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CONTEXT AS A VARIABLE IN INTELLECTUAL éKILL LEARNING

Geoffrey w; Beeson

Rusden State College
Intellectual skiils make up an impértant area of s&hool learning. Some attention has been focused on this
area as & result of the work of Gagné'and others on learning hiervarchies (Gaqnéﬁ 1968) . Mogt of_the learns~
ing hierarchy research has cﬁnsisted of validation studies in which the dependence of the learning of
nigher level skills on certain lower level skills has been investigated (Gagné: 1973; White, 1973}. Very
little attention has been given to the quality of the learning achieved, beyond the level of achievement
reached on the elements in a hierarchy. There is a strong suggestion, particularly in more recent studies
in which improved methodology has been used; that sﬁudents tend to learn intellectual skills in a rote or

" mechanical way rather than in a meaningful way (Beeson, 1976).

This suggestion is supported by the generally poor results obtained by students on
lateral transfer tests following their learning of a skill hierarchy (Gagné’& Paradise, 1961; Gagné’et al.,
1962). Learning hierarchy studies which have focused on retention of elements learned have produced mixed
results, ranging from very good to very poor retention (Gagné’& Bassler, 1963; White, 1976}. Furthermore,
in many of the investigations involving complex learning hierarchies the level of performance on the final

task of the hierarchy has been very iow (e.g. Linke 1975 ; Beeson, 1977}).

In a small number of studies attempts have been made to improve students' performance on
the final task of a hierarchy, on tests of retention skills learned, or on lateral transfer tasks, through
the manipulation of variables such as repetition {Gagné'et al., 1962; GagnéJ& Staff, 1965), guidance
(Gagné’et al., White, 1976), temporal spacing of learning stages (Gagnd & Staff, 1965; Gibson, 1970}, over—
learning {(Gibson, 1270} and mode of presentation (Nicholas, 1970). These studies have produced little or

no evidence of a facilitating effect on learning of the variables investigated.

One possible explanation for the apparently frequent occurrence of mechanical or rote

learning of the intellectual skills in & hierarchy is that students may learn each of the elements in a
relatively isolated manner with the result that_they are unable to see how to “combine" skills already
learned in order to¢ achleve mastery of higher level skills. BAnother possibility is that the verbal instruc-
tions provided during learning may not have been sufficient for the learner to fully comprehend the nature
of the learning objectives; a more elaborate context of verbal information may have been required. A third
possible explanation is that the learner may be unable to recall the relevant subordinate skills at the
appropriate time. Although the skills may still be available in memory, certain types of retrieval cue

may be necessary for the skills to be recovered.

Another point to be bérne in mind is that, in order to be able to effectively pérform the
final task of a complex learning hierarchy, verbal information associated with the use of the intellectual
skills has to be learned in addition to the skills themselves. In many hierarchies, particularly in those
which do not consist almost entirely of wmathematical rules, a considerable amount of organized verbal
information is inveolved. If this is reduced to discrete bits of "verbalizable knowledge" and attached to

the various skills in the hierarchy, it is likely that students will be encouraged to learn these skills

’
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independently of each other. On the other hand, if the verbal information were dealt with in some other
way, it could possibly provide the medium whereby the skills in the hierarchy could be seen by the learner

to be interrelated, and related to the final task.

it was argued that Ausubel's theory of meaningful learning (Ausubel, 1968) may be applic-
able to complex learning hierarchies. He has proposed that meaningful learning occurs when potentially
meaningful ideas are encountered by the learner and are incorporated into the learner's existing cognitive
structure, which in turn has become established by prior learning. This incorp&ration cocurs when the new
knowledge is "subsumed" by relevant concepts already established in the learner's cognitive strﬁcture. if
there are no relevant subsuming concepts in cognitive structure to which the new knowledge can be anchored,
then if learning occurs at all, it is only rote learning. This is bécause, in the absence of relevant
anchoring ideas, the new material can only be related to existing cognitive structures in an arbitrary,

verbatim fashion.

Ausubel suggested the use of advance organizers to identify relevant content already existing
in cognitive structure, and to indicate its relevance and their own relevance for the pew learning

material.
Purpose

The purpose of the study was to investigate context as a variable in intelliectual skill learning. It was
argued from Ausubel’s theory that, if the learning of a hierarchy of intellectual skills otcurred in a
context of meaningful verbal information about a relevant anchoring idea, then: {(a) it would be possible
for students to relate the learning of the elements in the hierarchy to the anchoring idea, thus facilita~
ting meaningful learning; (b} the context could possibly provide retrieval cues which may be necessary

for the reinstatement of previously learned subordinate skills; (c) lateral transfer should be improved
because it is more likely that the skills would be learned in a meaningful rather than a mechanical way;
{d) retenticn would be improved in the manner described by Ausubel (1968). It was also argued that the use

of such a context would be of most benefit to students low on prior knowledge.

There was also interest in investigating the effect of certain types of verbal instructions on
the learning, retention and transfer of a skill hierarchy. Gagné’(l962) hag identified four main functions
to be served by instructions in a learning hierarchy. These are: {a) infornming the learner of the nature
of the performance to be learned, {b) helping the learner identify appropriate compoﬁents of the stimulus
situation (e.g., new symbols and terms), (c) establishing high recallability of the elements in the hier-
archy, and {d) providing guidancé te thinking. Therefore, it was planned to investigate three different
contexts: Isolated Elements, in which the elements of a valid learning hierarchy were taught in isolation,
Verbal Instructions, in which the types of verbal instruction specified by Gagné/w3re provided, and
Anchoring Idea , in which the elements of the hierérchy ware taught in relation to a relevant anchoring

idea.

Methed

Research design

one hundred and eighty eight students from six Year 10 classes, one from each of six schools, took part

in the experiment. The schocls were selected at random from coeducational high schools in the Melbourne
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metropolitan area.

A factorial design, allowing investigation of the interaction between the three context treat-
ment.s and a continucous variable, Relevant Prior Ability, was used. The design involved the administration
of short term and long term criterion measures, following intervals of two days and seven weeks respectively
after learning programs were completed. Within sach of the six Year 10 classes, subjects were allocated at
random to the three treatment groups, with the restriction that, as far as the total numbers in the class
would allow, there were egual numbers of subiects in each of the treatment groups. Because the major
interest in the study centred on testing certain specific predictions and investigating specific questions
arising from relevant theory, the technique of planned comparison (Hays, 1963) was used. The two compari=-

sons planned for the three levels of context treatment were:

Comparison 1: /A%I - %(/UEI + /MEE) and Comparison szﬁ&VI - M

A power of 0.95 was desired in testing these comparisons, when o< was set at 0.05. The sample size required

for such a power was estimated using the procedure described by Cohen (1969).

Materials

A previously validated learning hierarchy in electrical science (Beeson, 1877} was used in the study. This
complex hierarchy contained 20 elements, 14 of which were intellectual skills, and six of which consisted
of verbal information. The final task of the hierarchy concerned the determination of quantities in

electric circuits (Figure 1}.

Three learning programs were prepared to teach the hierarchy, one for each of the three

context treatments. All programs contained exactly similar practice examples for each of the elements in

{f. Finds P.0¥, renistonce vt rurrent; J

circuits with two resisiapce Cuppuiepis

1I. Finds P.0., resistiace, of gurrent;
civenitrs with one reaslstance componen

(1L, Finds P.D., FU. Taene ries]  [Xi17. Toentifics | XV, Beduces PO,
resisGince, or gurrent peter that meter that aiven PO,
from written data, measeres PO, DEABUrLE Curkent, - - =
_,.»f"""// ’ y ,.—«*“"M
M———‘—‘"’"M

e . - .. TP, e ey s s B T e .
t,rl\-’. Tdunr if Vi, : X, Substitube: X Thent ST T Tenc U s KNIV, Suberoe
Amperd as uni:{ obm as unit equat fon of information in vole as unic volt #5 unie of ond iesber
of corrent. J of reslstanes furm a ® be. wquations of of patencial c‘sﬁf. . _ _f"_‘ﬂ j".ffiliil
T e form g = Bo. '
VIT, “Miteipiies] {¥IET. Divides 2
ane numbae by nunber by an
anonther. . polnt, given
T furrent at
annther peint.
SO TR
* 7.0, = Potential Gifference BN v (7 See s
clectric battery i
clrouits. suppl:es i
y - COUTRY - 4
e
dot indicatesg .
verhal “~thick line indicates -
infornation . element contains two XIX. Tdencifiex
elenynt or more divistions cireule
ayibols.
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the hierarchy, together with feedback as to the correct answer. The number of practice examples ranged from
one straightforward example.(for the simplest elements) to four complex problems {(for the most complex
skills}. In the Isolated Elements program the use of verbal instructions was kept to a minimum without
obviously hindering learning. The instructions included were designed to inform the learner of the perform-
ance expected, and to identify new terms and symbols. In the Verbal Instructions program, instructions for
the four purposes identified by Gaqné’(1962) were included in the teaching of each element., That is, in
addition to those included in the Isclated Elements program, there were instructions designed to stimulate

the recall of relevant subordinate elements, and to guide the direction of thinking.

The Anchoring Idea program began with a threeﬂpage advance organizer which was designed
to relate electric circuits to water circuits in which water is driven through a series of pipes by a pump.
The approach used by Rogers (1960) was adapted for this purpose, There were six short guestions for students
to answer at the end of the advance organizer. The guestions served to encourage students to read the
organizer carefully. Throughout the Anchoring Idea program, wherever appropriate an attempt was made to
relate the learning of an element te the anchoring idea of a water circuit described in the advance
organizer. There were also four short organizers presented at convenient places in the programs. Each of
these organizers was designed to provide an overview of the sections of work which followed and, where
appropriate, to relate the new knowledge in these sections to the anchoring idea. The learning programs
were printed on A4 paper and made into booklets containing 31, 32,‘and 41 pages respectively. The intreduc-
tory page of each program presented an outline of the importance of electric circuits in everyday life, a
brief statement of the lsarning objectives of the program, and directions for using the program. The three
learning programs were trialled with a group of 30 Year © and 15 Ysar 10 students prior to the commencement

of the experiment. Some modifications wers made to the programs in the light of the results of this trial.

Seven tests were prepared, including one measure of an independent variable, and six
criterion measures. In order to test the prediction that the Anchoring Idea treatment would be of greatest
benefit to learners low on prior knowledge, a test of such prior knowledge was reguired. It was decided
that the considerable time needed for such a procedure was not warranted in the present experiment, as the
relation between context treatment and prior knowledge was not the maijor focus of attention. Instead a
test of "relevant prior abilities" was adapted from an already existing test for which appropriate

performance data were avallable.

Relevant prior abilities were defined as those pricr abilities judged to be necessary
for the learning of the electrical science hierarchy. It was argued that there would be a high correlation
between scores on tests of relevant pricr abilities and prior knowledge, and that a test of relevant prior
apbilities could therefore be used to a reasonably good approximation as a measure of prior knowleage. A
test was developed by selecting appropriate items from a Commonwealth Secondary Scholarship Examination
paper (A.C.E.R., 1967) which had been used by Year 10 students throughout Victoria. The test of relevant
prior abilities consisted of 17 items, none cf them concerned with electricity. Fourteen of the items
were multiple-cholce, while the remaining three required subjects to supply an answer following a calcula-
tion,

Three pairs of criterion measures were developed. These consisted of tests of lateral
transfer, achlevement of final task, and achievement of subordinate elements, to be used as either short

term or long term measures. It was assumed thal the transfer tests would provide measures of the
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meaningfulness of the new knowledge that had been learned. In the short term transfer test, three different
types of transfer were tested, ranging from near to far transfer. In the long term transfer test only items
testing far transfer were included. As far as possible within the limitations of the question types used,

questions were constructed using Anderson's {1972) guidelines for constructing tests of comprehension.

The short term test of achievement of the:final task contained three problem guestions
parallel to those used in teaching the final task and three problem guestions which had slightly different
formats and types of circuit diagrams. The last three guestions represented an attempt to Lést the
possession of the final task of the hierarchy in a slightly more general way than the first three, but
without involving significant amounts of lateral transfer. The long term test of achievement of final task
consisted of three problem questicns parallel to those used in teaching the final task. The tests of sub-
ordinate elements each contained one guestion for each element in the hierarchy, starting with element II
and working down the hierarchy to the lowest element, XIX. This seguence was chosen to avoid the possibili-
ty of students re~learning elements through testing of their prerequisites. The tests were produced on

A4 paper and, except for the test of relevant prior abilities, were trialled prior te the experiment.

Procedure

The whole of the experiment was conducted in periods normally timetabled for science in each school, MNo
special program was developed to accommodate the experiment. This meant that some flexibility was needed
in the timing of the experimental sequence. None of the six Year 10 classes selected had studied electric
circuits previously during the year of the experiment, and none had done more than very rudimentary work on

alectric clrcuits during the previous year.

The test of relevant prior abilities was administered by each class teachez, following
written directions, between three and fourteen days in advance of the administration of the learning
programs. All other materials ware administered by the experimenter, whe first gave a short introduction
in order to teach (or yevisa) basic concepts needed or thought to be helpful for the effective use of the
learning program. Electriq charge was explained and demonstrated using & plastic rod and a piece of fur.
Conductors and non-conductors were explained briefly, but reference to any idea of an electric curxent
consisting of motion of electric charge was avoided. Various pieces of apparatus to be referred to in the
learning programs were demonstrated. These were: cell, battery, copper wire, coil, meters, electro-magnet,
electric bell, resistance wire, electric buzzer, electric motor, switch, and light gleobe. ‘Their operation

was not demonstrated. For many students some of this represented revision rather than néw learning.

Following this introduction in each class, the students worked indepgndently through
their learning programs during two or three périods on successive days until the work was completed.
Booklets were collected at the end of each learning session. In order to minimize the effects of rote
learning on the criterion measures, an interval of approximately two days following completion of the learn-
ing gfogram was allowed before the short term transfer test was administered, followed by the test of
achievement of final task. The test of achievement of subordinate elements was administered last so that
recall which it may stimulate would not influence performance on the other two tests. The long term tests
were administered in each class after a period of 6-8 waeks, and in the same sequence as the short term

tests.
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Results
Short term tests

One hundred and sixty-two students completed the learning program and at least one of the post tests.
Rasults of the transfer test for the three treatment groups are shown in Table I, together with the results

of the test of relevant prior abilities.

Table I: Results of Short Term Transfer Test and Test of Relevant Prior Abilities

Context Isolated Elements verbal Instructions Anchoring Idea
Test maan s.d. mean s.d. mean 5.4,
Relevanit Prior 15.0 6.0 15.0 5.7 17.3 6.7
Abilities®

b
Transfer 22.6 14.8 21.4 11.5 30.8 14.8
a maximum possible score = 34 b maximum possible score = 69

For this and subsequent sets of results the data from criterion tests were analysed by multiple regre-
sion technigues following the general procedure recommended by Kerlinger and Pedhazur (1%873) for fac-
torial experiments involving both categorical and continuous variables. No significant effects of
gquadratic trend or linear interaction were observed. However, as expected, the contribution of rele-
vapt prior abilities to the result on the transfer test was significant, F (1,146) = 50.30, p £ 0001,
23 per cent of variance explained. When the first orthogonal comparison was made ﬁ/“hI'%&/LVI+/kEE))
a difference in the direction predicted emerged. Students in the Anchoring Idea group performed
baetter than those in the other two groups, F(1,146) = 8.51, p & .005 {one-tailed test), 4% of variance
explained. On the other hand, results of the second orthogonal comparison (/uvx—/ﬁEE} showed no
significant difference in performance of the Verpal Instruction and Isolated Elements groups,

F{1,146) <& 1, 0.1% of variance explained.

The transfer test was divided into three subtests, representing the three different
levels of transfer involved, and the results re-analysed. The results were generally consistent with
predictions: the Anchoring Idea treatment had the great influence on far transfer tasks, accounting
for 9% of the variance in the test results, a smaller effect on intermediate transfer, and a non-
significant effect on near transfer. There were no differences on any of the three subtests between
the Verbal Instruction and Isoléted Elements groups. Means and standard deviations for the three
treatment groups on the short term test of achievement of the final task of the hierarchy are

presented in Table 2. Bs was the case for the transfer test, there were no effects of guadratic

Table 2: Results of Short Term Test of Achlevement of Final Task

Context Isolated Elements Verbal Instructions Anchoring Idea
meana s.d. mean s.4. mean s.d.
19.8 11.9 16.1 - 11.1 22.6 15.3

a maximum possible score = 45
trend, or linear interaction, and relevant prior ability accounted for the major part of the explained
variance, #{1,144) = 46.97, p £ .000%1, 23.5% of variance explained., The results of the orthogonal

comparisons showed that none of the experimental treatments had a significant effect on the test
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scores (Comparison 1: F{(1,344} = 1,13, p = .14 (one-tailed test), 0.6% of variance explained; Comparison 2:
F{l,144) = 2.55, p = .11, 1.3% of variance explained. ‘The short term achievement test was divided into two
subtests, representing the two different types of questions asked, and the results re-analysed. The pre-
dicted superiority of the Anchoring Idea students on these tests was not confirmed by these analyses,
although the difference between the Anchoring Idea group and the other groups fell just short of signifi-
cance for the second subtest F(1,144) = 2.11, p = .073 (one-tailed test), 1.1% of variance explained.

A superiority of the Isolated Elements group over the Verbal Instructions group was observed as a result of

the application of Comparison 2 to the first subtest, F(1,144) = 4.68, p = .03, 2.5% of variance explained.

Results of the three treatment groups on the short term test of subcrdinate skills in the

hierarchy are shown in Table 3. As found in the earliey analyses, no significance could be attributed to

Table 3: Results of Short Term Test of Subordinate Skills

Isolated Elements verbal Instructions " Anchoring Idea
Context o

mean s.d. mean g.d. mean s.4d.

30.5 7.7 25.2 9.0 31.8 8.2

a maximum possible score = 40

guadratic trend or linear interaction. As predioteé, there was no significant difference between the
Anchoring Idea group and the other two groups (F{1,139) = 3.26, p = .07 (one-tailed test), 1.6% of variance
explained}, although the difference approached the chosen significance level largely as a result of the
influence of the low scores of the Verbal Instruction group. This latter group scored significantly lower

than did the Isolated Blements group, F{1,139) = 13.19, p «£.001, 6.3% of variance explained.

Long term tests
The total number of students completing one or more long term tests having already completed the relevant

short term tests was 138. The results obtained from each test are shown in Table 4, together with the

Table 4: - Analysis of Results From Long Term Tests

Results
Test Analyses
Content mean . s.d.
Isolated elements 12.3 6.5 Comparison 1: F{1,125}<1
Transfera Verbal instructions 11.6 5,0 Comparison 2: F{l,i25)<1
Anchoring Idea 13.0 5.6
: d
Isclated elements 2.8 6.1 Comparigson 1: (F(1,122)=5.86, p<£ .01,
. 3.7% variance explained
Final Verbal instructions 7.9 6.0
task ’ : ' Comparison 2: ¥(1,122) = 3,00, p = .08,
Anchoring Tdea 12.4 5.9 1.9% variance explained
Isclated elements 27.5 7.3 Comparison 1: F(1,124)L1
in- Verb i L ong . .
Subardizte erbal instructions 25.8 7.5 Comparison 2: F(1,124) = 1.10, p> .05,
elements Anchoring idea 29.0 6.6 0.8% variance explained
a maximum possible score = 28
b maximum possible score = 21
¢ maximum possible score = 37

& one-tailed test
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results of the applications of the two planned comparisons in each ¢ase., There are two features of particu-
lar interest in the results of the long term transfer test. Firstly, it was found that the group of varila-
bles representing quadratic trend accounted for nearly seven per cent of the variance in the test scores,
although the trend was not statistically significant, ¥F{6,112}) = 1.86, p = .09. A problem here is that the
power of the test is low. Therefore some doubt must remain about the existence of a guadratic trend in
these results. Secondly, there were no effects of context on long term transfer. The marked superiority

of the Anchoring Idea treatment in the short term transfer test did not persist after 6-8 weeks, Apart from

these two features, the pattern of results is similar to that of the short term transfer test.

The particular point of interest in the results of the long term test of retention of
final task is the superiority of the Anchoring Idea group. This superiority was predicted for both short
and lony term tests of the final task, but was ﬁot found to be present in the short term test. 1In the long
term test, the difference between the Isolated Elements group and the Verbal Instructions group fell just
short of significance; in the first subtest of the shori term test of final task, which the long term test
resembled, the difference was a significant one. Consistent with prediction there were no effects of con-

text on the results of the long term test of retention of subordinate elements.

Discussion

The main focus of attention in this study was the prediction that, when students learned a hierarchy of
intellectual skills in the context of an anchoring idea, more meaningful learning would result as demonstra-
ted by superior performance on a test of lateral transfer. This prediction was supported by the data.
Moreover, the superiority was greatest for far transfer and least for near transfer. Thesa findings are

consistent with Ausubel's theory of learning.

Another important prediction was that achievement of the final task of the hierarchy
would be enhanced by the use of the context invelving the anchoring idea. This prediction was not supported
when achievement of the final task was measured approximately two days after completion of instruction.

Only when the students were required to apply thelr mewly-ascquired knowledge to novel situations did the

anchoring idea context show its superiority. On the other hand, students who used the anchoring idea con-
text did perform better than other students on a test of retention of final task given after approximately
seven weeks. This Jdifference between the results of short and long term tests can be explained in terms of

the degree of meaningfulness of the learning which cccurred under the various context treatments.

The superiority of the anchoring iéea treatment on the short term test of lateral transfer
did not persist after seven weeks; This is rather surprising in view of the nature of the results for the
long term test of final task, referred to above, and the fact that the level of the scores for anchoring
idea context on the corresponding short term and long term transfer tests was wmaintained over the seven-week
retenticon interval. Perhaps verpbal instyructions and isclated elements student benefited more than anchoring
idea students from the fact that the gquestions on the long term transfer test were parallel to those used
on the short term test and therefore were not entirely new problems to be solved., The former students may

have performed less well had completely novel situations been used in the long texrm test of lateral transfer.

The absence of an observed facilitating effect of anchoring idea context on the test of






