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Eftects ot the Memsrization of Rule Statements on
Performance, Retention, and Transfer in
A Computer-Bgsed Learning Task

Nelson J. Towie
The Fiorida State University

ABSTRACT

this study scught tﬁ. determine whether memor{zation_of rU!e
statements befé?ef du ing, cv ¢Fter irstruction in rule appiication
skilis wouid faxéi%taﬁe the a;quiﬁftjon and/or retention of rule-
" governed behavicy as compared o ns\ru&e,statement'memorizatioh, A
.CAI pfogfam'requfzed‘hfgh schoct students to learn to a pre-specified
criterion the éapiisat?cn!ﬁf"rive ABL ruTésn Althcugh rule statement

memorizatics prier ro vule sppiication instruction did facilitate
acquisitien ot rule-gaverned behivicr, no differences on a retention
test in rufe applicativn ckivls onuld be attributed to the memorization

- of rule statements.




INTRODUCTION
3 -
Much of the instruction presented in today's public school concerns

-

the acéuisition of what Gagné (1970) has called intetlectual skills. Probably
the most conmoh type of intellectual skill being Tearned in the schools is

) - .
the acquisition of principles or rufes. The learning and subsequent appli-
cation of rules enzbies ar individual to respond to a greaf variety of
situations in a regu ar and effective manner. When a student learns to apply
g ruie and his behavior becomes rule-governed, he may react;to situations
35 ¢lavses of situatinns rather than being reqdired to meet each situat:qn
| a3 Untgque. Rule-governed behzvior, then, is more efficient and effective
than behavior that woutd be requifed if there were no rules that génerafize
ts mre than one situstion.

Since -muich 0f schaoi-based Tearning involves the learning ard appli-
cation éf ypies, 11 iy imperabive that an instructional paradigm for the
Leacping and tearning 07 ryles be bbth efficient in the éhort—term view of
inrtrgttion, and efrective in the longer-term view.uf retenfion and appii-
cation cf iearned rules in transfer situations. Several instructionil |
psycho?ogfsts have offered instructional sequences thought to be effective
in the teaching of vules. Three of the better defined rule instruction
mode’s are presented below. |

Gagne (1970) suggests'that an instructional sequence for the learning
of rules should include the following <ieps:

'Step 1: Inform the learner about the form of the performance to be
expected when learning is completad.
Step 2: Question the learner in a way that requires the reinstatement

~ (recall) of the previously learned concepts that make up the rule.
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Step 3: Use verbal stalements {uues) that wil) lead the ‘ea-rer o
put the rule together %s a thain ¢f concepts, in the precer o der.
Steb 4: By means of a questicn, ask’the tearner tg demonst-ate one
or more concrete instaﬁ:e% ot the rute.

[ .
Step 5: (optional, but usefui for iater instructicn): By a zuitable

question, require the ieavner to make a verbal statement ot the
rule.

“Evans, Homme, and Giaser 11962}, in deveroping o sy~tem £+ the
construction cf programmed instruct-on seyuenzes for the iesrni.ag ¢f riies,
recemmend the fol1owing sequence: |

1) Present a_frahe which 'neiudes » verba' gvatement c¢f the ruie
being learned, a ccmp'ete examp e of the rule, and » rart:al
example of the rule wk* . “eguires 3 sespinse frum the srudert

2) Gradually withdraw st my'Us support With use of frames (rezent ng
the rufe statement and 3 pavtfa, exampié, Or 3 CTTRIERTE EXAmple
and a parffa‘ exampie, o 3 complete exampie and an (asempiete
rule étatement, each requiring a response frem the <tudent,

3) The instructional sequence should terminate whea the student can
deal effectively with a criterion testing situaticn in sociving an
example problem or stating the rule with minimum stimu?QS‘suppsrt\

4) When two or more rules are being presentgq, frames with iricomplete
rule statements and partial examples of each of the rules should
be used to help the student discriminate between the twe rules .

In a proposed model for adaptive ihstruction in rule teaching,
P. F. Merrill (1972) sUggesté that the basic strategy would consist of a

sequence of instructional frames that would employ a fadiﬁg technique.
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1) First, present a statement of the instructionai obgective, rule
statement, severai examples along with explanations of why they
are exampies of the rule (prompté), several partial examples
requiring an active student response, appropriate feedback con-
tingent on student responses, and prompts after the student made
the incorrect response.

2) Same as (1) with the exception of deleting the prompts for the
compiete exémpies end different partia? exampies.

3) Same as (2) except fér detetion of all prompts, objective state-
ment, and complete exampies.

4) Present complete example and severa! p;rtfal'examples wfth
accompanying feedback contingent on student retponses.
5) Present an examp1e; incompiete rule'statement, and contingent
| feedback. |
6) Presentation of incompiete rule statement with appropriate
feedback , ) |
7) Present sevefal pértiai examples aloné with‘féedback contingenf.
on student responses, | ‘
The P. F. Merrill model assumes that only the very low abijlity students
would need to proceed through every frame in the sequence. Most studants
would be able to skip some of théjféﬁihg frames, while very high ability
students might be abit to skip the highly prompted frames and some of
~ the féding frames:. | '
One of the esseﬁtia].distinctions that must be made in the discussion
" of rule learning is the one betweeﬁ a rulewas an inferred capability or |

intellectual ski1ll and the representation of a rule as a verbal statement
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(Gagné, 1970). Gagné further suggests that, while knowing the verbal state-
ment does not necessarily mean understanding the rule, it s thought ,equally
important tc reccgnize that verba: stétements usually enter im.c the process
of Tearning a new rule in a crucial way. ‘The verbal statement of the rule
comminicates and interrelates the concepts that the student must use or
learn ir order to apply the rule under -consideration correctly. Gagne
fuether suggests that, while knowing the verbal statemént dces not necessarily
mean understsnding the rule, it -3 thdught equg}ly important to recognize
that verbai statements usuaily enter into the brocess of fearnng a new rule
in a crucial way. The verbal statement of the rule comrmunicates and inters
retates the concepts that the student must use or learr *n order te épp]y
the vule under consideration correctly, Gagné pfopdses that a student may
learn ¢ ryte without learning the verbal statement of the;fuée. a'thouch
the himan adult cften Tearns boih, *n view.of the fict that the rile state-
ment. msy be used as a cue tc the Eeérning of the ruig. further, the learner
sy a'so be able to demonstrate the rule at some !atér time without being
able to verbalize the rule statement or to recali! it as a Qerba] statement.

| ' Each of the three rule instruction models pyesented above recommends
that a verbai statement of the rule being 1earned should be presented at
the beginning of the instructiona]ssequence. A reason for this procedure is
that presentation of the rule statément at the beginning reduces the risk
of the student "discovering" an incerrect rule. The verbal statement of
the rule also serves as a cue to learning of the new rule. ATl three models
also include the learning of the rule statement as an integral part of the

instructional sequence in teaching rule application skills
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fhough each of the'thfee medels includes a requirement for the stu-
cent to ]earn“the statement of the rule, this skill cannot be considered
as a demonstration of rule learning. Gagne proposes that being able to
repeat the rule statement from memory would allow the student to talk about
the rule on a later occasion:  P. F. Merrill suggests that the ability to -
state the rule verbally may serve as a valuable cue and/or memory aid for
subsequent application of the rule. Gagne would have the rule Statemenfs
learned at the end of a sequence of instruction rather than the beginning.
Bcth the P, F, Mervili and the Evans, et al. models integrate rule s;ate—
ment memoriéatioh within the :ule application instruction,

The learning cf ruie application skiils for a one-time application
1s obviously not ah abjective ot the education system for students. The
student must vetain and be able to apply the rule in transfer problem
solving situations to make the instruction worthwhile. Though generally
recognized as impertant, many researchers veport a lack of reﬁention in
school itearned subjects {e.g., Layton, 1932; Lahey, 194} ; Smeitz, 1956;
Pressey, Robinsen, & Horrocks, 1959).

Research in mathematics education and science education has ind%-
cated that intellectual skills such as prob]em-SOIVihg and rule-governed
behavior are more resistant to forgetting as compared with lower order
inteilectual skills and verbal information (Lahey, 1941; Layton, 1932;
White, as reported by Lahey, 1941; Gagné & Bassler, 1963)., Because fules
and principles are highly resistant to forgetting, the inability to
correctiy apply a rule at a time some distance from the or ginal ]gakning
can be attributed to ]atk'of retrieval of the correct rule rather than not

having stored the rule in memory (Bruner, 1961).
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That the problem of retrieval of information is as important as the
initial storage of that {nformation 1s further expounded by Tulving and
Pearlstone (1966). They have postulated that retention performance is
dependent upon both the degree. of availability (available in storage) and
the degree of accessibi¥ity (ease of retrieval) of the information required
in the retention task. Studies cited previously have shown that rules are
quite persiétent in memory. It-'could be assumed, then, that once a rQ]e has
been learned it has alsc beern <ti-ed “n memory and is available 16 memory
for use at some remote time. The retrieval of this rule for use in a
retention task is now dependent upan its accessibility, i.e., having the
proper cues present tb injtiate the systematic search necessary for its
retrieval. Tulving and Peari:tone conziude that accessibility in recall -
of previous:y lea:ned items iz & “.nction of having an appropriate method
to retrieve :tems that zre retsined.

P. F. Mefri!! (1972} sugyests that the abiiity to verbalize the
rule statement may serve as & usetul cue for application of the rule in a
retention task. The-present study attempted to determine the effect of
memorizing rule statements in an initial rule application instructional
sequence on retention of rule application skills. Also, the effects‘of
rule statement memorization on ihitia] rule application learning and on
transfer of the rule-application skills were investigafed‘ In addition,
the present study, assuming that memorizing rule statements will affect
performance of rule application ski11s, sought to determine the proper

placement of the memorization task within the instructional sequence.




RELATED RESEARCH

%he literature review is divided into three sections. The first
s a description of the-concepts-of "rule" and rule=governed behavior as-
. held by several leading educatfona]'psychclogists; The need is recognized
for commonly accepted definitions of rule and rule-governed behavior .
The second section is'a summary of the litcrature which investigates seve~al
rmpdftant‘varfables to be considered 1n the initia! learning of ruies. The
'nstryctional task used in *h s study was developed to promote initia]
tearning of the rules un the basis of these findings. The final sect-en
'S a summary ¢* the concepts of availability and accessibility in memory 0*

previously leavned information.

Rite and Rule-Governed Behavior

In a series of papers cuiminating in a thoroﬁgh 2xplication of his
thinking in this ares, Scandura (1972) depiores the lack of a commonly
- accepted definition as to just what rule-governed behavior is. Both
Scandura (1972) and Gagneé (1970) distinguish between behavior governed by
a learned rule from the rule itself, 'Gagné states that a'rile is not the
verbal statement that simply represents the rule but is an internal state
of the individual which governs.his behavior. Gagne defined a rule (con-
struct) as: |
| An‘inferred capability that enables the individuai to'respond to a

class of stimulus situations with a class of responses, the latter

being predictably related to the former by a class of relations
£1970, p. 191. .



Scandura proposes:

A rule may be defined as an ordered tripie (D, 0, R) where D refers

to the determining properties of the stimuli, and 0 tc the combining

operation or transfermation by which the derived properties (of the

responses, R) are devived fram the properties in D [1970, p. 5201.
This could be expressed as the mathematical function R = 0(D), where D is
the domain, 0 the function, and R the range. Based on his extensive work
in the concept-learning tieid, M. D. Mersil} defines a rule as:

A statement of relationship between two or more concept classes
(1971, p. 571.

P. F. Merrill uses computer-science terminology to define rule-governed
behavior as: |
The abiiity to perfoem a spec:i'ed operation on inputs from a
specified class of inputs 1o produce a specific output from a
class of ‘outputs: [1972, p. &Z1.

Cleariy each of these educationa! psycholcgists is describing the
same kind of behavior. Howeve-, there is a needa for clarifying the defi-
nition of ryle and Fu1e-gcverned behavior. It will be helpful to consider
three interre:ated concepts in ordev to more fully describe rule learning.
These are the rule statement, the rule, and rule-governed behavior. A
rule statement describes the procedure to be followed in performing a
specified operation on inputs from a specified class of inputs to produce
a specific output from a class of outputs. The rule is considered to be
the procedure or operation described by the rule statement. Fol1owiﬁg
this distinction, the cdmmon question "What is the rule?" should be stated
as FWhat is the rule statement?" as the rule itself cannot be verbalized.
The rule exists in the abstvact world and can only be inferred from the
rule statement oy by observing ruie-governed behavior. Ru]e-governéd

behavior is that behavior that wouid result from a student correctly

applying the rule.
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The ambiguous term "rule learning" may now be divided into two

appvopﬁiate1y descriptive terms: (1) léarning the rule statement wh:ch
v/efers to learning to verbalize the rule statement, and (2) acquisition

of fu!e-governed behavior which refers to the correct apeotication of the
rule. A student has learned a rule statement when he can verbalize a
statement containing (1) a description of all of the critical steps in
the vrule application procedure, {2) a description of the class of inputs,
énd (3) a description of the class of.outputs. This verbatized ctatement
rould be 1n the.same form'asilt:waS‘presented'tO‘the stydent 2v 1t could
be acceptable 1n a paraphrased form if it “ncluded the critical aspects of
the rule. For example, consider the APL function, +/. The rule statement
describing the functicn +/ is "1f V 15 a string of numbers, *'V (sum V)
. gtves the sum of the numbers." "An accgptable rule statement could be

"+/V means to add the numbers in the vector V togethev." Because both
ryle statements describe (1) tbe operatfon cr prosedure fadd, sum), (2}
the cfass of inputs (string of nuﬁbers, vectorj, and (3) the ctiss of out-
puts (sum), they would be equally acceptable as an :ndication that the
studént had learned the rule statement.

Rule-governed behavior may be demonstrated by using the rule to
respond correctly to a rule application situation which has neither been
previously analyzed nor seen analyzed by the learner, After a Student
learns the application 6f a rule, his subsequent behavior may be termed
rule-governed behévior. Considering again the APL function +/, a student
demonstrates rule-governed behavior if, when presented with the_prob]em

+/ 4 3 1, he responds "8". Scandura (1972) makes the point that a student
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may employ mcre than one rule to arrive at a correct response. Because
this question is not central to this study, though important, it was:
assumed that a student applied the rule in question 1? he responded
correctiy to two out of three‘ofﬁthe unsolved problems associated with
the rule. The response "8" probably would not logically be associated

with +/ 4 3 1 without the addition of 4+3+1.

The Learning of Rules

M. D. Mesrill and Boutwe:! (1972) have developed an interesting
task content-student behavior classification system for classifying cog-
nitive behavior. The first dimension, task content. refers to those charac-
teristics o+ a task 1dentify?ﬁg it as primarily a paired associate, coh-_
cept, principie (ru]e},'or problem task. The second dinénsicn--studentv
behavior--refers to'the overt acts & student performs and the conditicns
'unde? which these acts must be observed before they can be termed dis-
criminated recall, ciassification behavior, rule-using behavior, on'higher
order rule-using behavior; The boxes on the diagonal of Figure 1 are the
categories developed from Gagne's types of learning by M. D. Merrill (1971).
The other bokes indicate combinations of task content and student behavior.
In investigating the rule-using principle-content dimension categories, it
is interesting to note that, theoretica]ly, a student may use discriminated
recall behavior to solve a problem in a rule-applying situatiqg_ifvhe has
seen that problem previously.

The next step of the student behavior axis (classification) indi-
cates that when given an unencountered instance of a particular class;’
the student is able to indicate class membership. For instances of either

the stimulus set or response set principle or problem classification is




Problem 1

HIGHER ORDER o Solving
RULE USING °

s

7 Id
Analysis
. ' (rule learning)

P
. - -/ Component
_ RULE USING / / / Rule Using

s .
2 Rule Using
4 —
o ’,/’ /,/
Q .
&« // / ~ R_Sets and/or
= Classification D_Set and/or D Sets
= 7 fconcept . L€t
& CLASSIFICATION ‘ _ learning) | Yassification and/or

' .~ Instance ‘ ]

C]assificatii://4 C]Oge(?§1ogs
, : /// assification

Higher Rule

v

Discrete Memory Definition Rule

DISCRIMINATED | Discrimipation and/or and/or and/or
RECALL - Learning / Instance Solution ‘
‘Component Recall “Recall Recaii Solution
. //// % ////’ Recall
PAIRED CONCEPT PRINCIPLE PROBLEM
ASSOCIATE
' CONTENT DIMENSION
Figure 1. Two Dimensional Task Classification - - Behavior and Content

The diagonal(shaded boxes) are the categories included in the Gagne ~Herrill hierarchy
(Gagne” 1965, 1970; Merriil, 1971}. Parentheses are Gagne's terms. Underifned words
are su$gested terms used in the Merri]] Boutwell paper to classify tasks in both
dimensions simultaneously.

'Source: M. D. Merrill and R, C Boutwell. Instructional Deve1opment Methodology
and Research, Working Paper No. 33. Brigham Young University, 1972. .
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-frequenfly neg]ectéd in instructional programs. Students are often able
to usé a given operation once ‘a problem has peen'identiféed as a member
of the D set to which the operation applies. But ffequenfly they are
unable to determine when to use a given operation, i.e., to choose the
proper rule. The level of student behavior that is mest often considered
when discussing rule or ﬁ?inciple learning is that of rule-using behavior.
A student.has demonstrated rule-using behavior if, when given an unen-
co@ntered instance of a particuiar D set, he can sppiy the operation'O
and produce the corresponding member of the R set. 'Obvfously, unless the
ctudent 1s told that the pavticular problem presented is a member of the
apprepriate D set, he must first perform a c¢lassification tzsk by correctly

identifying the class membership cf the instance. . o

Yevbalization of Rule Statements

Gagné and_Smith (1962) designed a study to investigate the role of
verbalizing dbne by Ss during problem-solving s:tuations. Results indi--
cated that Ss who were fnstr&cted to say aloud their reascns for making
each step in the solution to a practice problem reached a correct solution
for the final task in fewer attempts than did Ss who weve not required to
verbalize, Thjs difference increased as the probiems became more difficult.
:n addition, those Ss who were required to verbalize their reasons for each
precblem solution step were able to formulate general principles of problem
solution after correctly sclving the final task‘p?obﬁem better than th&se
Ss not required to Verba1ize.during the‘bractice aitempts.

| Seidel and Rotberg designed a study te answer in part the.question
_'“Does verbaliéing the coﬁtent of a rule where separably measurab]e from

mediating responses aid or hinder a concept-lea:ning and problem-solving
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capability?" (Seidel & Rotberg, 1966}. To explore the verba]fzation
factor, one-third of 60 paid volunteer high school students wrote com-
puter programs and periodically wrote out the content of the rules used
to ‘quide the writing of computér programs (rules group); one-third wrote
‘computer programs and periodically wrote down names they (students) gave-_
‘the rules (naming group); and one-third wrote the computer programs
without any verbalization of the rules (computer program only group) .
The task was presented via a p?dgrammed_instruction text.

Results of the Seidel-Rotberg study showed that the students wh§
were required to give back the iuies in the words of the instructor
{fn this case, the instructioral program) during the course of Tearning ’
also were abie to do this quite well on a criterion test. They, in fact,
were able to assimilate and repeat the verbél matefial better than the
other two groups noted‘as the naming and computer program only groups.
As wouid be expected, the vu.as grcup took longer to comp]ete'the
instructional material than did the other two verbalization groups.
Fufther results 1nd1cated that the subJects required to write the content
of the rules dur1ng training did not do as well in writing computer pro-
grams on the criterion. test as the subjects who had simply to write the
names of the rules during the training or the subjects who 1eqrned with-
- out ejther additional requirement. A retention test involving the
application of concepts learned during the instructional program in
writing computer programs showed no statistically significant difference

among the three groups.
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Availability/Accessibitity ef Rules

Bruner (1961) suggests that ihe principa! problem of humén memory
is not storage, but retrieval. That we seem to be able to store a huge
quantity of information Bruner infers fvrom the fact that récognifion
lvecall with the aid of maximum prompts) is éo very good in human beings,
particularly in comparison with Spcnténeous reca’ | where we must retrieve
stored information without external aids or prompts. Bruner indicates
that the key to retrieva. "s crganizaticn o« knewing where to “ind the
‘nfcrmation and how to get there.

In & r~elated study gepovted by Tuiving and Fee: stone (1966) sub-
Jects learned on 3 singie tril tiste of words belanging to'expﬁicitly
designated conceptual! categeries. Lists vavied in terms of length (12,

., and 48 words) and number of werds per cetegeoy f1. 2, and 4). Immedi-
ate vecal!l was tested either in presence o: absence of category names - as
‘etrieval cues. Cued recail was higher then nen~cued recall, the differ-
enze varying directiy with 17 st length and inverse’y with number of items
pe? category. This finding was intespreted by Tuiving and Fearlstone as
~indicating that sufficiently intact memory traces of many words mot
recalled under the non-cued recall conditions were available in memory
storage but not accessible for retrieval. Further analysis of the data

in terms of recall categories and recall of wordS'within‘recalled cate-.
gories caused Tulving and Pearlstone to sdggest two independent retrieval
processes. One is concerned with the accessibility of higher-order membry
units and the other with accessibility of ftems within bigher-order units.
. Organization of materiai, whether suggested by the experimenter or imposed

by the subject, seems to affect recall performsnce primarily by makihg the
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desired information more accessible in an otherwise limited biological
retrieval system. This organization need not have any effect on the |
availability of the information in the storage.

In an unpublished study, Hannum (1972) reported that when a
rgtrieval cue was used in conjunction with a retention test, performance
in a rule application task was substantially improved. The effectiveness
cf the retrieval cue providgs support for the_position that intelledtual
skills are not forgotten ¢r lost. The lack of abiTity to retain or
reinstate previously learned rule-governed behavior may be dué to a

| taulty retrieval scheme rather than a loss of the skill itself.




STATEMENT OF THE PROBLEM

The learning that takes place in school settings includes the very.
important category of learning of rules. Rules are probably the.mgjor
organizing factor and, quite possibly, the primary one in intellectual
fUnctidning (Gagné, 1970). Rules guide the behaviof of’indiViduals in
Teeting many situations and in solving a variety of p-oblems. The learning

~0¥.a ryle for a one-time application is obvicusly not an objective of the
edvcation of our schools. The student must retain and use the rule in
retention and transferlprcb)em—solwing situations io rake the instruction
wo: thwhile. As an attempt to further the gains a‘reaay made in devising
the best rule instruction paradigm possible, the present €nvesfigation
sttempted to assess the effect of ]earning‘verbal_statements of rules 6n
the initial Tearning, retention, and transfer of ru§e~géwerned.behavior.

Following Tulving and Pearistone (1966) it was thought that rule
statements having been previously learned would provide the éuging

“necessary to increase the accessibility of the appropriate fule—governed
behavior in retention situations. It has been shown tﬁat the probability
of the retention of once-learned rules is quite high. If behavior appro-
priate to a'PU]é is learned but nop accessible in memory for a later
appliéation, the problem can be assumed to be due to improper retrieval
from memory. Emphasis in this paper was placed on attempting to determine
the_contributions of the memorization of ru]e-statements to the acqﬁisition

and retention of rule-governed behavior.

16
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Retention has alsc.been shown to be unrelated to ability or achieve-
ment when the original learning is equalized (e.g._Klausmeier & Feldhausen,
1959; Sh&eil & Kappel, 1970; Smeltz, 1956). By insuring within the instruc-
tional program that all students berform to a prestated criterion, original
learning by all subjects in this study can be assumed to be equated. Di ffer-
ences occurring in retention performance can be laid to the difference in the
experimental variable--that of mem?rization of a ru1é statement. If,
indeed, memorization of rule statements provides a cue for applicaticn of
riies in retention tasks then the perfofmanée of the §$ having memorized
ruile statements should be higher than the performance of Ss who did not
memorize riuie statements. | \

The currvent investigation was undertaken to attempt to answer the
following questions: |
| .I, Does‘the memorization of rule statements f@cilitaterperformanCe

Huring the initial tearning of rules? |

2. Does the memorization of rule statements during-inftia] instruct%on
facilitate performance dqring a retenfion test-in ruie appiication
skifls? |
3. Does the memorization of rule statements during initial 1nstruction'
aid in performance during a transfer task?
4, If memorization of rule statements during initial instruction
facilitates rule application performance, at what point during
the instructional sequence should the memorization requirement
be made?
5,_'Do the experimenta] conditiohs interact withmcertain student

abilities?




METHOD
.Subjects
.- - The subjécts who particibated in this study were taken from grades
' 9-12 at the Florida State University Developmental Reseavch School. The
University School student body fs composed of students drawn from the
Taliahassee, Florida, community so as to accurately reflect the charac-
te<istics of the community. The participants wece setected randomly from
the four grades depending upon the availability of students as dictated
by the UniVersity Schoo® schedule. The data recevded from eighteen Ss
whe did not co@p]ete'qlf three phases of the study were discarded. The
data reported are bésed on fhej124 Ss who compieted a2l! phases ofvthe

study.-

Ability Measures

Several eminent educational psychologidts have foliowed Cronbach's.
{1957) lead in promoting the search for student abilities, aptitudes
(Cronbach & Snow, 1969), attributes (Tobias, 1970), or traits (AERA/SIG
lndjvidua]'Differences in Learning and Instruction, 1973) that fnteract
w%th.instrucfional treatments to producé different results depending on
the level of the aptitude and fype of treatment. On this basis, two
»abi!ity tests were used to investigate relationships ketween cognitive

~abilities and task performance.

18
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A series of studies by P. F. Merriil and his students (Merrill,
1970; Merrill, et al., 1972; 1973) have produced results showing Aptitude
Treatment Interactions (ATI'¢<) in a rule-learning task similar to that
used in this study. -Following the results of the P. F. Mefr111 studies,
the Letter Sets Test from the Kit of Reference Tests for Cognitive Factors
(Frehch, Ekstrom, & Price, 1963) was se1ectgd as a measure of inductive |
'reasoning. The Ship Destination Test f}om the same source was selected

to measire general reasoning.

Expe:imental Task and Materials

The iearning task used in this study was an adaptation of materials
based on the APL programming ‘anguage used in several previous studies
iMer»iil, 1972). The usé of the APL programming language as the basis
for the Tezrning materials simplifies pretesting of subjects for previous
experfgnae with the language. 3>irnce the APL programming language is
currentty used in some high schoels ahd universities, the resuits of this
study can be generalized to'other instructional efforts dealing with
quantitative subject matter. The learning task consisted of five modules,
each based on one APL rule. Each module consisted, depending upon the
group assignment, of a rule statement, examples of correct applicatipn of
the rule, problems to which the rule must be applied to compute the
correct answer, and a requirement to memorize fhe rule statement. The
results of previous research show that the first threé rules are easy and

the fourthiand fifth ku1es substént1a11y more difficult for Ss ta learn.
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Performance Measures

Rule application posttest and retention test. The posttest and
retention test used in this study Were essentially parallel forms in
that both were compused of itéms that were sampled from the same pool
of test items. The posttest contained a total of Fifteen items, three
1tems for each of the five rules. A coding error deleted one of the
items on‘the-reténtion test for Rule 1 so the retention %fest was composed
df & total of fourteen items, two for Rule 1 and three fof each of the
other four rules. Copies of the posttest and retenticn teét may be found
in:Apbendix D.

Rule statement retention test. The rule statement retention test

asked for the statements of the rules to be appiied in problem situations.
This test was composed of five items, ohe for eat¢h of the rules. Each
item had a{pbssib]e score of ten points making a possibie total Sque of
‘f":Lft.y. | |

 Transfer task. The transfer task was composed ot five modules,

. eath based on one APL rule not presented previguslyc The program for each
module of the transfer task required Ss to learn the correct application of
one APL ru]e.' A-module consisted of one ‘set of three examples of the correct
application of the rule followed by three test items requiring correct
app]icationlof the rﬁ]e. As the purpose of the transfer task was to -
-.evaluate student performance rather thanjto provide instruction, no attempt

was made to bring Ss' performance to a minimum criterion level. The maxi-

mum possible score on the transfer was fifteen.
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Equipment

The instructional program was written in the Coursewriter 11
language and presented to the subjects by the IBM 1500/1800 computeﬁ-J
assisted instructional system at the FSU CAI Center. The Tearning
materials and all tests in the APL-based instructional program were
presented on the 1510 cathode ray tube (CRT). Employment of the CAI
system in this study insured tight control over vgriable stimulus
events for each subject that cou'd not bé contro]?ed in a reguiar

classroom situation.

Procedure

The sfudy was administerea in three sessions including an ability
testing session, the instructional task and posttest session, and the
retention test and transfer task session. - The ability tests were
administered to all subjects in one iarge group session and in one émaller
gfoup session, necessitated By the confines of the University Schobl
schedu]é. Immediately preceding the administration 6f thé tests, a short
explanation of the general purpose and schedule of the study was given to
the subjects. The ability testing session (paper and pencil) lasted for
about one hour. The instructional task session was presented by the CAI
system in the FSU CAI Center, The_subjects were randomly assigned to four
groups. . The four groups were a No Memorization of rule statement group,
a Rule Statement Memorization Prior t§ Instruction group, a aule Stﬁtement
Memorization During Instruction group, and a Rule Statement Memorization
After Instruction group.

| Before receiving instruction in learning the APL rules, all Ss

were presented with warm-up materials designed to familiarize each S

O
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with the operation ofAthe terminal and to fndicate in advance of the
pfesentafion of the experimental materials what was expected of him
duving the 1nstruc£10na1 program.

Each of the five modules of the rule application instructional
proogram presented to all grdubs consisted of three levels of instruction
in rule application-skills, The studeet was requived to meet the mini-
mum c¢riterion performance of two-thirds of the rule appliEation problems
corcect on each 1eve] before moving to the next level. The supporting
stimiii of the rule statement and accompanying examplies were faded from one
ievel to the next until the criterien performance conéisted or the presen-
tation cf‘a problem for which $ was required to cempute the correct
~answer without the aid of supporting stimuli. If the student did not meet
the minimum performance vequirement of two prob]ems correct OUt_of the
three that.were presented at any one level, he received up to four addi-
tional displays of that level. When criterion was reached at each of the
three ievels of rule application instruction, Ss then received the instruc-
tionat module for the next task which depended upon the group to which S
was assigned. The warm-up materials and rule application instruction
materials are presented in Appendix A. The modu?es were presentedlrandom1y
urtil all fRVe rules were learned.

Review tests were presented after the completion of the second
module and last module. Each review test was composed of three test
items for each of the appropriate rules. Remedial review instruction Was
presented to those Ss not meeting the criterion of two out of three
problems correct for each rule on the review test. After the remedial

instruction was completed the S was then again administered the appropriate
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review test. The review test and review materials are presented in
Appendix B. |

This basic sequence of instructional tasks was presented to ail
Ss with the following exceptions. The Rule Statement Memorization Prior
group was requfred to memorize the rule statement priok to receiving
instruction in application of the rule. The Rule Statément Memorization
During group was required to memorize the rule statement afier reaching
the criterion of two-thirds correct of the problems presented in the first
- level of rule app]ication instruction. The Rule Siatement Memorization
After group was required to memorize the rule statement aftek meeting
criterfon on all levels of appl-cation problems associated with the rule.
The No Memorization group was not required to memorize the statement of
the rule.

The rule statement memorization instruction consisted of severa:
levels of requirements on the part of the Ss to complete a rule statement
by typing the appropriate words vsing the tevminal keyboard. The supporting
stimuli of partial rule statements and examples were faded until the cri-
terion performance consisted of the presentation of a pgrt1a1 example for
which S was required to type the statement of the correct rule to be |
applied. The rule statement memorization materials are presented in
Appendix C. -

The instructional sequences for each of the four experimental
groups based on this programlfor rule 1earning-are presented in Table 1,
Each 1ine in the figure represents a frame composed of instructjonaT

components.
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vy + 3(eg) + 3(eg + fb). , - ru + eg + 0 + fb

ru + 3(8g + fb) | , | eg +Tu + fb

2(8g + b) | : e + 70 + fb
hrNo Memorization Group &g + 55 + b

Instructional Sequence

ru + 3(eg) + 3(8g + fb)
ru + 3(eg + 7b)

3(8g + £b)

Rule Statement Memorization
Priny Group Instructional

. Sequence
v+ 3{eq) + 3(€g + fb) ru + 3ieg) + 3(8g + fb)
ey 2 eg +Fu + fb Yu + 3(€§~F b)
I
ey + U + fb 3(&g + fb)
— Pt P
eg + ru + fb ru + eg + ru + fb
—
"é'é*'FJ-+fb eg+?ﬁ+fb
—~ ~ o~
ru + 3(eqg + fb) eg + ru + fb
3(6g + fb) g + ru + b
Rule Statement Memorizaticn Rule Statement Memorization
During Group Instructional After Group Instructional
Sequence - ' Sequence

Table 1. Instructiopal Sequences Presented to
Each of the Four Experimental Groups.
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The notation used in Table 1 is composed of components adapted and
extended by P. F, Merrill (1972) from the Ruleg system (Evans, Homme, &
Glaser, 1962)., These include : '

cu: Display of a verbal staftement of the rule
?U:.An incomplete or partia} statement of the rule which requires

the student to respond by completing the rule $tatement

R

vu: A terminal situation which requires the student.to verbalize
the rule statemeht wiih minimum stimulus support
eg: An example of the rule
CRE Aﬁ incomplete exampje ey problem which requires the student
‘to respond by completing the exampie or soiving the problem
e A terminal situaticn where the §tudent‘1s-required to solve
example pr051éms with minimal stimuius support
nieg): A-series of n examples of the same rule
fb: Display ofAfeedback concerning the correctness of z student's
response to & probiem or partial exampie |
The instructional sequence consisted of the successive display of
.Frames béginning at the top and proceeding to the bottom of thé‘figure.
The supporting stimu]i'such as riule stateménts and examples were faded
‘gradually unti]iihe student was able to solve problems and verbalize the
riile statement fif applicab]e) with minimai support. Figure 2 presents
a flow chart depicting the entire instructional program, |
Two weeks after the instructional session the subjects returned to
the CAI Center to receive administration of the retention test and transfer

task, The transfer task was composed of five additiqné] APL rules that

f
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were not presented previously., The sequence of instruction in the transfer
task paralleled that of:the initial instructicnal task presented to the no-
rule statement mémorization group with the exception that no rule statement

was presented,

Dgpendenf Measures

In addition to scores con the twe cognitive ability tests, posttest,
retention test, and transfer task described in previous sectidns; data
were obtained for each §:GUfing the ru]e'app}icaﬁion *nstructdaon program
cn the following criteria: dfspéay latency, sample test item response
tatency, and number of sample test items attempted before'meeting the
et mm perfbrmancé critericn vequired by the pregram, Display latency
was‘the measure of the time between the initial display of study material
and the start of the display of the first problem of that-ievel of instruc-
tica. ~Sample test item response latency was the time between the initial .
'aaépﬁay of a test item and the answering of that test item imbedded within
the rule application instructicn. |

Data wefe also collected on the tota! amount of time required for
each S to complete the instructional program inchding'the rule statement
memorization instructional materials. This total instructional time did

not include the time required for testing activities.

Design and Analysis

The data presented in thé Results section were co]iected on the
performance of tour treatment groups: the No Memorizétion group (n = 32),
the Ru]e Statement Memorization Prior group (n = 33), fhe Rule Statement

Memorization During group (n = 29), and the Rule ‘Statement Memorization
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After group (n = 30). Two designs-weré used for analysis of the data
depending upon the dependent measure under examination. A four inde-
pendent group design was used for the ana]ysis'of'test scores and a tour
group by five repeated measures analysis of variance.was used to évaluate
several of the within instructional task measures. Other data were
evaluated using two-tailed ;_festsn A positive bias correction was
applied to those degrees of f?eédom used to test repeafed measure’ facters
when appropriate in ANOVA (Greenhouse & Geisser, 1959). The alpha level
fbr statistfca] signfficance wa§ -05. :

Analysis of Aptitude by
Treatment Interactions

To investigate the presence of Aptitude by Treatment Interactions,
the relationships between sczres on the two ability measures and task
performance scores were operationzlized in terms of the slope (amount of
change in'the criterioh per unit change 1. the covariable) of the regréssion
lines for each of the treatmeat groups. Linear regression analysis
(Botfenberg & Ward, 1963) was used to evaluate the re1at{onships be tween
aptitude and performance.. The procedure for computafion of the F sta-
tistic dnd a‘description of the mathematical models used in each test are-

presented in Appendix E.




RESULTS AND DISCUSSION

A sumﬁary of mean percentage correct on the ability tests and on

the task perforhance tests is presented in Table 2. Ai] groups performed
'similar]y on each test with the exception of the rule statement retention
test where, as would be expected, the group that was not required to mémo-

~ize rule stateinents performed less well than the ~ile statement memori-

zation g}oups. AlY groups performed at a higher tevel on the rule app¥%-
cation posttest fhan_was.required within the instvuctional program<-81-88%
on the posttest as comparved to 67% required in the instructional program.:
Performance of rule-gove:ned behavior on the ruie application retention
test was somewhat lower than that on the posttest but sﬁbstantia1]y higher
than that on the rule statement retention test. This result is consistent
with results of previcus research indicating that inteliectual skills such
as vule-governed behavior are more resistant to Yorgetting than memorized
verbal information (Lahey, 1941; Layton, 1932; Gagné & Bassler, 1963).
Analysis of Variance E_fatios for the instructionaﬁ fask test scores
are also reported in Table 2. Table 3 presents a summary of the E_ratios
resulting from linear regression ana]yses used to 1avestigate possible-

Aptitude by Treatment Interactions. A detailed discussion of the analyses

of each dependent measure is presented in the following sections.

29
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Posttest Scere

Since the experimental procedure.required all Ss to perform at a
minimum criterion level on each rule module before proceeding to the
next, no significant treatment differences were expected in mean post-
test scores. The results from ANOVA suggest that the minor difference
in treatment group posttest means was due to chance.

Figures-3 and 4 illustrate the different relationships between
eésoning ability test scores and posttest scores in the Four treatment
groups. There was a greater posit5Vé relationshin, as 1liustrated by
the greater positive stope of the regression :ine, between geneval
egsoning ability as indicated by the Ship Destination Test scoves and
pestiest performance in the Rule Statement Memcr:zation After group than
1n the three other groups. Similar results wese found using scores fram

~ the ietter Sets Test as covarisble and posttest scores as criterion.
Thése results are samewhat surprising as the instructicnal program for
iearning rule-governed behavior was the came fo- the Rule Statement

- Memorization After group as tor the No Memorizaticn group. - Yet, the
re!ationshib between reasoning ability and posttest performance was
greater for Ss in the Rule Statement Memorizaticn After group than for
Ss ip the No Memdrizat{on group. Apparently the wequirvement of memorizing
& rule statement after having masteréd the behavicr required by the rule
-increases the re]ationship between reasoning ability and performance as
compared to not being fequfréd te memorize the rule statement at all.
The posttest performance of those Ss memorizing rule statements'prior to
receiving instruction in rule application skills was related very Tittle,

as illustrated by the nearly horizontal regression line, to reasoning
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ability as was the posttest pertovmance of those §§ not required to memo-~
rize rule statement. The relaticnship between posttest performance and
reasoning ability of Ss in the Rule Statement Memorization During group
is of little interest other than that it was between that of the Rule

Statement Memorization Afte- grcup and that of the No Memcrization group.

Rule Application Retention Test Score

The expected significant differential effect of the tveatments on
performance on the rule app':citicr retention test was nof cupported by
‘the data. Ore erpiarzton for this result might be thét the instriysticnal
program was equa.ly efféctlve “noteashing ail Ss the appropriste ruie-
governed behavios on 3 high perrermenve {eﬁef regardliess ¢f treatment
gfoup. This ru1e-go:e!ﬁed behavin: was then retained tc ¢ relatively
high degree over the two-week pericd between the pwesentation-of the
instruction and the admin1sifatzon ¢t the -etentien test. :in sact, the
mean scove for al! t-estirent ¢ oups neerly meets the pe:fufwance ievel
required by the instructions! p}egQamz Several_ather ressons Yor the
lack of treatment‘éffect on retention of rule-governed behavicrs will be
presented in a later secticn.: . | i

Figuré 5 i]lﬁstrates the retaticnship between Ship Destination Test
Sébres and rule application retenticn "test scores for each treatment group.
Ag with the posttest scores, the retentioh tesf scores were mere positively
related to.general reasoning ability in‘the Rule Statement, Memerization

After'group than in the other three groups.
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Rule Statement Retent:cn Test Scere

. The rule statement vetenticn test vequived each § to type the
statement of the rule that would be used to compute the correct answer

to each of five problems, ea:zh problem =epresenting nne of the previously
learned APL rules. These statemwents viere evaiuated independently by two
expert APL progvammers. A corcect vule statement was awavded ten points
with fewer points being given for pa-t -1y correct answers. The pre-
duct ﬁcment cor-erat on betweer the tite . <oc-es ewafﬁed each S by the

two evaluators .was .94 which ndicates & high degree of scoring écn-
sistency between evstuava-s. For puspeses ¢f further analysis, the
average of the two toite! scores for cach & wer used. As reported in

Table 2, anaiySts ©! wva<:iance -e.ed €0 < significent treatment effect.
Subsequent t teste veves.ed no signiticgnt performgnce differences between
the three rile statement.memofvyatﬁcn §“5.pS, ¢+ between the Rule State-
ment Memcrization During g-oup snd the No Memerization group. However,
mean scores indizated ¢ignificently lower scores for Ss in the No Memo-
rization group than Ss 1n the Rule Statement Memorization Prior group

(t = 2.39, df = 120, p « .05) and o< Ss in the Rule Statement Memorization
After group (t = 2.79, df = 120. p < .05).

Though Ss in the Ng Memorization group were not required to memorize
rule statemenis at any time, their pe-formance on the rule statement veten-
tion test did indicate that -they could give minimally correct rule state-
ments two weeks after rule application instruction. Surprisingly, the
performance of Ss in the Rule Stateﬁent Memorization During group was not
significantly diffe~ent from that of Ss in the No Memorization group. ATl

Ss who memorized the ru'e statements during rule application instruction
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did, in fact, memorize_the rile statements just as thoroughly as §§ in
the other two rule statement memevization groups but at a different point
~in the total instructional program. The inteyruption of rule application
instruction to_fu]fi]] the rule statement memorization requivement and then
the subsequent return to the rule app1icat16n instruction seems to have

debilitated Ss' ability to restate the rule statement on the retention test.

Transfer Task Score

Though Ss in the Rule Statement Memorization Prior and the Rule
Statement Memorization After groups pesformeod better on the transfer task:
than did the other two groups, these differences were not significant.
Figure 6 illustrates the difterentia! refationships between reasoning
ability as measured by the Ship Destinaticn Test and transfer task scoves.
Though the slopes of the‘%égression iines are slightly greater for ail
groups than those of the posttest and retentibn test scores, these regres-.
sion lines follow a‘pattern similar to those for the posttest séores and
retention test scores., The reiationship between reaéoning ébility and
performance on the transfer task is greater for Ss in the Rule Statement
Memdrization After group than for Ss in the other three groups. The
effect of memorizing rule statements after reaching.mastery on rule appli~
cation skills seeﬁs to cause.§§ to have a greater reliance on reasoning
ability to perform cn the transfer task.

Number of Rule Application
Sample Test Items Attempted

The number of sample test items attempted during the rule application
instruction is a gross measure of the subject's performance in the instruc-

tional program. The number of sample test items required to meet fhe
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minimum performance ¢-iterion 15 directily re*ated to difficiity S had in
mastering the instructional mate-ials. The minimum numbe- of sample test
items that any S would heve received was torty-five--thvee for each of
thvee levels of the ftve rile modbles. Of greet interest are the standard
deviations of the Rule Statement Memorization F-ior group (see Table 4).
The instructional pvog-zm presented to Ss in this treatment group produced
‘ ryle-governed behav.ors so un:formly gcad'that the vaVIability was reduced
to the point whe e atg?y:zs ct variance or this gata might be cons:dered
tc be -nappropriate.  The -ange cf nurbe- ot sample test items attempted
by Ss in the Ruie Staterert Memorizat<on +- 2 gecup was 45-57 with a
mean of 46.6. The -anges ¢f serpie test ttems fo- the Ne Meme:ization
groub, the Rule Statement Memc«szet on Du-'ng ¢ronp, ang phe Rule State-
ment Memcrization Attes group were 45-145. 45-123, and 45-115 respectively.
Feca this evidence 1 wew'd seem sg*e t¢ voncluoe that requi-ing remo<d-
zataén 0f -.'e statements prios tC ‘uie spplication ‘nst-uction s the best
¢f the fonr rst:uetional strategies te fac:d tite unitarm'y good rule-
governed behavior with @ minimum number of practice test 1tems.

Though it 18 recegnized that F ratics cbtained from analysis of
vaviance of these data may be suspect due to the lack of variability of
scores in some of the cel’s and the 'ack of homogenity of variance across
cells a 4 group x 5 Rule lrepeated meosires) ANOVA was performed. As would
be expected from an examination of the weans tn Table 4 the results of
th1s ANOVA revealed ségnifﬁcant Treatment and Rule factors {see Table 5).
The mean number of éample test items indicate that the Rule effect was due

to the increased number of sample test items attempted in the more difficult
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Table 5

Analysis of Variance Summary for Number of
Rule Application Sample Test Items Attempted

Source df M F
Treatment (T) | 3 176.7 . 2.908"
Ss within T 10 60.8
Rule (R): | (4) 12 532.3 18.939*"
TxR - (14) 3" 60.1 ' 2.139
R x Ss within T {480) 1202 28.1

2 df reduced by a factor-of‘_E_l_I_ where b = number of repeated
measures (5) according to Greenhouse and Geisser (1959).
*op < .05

** p < ,01




a2
‘modules for Rules 4 and 5. Analysis of variance on the number of sample
test items attembted in each rule module revealed a significant Treatment
effect in the Rule 4 moduie (F = 2,773, df = 3/120, p < .05). Subsequent
I tests revealed that $s lﬁ the Rule Statement Memorization Prior group
reqiired fewer sample test items to meet the minimum performance level
criterion than did Ss in the No Memorization group (t = 2.67, df = 120;
p = ;05), the Rule Statement Memorization During group (t = 2.05,
af = 120, p. = .05}, and the Rute Statement Memor12ation After group
(t = 2.21, df = 120, p « .05). There were no s%gnificant differences
between the performance of the other three groups in number of sample test
ftems attempted in the Ruie 4 wodile.

Linear regression 5na}ysis was empliyed to prsbe for pdssib]e ATL
effects on the number of ru'e apprication sampie test items attempted. |
Figure 7 illustrates tFe signii-cant intersct:on between Treatment and
Ship Destination Test scores using number of sampie test items as cri-
terion., Figure 8 shows the p.ots ct the ~egsession 1ines jllustrating
the significant interaction between Treatment and Letter Sets Test scores
with number of sample test items as criterion., Both figures show that
number of sample test items has a high negative relationship to both
general reasoning ability and inductive reasoning ability for Ss in the
Rule Statement Memovrization After group. This relationship is also
present for Ss in the other groups but tc a lesser degree. In fact, this
relationship was substantialiy reduced for Ss in both the No Memorization
group and the Rule Statement Memorization Prigr group. The similarity in
'slopes of the regressien lines for the latter two groups should be

intérpreted in light of the signifiéant Treatment effect whereby the
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instructional program for the Rule Statement Memorization Prior group
redqced the mean number of sample tast items required to meet the minimum

performance criterion required of all Ss in rule-governed behavior.

Rule Application Display Latency

Another depéndent measure used as an indication of Ss performance
'n the instructional program is display latency. The amount of time that
fhe instructional materials are_displayed.is directly related to the diffi-
catty S had in learning-rule-governed behavior. As would be expected, mean
display Iatencybincreased from about thirty secands for eéch.of the three
rreviously demonstrated easier rule module¢ tc about three minutes for each
ot the two more difticu!t rule moduies {see Table 6). The 1nstruotioﬁa1
p(bgram which required Ss to memorize rule statements priov to receiving
1nsteuction in rule-governed behavios faciiitated learning ot rule appli-
cation skills such that 1t produced uniformly low requirements for study
t:me as compared to the i1nstructicnai programs for the other treatment
greups. When display iatency for each of the five'rule modules was totaled,
the total display latency variance for the Rule Statement Memorization group
was significantly less than the variance for the No Memorization group
(F - 5,42, gj_=’31)32, p « .01), the Rule Statement Memorization During
group (F = 2.27, df = 29/32, p = .05), and the Rule Statement Memorization
After group (F = 2,84; gf_w.28/32, p '« .0l). Though the measure of display
latency is not as important as other measures reported in this péper, these
results do give further evidence as to the effectiveness of the instructional

program for the Rule Statement Memqrization Prior group in facilitating the’

acquisition of rule-governed behavior,
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Rule Application Sample Test
Item Response Latency

One additional measu}e used to indicate Ss' performance; within the
1nstructionq1 programs is the amount .of time S takes to respond to the
sample test items. &lthough this measure was highly related to the number
of sample test items éttempted (product moment correlation of .72), {t
does give additional infevrmation of the effectiveness of the instructional
programs. Consisteht with the resuits ot the analyses of several other
dependent measures, thé 'nstructiona! pregram ter the Rule Statement
Memorization Priov group significantly redyced variabiiity in total test
item reSpoﬁSe latency aé comparad with the programs for the No Memorization
group (F = 7.7, df f‘31/32, p - .0}j, the Rule Statement Memorization During
group (F = 5,03, ¢i = 29/32, p < .0l}, ond the Rule Statement Memorization |
Arter group (F = 6.42, d = 28,32, p « .01}, Ns depicted in Table 7, the
mean sample test item wesbonse latency tor Ss in the Rule Statement Memo-
rizationvPrior group was consistently less than ﬁhat tfor each of the other
three groups on each rule module. Mesn tota: sample test item response
latency indicated less time necessary to fespond to test items for Ss in
the Rule Statement Memorization Prior group than -for Ss in the No
Memorization group {t = 3.502, df = 63, p < .05), and Ss in the Rule
Statement Memorization During group (t = 3.168, df = 61, p < .05).

Although not significant at the alpha level of ,05, the difference between
‘performance of Ss in_the Rule Statement Memorization Prior group and Ss in

the Rule Statement Memorization After group (t = 1.67, df = 62, p~.10) was
in fhe same direcﬁion with Ss memorizing vrule statements prior to rule
application instruction requiring less time to respond to. the sample test

items imbedded in the rule application instruction materials.
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While evidence has been presented that consistently supports the
éffect1Veness of the instructional program requiring_memorization of rule
statements priov to rule application instruction in facilitating the
acquisitioﬁ of rule-governed behavior, the fo]]owing measure will give an
indicatjon of the effic;ency of the total instructional programs including

the rule statement memovization program.

Total Instructional Time

The tota! time, excluding Lest1ng time, required by each S to
Lompete the instructional program, including both the sections on rule
application and on ~yte statement memcrization, was reccrded as a measure
of the overall efficiency of the total program. Mean times for the No
Memorization gruup, the Rule Statement Memorization Prior group, the Rule
Statement Memo»ization Dusing group, and the Rule Statement Memorization
After group were 21, 53, 60, ond 50 minutes respectively. The rule
statement mémo*ization groups requived substanfial]y more time to comp]e;e
the instructional program than did the group not required to mémorize
ruie statements. As the three rule statement memorizatioh groups not only

mastered rule-governed behavior but also performed the additional task of

memori zing the rule statements, this finding is not at all surprising.




CCHZL.USIONS AND IMPLICATIONS

In an intyoductory section of this paper it was proposed that
the memorization of rule statements would increase the accessibility
of previgys]y lTearned ru1é app1icatiun‘ski11s'and, tnerefore, facili-
vtate performance onla retenticn of rule application skills task. It
was.a1$o.ant1cipated that the memorizatioh'of rule statements prﬁor
to rule application instruction would facilitate the acquisition c¢f
rule-governed behav:or by reducing the number of sample test items, and
also reduce *the amount of time taken in responding to sample test items.

It was further e#pected that memorizing rule statements would
compensate for low inductive reasoning and general reasoning ability in
performance during the l'ea-ring fask and in subsequent test situations.
This effect would be evidenced by a reduced relationship between the
reasoning abilities and task performsnces. |

The design of the present study was such that all §§'were_required.
to reach a minimum criterion performance at each instructional level of
the task before they were a]lowed to gn to the ﬁext level. The applica~-
tion of each rule wes mastered before going to the next rule.  This pro-
cedure was used o assure thaﬁ all treatment groupé-wou]d perform at the
same level on tae'posttest, bn]ess all groups learned the original task -
equally well, any differential pgrformance on retention or transfer
measures could not be attributed to the effect of rule statement memori-

'Héation on imp&oving accessibility of rule application skills. The results

49
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indicated that mean differences on the posttest were due to chance. There-
fore, it was.cohcluded that al! groups had 1earned behavior governed by
the five APL rules equally well. Because overall performance on the post-
test was better than the two-thirds correct required by the instructional
program.it was then concluded thaf the instructional nrogram was effec-
tive in producing Ss who could exhibit the appropriate rule-governed

~ .behavior.

The expectation that the groups memorizing rule statements would
perform significantly higherzon the retention of rule application skiils
test was not supported. This may be due to three factors. First, since
there wa® a small decrease {20-30%) in performence between the postteét
and retention test for all treatment groups, the retention iﬁterval of
two weeks may have been too short for the effects of memorization of
rule stateﬁents to be seen in retention of rule application skills., A
second factor relates to the proticiency 1in ru1e app1icatfon demonstrated
by Ss after completing the instructional program. The succeSé of the
computer-presented instructional pfogfam in promoting this high Tevel of
performance in all experimental groups may have prevented the memoriza-

“tion of rule statements from differentially affecting performance in re-
tention.of rufe application skills. Thirdly, the relatively poor per-
formance exhibited by all Ss on the rule statement retention test indi-
cated that the rule sfatements were not easily accessible in memory, and,
therefore, could ﬁot have aided the recall of rule application skills, |

The expectation that the rule statement memofization groups wouid
perform significantly better on a rule statement retention test than the
group that did not memorize rule statements was partially supported.

Those Ss memorizing rule statements either before or after the rule
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app]iéation instruction outpe-formed those who were not required to
memorize rule statements. The Ss who were interrupted in their rule
applicationt instruction to memorize the rule statements may have found
that this interruption interfered with their.concentration in prevent-
ing proper organization and storage of accompanying'cdeing mechanisms
in memory for easy and accurate retrieval of the rule statements in
the retention test situation,

No signiticart t-eatment differences in transter task performance
were found. AThe transfer task usedvin this study did not include the
presehtation of vru'e statements, and, therefore, may not have Been.
similar. enough to the original instructional program %o cause the factor
of rule statement memorizafion to have an effect -on the transfer task
performance.

As expected, treatment effects within the rule application instruc-

tional program were consistent in favoring the memorization of rule

statements prior to rule application instruction, especially in the

modules associatéd with the more difficult rules. The five APL. rules ’

used in the instructional preogram could be characterized as follows:

Rules 1-3 were quite easy, Rule 4 was more diffiqu1t and quite complex,

and Rule 5 was most difficult but straightforward.. The prior memoriza-

tion of rule statements aided in reducing the number of 'sample test
items requfred before reaching the minimum critérion.performance for
Rule 4, and in general reducing theAamount of instructional display
time and the amount of time required to'fesbond to.the‘éamp]e test items.

It seems that memorizing rule statements prior to rule application instruc-

‘tion enables the student to be more efficient in the acquisition of rule-

governed behavior. However, this affect must be,tempered with the fact



52

that the total instructional program including ‘instruction in rule
application skills and memorization of rule statements required, on
the average, over twice the amodnt of time that the rule application
skills instructional program required by itself.

The expectation that the memorization of rule statements would
reduce the relationships between task performance and reasoning ability
as measured by the Ship Destination Test and the Letter Sets Test was
not supported. The instructional program that required no memorization
of- rule statements and the program that required memorization of rule
statements prior to'rulé application instruction.produced similar results
in minimizing the relationships between reasoning ability and performance
in many of the instructionat .task measures and éssociated tests. The-
memorization of rule statements atter meeting minimum criterion perfor-
mance 1in rule-governed behavioy Tn;reased the relationship between reason-
ing ability test scores'and task performance. Why this relationship was
greater in the Rule Statement Mémor#zation After group than in the No
Memorization group is not clear. Apparéntly, the memorization of rule
statements after-mastefy of rule-governed behavior may have little or,
possibly, negative meaning to the student in the iearning of rule-governed
behavior, . ‘From an information proceésing point of view, this memorization
may provide additional information that is an unusable overload for those
Ss Tower in>reasoning ability, and which, in turn, debilitates both the
acquisition and retention of rﬁ]e-governed behavior.

Memorization of rule statements du}ing the rule application instruc-
tion had no{definitive efféct on task performance.or'on_the relationship

between reésoning ability and task perfokmance. As such, it should not

)
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be used as ar instructional strategy for teaching rule appiication skills,

Implications for Ruie instruction

The instructional problem of whether to require students to

memorize rule. statements or not as a part of learning rule application

skills cannot be conc:ius:vely solved on the basis of the results of

this research. However, several tentative suygestions can be made.

1)

3)

4)

'f memu-izaticn ot & rule statement is required -in an instruc-
tiona? progran designed to teach vule application skills, the

memor 1zat ‘or requt-ement. shouid be fulfilled prior to instruc-

tion n ruie gpplication skills,

Lf the goa's of an instructional program are associated with

only rite-governed behavior in lorng- or short-term retention

. situaticns, memorzation of rule statements is not necessary.
L tetal 'nstructional time is limited ‘and all, instruction

must take place during this time, memorization of rule state-

ments should not be included in the instructional program.

If some goals of an instructional program are associated with

facilitating performance during the acquisition of rule-

governed behavior, memorization of rule statéments should be
required prior to instruction in rule application skitls.
If one purpose of the inéfructional program is to reduce
learning e:rors and accompanying frustration and/or anxiety,
memorization of rule;statements should be required prior to

instruyction on rule application skills,

The results of this study indicate that the instructional strategy

used in developing the instructional program to teach rule application
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skills was effective in producing'appropriate fu]e—governed,behavidr.
This strategy was based on the work of several educational psychologists
and on the resd?ts of pre;ious research by %he author. The following
seven instrucﬁiona] componénts are pfesented as being useful in pro-
moting the acquisition of rule-governed behavior,

1) Presentation of a statement explaining the purpose of the
instruction and, iﬁ general terms, what is'expected qf the
student durihg and after the instruct%on. |

2) Presentation of a statement of the rule to be Tearned accom-
panied by at least one example to show the student how the
rile is correctly applied. )

3) (qptiona]) Requive the student to memorize the rule statement.

4) Presentation of the rq1e statement and several examples for
study by the student, Tollowed by severaT.prob]ems requiring
active student respcnses which are followed by appropricte
feedback.

5) Presentation of the ru.e statement and} without any examples,
several new'pwoblems requiring student response fo]]dwed
by appropriate feedback.

6) Presentation_of-seyefalAadditional prob]éms without support
of either the presentation of the rule statement or examples
followed by feedback.

7) After several rules have been learned following the above six
steps, the stUdent shovld be presented with several problems,
each_requifing a different ru]é for sojution to fequire the
student to discriminate between learned rules and to choose

the appropriate rule to correctly selve the problem.
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Implications for Future Research
 The instructional program used in this research produced such

excellent results in enabling all subjects, regardiess of treatment,
to exhibit appropriate ru'e-governed behavior that the factor of
memorization of rule statements may not have had the expected effect
on retention of rule application skills. Research should be conducted
using a less structured rule application instruction program to deter-
mine if the memorzat un ot rule statements facilitate retention of
rule application skilis performance in a situation other than that of
mastéry learning such as was used«fn this research.

| The unexpected effecf that was seen in the performance of Ss who
menorized rule sfatements after mastering rule-governed behavior should
be investigated furthe: to determine if the increased reiationship
between reasoning abil¥ty and performance was caused by memorization of
the rule statements 6+ it memcrization of any statement Qdfe1ated to the -
application of the rule would have the same effect. Perhaps the memoriza-
tion of the rule statement. disturbs the sognitive organizafion of the
already learned rule-governed behavior. Or the abrupt shift from learning
a skill to learning verbairinformatioﬁ may be the cause of this effect
rather than_the‘content of the material being memorized.

The lack of the memorization of rule statemen£ effect on retention
of rule application skills may have been due to the relatively poor per-
formance iﬁ retaining the rule: statements. Thougﬁ perfofmance~on the rule
app]icatidn retention test and performance on the rule statement retention’
test were related (product moment correlation of .68) the rule statements

may not have been accessible in memory to a great enough degree to aid in
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retrieval of appropriate rule appiication skills. Reteaching the
verbalization of rule statements immediately prior to a rule appli-
cation retention tést would assure that rule statements be available
to aid in retrieval of previously learned rule abp]ication skills.

The generalizability of these_resu]ts to instruction on ruies
in other than quantitatively oriented‘topics should be examined.
Instructional programs using rules of grammar, rules of logic, or
rules governing an athletic event might be appropriate to these further

investigations of the effects of memorization of rule statements.

P v——
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