experiences confounded the issue of positive transfer

- when considering test data alone. C ' o ,ff T

Walbesser (1969) has refined and” extended. Gagne's approach to hier-
archy validation.. Tesk analysis is used to generate hierarchies of sub-

~ordintae subtasks. Learning sequences are designed to correSpond to the

A by

hypoth0°1/Ld hierarchles : Pass-fail contingenc1es are used to test’
}lm“.m-ldependency of each 1ndiv1dual task on its 1mmediate prerequlsite subtasks.

The Staff'for AAAS pointed out that a hlgh proportion of positive transfer-

Gagne's statistics - is a necessary but not a sufficiént condition for a

valid hierarchy. Using the pass-fail relationships defined by Gagne, the

AAAS defined the following three ratios:

"(1) Consistency ratio = ' (++)f ' _ .
| ACORNC o |
(2) Adequacy ratio = (++) - _ e e
' (H) + (-4)
(3) Complcteness ratio = ()

(++) + (=-)
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_\\\Ratio (1) .is a measure of how consistent the data are with the hypothesized
dependency. Ratio (2) is a measure of the adequaty of the identified sub-
ordinate tasks. Ratio (3) is a measure of the effectiveness of instructional

‘materials designed to bring about learning; In the deVelopment of Science - A -

Process Approach, The AAAS (1968) has considered high consistency, adequacy,

* and completeness ratios as the necessary -and’ sufficient set of characteristics

‘for a valid learning hierarchy.' No s1gnificance test:has been developed for
either Gagne's ratio of those defined by the AAAS. Eisenberg'and Walbesser (1971)
have further ref1ned this validation technique which includes the use of six .

different ratios.

)

/

Cox;and.Graham (1966) used the Guttman Scalogram Analysis (1964)vt0'd0Vf
elop a seduencially‘scalcd achievement test. Es sentially, ‘the Guttman tech—ﬂrﬁ
nique (Torgerson, 1958) orders items such that fron knowledge of a learner's
total score, his response pattern to the set of items can be predicted. The
'coefficicnt of”reproducibilitywwhich'is giuen’by'one”minus’the fatidef"éhé o
total numbcr of errors to.total number of responses

Rep = 1- total number of errors
total number of responses

o

indicates the degree to which a set of items forms a perfect scale. Error is

/
{

defined as instances whcre a subject oasses a higher level item after failing
a lower level prerequisite itcmr. Guttman suggested .90 as an acceptable lower
1imit for Rep. Cox and Graham reportedva reproducibility coefficicnt of .§7
for thcir.final arrangement of items and thus concluded their hierarchical

ordering as valid.




,When items are p]otted en a 11near scale and successive pairs are -onnectad

‘Several investigators have attempted to use item difficulty as a means.
of validating a hierarchy Studies by Stoker and Kropp (1964) and Herron

(1965) showed that the cognitive skills ‘in the Taxonomx (Bloom, 1956) did-

-~form-a~hierarchy“ Items assessing skills'higher up in the Taxonomz were i

more difficult than those at lower levels in the Taxonomz Stoker, Kropp and
Bashaw conclqded that their results based on item difficulty validated the
Taxonomz. Miller and Phillips (1974) used item difficulty in cinjunction

with the Walbesser technique to validate_ashierarchy for the computational

.skills of-rational numhe;‘subtraction.

There are several methods of’hierarchical analysis'reported in the liter-
ature which are used in the genération of hierarchies rather than the valid-

ation of deductively analyzed hierarchies.. McQuitty (l960)ldevelopedpa proced-

'urelfor determining if a hierarchical structure underlies a set of items. He

began with a large item pool with no a priori assumptions regarding the relat-

VST e b JEDPRSUSIRTEE tTEEEE S

- ionship- between—itemS“in“tefﬁs‘of complex1ty. The procedure cons1sted of

cohblnlng pairs of items or variables«which correlated highest with each other
to form new items. .This procedure is repeated- until one pair of items ;ema1ns.
by lines the resulting dlagramhhas a hierarchical structure. Smlth (1968)
enployed McQuitty's mcthod to investigate the hierarchical model underlying
Bloom's Taxonogx In gencral Smith conrluded that his analysis supported the
.Taxonony rationale of a cumulatlve and hierarchical continuum of cognitiVO'

processns. McQuitty (1966) has further refincd and improved his method of hier-

archical'syndrome analysis. Multlple Scalogram Analysis (MSA) devc10ped by

. Lingoes (1963) can be ‘used to generate a hierarchical orderiag from a large

set of items for which there are no a priori assumptions made regarding order.
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. ' v
" The procedure essentially accoablished the same, goal as the Guttman Tech-
nique with built in controls against Spuriously high' reproducibilities as ,

a function of extreme marginal values. This procedure tends to-produce T o
several branches which have very littfe in common with one another. Resnick

and Wang 11969) have used MSA to generate various hierarchies. .The methods

|

..developed by McQuitty (1960) and Lingoes (l963),las well as several other -

methods of hierarchical analyses outlined by Torgerson (1958), are not
\

readily’adaptable for use in validating\hypothesized hierarchies. In these T

methods the data muéc’speak for themselves with no a priori: assumptions
concerning order.J'Carroll (Resnick and Wang, 1969) has developed a hierarchy

»

validation procedure based on, the correlation between items or subtasks., This

. i /\\

' method l)ke those of Gagne and-Walbesser, is based on pass-fail,contingency
/ ”~4

tables for all possible pairs of items in the hierarchy aﬁd the phi-phimax -

coefficients with a built-in control again%t artificial inflation due to

J” extreme pass-iail ratég: In d1scu5sing dlfferent approacﬁbs to hierarchy

validation, Resnlck and Wang (1969) citeu no studies utllizlng Carroll's
-~ - '’
method. Grib and Rimoldi (1960) developed a procedure for comparlng two

¢ v

patterns of using the index of agreement. Listing each aubject s responses
: , N

to?a set of Items prodices an observed matrix of responses with rows corresj

\ = . ‘ -
ponding to items. An éxpected matrix can be formed based on an operational ' L,
‘\ . ) \ e L [ -
definution of what response patterns are expected from a given set of 1tens.
\ !

The on1y restriction on the expected matrix is that the subjects total score
on the hbserved pattern. These two pa‘terns can be compared and an indox

showing the amount of agreement between the twé patterng-can be computed . .

Phillips and Kane (1973) conducted a stud{/to investigate the efficacy of

N

7 procedures for-orderi g the subtasks in a learning sequence. An initial .

<
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hierarchy for rational number addition was constructed. A test to assess:

A

j'mastery at . each of the 11 levels was admin1stered to 163 elementary school.

,’\. e e e — e v ————

LR, .4;',\‘ .;.,,.' \
- children and the pass -fail relatioﬁshlp yere analyzed using the following

4

proﬂedures 49) Item difficulty (Nunnally, 1967), (2)= The AAAS.approach

CAAAS Commission on Sclence Education, 1968), (3) The Guttman Technique

“/(Torgerson, 1958), 4(4) Pattern analysis (leoldi anderlve, 1960), and *

’ »

(5) Correlation analysis (PhiIIips, 1971) . For'a detailed'description of

2 °
these procedures, see Phillips (1971) The subtasks were also sequenced

according to the "usual” textbook sequence and randomly. To examiﬂelthe

' A

'adequacy of each validation procedure, prograMmed instructional materials ' N

,’ . ,.,:".—' .

were sequenced according to ‘the hierarchy‘gendratEd by cach procedure.ﬂ -

' Subjects were randomly assigned- o the 7 tdehtments and groups were compnr(d b /’

.

o ach1evement, transfer, {etent1Qn,'and tlmc to comwlete the instructional

_sequence.' No sequence.maximally facilitated achlevcment, retentdion, and

transfer,jand required less time totchmpleée.' Howcver, based on group meaus,

the AAAS piocedure yielded the best sequence overall, and was judged the best

»

-

f hierarchy validation technique of the seven undbdf investigations.

e
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Conclusions
In reviewing the literature, one finds substantial evidence to support

the genefal theory of the hierarchicalastructtre of knowledge (studies cited

previously) There seems to be llttle doubt that new skills and knowledge
emerge from lower order knowledge, and that there is a significant amount of

,of positive transfer from each successive subordinate level to the next higher
AU - .

level ir a hierarchical ordering of such levels. The studies ‘on sequencing

instructional materials reviewed suggest that the sequence of subordinate
tasks in a learning hierarchy, after sufficient validation;-shonld describe

a teﬂthing program that will effectively arcomplish the instructional obJect—
'ivesr That is, an instiuctional sequence based on the 1evels in the hierarchy
will represent an‘optimal route for agquisition of the terminal task by a
sample of‘learners; Hence, it appears.that the development of optimal

instructional.sequences becomes essentially a problem of validating a learn-

™~ N R
~ )

ing hierarchy. !
. e
e l

The question of Jalidating the ordering of the levels in a hierarchy is

'arcompIVK and illusive prochm; Cagne (1968) stated that various methods have

been tried but none seem entirely satisfactory as yet. Sevgral of these tech-

T
-~

niques were rcv1ehod in this paper; and undoubtedly, others are being developed

and tested. It seems, imperative that efforts to develop more efficient pro-

cedures for validating learning hierarchies be continued.

IS
4
Ve

p

lt
Several questions have been raised regarding Gagne's method of empirical
validation AQ the hypothesized ordering of a set of subordinate tasks (Wal-
besscr, 1968; Phillips & Kane, 1974; Phillips, 1971, Whitc, 1973). ThéSu

include.  small sample fizc, 1mpr<c1*c]y dof ined use of task analysis, no

*
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significance test for the pfOportion of positive transfer ratio, and errors
of measurement. White_(l973) has suggested two lines of further learning '
.hiererchy reseatch._m(l) ﬂseWCagnefsimodel and try tolminimige the above ..
nrobleme. (2). Uee White;s (1973) more rigorous model. White's method
essentially states,'for a set of k snbtasks, teech them in all k! possible‘”
o;deringf to different groups. Based on the performance of the learnefs in
‘““,,_ﬂiiﬂeanh group, one. determinee .the 'best" ordering; This~orderingmrepresents“‘ o R
a valid hierarchy. Obvious difficulties with- this method, -of course, are the
large number of,e perinentoi groups that would be involved, the number - of

subjects needed,|and the time'involved_in thiS”type’oflvalidation. When

the number of subXasks is large, White suggested that the research must re-

sort back to Gagne' originel design with someé recommended changes. One of

the more importe%t of 2commendations is to replace indices such as
Gagne's "propor%ion of positive transfer', the ratios proposed by Walbesser

and Guttman's'index of reproducibility by a statistical test of hierarchical

dependence. White and Clark (1973)'report the development of such a test.

Recommendations

| . VA . ' /
Validating a learning hierarchy by either of White's suggested procedures
is a tedious gnd-costlytundertaking; In eithcr case, one must teaoh n sequence
of tasks to a large sample of'iearners; and yith the rigorous modei, ki
sequences must be presented to different groups of learners. Based upon the
performance ot the learners in the experimental groups, the best ordering

is determined as the valid sequence. Thus, it seems that White would define

a valid learning hi?rarchy similar to Kane, McDaniel and Phillips (1971).
' |
That is, a valid hierarchy is one which yields an optimal lcarning scquence.

’
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Phillips-(l97l) labeled validation'tecﬁniques-that are based on test
data alone are called indirect. It seems that the development of less
expensive indirect validation techniques could greatly_improve the use of

learning hierarchies in designing instructional sequences.

A hypothetical caseis considered below to illustrate how one might
use an indirect procedure to validate a learning hierarchy. Supp&se 20
Subtasks are to be ordered hierarchlcally, and for simplicity's sake item \
difficulty (Nunnally, 1967) will be used as the basis of ordering (the author
is not assuming noniproposing.that item.difficulty is an adequate validation
procedure)
, 1. Construct a test with 3 items for each of Lhe 20 subtasks. (Pass _
for each subtask w111 be correct responses to 2 of the 3 items fom

|

that subtask.) , S

2. Administer the test to a large samplg of subjects to include a wide
range of aoi]ity and achievement levels.
'3, Ftom the test resulty, calculate the item difficulty for each of

the 20 itens“and order from highest to lowest. This will represent

the "valid" ordering of the 20 subtasks. “ / ////

Regard]@ss of the‘vaiidation technique used with the three steps above,
one must have some evidence of thc“adequacy of the techniquc. That is, did the
technique employed yield a valid hierarchy? Such evidence may Be obtained in
the following manner:

1. Design instructional materials for each of the 20 subtasks.

2. Sequence these materials according to the hicrarchy generated by
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“ the indirect procedure under scrutiny (in this case item diff-

iculty;

3. Teach a large sample of learners . selected at random using the-

.

above sequence of in%jructional materials. ‘ : ;

b, Sequence the instructional material for each of the 20 subtasks
in several other orderings generated by direct or indirect methods as
well as sequence ordered from logical analysis of the content and

sequences deliberately qrdered in a manner which one believes would

interfere with learning. , ,

5. ‘Randomly assign a large number of students to these groups.

6. At the completion of the instructional program compare each group

PreN

on achievement,'retention, transfer,jattitude toward the prograJ, and

!

N -
time needed to complete the program.’ ' o
: ! [

» . I

. , ;o
7. 1f the indirect procedure produces/an optimal learning sequence, one
concludes the procedure is adequate for generating a valid hierarchy.
. . !
 (Keep in mind more than one valid hierarchy could be generated from

the same 20 subtasks). Lo N j

f .
i -
!

|

Now that the procedure has been put to the ultimate test of actdally
- r

!

sequencing instructional materials based on.the hierarchy generated one ~
can apply the indirectbprocedure to a different set of subtasks with some
confidence. That 15, therc's.no need to rediscover the wheel each time a
hierarchy is to be‘validated. The indirect procedure can be appliéd to test

data alone without going thruugh a costly instructional program to validate

. directly.
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Hopefully new hierarchy validation technique wili be developed which may
. be adaptable to the indirect approach to validating'a learning hierarchy.
With the development’of adequate hierarchy validation techniques, the poss-

ibility of the déveIOpment of optimal instructional sequences becomes a very

real one.
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