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Several tenets of mastery learning were examined in

e context of college level instruction. When students

y: (1) retention test scores should exhibit small

should be unrelated to aptitude; (2) test items which

nto high and low cognitive behavior subscales should

aptitude., The first tenet was partially supported as
betveen retention and aptitude was uniformly low

ts of instruction, and variability of retention tests

ed. No relationship between performance on both high

e subscales and aptitude was observed. (Author)
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Although there are many examples of mastery learning in
operation at present, the basic principles utilized hﬁve been
expressed and examined following the llodel of School Learning
proposed by Carroll (1963) and have incorporated in the
strategles proposed by Bloom (1968). Mastery learning is
purported to allow for high levels of performance from students
regardless of measured aptitude (Bloelk, 1971). That is to say,
most students can attain a high level of achievement in the classe
room if mastery learning is employed, renardless of the students'
prior academic achievement or performance on aptitude tests.
Furthermore, it can be argued that if students are normally
distributed with respect to aptitude for a particular subject
natter prior to instruction, nearly all students under a mastery
system will perform at a level normally attained by a relatively

small number of students in a nonmastery class in which the

Several studies have reported findings based on comparisons

>

g

Q traditional group-paced, normereferenced procedures are euployed.
.3'

é? between mastery and nonmastery instructional groups, lMastery
groups have generally attained hipgher levels of achievement and
typically express a more favorahle attitude toward learning under

the mastery learning stratesy (%im, 1971; ‘'le "ichael & Coray, 1969
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Sheppard & dachermott, 1970), Sjogren (1967) examined the tendency
of mastery students to retain instructional material as a result
of mastery learning, yet, he did not analyze retention scores:
across measured aptitude levels for the sample of students enployed.
A distribution of retention scores for such a group of mastery
learners would necessarily approach a .- ‘mal distribution if
aptitude were a potent variable. In fact, only limited research
has been conducted exanining the influence of aptitude upon
retention of instruectional matevial in a classroom learning
enviornment. This research offers little assistance in the under-
standing of the effecty of specific instructional sequences such
as Mastery Learning or PS: (Personalized Student Instruction)
on retention when a uniformly hipgh degree of learning was
demonstrated,

The issue concerning the relationship between aptitude and
retention must also be examinad in light of the cognitive level
of the material presented. The ability of students to learn and
retain iustructional material may be related differentially according
to the cognitive complexity of the material, "hile oanly a few
studies deal with the cognitive complexity of the learninn tasks
in a mastery based setting, these gtudies may provide the basis
for an alternate theory of student performance under such learning

paradigms, Gagne and Paradise (1961) reported a study dn which
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learning rates and aptitude werve studied, finding that aptitude
in fact predicted rate of learning and that the acquisition of
low=level congnitive material was necessary for the learning of

higher-~level material when cognitive hierarchies cexist in the

materis .. Adrasian (1969) reported that cognitive hierarchies

could se reliably establishad through experts' apreements with

regard to cognitive level, The Airasian study suggested that

subjects who missed a certain percentage of lower cognitive

igvel items also missed a greater percentage of hiph~level

cognitive items. The nature of these results supgpest that

hierarchies of cognitive complexity esxlst and can be readily

identified and validated. It is possible that student performances

across these cognitive levels is fundamentally uniform and not

necessarily a function of aptitude, particularly in nastery learning.
The primary objectives of the pregsent investigation were

to examine the following livypotheses recarding nastery instruction:

(a) retention of achievement should exhibit decrements as a

direct function of the lensth of the retention interval rather

than as a function of scholastilc aptitude, (b) variability of reten~

tion scores as well as postinstructional mastery scores should pe

uniformly low as a consequetice of the mastery learnine strategy,

and (¢) students should perform uniformly across postinstruction, and

retention periods, regardless of the cognitive complexity of

the tasks or measured scholastie aptitude of the students.
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lethod

Subjects

Sixty~five students enrolled in a junior level educational
psychology course participated in this study., These students
were similgr to the general college population with respect to
American College Test scores (mean ACT=21.9: S$.D.=3,2) and
scholastic grade point average (mean GPA=4,203 S$.D.,=,39), Of
the 65 Ss, all wvere education majors and 50 were females.

aterials

To assess student achievement, three parallel exams were
designed and constructed for each unit., These forms were considered
criterion-referenced in that they (a) represented well defined
achieveﬁent domains whiéh were explicated through the use of
instructional objectives and (b) contained a prespecified
criterion level of 707% for the purpose of determinins mastery
or non-mastery status for each 8. Objective type test items were
written to represent these instructional objectives, and the
items were then vandomly assicned to each form., he mean iten
difficulty level for each unit across forns was .589. Subsequent
analysis confirmed the equivalency of forms with regard to iten
difficulty, and internal consistency estimates for the test forms

ranged from .79 to ,39 with a median value of .85,
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To investifate the cognitive complexity of the test itenms,
three instuctors of the course who were familiar with Rloom's
cognitive taxonomy (Rloom, 1956) were asked to classify each
test item into one of two categories: low or high cognitive,
in which low cognitive questions were defined as '"knowledge

level”. (see Filgure A)

Place Figure A about here
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A high percentage (887%) of interjudge concurrence was found
between any pair of judges, and descrerancies in classification
were resolved in conference. Consequently, two subscales were
constructed for all unit tests utilized in this study.

Procedure

Each student enrolled in the course received a course
syllabus explaining the conduct of the course and the underlying
rationale of mastery learninp as well as a list of instuctional
objectives prior to instruction of each unit, TFor each unit of
instruction, §s were administered one of the parallel forms
preceding instruction; following instruction; and durina a final
examination period at the end of the school term. The retention
test. was unannounced and administered during the period normally
used for instructional evaluation., Therefore, the results ware
interpreted as retention measures without the effects of review
or practice. Each 8 took the pre and post instructional mastery

tests for each unit hut was administered ounly one of three
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retention tests. The retention tests were administered
randomly to S5s by randomizing the order in which they were
distributed to the §=.

For data analysis purposes, the independent variable of
scholastic aptitude was defined as a linear combination of ACT
scores and college GPA., Both measures have been widely
accepted as indicators of how well students may be expected

to do in traditional classroom settings.

Results and Discussion

All students involved in this study performed beyoand the
criterion level established as a consequence of the mastery
learning strategy employed. WWhen students failed to achieve the
desired level of competency, prescriptive-~remedial instruction
t7as provided and re-tests were administered until mastery was
demonstrated by all students. These results generally support
the findings of previous studies (Airasian, 1967; Riehler, 1970)
vhich demonstrate mastery level achievement is attainable by most

of the instructional population.

Place Table 1 about here
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To investigate the first resecarch hypothesis, a twvo-way
analysis of variance with repeated measures on the first factor
was performed according to procedures discussed in Yiner (1971).
‘The results, shown in Table 1, indicate that differences o¢f a
major magnitude occurred for pra to'post to retention periods

for each of the units. Calculeting the strength of association
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for each of the units, eta-squares were uniformly high

(.70, .67, .59), indicating a high degree of practical gignifi-

cance of the differences between ordered pairs in unit one using a

Newman-Kuels procedure, all differences were statistically significan!

at the .01 level. Thus, substantial gains were made as a result
of learning for mastery. Retention was significantly higher
than preinstruction levels but also significantly lower than
the mastery level. Tor the four week retention interval, all
possible pairs were statiétically significant (pg.01l) as in
the case with uni: one. For the shortest retention period, in unit
three, significant dif.creuves +P€,01) were observed hetween
preinstruction status and mastery status and between preinstruction
status and retention staius, However, the differnce between
mastery status and retention were non~gsignificant (P».05) for
unit three. Therefore, it appears that retention does in fact
relate directly with the length of the retention interval.

As a result of examining the second aspect of the first
hypothesis, that of the effects of aptitude upon retention, it
must be noted tlhat no statistical interaction was observed between
the repeated measure “nore. pos:, retention) and that of aptitude.
Since aptitude was avtificiaily dichotomized for the purposes of
using the two-way repcated measures ANOVA, the relation between

aptitude and achievement was also viewed in terms of regression,
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Table 2 contains product~moment correlation coefficients computed
between aptitude and scores for each of the three treatment
conditions (preinstruction, postinstruction, and reteantion) for

the three instructional units studied. The results presented
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Place Table 2 about here
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in Tabel 2 indicate that only two correlations are sipgnificant
and were based on the relationship hetween aptitude and pre-
instructional performance. From these data, and the results of
‘the analyses of variance for total-test scores, it appears that
aptitude as it is defined in this study is unrelated to both
mastery and retention performance.

It was further hypothesized that the mastery learning
strategy reduces the variability of test scores since sufficient
time is allowed for each student to attain mastery. Consequently,
mastery-status test score variance should be significantly smaller
than preinstruction test score variance. In addition, retention
scores should also exhibit this reduced variance when learning for

mastery. The results, shown in Table 3, indicate that in unit one

A G 451 W% e FU M A G 56 BY PB @y G5 G4 GBS M5 40 S8 U0 an W am

Place Table 3 aout here
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. [N
small changes in variance occurred from pre to post to retention

intervals. WNone of these differences were statistically sipgnificant
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(£=3.17, df=26, ?»,05), lowever, in unit tvo a significant drop

in tust score variance was obscrved between preinstruction and
postinstruction (P<.05). 0ddly cnough, retention test score
varianc:e incrcased dramatically, and the results wer:s statistically
significiant (t=4.54, df=15, Pe.N5), In unit thrcc,.a statigtically
significant variance increase was notcd.bctwcan nre and post scorues
(t=2.05, d£=13, P<.025), although the changes from post to
retention were non=sicaificant (P».05). From these rcsulté, it
would appear that a sinpgle general conclusion can not be drawn
about the variability of tust scores from pre to mastery to reten-
tion scores. Sctting a criterion\leVGl and allowving students to
study until mastcry has been achiuved dbes reduce the tost scorc
variance when thes. scor.s are obtained inm:diately followving the
time that mastory has baen demonstrated. However, the dissipation
of lcarning as indicatcd by docrements in the séores of retention
tests docs not appear to bu systuematically related to any factors
investigated in this study, In othur words, the traditional
predictors of college sucecass, namely, GPA and ACT scor.s, are

of little valuc when learnine for mastery,

%
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Place Table 4 ahout hure

The results of thoe analysis of variance for the hish and low
cognitive scales arce shown in Table 4. Cell and marginal mceans,

as well as the standard deviations for low and high copnitive scales
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arc presented in Table 5. Although three judges fanmiliar
with Bloom's taxonomy concurrced 38% of the timc in the classification
of test items with rogard to cognitive complexity, the corrclations

obscerved between thoesce two scaloes across different tise intervals
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Place Tahle 5 about here
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ranged from -.18 to .62. Part of the typically low relationship
can be attributed to tho marrow range of student performance within
the levels examined, (pre, post, raotention), particularly und¢r the
mastery level, However, the unifornmly low and largely non-significan
corrclations reported above rust lcad to the conclusion that
the two sub-scales rupresent relatively independent cognitive
dimensions.,

From the ANOVA results reported in Table 4, only main effects
diffoercnces over time were statistically significant (Pe,001).,
As in the instance of the full scale tests, the strongth of
association, the corrclations, were uniformly large. In no instance
were the main cffects tusts for apritude significant (P».05)
and only onc of threce interactions was significant., The significant
interaction in unit turce (P<.05) accounted for only ninc per cent
of the critarion variance and, as a conscquence, w7as not inturpreted
as having practical significancu. To more aptly dcscribe the
reclation between aptitutde and the low and hish cognitive scales,

corrclations were computed and arc vreported in the first two
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columns of Tablc 2. Only three of the 18 correlations were
significant beyond the ,05 level, and all threo significant
cocfficients occurred under preihstrucgional conditions. Therefora,
it appears that aptitude does operate in determining preinstructional
status but has little infiluenc. on initial learning and retention
status for cithcor the low or hish cognitive tasks.

Generally, the results of the prasent investigation are
construcd to support somc of the basice assumnt;ons of both Carroll
and Bloom rcgarding mastaery learaine, Mamcly, that aiven cnough
time students will lcarn to a uniformly high lovel of proficicency
rcgardless of aptitutd. for lecarnine, and that antitude plavs
a rcelatively minor rolc in determining the degree to which one
lecarns and rctains instructional matcrial. Furthermore, regardless
of the cognitive complexity of the task students perform uniformly
when lecarning for mastoery as is suggested in provious ruscarch
(Airasian, 1969). The authors express rescervation with regard
to the applicability of thuse conclusions to the sencral school
population, other than a collcenpe population. There are major
differences betwoen collean upperclassien and cithor clementary
or high school studuats, not the least of which is the wider range
of abilitics and motivation, nlus developmental phenomanon, which
may be cmerging in youngur porsons and intcracting with scholastic
achiovument., Yet, the results appear to be quite definitive with
regard to the performanee of university students under the nastery
learning strategy, and furthoer systumatic analyscs of student

performance in other sujoct domaing would “Be of interest. In
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this study, che content of units one and thres were quite

different from unit two (statistical concupts), and the results
differed slightly with respect to the aptitude-achicvement
reclationship for unit two, Thoe higher corrclations hetween aptitude
and achievement for unit threce, as well as tho relatively high mean
test score for unit threo under nproinstruction conditions, supggest
that aptitude may facilitatu transfor of gencral academic skills
such as adapting to new material and spocific instructional
scquencess  This is to say, students wvith hishor aptitude scores
arc more cfficeivnt in bencfiting from an instruccional experience
and transferring nev skillg to new loarnine tashe. When unit thraoce
~Xams are administercd at the beginaing of the course hovever,
scores were observed near the chance level indicating little or

no cntering knowludge in tae content area.
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Exanples of test ftems £ron the Low and High Cognitive Subscales

I Lowelevel Cognitive teast itcwmas

1, The most important single question which should be raised regarding any
psychological teat concerns itas

* A, Validity
Be Reliubility
Ce Content
De Objectivity
Ee Standardization

2+ In Bloon's Taxanowmy "synthcsis" is defined as thes

A, Combining of clementy into a new product
B. Applications of standards of acceptability
Co Translation of verbal message into some other appropriate symbolic
forn
D. Sorting of the whole into its component parts

IT Highelevel Cognitive test itema:

1. tYhich of the following teachers'statements indicates the best understanding
of the teachers' responsibility?

Ae "Test results showed that my test was too easy."
# Bo "1 am pleased that my students did well on the test,"
Co "Scores on my teat averaged at the 50 percene level of difficulty,
so it was a good test,."
D¢ "My students could not anticipate the general naturc of the test
questions, so it was a good test."
Le "Test results showed that wy test was €oo hard."

2. Measurenient i3 related to evaluation as

A+ specific to general

B. concrete to abstract

Ce Sufficient to neccssary
#%% D, nmeans to end
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Feratios, appropriate probability statemonts, and correlation ratios for twoeway
analysis of wariance for Units One, Two, and Three

nit 1 Af_ F n e
A (Treatuent) 2,50 1251 * 70
B (Aptituda) | 2,25 8 -
AxXB he50 1.7 -
Unit 2 -

Ae (Treatment) . 2,28 7540 ' 67
B¢ (Aptitude) 2,16 0.0 ve
Ax B 4,28 1.3 -
0113 1 N — e ————————

A (Treatnent) 2,34 h?.ﬁ?* 59
B (Aptitude) 2,17 1.56 -
AxB b, 34 1.2 we

*  P4.001
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Correlations between Aptitudc and Achievoment at Pre=Instruction, Post Instruction
and Retention Levels

S— s insene s _— -
High Cognitive  Low Cognitive . Full scale

Unit One Ne28 Achicvement Achievement Achievement

Pre=Instruction o35 o50%% hﬁf

Post=Instruction ",25 ", 16 «,09

Retention =03 »,03 “,10

S —— —

nit Two N=1 —

Pre=Instruction «,03 o3k -,22

Post=Instruction 16 25 089

Retention 26 01 15

Unit Three N=20 ‘ —

Pre=Instruction 05 IM% oUgH Dk

Pogt=Instruction 28 Ol 11

Retention o17 b o1l

* Peo05

*¥%  Puo0l
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TABLE 3

Cell and Marginal Means and Standard Deviations for the Two Way Asalysis of
Variance with Repeaced Moasures on One Vay for Units One, Two, and Three,

NSRRI PSRRI A AT - .

titude c¢eInatruction gte ction etention otal
nic.On pean . g.d SO Gele 030 _0eds 51000
High % A X T 9l 63 b 60 .
Average 39 8ol 72 - 5.8 60 104 57
Low k1 6,0 72 7.8 65 6.1 59
Total 13 T & 98¢
nit_Tuo - - | ———r———
High 34 1043 ™ 24 6 1745 5T
Middle N} 8.0 7 343 59 949 58
Lov b 10.4 70 7. 59 643 57
Total 38 . 12 - [ - 573
Unit Three - —
High 58 6.6 16 8.2 M 110 70
itiddle 55 845 7 b3 T 5.7 67
Low 48  10.6 16 4.8 76 Te5 67

Tota) T 54 N N 76 68
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Feratios, appropriate pzobability statements, and correlation ratios for two=way
analysis of varjance with repeated weasure on one factor for the high and low
cognitive scales Unit one, Ivo, and Three

Iligh Cognicige - Low Cognitiye
Unit One df E. n. Jdf  ___F n
v (Preatment) 2,50 68.5;* Tl 624 3%+ 61
B (.ptitude) 2,35 0.9 - 1.2 -
AXB 4,50 1.0 . 1.9 -
Unit Two
A (Treatment) 2,28  92,3% .76 20.5%* o3h
B (Aptitude) 2,14 0.3 - 0.0 -
AXKDB ' 4,28 0.8 - 1.1 -
Unit Three
A (Treatment) 2,56 254k .39 38.5%% 55
B (Aptitude) 2,17 2463 - 0.2 -
AXxB h,sh 2,79 .09 1.2 -
* Ps.05

**%  PsJ01
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