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A Study of Rule Retention and Accessibility
 

Wallace H. Hannum
 

The learning that takes place in school settings must obviously be 

retained by the student if it is to be of use to him on subsequent occasions 

of further learning or use. Statements of purposes of education typically 

emphasize the future or benefit touse be derived from learning (Davis, 1966). 

To achieve the goal of retention, the outcones of instruction must include 

consideration of what is learned over various titme intervals, and not solcly 

the immediate effects of a lea rning event. 

A number of studies of reterntion of school subjects indicate a corsidur­

able loss over various intervals of tinia. 1'orL:tting to tht cxtcr:L of ei[ht 
per cent is not an uncommon finding on taIs of course material; over 

intervals ranging from two to twlenty-four months (!Davis, 19 6 6). 

Some investigations have found diffe-rences in retention relatLcd to the 

kind of materials learned. For example, Tyler (1933) found a retention 

loss of 80 per cent in recall of specific information from a course in zoology 

after 15 months, but no loss in the application of general principles. Differ­

ential retention of motor skills and verbal word pairs has also been reported 

(Leavitt and Schlosberg, 1944), confirming the comn-,on impression of 
relatively high retention of motor skills over long periods of time. hissn 

review of studies of retention i,, school learning, Davis (1966) sees the 

evidence as Indicating markod forgetting of facts and detailed information, 



and a less severe loss of "functional abilities, " those which may be called 

intellectual skills. 

Another factor affecting conclusions regarding retention is the method 

used to assess what is remembered. The students may be asked to recall 

or reproduce what they have learned on a previous occasion, or they maybe 

asked to relearn the original material. In the case of recall, the students' 

responses are compared with some criterion and assigned a score to measure 

retention. In the relearning method the student must relearn the original 

tnslk, and the percentage of time saved is used as the mncasure of retention. 

A distinction has been made between the condition pertaining to learned 

iters that are available for recall at the time of retention, and the condition 

of itemrs ih, q re accez :- (Tul-, :i4 aild i'XL, 1:.Aot e, 196 ). ithere is some 

indication that accessibility it, recall of previously learned items is a func­

tion of having a method to retrieve items that aru retained. Thus the failure 

to reproduce what was learned could result from a true lnck of retention 

(the items were not available) or from the inability to reLrieve the items 

(the items were not accessible). 

Conditions during the learning have been shown to affect the retention 

of what is learned. The best known is repetition, or overlearning, empha­

sized by Underwood. However, the question remains as to whether re. e­

tition works to "directly strengthen" learned acsociations, or to provide 

additional opportunities for such processes as rehearsal and subjective or­

ganization to have their effects. In any case, there is some indication of 
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the absence of the effect of "overlearning" in the learning and retention of 

certain intellectual skills such as rules (Gagn6, 1970; Gagn6 & Bassler,
 

1963; Gibson, 
 1969; Reynolds & Glaser, 1964). Overlearning, in the sense 

of repeated examples, has not been found to be as important a variable in 

the retention of rule learning as in the learning of information.
 

Another factor 
in the learning situation that has been shown to affect
 

retention is the meaningful organization of th.- learning materials 
(Ausubel, 

1968). In general, inore meaningfully organized material is retained better 

than material lower in meaningf! organization. However, niost studies 

LUinr.-rnod "',wthth. effect of meaningfulness on retention have dealt with 

the retention of information and rot of intulloctual skills. 

Th, th cvdevcc. ,,uL ri..utiion of r ciLool subjects is in gene ral not 

well systematized. Large lo- ses in retention are frequenfly reported, and 

these appear to be influenced by differences in the nature of what is being 

retained, particularly specific information vs. intclltectual skills. Results 

also appear to be affected by how retention is measured--whether by recall 

or relearning. A more recently suggested distinction between availability 

and accessibility appears to be of particular relevance. The conditions 

under which material is learned also appear to affect retention--part[cularly, 

the factor of meaningful organization. 

This study has the purpose of investigating the retention of intellectual 

skills, specifically, rules. Can one find a difference in the retention of rules 

when viewed as a) available or b) accessible? Can one find a differential 
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effect of a meaningful context during learning on the retention of rules, 

when these two different measures of retention (availability- -accessibility) 

are considered? 

RELATED STUDIZS 

Studios of school subject retcntion 

it is not uncommon to find rather large losses in the retention of school 

subjects. This is particu'arly true in the case of verbal information. Mc-

Dougall (195S) studied retention on a unit on measurement in an educational 

psychology course and found greatest loss in factual knowled.re rather than 

in the translation, intcrp'-tation, or e.rapolation of knowledge. Tyler 

(!933) ,.e sure t ret.,vtin rCf 0o o rver a fifteen-month intet'val. He 

tested for recall of specific information and found a loss of S0 percent. 

However, when testing for application of principles he found neither loss 

nor ,'in, and the ability to into rpret new exre ri-rreIIts showv,.d a considcrable 

gaiii. V. ert (1937) found similar results when studying retention of zoology 

over a three year interval. HIe reported a 50 pc.rcent loss on tests requir­

ing the matching of namcs with strucLure, and gains of 60 percent and 20 

percent in the application of principles and the ability to interpret new 

expe riments. 

These studies indicate that the retention of specific information is 

usually quite low. The retention of i-kills, however, seems to be somewhat 

http:knowled.re
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greater. There do appear to be rathe r mark:zd 6ifo-rences in the retention 

of information and the retentiin of intellectual ski.ls, including rules. 

Studies of rule Ien rn ing and retention 

Studies of rule learning have failed to demonstrate the effect of repeti­

tion or overica rning on retention (Rcyno!ds & GJ' -..er, 196.1). 
 Thc amount 

of practice, that is, the number of different exanmllcs, has a vcry Small
 

effect on the retention of rules. This finrding app::ars to stand 
in markcd 

contrast to the learning and retention nf inforrnation (Und.rw,:v1, 1964). 

In an investigation of thz- retentin of maMLhcritica5ruL , stJdeCt1 I ... In­

ed four rules to a cornrn-ion criLerion of s.' : two - ucce!sivn l)robSle .- :
 

requiring applic,,tirin of each 
rule (Cay, !9";']). Us'... t: n 

LU LLi sureU retL.-tion she Lo ui no . . 5 in tlio :-D Oiu .:u.Lin]pit's ii e .;! a r 

to rcach the same criLeror,. Rcynolds ud Ci',r (196-) found that there 

was no relation between the amount of uri i:;ial l';.ruing in tcrins of the 

number of examples and t:he degruee of retrnlic,n. Ciibson (1969) found t1';t 

overlearning rules had no effect on retention or transfer. 

It should be pointed out that in thesne studies of retention of rule lear;ning, 

the distinction between availability and ;tccessibility was not made. 

Studies of the eff':ct of n if.l Anii cont,..>t or orailni.ZAti o n I%fentiorI 

A number of studies have inve'tipat.-d the effect of :naniisigfflnes s on 

learning and retention. A usuhe 1 (1968, 1969) roports scveral studies that 

demonstrate greater learning and retcntion of meaningfully organized materials, 

i. e. , those materials that w.:re organiked ,;o that they could 'ie related to 

existing ideas in the students' cognitivu structures. 
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Several researchrs hav:. demonstrated that it is much easier to learn
 

material in a meaning'ful manner than to memorize the material in 
a rote,
 

verbatim fashion (Joncs & Ongjlish, 1928). Studies have shown that 
some
 

problem-solving tasks (card tricks, matchstick problems) 
are retained 

longer when the underlying principles are rather than when the solu­learned 


tions are rotely memorized (Hil-fard, Irvine, Fz Whipple, 1953; Katona, 
 1940). 

Dowling and Braun (1957) demonstr'ated that the decline in retention was 

dependent on the meanirgfuln(!sFs of the mate rial. Klau;mneier and Fcldhusen 

(1959) found evidence th;at the relention of rneaning(ul material was consider­

ably greater than non-nicaningful material by children of low, average, and 

high intelligence. Mclcachie arid Soloman (1957) report very high retention 

of mcaninglul rna trial over an Pifht-month inf,rval. 

These studies tend to suj.piL 1hr. prnfs inn fhif ,,-n ningfilr material is 

retained b iflev than mratarial that is less meaaningful. In most cases the 

researchers were concerned with the retention of information and not the 

retention of intellectual skills. 

!ffrect of th: ava ilabilitv vs. acces sibility d,-tinctio o retention
 

Tulving and 
Pea rlstone (1966) made the distinction between items that 

were available for recall but were not accessible. They stated that many 

words not recalled in a free recall situation were available in memory 

storage, but were not accessible for retrieval. The use of a retrieval cue, 

category name, greatly increased the r:,call of words in that category. 

They concluded that the accessibility of information depends not only on its 
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availability but also on the use of retrieval cues. Although this distinction 

has not been empirically applied to research on rule learning, it appears 

to be of potential importance. It may be that learned rules remain highly 

available in memory, and that the lack of retention is a lack of accessibility, 

not availability. 

Purpose of study 

The purpose of the present study was to examine the effect of two factors, 

meaningfulness and availability-accessibility, on tho ]i'arning and retention 

of two mathematical rules. Sp-:cificat.y, the rules for finding the number 

of combinations and the number of perm uta ions wcre taught using two 

different contexts. In one conte:xt the inexan-ples v.'er,- mcaningful; the otcr 

context, the examples were less meanin-fu). The reentiton of these rules 

was measured under two conditions, retricval cue vs. no retrieval cue, to 

examine the availability-acce-sibility distinction. 

MIT HOD 

Subject s 

Thirty-three undergraduate students enrolled in two freshman mathe­

matics courses at Florida Agricultural and Nlachanicol University took part 

in this investigation. It was deternmined that none of these sLudent:s had any 

prior knowledge of either permuitations or conibinations. There were thr, o 

students that failed to onreach criterion tho original learning materials and 

were z.ubsegLiently omitted from the retention ph-se of the study. 
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Learning materials 

In order to investigate the research qjuestions for this study, two 

chosen as the skills to be taught. Thesimilar but different rules were 

rule for finding the number of permutations of a set of
first rule was the 

for finding the number of combinationsobjects. The second rule was thc rule 

rules the wvter developed two
of a set of objects. In order to teach these 

that differed in the context
versions of a set of self-instructional materials 

examplesof the examples that were used. In set of the materials all theone 

referred to practical, mcaningful applications of the -ule. The examples 

The firstset of mate rials contisted oi abstract applications.in the other 

set of nate rials will be referred to as having a rneanihgf,l context, the 

second sct a non-meaningful cont 't. 

in a linear, large step fashion.Both sets of materials were prograrnunud 

two differentThe niatc rial was designed to teach the student to apply the 

find the number of permutations or combin­but highly siroilar formulas to 

initial version of the materials was revisedations of a set of items. The 

mado by two colleagues -%who are professorsconsiderably using suggestions 

final version of the materials consisted of twventy-threeof mathematics. The 

frames, fourteen oi permutations and nine or) combinations. The number 

of frames for permutations is greater beca.ue it includes a section on the 

use of factorials which is a necessary prerequisite skill to learning the rules. 

onAt the end of Ihe section on permutations and at the end of the section 

series of five problems requiringcombinations the student was presented a 
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the use of the rule they had just learned. If a subject worked two consecutive 

examples correctly it was assumed that he had learned the rute. 

P ei Orfrnan ce Tneasuure 

Retention was measured in this investigation by having the students solve 

four problem examples for each of the two rules. Thus the retention test 

consisted of eight problems that were presented in a random order. Eacli 

student received the same retention test. On the rc:tention tv.s" the stud.-Mnts 

were required to recall which of the two rule-- applied to the pr. rticular 

example and to correctly use that rule to solve the problem. in scoriag 

the rezponses, arithmetic errors were Cisregarde-d if the stud-nt had other­

wise used the rule correctly. If a stucenL correctly v.orkecd at least three 

out of four problems for each rule he v as cons idrcd as having retained 

the rule. A student who failed to correctly work at least three examples 

for either rule vas considered as not having reached criterioa fcr re( ,ntion. 

The problems on the retention test were presented in a format that V.'as 

consistent with the examples and with the problems in the original lea rning 

materials. In no case, however, mere the identical problems given. 

Two forms of the retention test were constructed since tlie students were 

to be measured twice for retention. An item pool was constructed for each 

rule and four items were assigned at random to one test and four to the other 

test. Thus two highly similar equ ivalent testB were constructed for use In 

the present study. 
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.Experimental des ign 

The dependent variables in this investigation were the students' responses 

on two retention tests administered in the same session following a seven 

day time interval. Scojres on the first retention test (R 1 ) reflected any loss 

during the time interval. This could be a loss in the skill (ability to use 

the specific rule), or in information regarding when to apply the rule. 

Prior to the second retention test (R 2), all students were given a retrieval 

cue consisting of a brief statement that presented the mathematical notation 

for the two formulas and told whcn the rule applied. Thus any loss in R 2 

was purely a loss in intellectual skill and not a loss in verbal information. 

Figure I presents this experimental design. 

Context of Retention Retention 
;Learning ,4atc rial 

S1 2 

;Meaningful N = 15 presuntation of N 15 

retrieval cue 

INon-rncaningful N = 15 preselhtion of N = 15 

rutrieval cue 

Figure 1. .ExperimentalDesign 

RI and R 2 both contained eight problems (four for each rule) presented 

in a random order. Students were scored as having reached criterion if 

they correctly worked at least three out of the four problems for each rule. 

R measured the students' ability to retain both verbal information and in­

tellectual skill. R 2 measured the students' ability to retain the intellectual 

skill. 



Procedure 

The two experimental sessions were conducted as part of the two mathe­

matics courses In which the students were enrolled. The students were 

randomly assigned to two groups--one received the learning materials with 

a meaningful context. All studen..s proceeded through the materials working 

independently at their own rate. 

Immediately after the section on permutations, the students were given 

five problems on permutations. After each problcm they were Lhstruced to 

raise their hands to let their instructor check their work before they pro­

ceeded. Their regular instructor monitored the experiment and checked 

their work on these criterion problems. As soon as they worked two consecu­

tive problems correctly they were given the section of learning materials on 

the combinaticn rule. At the end of the learning materials on combinations 

there were five criterion problems. As soon as the students worked two 

consecutive examples correctly, they were excused for the day. During 

the one and a half hour session only three students failed to reach the cri­

terion. These three students were discarded from the stndy. 

Following a seven-day interval all studcnls were administered the same 

retention test. This test consisted of three parts. Part one was eight 

problems (four for each rule) presented in a random order. Part two was 

a retrieval cue In the form of a statement giving the mathematical notation 

for each rule and a brief statement describing when the rule should be used. 

Part three was another set of eight problems presented in random order. The 

students worked independently on all three parts of the retention test. 



Both the original learning session and the session for retention testing 

were monitored by the usual instructor so that this investigation could pro­

ceed as unobtrusively as possible. The instructor met with the experimenter 

on three occasions prior to the experimenr to discuss the classroom pro­

cedures. In order to determine if there were any interactions that might 

have influenced the results of the experiment, the whole experimental session 

was recorded on audio tape. The play back of this tape did not reveal any
 

interaction of instructor and student that could have 
 influenced the 'esults 

of this study. 

Results 

The results of the original learning, indicate that both sets of lea rning 

materials xure successful in teaching the two rules to the students. Only 

three students failed to attain the critrion after completing the learning 

materialL. This finding is cons ist.nt vith previous findings in the area of 

instructional development and programmed instruction. 

Data from the retention tests (i 1 and R2 ) for each student were analyzed 

to determine the numbur and proportion of students reaching the criterion 

level. These data are presented in Figure 2. 

This figure shows the number and precenL of persons reaching the cri­

terion of at least three correctly worked problems for each rule (C for the 

combination rule and P for the permutation rule) on both retention tests. 

Performance on R 2 is considerably better than performance on R . It 

appears that on R, the rule for permutations was better retained than the rule 
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RR 
Context of 
Learning Materials 

C P C P 

1 6 15 15 

Meaningful 1 
6% 

6 
44% 100% 100% 

2 8 14 14 
Non-meaningful 5% 012. 5% , 5O0 :' 94% 9t 

Figure " Number i,nd P, rcer-Lage of btudexus Reachhi., Criterion on 
Retention TesLs 

for combin;.tions. This difference v'as niot pre,iont on P . There were no 

apparent dirferences in ternmi of the contz.xt of the learning materials (nmean­

ingful vs. non-meaningful) on either of the two retention tests or for the two 

different rules. 

These data seem to indicate a marked increase in th- retention of the 

two rules as a reult of the retrieval cue. This effect was preacnt for both 

rules and for all students regardless of the context of original learning. 

There are no indications of any differ'ntial effcct of tha two sets of learn-

Ing materials. 

In order to examine the data several non-paran-ctric statistics were 

computed. The first hypothesk pertained to any difference in the number 

of students reaching the criterion of three correctly work,-ed examlples out. 

of four. The hypothersis staLed that there would bc no difforcnce as resulta 

of the two contexts- meaninful (,,A4)and nonnaran inl, ful (7,,A) or as a result 

http:contz.xt
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of either rule--combinations (C) or permutations (P). The data for this 

Is presented in Table 2. 

C P 

M 1 i 7 

NM 2 8 

Table 1. Number of Students Reaching Criterion on R 1 

Due to the small expected frequencies in this table the Fisher's Exact 

Probability test was chosen as the appropriate statistic (Siegal, 1956).
 

The probability of this occurrence under the null hypothesis is greater than
 

.01 therefore the null hypothesis cannot be rejected. There were no sig­

nificant differences on R between the two rules or between the two contexts.
 

The second hypothesis clealt witil the same conparison on R These 

data are presented in Table 2. 

C P 

M 15 j 15 

NM 14 ' 14 

Table 2. Number of Students Reaching Criterion on R 

Since the expected frequencies were large enough, chi square was chosen 

as the statistic to compute. The value ofX 2 for these data is less than 1. 

The probability of obtaining the uata in Table 3 under the null hypothesis 

Is greater than .01. Therefore the null hypothesis cannot be rejected. 

There were no significant differences on R between the two rules or be­
t 

tween the two contexts. 



It is apparent from these analyses that the students retained the two
 

rules equally well and that the context of the 
learning materials had no
 

effect on retention. This observed
was on both retention tests.
 

In order to examine any differences 
 that resulted from the retrieval cue, 

it was necessary to compare performance on R and R2 for each rule and 

each context. Thus there are four sets of data to be analyzed: 1) meaning­

ful context, combination rule, 2) meaningful context, permutation rule,
 

3) nonmeaningful context, combination 
rule, and 4) nonmeaningful context,
 

permutation rule. 
 For each of these four groups the number of students
 

reaching criterion on R and R z was analyzed using the 
Fisher Zxact
1 20 

Probability Test. Table 3 presents the daa for the meaningful context ard 

the combination rule. 

Pass Fail 

R 1 14 

R2 J 15 0 

Table 3. Number of Students PDeaching Criterion on the Combination 
Rule who Learned in a Meaningful CoLtext. 

The probability of this occurrence under the null hypothesis is less 

than .01. Therefore the null hypothesis was rejected. There was a sig­

nificant difference on the two retention Lests for the combination rule when 

the rule was initially learned in a nimaingful context. 

The number of students reaching the criterion for the permutation rule 

is presented in Table 4. These data are for those students who learned the 

rule using the materials with a meaningful context. 
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Pass Fail 

R1 6 9 

R 2 15 0 

Table 4. Number of Students Reaching Criterion on the Permutation 
Rule who Learned in a Meaningful Context 

The 	Fisher Zxact Probability Test was used to determine the probability 

of obtaining these data if the null hypothesis was true. This probability
 

was less than 
. 01, therefore the null hypothesis was rejected. There were 

significant differences between R and 	R1 on the permutation rule for students
1 4. 

who 	learned the rule in a meaningful context.
 

Table 5 presents the data 
on the retention tests for students who learned 

the combination rule in a nonmeaninfu.l context. 

Pass Fail 

R L 2 13 
R 14 

Table 5. Number of Persons Reaching Criterion on the Combination
Rule who Learned with a Nonmeaningful Context. 

The 	probability of obtaining these data under the null hypothesis is less 

than .01. The null hypothesis was therefore rejected. There was a sig­

nificant difference in the number of students reaching criterion on the tw 

retention tests for the combination rule when the original learning used 

materials in a nontneaningful context. 

The 	data for the retention of tho permutation rule when the original 

learning was in a nonmeaningful context ihpresented In Table 6. 
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Pass Fa il 

R1 8 7 

R2 14 1
 

Table 6. Number of Students Reaching 
 Criterion on the Permutation 
Rule who Learned with a Nonmeaningful Context. 

The Fisher Exact Probability Test was computed for these data. The 

probability of obtaining these data under the null hypothesis was less than 

.01. Therefore the null hypothesis was rejected. There was a significant 

difference in the number of persons reaching criterion on the two retention 

tests for the permutation rule when it was learned in a nonmeaningful con 

text. 

The results from this study seem to it-dicato that fhe rnntext of tile 

original learning has little effect on the retention of rules. The data also 

indicate a considerable difference in the retention of rules when the factor 

of availability vs. accessibility is taken Into account. 
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DISCUSSION 

The present study investigated the influence of two factors, meaningful 

context and the use of a retrieval cue on the retention of rules. The data 

did not indicate any difference in the retention of students who learned in 

a meaningful context and those who learned in a nonmeaningful context. 

However when a retrieval cue was used in conjunction with the retention 

test, performance was substantially inproved. This improvement in reten­

tion was found for both rules and for both the meaningful and nonmeaningful 

contexts. 

The effectiveness of the retrieval cue provides support for" the position 

that intellectual skills are not forgotten or lost. The lack of ability to rein­

state a previously learned Lntellectual skill, such as a learned rule, may be 

due to a faulty retrieval scheriie rather than to a loss of the skill. Apparently 

the distinction between availability and accessibility is important in the 

study of the retention of rules. When the distinction is not taken into account, 

the losses in the ability to reinstate the rule may mistakenly be attributed 

to a true loss in the ability to retain the rule. As the present study demon­

strated, this loss may be due to the lack of accessibility and not a lack in 

availability. This study provides support for the distinction in retention 

of verbal information and intellectual skills (Cagn15, 1970). There is con­

siderable indication that previously learned intellectual skills are not lost 

or foigotten as verbal information appears to be. 



19.
 

The failure to find any difference as a result of the context of the
 

learning materials is not entirely consistent with previous research. Much 

of the previous research on the factor of rnepningfulnCss would lead one to 

expect greater retention for the group that learned the rules in a meaning­

ful c3ntext. In the present study only two rules were used; this may have 

been an insufficient number of rules to study the -ffect of meaningfuless.
 

The use of additional rules would have placed a higher memory load 
on the 

students and then perhaps thi disLinction bc.ttween a meaningful and nonmean­

ingful context would be appa rent. 

An alterrate explanation for the failure to find any difference as a result 

of the conte::t is that th. contrast betwe':en meaningful and nonmcaiiingful
 

contexts was not sufficiently great to any differencc
caunc in retention. The
 

difference used in this 
st .dy\.as that the ex:amples in one group referred to 

practical situations while the examples in the other group were more abstract. 

A greater contrast between meani:ngfulhess-nonnieaningrLflness may result 

in differences in retention. 

The results from this study seem to support the position that the reten­

tion of intellectual skills is quite high in terms of availability of the rkill. 

The failure to reinstate the skill is more likely a failure in the ability to 

retrieve the skill rather than an actual loss in the skill. 

In order to examine more adequately the tetention of intellectual skills 

further research is called for. The present study examined only one factor, 

meaningful vs. nonmeaningful contexts, in original learning that may affect 
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retention. The rule of other factors needs to be examined further. Some 

specific factors in the original learning that may influence the retention of
 

rules are: a) overlearning of rules, 
 b) learning rules by deriving them rather 

than by being presented the rule in final form, c) the number of rules to be 

learned, d) discovery method versus an expositot-y method, and e) the degree 

of similarity in the rules. In addition to these factors that are involved in
 

the original learning, 
 the use of a retrieval cue to distinguish between
 

availability and accessibility of rules needs 
to be further examined.
 

It would also be interesting to 
extend this type of research to other 

intellectual skills such as problem solving and concept learning. It may 

be that the, intellectual skill- arc highly retained;.i thu-1 eU e uf being 

available but are not accessible. Additional studies are necessary to identify 

the factors that influence the availability and the accessibility of previously 

learned inteJlcctual skills. 
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