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Abstr&ct

» . - P

This study invesgigated whether a meaningful instructional context

7 .

and practice variety would increase rule retention by activating a broad
assimilative learning set.  One hundred high school students (61 female

and 39 male) participated, and the design/was,a 2X3 completely randomized

o L . // . -
context, rule. The practice variety factor had three fixed levels:
o 5 .
s : R . .

broad-, narrow-, and no-practice. Students learned computer programming

rules from either a cvontext or rule booklet on day one of the experiment.

Students in the broad and narrow practice groups received either a broad

Or narvrow practice booklét consisting of 10 practice instances with
feedback on day two, and all students took.a posttest’ 11 days after
initial learning. An analysis of variance on retention scores found the
broad practice and narrow. practice groups scoring significantly higher
(p<.01) than the no practice groups. No significant ﬁaiﬁ effect of
instructional context was found. This study concluded that inquisitory

practice instances during initial learning facilitates rule retention.

11 context. factor had two fixed levels:
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Effect of a Meaﬁingful Context and

Practice Variety on Rule Retention
% Two research reviews (Davis, 1966; Sterrett & Davis, 1954) repbrted
that 50-80% of the imitial amount of classroom learning is forgotten

over time. One type of learning outcome that makes up much of school

learning is rules (Gagnel 1970; Merrill & Boutwell, 1973). Layton

(1932) reported that the mean rule retention test score after twelvé
months was only one-third of the mean test score at the end of an‘alge~
bra course. The present study investigated the effects of two instruc-
tional events on rule retention.

Meaningful léarning occurs when preexisting knowledge in memory is
activated by and integratéd with new learning.material (Ausubel,‘l96é;
Mayer, 1975b). Ausubel describes learning material as being potentiall&
meaningfui if the component elements of the material are easily encoded
into a network of related and stable ideas in memory. Much evidence
indicafes the superiorvretention of meaningful learning ovef rote leérn~
ing of information (Ausubel, 1968). Studies investigating the effect of
instructional context on the learniné and retention of rules have not
dcﬁonstrated tﬁe effectiveness of a méaningful contextv(Hannum, 1973;
Mayer, 1975a, 1976). Tﬁese studies represent a variety of operéﬁional
definitions of meaningful context. In teaching subjecté.computer program-
ming rules, Mayer (1975a, 1976) def%ned a ﬁéaningful'conﬁext by includ-
ing éither a(n): (a) expository computér program e#ample, (b) flowchart

with program statements, (c) diagram model of a computer expressed in
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familiar terms, or (d) concrete, manipulable model of the computer,

before~-the rule text which referred back to the partiéular meaningful
context. None of the four methéds‘facilitated the learning of pro- .
gramming skills. The coucrete and diagram médel groups excelled on
interpretation aﬁd transfer test items, whereas groups not reéeiving a
model excelled on wfiting programs similar to those in the text. In
teaching subjects three electricity rules, Hannum (1973)_operationqlly
defined a meaningful context by relating examples in the text to a
t~miliar practical application of each rule.A Thé meaningful context
condition in that studyv did not f-cilitate rule fetention.

For rule learning to occur, Gagne’(l977) expiains that the éem—

ponent concepts of -a new rule be accessible in memory, and therefore, he

suggests stimulating the recall of component concepts of the rule imme-

diately followed by a presentation of the rule statement. However, if

the component concepts of the ruie are not available in memory, it may

i N -. 3 . - ‘
be necessary for :he instructional materials to present a set of propo-

sitions tihat link th~ component concepts of the rule to ideas that are

available In mewory, thus providihg a meaningful context for the new

rule.

It was proposed in this study tﬁat meaningful instructional‘mater—
ial for rule learning would contain labels of domain and range concepts
(Scandura, 1972) accessible in memory. If, however, concepﬂ labels in
‘the rule stagement are not accessible in the learner's memory, then the
instructional material must provide a set of propositions that relate
the new rule to the learner's cognitive structure. The instructional

design technique used in this experiment to operationalize the
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meanfhgfullcontéxt condi.ion was to: (a) list the concepts iﬁothe rule
statementsﬂthat may he sew and unfamiliar to the students; (b) for each
concepﬁ dete;mira i set of familiar concepts that will be used to
introduce ana link the new concepts; (65 prepare an introdpctary passage
thét relates thg new terms in the rule statement to the familiar eon—

ceprs and place the passage immediately preceding the rule instruction;

and (d) immediately preceding a rule - statement-—that includes-any of the——._.

new terms, place a set of propositions that stimulate the recall of the

new terms as they were related to the fémiliar concepts in the intro-
ductory passage.

if coghitive structure is a netwofk of interréldtea‘idgas (Ausubel,
1968), then the broader'énd more stable the learning set is during
initial leafning, the more likely.the learner will locate and retrieve
the necessary information about thé ruie so aé to effegt-correct rule -
governed behavior. An instructional-event that ﬁay broadén the assim-
llative learning set is to prov;de a variety of practice instances. An
implication of ;he iﬁfﬁrmation ﬁgocessing theory of learning (Atkinson &
Shriffrin, 1968; Shriffrin & Atkinson, 1969) is thac practice instances
should fac111tatg rule retention by enabling the learner to.rehgarqe
informatipn about the rule in short—term memory,. thus allowing the»long—
termxmemqry.storage andﬂretfieval processespto occur. Klein (1975)
found thaﬁ practice instanéés during initial learﬁiﬁg are effective for-
rule retention, whereas Gibson (1969) fouud that a vériepy ofipractiéc |

instances immediately after initial learning fo a criterion is not

cffective for rule retenticn. Tt may be that the assimilative learning

@)
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set is established during initial learning and that variation in practice
instances may only be an important variable for rule retention if placed
N 4duringdinitial learning. The instructional design technique used in
thislexberiment to operationalize the broad and narrow practice condi-
tions was to: (a) list the content—relevant»concepts comprising the
rule statements; (b) for each concept, list the irrelevant:dimensions;
(c) determiﬁe the scope of the irrelevant dimenSions; and (d) generate
. "~ “'rule instances which R}Efiéa”'ii?é—iﬁy or narrowly along the scope of the |
irrelevant dimensions of the cbncépts that qodprise the rule statements.
The purposc of this study was to»inve;tigate thether two instruc-
tional events during initial learning would increase rule accessibility
Ey activating a broad assimilative learning set. More specificaliy,
this study investigated the following quesﬁiqns:
1.” Does almeaningful instructionai context or a variety of
. [V
practice instances enhance rule retegtion?
) 2. Doés variation in the scope of rule instances during practice
haveldifferent.effects on rule retentién under different conditions of
instructional context? |

&,

. P Q Method

Subjects and Experimental Design
Participants in this experimen’ were 154 students in six different

match classes at Leon High School in T.1l4thassee, Florida. One of six

experimental treatments was randoi:ly asszigned to each student. Fifty-

Q . _ | ' | 7
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four students were later eliminated from the study. O0f these, six stu-

dents indicated previous experience with the experimental learning task
. -
on a preexperimental questionnaire and the remaining 48 students were

’

absent ecither for the second experimental session or for the retention
test. One hundred students completéd participation in the experiment.

Sixty-one were female and 39 were wale. ' .

-

The experimental design was d'completely randomized factorial
design. The first factor (iﬁétructiQnal"bﬁntext) had two fixed levels

which were context and rule. The second factor (practice variety).had

three fixed levels which were broad practice (BP), narrow practice (NP),

-

and no practice (0P). The six experimental treatment groups are repre-

sented in Figure 1.

Insert Figure 1 about Fhere

Instructional Materials

A simplified version of the BASIC computer programming language was
taught ﬁo the studenté. The objective of the instruction was teo have
students write d simple computér program .representing the computer
solution to a given preblem statement. All instruction was presented in
printed booklets. A total of four instructional booklets wcfc developed
with two booklets (context and rule) representing the instructional
context variable, and two booklets (broad practice and narrow practice)

répresenting the practice variety variable. The context and rule booklets

CL
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presented the-'same rule statement and example for each’ of seven progran

coding rules (INPUT, OUTPUT, arithmetic, data transfer, GOTO, IF, END)

P Lo . . . ~
-and for each of four program syntax rules (arithmecic and relational

expressions, program format, execution sequence). For every rule a rule

statement was presenteq/€;;st followed by an expository instance of the

rule with a written explanation of how the instance represents an appli-

cation of that rule.
< .

The rule booklet presented:a brief .introduction stating the in-

- -
' v

structional objective oF-the learning matdrial and informing the stu-

A ) _ .
dents that they were to be tested over the material one week later.

»

Next-was a presentation c¢f the 11 programming rules and expository
. . A
instances. At the end of ‘the booklet a problem statement was presented

with 1 ilisting of a complete computer program representing a computer
solution to the problem statement.

~The context booklet included the same instruction as the rule book-

-

lat except for the following two additions.

b

1. A context section was placed between the introduction and

presentation of the first rule. This instruction coverzd the topics of:
(a)wéqpputer definition and characteristics, (b) five operationai parts
of a computer, and (c) computer program concept. The information pre- .
seﬁted in this section reiated ﬁerms in the rule statements to concepts
with which the students would be familiar. Some of the rule statement
terms were: data, program, statement, address labél, memory unit,

input, input card, store. output, arithmetic and relational opérations,

data transfer, execute, and execution sequence.

‘0
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. o 2! Immedfafély preceding a rule statement -that .ac'uded apy of
o, . b ) - .

.- . A . : . . . s .
the’ above terms, there was a set of propositions thi: stimulated the

' T
recall of those terms as they were related to the rfamiliar concepts. .

o

The narrow practice booklet contained i:p problems requiring the
students in the narrow practice groups to write programs. The booklet. |,
was «formatted wi;h'cne or -two-problem st:tements printed on the front -

[y . » - .

. R _
side of a page with space below each problem for the student's response.
. : s

s On the back of a page there was a correct program listing :with feedback

.

information'ihd;cating the correct application of the rules legined in

the rule or confext booklet. All ten problem'sta:eménts reguired a .

[ ~ .. A

- linear or bfanqhed, nonloéping program and the prcblems were all similar.

~ ®
. .

The “broad practice booklet contained ten problems different from

those in the narrow practice booklet. The problems ia the narrow

practice bookiet were of narrow scope, whereas the broad practiﬁe,pro—
blem; vafied broadly from-each other alﬁng the folloﬁiﬁg-aimensions:
(a) the type and amount of input/output data and arithmetic/relational
operations, (b) thé.type of Spération elements, and (c) the type and
length of the program. ' The booklet format désc:ibed above for the
narrow practicevbooklet was the same for the broad practice booklet.
Also, each pfoblem of the broad practice booklet required a linear Sr
. branched, ponlooping'program.
| 0.
Measures
A test booklet measuring éhe dependent variable of rule retenticn

consisted of 10 problems requiring the students to write a linear or

branched, nonlooping program. Two problem statements were placed on a

ERIC » - IR L
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page with blank space below a problem for the student's answer. No

feedback was provided irn t: test booklet. A retention test score was
calculated for-.each ST uLhoincicating the total number of rules mastered
.on the retention te:t. A sule was mastered when the. total number of

e

‘appropriate rule aprlications minus the total number of inappropriate -

rule applications was at least 85% of the total number of times the rule
had to be applied for the 10 problems. An appropriate applicaiion of a

rule was defined as a correct application of the rule to the appropriate

stimulus situation. An inappropriate application of a rule was defined

as a correct or incorrect application of the rule to an inappropriate

stimulus situation. Zach test problem required none, one, or more than

one application of each rule. For éxample, the INPUT rule had to be
applied a total of 22 times on the retention test. For a student ;o.
demonst;ate mastery.of this rule, the total number of appropriate applicq—
tions minus the number of inappropriate applications had‘to be at least
19. Thp'retentionitest required the application of nine of the 11 rules
taught in the instructional booklets, and therefore tge"bossible range “
of scores on the retention test was 0-9. ’

| A preexperimental questionnaire asking aboutjtﬁe studeht's previous
exper}gnce with‘computer programming, and an Algebra test consisting of
six élgebra'problems were developed.f The Algebra rést was used to
determine the equality of treatment groups. The total correct score

calculated for each student on .the Algebra test was the sum of correct

item responses on the test. Each item was scored as either correct or

“

) - L4 . —~—
incorrect, and the possible range of tust scores was 0-6. :

L
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Instructional time was anot™er dependent -variable measured. In-
structional time was defined as the total number of minutes each student
took ‘to finish the instructional booklet(s) received in the experimental

sessions. The instructional time for the four pfactice groups that

received tuc booklets was the sum of time spent on both bgoklets.

Fxperimental Procedure
The experiment was conducted during regular class periods on three
e SUCCES STVe school days. During the first two days (Thursday and Friday)
]

the students received the instructional booklets. The students then

commenced a one week vacation, and received the test booklet on the
Yonday of their return. The retention interval was the number of days

between the first and third sessions (11 davs).

During session one the students first responded to the preeiperi-

mental questionnaire and Algebra test. When all students were finished
. -

with both parts, the form was collected and then each student received

—
either a rule or context booklet according to which treatment group’ the
£ .

student had been fandomly assigned. Students were told that there were

three sessions to the experiment and that students wo%%d Le getting . e

S

different instructional booklets. Students were directed fo write the

beginning and completion time on the booklet and to raise their hands -

’

. 'hhenathey finished studying the booklet so it could be collected by the

.proctor.. When the booklet was collected, the student was given a set of

mithematical puzzles (unrelated to gomputer programming) to solve while

others finished the treatment. l

P | ' | - : , | .. |
El{l‘c . y/ _ . _1137 . .
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On the next day of the ekperiment (session two) SCudenté received
either a broad or narrow ﬁractice booklet or a set of‘maﬁhematical
puzzles according to which treatment group had been fandomly assigﬁéd.
Students were @rected to write the beginning and completion time on the

booklet and to rlise their hands when thay finished‘;he_booklet so it

student was given unrelated mathematical puzzles to solve.

erhe test was administered 11 days followiﬂg initial learning (ses-
sion three). Students wére\directed to raise their hands when they
finished the booklet, so that the proctor couid‘collect it. Early
f?nishers again were given'mathematiéél puzzles toﬁwork on until all the

students completed the test.

. Results

& - . '

Equalityv of Groups

Because a large number of. students were eliminated from the orig-

’

inal sample, an analyais was conducted to determine the equality of

students between treatment groups. A one-way analysis of variance was

P . _—

]
conducted on the-Algebra tédst scores for the six treatment groups. A

test of thne hypothesis yielded “an F less than one.

Retention Test Score.

¢

Retention test analysis incljggd computation of the Kuder Richard-

son formula 20 (KR-20) fqr‘thé'nine retention test iteﬁs (rules). The

. .
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KR-290 reliability coefficient for the test scores was .86. An inter—
scorer reliability coefficient obtained from the Pearson product moment
correlation between the experimentér's test scores .and an independent
person's test scores was ;98. To determine the effect of the indepen-

dent variables (instructicnal context and practice variety) on the

O

ERIC
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retention test scéfes, an‘analysig‘gguvariance was cénducted. A two-way
factorial desigq with two levels of one factor (instructional context)
and three levels of the other factor (pra-zice variety) waé used for the
data analyéis.-‘The meanvscores and standard deviatjons for tke six

treatment groups are given in Table, 1.

°

Insert Table 1 about here

The treatment effeqt‘on the retention test séores resulted in a
sighificant F test, p<.01, presgnﬁed in Table 2. Results indicate that
there was a significant main efféct, p<.0l, for the practiée variety '
variable, but the instruciiovual context main effect was ndt stgnificant.
The results also show that the broad (BP) and narrow (N7} practice
groups.each scored significantly higher, p<.0l, than the no practice

)

g.roups.  The instructional concext by practice variety interaction was

not significant.

Insert Tablé 2 about here
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Instructional Time Score

{

To determine the effect of theé independent variables on the instruc-
tional time, an analysis of variance was conducted. A 2X3 factorial
design was used for the data analysis. The-mean scores (reported in

minutes) anc standard deviations are presented in Table 3 for the six

tregtment--£roupia i e e e e e e

Insert Table 3 about here.

>

The treatment effect on the instructional time variable resulted in
a éignificant F test, p<.0Lk, as shown in Table.-4. Both the instruc-
tional context and practice variety main effects were significant at the

2

.01 level. As expected, the context groups spent significantly, p<.0l1,

i “

-more time studying the instructional booklet than the. rule groups. Also

‘}.

—_

Insert Table 4 abdut here

the broad practice groups spent significantly, p<.0l, more instruc=
tional time than the narrow practice groups which took significantly

more time than the no practice groups. The instructional context by

practice variety interaction was not significant.

,..
R
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Discussion

Effect of Meaningful Context on Rule Retention

It was expectéd that a meaningful instructional context would
activate a stable-assimilative"léarning set to which the new rules could
be integrated in cognitive structure. A result of this study indicated
icant. 1In fact the rule groups scored higher on the retention test than
ﬁhe context groups, and took significantly. less instructional time.

_This result in addition to the research resulté of other stu’ies (Hannum,
1973; Mayer, l975a, l976)'lead to the conclusior that the facilitating
effect of a meaningful context on rule retention has not yet been
estabiished. )

It was proposed.in this studylthat meaningful instructional mater-
ial for rule leafning would have ruie scatemehts containing labels df
concepts accessible in memory. If, however, the conéept iabels are not
dcceséiblc, then aumeaﬁingful context would provide a set of proposi-
tions that relate the new rule to the learner's cognitive structure. A
possible explanation for why the meaningful context condition in this
study was not effective is_tha; the studgnts may have alreadv been |
familiar with the concept labels in the rule statements, and therefore,
the meaningful context provided no additional suppurt in learning theA

rules.

the mean difference between the context A.:. tale grovps was non-signif-
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‘Effect of the Amount and Variety of Practice Instances on Rule

" Retention

It was expected that providing the learner wi;h practice instances
with feedback would facilitate rule retention by causing the learner to
rehearse informatioﬁlabout the rule-in short-term memory, ﬁhus éliowing
the long-term memory storage and retrieval processes té occur. The )

results of this study showed that the mean retention test performance

for both types of practice groups (broad and unarrow) was significantly

. higher than the mean performance of the no pfactice groups. This result

supports the hypothesis that practice facilitates rule retention. This

conclusion aérees with Klein's (1975) stuay which also found practice
instances to be effective.

It was also expected that prgsenting a variéty of practice in-
stances during learning would further enhance rule retention by acti-
vating a broader lEarning set. The results of this study indicated that
the difference between the mean performance'scoréé of the broad and
narrow practice groups was noﬁ significant on the retention .test.

Gibson (1969) found similar results which suggest that broad variation
in the scope of practice instances does not facilitate rule retenti&n.
It may be that correct gencralizqtiOn of.the'concepts comé?ising'the
rule is a more critic#l condition for ;ﬁle regention than éxperiencing a
broad variety of rule instances.

Although the effectiveness of the meaningful- coutext and practice
variety variables on rule retention was not demonstrated in this study,

a-direct implication for ingtructional design is that the learners be

given opportunities to apply the rule. A constraint during the conduct

i
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of the study necessitaced the préctice booklets tune administered_oh
tﬁe secoﬁd day of the experiment. It may be that tge meaningful in-
structional congekt condition.is an importapﬁ factor only when it is
immediately followed by practice instances. Another important research

question asks what is the optimal numbe: of rules that should be taught

at one session, and what is the optimal amount of practice necessary for

provided the practice groups with 10 practice problems. Klein (1975)

found that three practice instances ephanced rule retention better than
one practice instance in a study that taught four rules. Tt may be that

as the number of rules being taught increases, the amount of practice

necessary to maintain a particular retention criterion must also increase.

The nature of this relationship .needs investigation.



_ o Rule'Retentiqn
¥ . . 17

References

Atkinson, R. C., & Shiffrin, R: M., Human memory: A proposed system and
its control processes. 1In K. W. Spence, & J. T. Spence {Eds.),

The psychology of -learning and motivation (Vol. 2). New York:

Academic Ppeés, 1968. - ' y
. : . ‘

Ausubel;—b—Pu Educationat-psychology: -A-cognitive view. - New York: * - -

Holt, Rinehart, & Winston, 1968.

Davis, ‘R. A. Learning in the schools. . Bélmont, California: Wadswofth

[

Publishing Company, 1966.

Gagné: R. M. The conditions of learning (3rd ed.). Ney York: HofE,
Rinehart, & Winston, 1977. ) |

Gibson; J. R.® Transfer effects of éractice variety in principle 1eagping{

. Unpublisned doctoral'disser:ation, Uniyefsity of Californiaé
Berkelex,'l969. | : |

Hannum, W. H¢ A study df,seléct fgctors influencing the retention of
rules.i ﬁnpublighed doctoral dissertatioﬁ,'Florida étate University,

1973.

Klein, J. W. Effect of degrece of learning on the.retention,of facts and
rules. Unpublished doctoral dissertation, Florida State Uﬁiversity,
1975.

Layton, E. T. The perSLStenLe of learnung-ln elementary alggbré;

The Journal of Fducational Psychology, 1937, ‘3 45-55.




Rule Retention
18

Mayer, R. E. Differeut problem-solving competencies established in
learning computer programming with and without meaningful models.

Journal of Eaucational Psychology, 1975, 67, 725-734. (a)

Maver, R. E. Informdtion Processing variables in learning to solve

problems. Review of Educational Research, 1975, 45, 525-541. (b)

Mayer, R. E. Some conditions of meaningful-learﬁing for computer

N 0programming;m,Advancemorganizerswandmsubjﬁct.controlaof"framgw_mw..mwwm"mm”_

order. Journal of Educational Psychology, 1976, 68, 143-150.

Merrill, M. D., & Boutwell, R. C. Instructional development: Methodology

and research. 7In F. N. Kerlinger (Ed.), Review of research in
edugggigg. Itaszo, Tllinois: Peacdck, 1973.

Scandura, J. M. What is a rule? ,Journal of Educationnz! Psychologv,

<

- 1972, 83, 179-185."
Shiffrin, R. M., & Atkinson, R. C. Storage and retrieval processes in -

*long-term memory. Psvchological Review, 1969, 76, 179-193.

Sterrett, M. D., & Davis, R. A. The permanence of school learning: A

revicw of studies. - Educational Administration and Supervision,

)

1954, 40, 449-460.

"



Rule Retention
19

Table 1 - N
v ’ Means dnd Standard Deviations of
_ “ [ Re.tentlon.,:jxe.s‘tscor_es. et e 4 s o erer e reen et e+« oo o
: g - Practicé Varietv
7 " Instructional Context .
: Broad Narrow No
Practice Practice Practice
y i ) Contexﬁ ’
7 . T M : . 4.8 3.0 2.0
. ‘_f .. SD (3.1) (2.1 (1.6)
! ’ R Ul e . ’ .- '.: ’ ¢ o
. M 5.0 4.9 - 1.7
) Sp . (3.0) (2.4) (1.5)
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Table 2
g F;
Analysis of Variagcc of
Source ' | SS | DF : . F
Treatment . 214.77 15 - _ 8.27%
..Instructional Context 7.73 . . .i 1.49
Prﬁctice varicty 169. 54 2 S 16.33*
Ho: BP=X? | © 12,06 v 2.32
Ho: BP=0P | 153.48 1 . 29.56%
.Ho: NP=0OP 74.89 B | 14, 42%
Instructional Context ¥ 23.47 ' 2 . 2.26
Practice Variety .
Error : , 489,09 T2 )
. . v
ﬁ)<.01‘
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Table 3
. i .
- T T Medns and Standard Deviationsof
""" Instructional Time
Practice Varietvy
Instructional Context.
Broad Narrow No
o Practice Practice Practice
Context . .
= M 49 .4 39.8 19.5
sh ' (8.1 (6.6) (5.1)
Rule e
M 43.6 31.7 14.6
SD (7.6) (8.2) (4.4)
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| Tabie 4 | &
Analysis of Variance of
Instfuctional Time
Source ' Ss - DF F
Treatment : 15627.01 5+ . _ 69.70%
Instructional Context  913.04 , 1 _ 20. 36%
Practice Variety . 15192.61 2. : 169.42%
L Ho: BP=NP - 1589.84 1 C35.46%
Ho: NP=0OP : " 5823.80 1 129.89*
instructional Context X &3.76. 2 * . 49
Practice Variety - ) e
Error - , 4214.75 94
%p < . 0L -
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