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ABSTRACT

When the task of evaluating student learning is
carefully considered, two major problems emerge. One is the gathering
of the most appropriate and precise evidence rossible about the
learning. The other is the setting of performance standards against
which this evidence may be weighed and the adequacy of each student's
learning judged. This paper has focused on the problem of setting
performance standards for use in strategies for mastery learning. The
paper began with the argument that a key variable ir the design of
these strategies are the mastery performance standards which students
are helped to attain throughout their instruction. It was pointed out
that presently there are no procedures for setting such standards.
Next, an attempt was made to formulate one such procedure. The
approach developed utilizes students' future learning, i.e., their
scores on a set of desired, end-of-instruction learning outcomes, as
a criterion for determining the mastery performance level which
students must attain at any stage in their instruction. Finally, the
paper reported an experiment designed to explore the feasibility of
the approach proposed. The experiment was designed to test the
assumption that the performance standard which a student attains over
each segment of his instruction has important implications for his
realization of the desired, end-of-instruction learning outcomes. In
general, the experiment's results confirmed the assumption tested.
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Although the prcblem of sebiing performanze gtendexds is old, pevhgps

never has it assumed greater importance than in the design of nasbery

learning strategies, Thege strategies are designed on the assumptlon that

attaimment of particular standards throughout the instructional process

will help a meximum number of students reach deslyed end-of-instruchion

leayrning outcomes. Without procedures for selecting stendards whose

meintenance produces the desirved cubcomes, thercfore, these strategies

cannot be consistently well~designed. ‘
Presently there are no such procedures. Iun pert this is due to the

type of standsrd which nust be set. While there are wgllwdeveloped pro-

cedures for setting relavive (e.g., Angef?, 1971) or sbsolute {(e.g., \

Nedelsky, 195k) stendards for vse in interpreting scores on nowmm-

referenced tests, mastery performance standards must be absoluse

standards for use in interpreting scores on criterion-referenced tests

(Block, 1971; Bormuth, 1G71) L

In layger part, though, the lack of sound proceduvres for setting
nagtery performance sbandards is due o how these standards must be set. As -
Bormuth (1971) has argued the sebting of mastery performance sbtandards requires

rational techn.,ques which are capable of ylelding standards vhose superviority

1 For purposes of this paper, a nora-referenced test may  be d«afined as
an insbtrument designed to md..cawse how well the student has learned &
glven segment of inst.uction relative o his peers while a criterion-
referenced instrument mey be defined as8 one designed to indicabve whab
the °tdent has or has nobt leerned from the segment.
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as indices of the adequacy of a student’s learning can be defended both
loglcally end empirically.

But present techniques for setiting mechery sbandsryds sre essentially
irretional and yield indefensible standerds. Tor example, perfec’ periorme
ance, i.e., a perfect test score over a seht of instructionmal objeetives,
igs oflen set as & masbery standard. Yet date from both luboratory learning
research (Bormuth, 1971) and studies which employ perfect performance as
their mastery stendard (e.g., Shermen, 1967) suggest thet perfect perform-
ance is unvrealistic to expect and prohibitively expensive vo sttaia., Oy
to take another example, mastery standerds are also ofien set in teyms of
achievement of some fixed proportion, say 85 percent, of a set of ovjec
tlvec, But vhy this proporiion is a more meaningful index of mestery than,
say, achievement of 80 or SO percent of the objectives is ravely explained
or defended,

If ‘the current trend toward increased unse of pastery learning strate-
gies continues, then the need for some betber aspproaches to the problem of
setting mastery performance stendards is obvious. This paper attempts to
begin to fulfill this need by (a) formlating a general aspproach for the
getting of defensible mostery standards and (b) testing the apprcachts

feagibility.

An Approsch for Sebting Mastery Performance Standards

Accerding to Cahen (1970) one way to sasess the learning outcomes of
any instructional segment ig to examine how well that segment has prepared
the student for future learning. This idea hag mejor implications for the

setting of mastery performance gtandsrds for two reasons. First, in mestevy
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strategies the major outcome over any insvructlonsl segment is the perform-
ance level to whlch esch student learns. And secend, these styraebsgies ae
explicitly designed such that the level to which students sre helped to

learn should maximize each student®s llkelihood of etteining a set of dew

sired, end~of-instructlion lesrning outcoues.

In a mastery learning conbext, therefore, Cehen's nutlon can be Lrans~
lated as follows: one way ©0 a85gess mastery over any segment of imstrucs
tlon 18 to examine how well the attalnment of verious performence levels
yrepares students for attaining the desired leaxrming oubtcomes., That level
which best prepares students Vigegmvie these owbcomes can thep be selected
as one’s mastery stendsrd. For exsmple, ocre could get a masbery perfcrmence
standard for s two-unit instructional sequence where achievement and inter-
est were the desired learning ocutcomes by determining that performance
level vhose attainment best meximized these oubcomes.

Three major steps must be taken to implement this approsch. Firub,
the learning outcomes to be maxiuized by the instruetion's completion must
be characterized by e set of defensible lesrning criseria. This eatails
the creation of some practical (Schwab, 1968) methodology For making justi-
fiable value~judgments. The method uwst be practicel because we have no
comprehensive theory of the cutcomes of jastruction (Bormuth, 19713 Gagn{ s

¢ 1970) and hence no theory which might guide one in selecting among existent
eeiterie or generating new criterila for representing the learning. The
method must meke valuve~judgments, i.e., the selection of some subset of
eriteris from the range of possibllities avellabls sccording to some

4 priorities, because the choice of criteria represents essentially o value

{ or values Judgment (Sezriven, 1467; Messick, 1970).




Next, some model For imterrelabing, weighting and combining scorves
over the various criteria must be developed (Bormuuh, 1971). 'his model
hes two functions, IMiwst, it attempts to captuve the wholenecss 1znd the
complexity of the Jearning to be naximized. Second, it provides & decision
function Toi s_el.ecﬁ'ing That standard widch best waximizes the leaining ln

/
cases where the atteinment of diiffereant nerformance levels waximizes scores
on different criieria. Wéuppcse, for example, that the lesrrning to be maxi-
nized is represented t ;y two criteria 5, achievenent eand interest, and taatb
the atteinment of one péii’ormance level maxiwizes fubure achieverent while
the abttalmnent of another maximizes foture interest. Dejendiag upon one’s
model, the standard would be set either closer to the Tirst perfomance
level or closer to the second. If achievement plays & far lsyger rols then
interest in the model, then the standsrd would be sev cloger to the Tirsst
level. But if interest pleys a fer lavger role then achievwent, then the
converse would be true,

Finaily, having defined the learning to be moximized by a set of de-
fensible criteria and a model which incorporates these eriteris, moximal
learning must be clearly defined, Here a statistical technigue must be
selected for estimating futvre lesrning (i.e., estimating scores from the
model) as & function of the performance level to vhich the unit or units
over which the standerd will be set ave learned. ILeast~squares (e.g.,
regression), Bayesion or other estimation procedures might be used. That
level which yields the greatest estimated fubure lesrnlng can then readily

selected as ong's mestery standard.

Advanicages of the Proposed Approach

Whlle this approach to the seitbting of mestery sbanderds is neither

as simple or as expedient as lts predecessors, it does have some powerful

s




advantages. Firab, 1t introduces o heretofore missing element of objec-
tivity into the precess of setbing wnatery stendards. From the choice of
learning eriteris to the selection of sowe statistical estimetion technique,
one is foreed to be explicit about the decision processes by which he are
rives at his stondsyds. Thereby he opens his standard setting process to
eratiny and chalienze by other individuals and ensbles chese individuals,
i? they sc choose, fo independently veridy his standard throvgh replication.

Second, the procedure yields sbandaxds which have clear meaning for
student learning. It ensbles one to set a standard whose attainment should
lead to greaber Duture learnlng then wonld have the abtainment of any other
standard.

And thiwd, allows one to optimally design his mastery learning strat-
egy. A5 Gleser and Jitko (1971) have pointed cut, "Instruction proceeds ss
& funpgiion of the relationship among messures of student performance, availe
able inglrueslonal sllernatives end learning eriteria that are chosgen to be
opbimized,” The aypircach developed here establishes a clear relationship
anong these variables. It fovces one 4o gelect particuler learning criteris
to te optimized and 4o set slandards whose atiteimment will cleaxly optimize
-t-hie—- learning. One can then select From the aveilsble instructional alternw
avives the perticuler desiga which ensures thebt the standard selected will
be naintelned and nence that the desirved endwof-instruetion lesrning oute

comes will be veached.

A& Teesibility Studyv

- e

The mastery sbenderd sebtilag ayproach outliuned shove rests upon many
agstnpbions, Bubt perhaps the most basic of these assumptions is thet the
vexrformance stendard which & student is helped to attain over eech segment
of kis instyuction has impeortvant implications for his reallzation of the
degired end-of-instructicn learning outcomes. This segment of the paper

repots the results of a study designed to test thils assmnption and,  hence,
the uppy'@x*h & Paanihility.
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Method

Subjects: Ninety-ore eighth graders fyom a lovev-niddle closs suburb
near Pertlaad, Oregon formed the sample. '

Learning Materials: Matrix algebro was selected as the subjeet matter
for this study because it best it the following reguirements.

r First, it is tavght secquentially, that ig, esch segment of
lnstrucetion builds upen the srior segment, I the perlormance
level which a student is helped to abvtain over each segent of
his instruction does influence hiz fwbure lesrning, then it
seened reasonable thet these «ffects weuld be ciearest in
sequentielly tawght subjects. Second, the algebre was suilficiently
relevaunt to the studsabls orior learning su thet it would ot be
percelved eg being sc diffficult that oaly a few ccwld leaimn it
or &0 easy that it would be shes” bhusywork, PFinally, the algebra
vas sufficiently esoveric so ensure no spill over of eny negative
experimental etrfects inte she students other schocl werl,

Three programmed units in elemsntary metris algebra were
developed from & textbook developed by Buushan (1668): Unit I w
The definition and some properiies of natricesy; Unibt IL « Special
types of matrices and the rules of matrix sgouality; and Ualt IIL -
the process and rvles of meiriz additicn and the process of mebrix
subtraction. Each unit was congtructed so that mest students would
learn only about 50 percen: of the material froa the bext alone,

Learnine Criteria: Common school learning criteria were used to vepresent
the future learning to be mazimized, i.e., the goals of the ingtruc-
tion. The firsit criterion wvas Achievement. This Ls the exiterion
most often used by schools vo messuve o stedent's learning., It
indicates his acquigtion of the inbeliectual sgkills (conteat and
mental processes) tauvght and elso serves much like aptitude and
intelligence measures as an index of general leazrning capacity.

Achievement, however, may be thought of a indering ouly
the level to vhich a student has learned. Bioom (1968), drawing
on the work of Caxroll (1963), hes suggesved thet the rate atb
vhich s pupil learns to a given level or the level to which he
leorns in a given amount of time are inter-changeable learning
eriteria. Hence, alihough some have challenged the utility of
rete measures (e.g., see Cronbach eand Snow, 1969), the Time
Needed to Learn was chosen as a second criterion.

A Third eriterion was Transfer vhere transfer wos defined as
the application (Bloom, 1956) of cognitive skills achieved under
orne set of conditions to tiae sclution of related new problams.
This eriterion was selected since noeiiher a high level of achleve-
ment or e quiek learning rate guaranteed that the studeat wonld
be able to epply the skills acquired by one point in time 2% a
future point. 2t of school leerning, though, ie cumunlatlve
precicely in the sense thet what is leorned ot one point must be
applied at some leter point to fecilitete new learning (Gagne,
1965) or to solve new problems (Brownell, 1948),
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If many of the skills acguirsd inm schocl are to transier to
nev lesrning or 4o the solubion of new piroblens, then cleariy
these skills must be avgileble vnen nceded., But cven 1T &
gtudent's learming is adequete at ius co.,m!cc cin, 1t oeed not
be adequate, even available, when required {e.g., see Brownell,
1948). Hence, Retention wes selected as a four arth erlterion.

All the ')'f'eced: Py Criteris may he classified as "coguitive”
learning criteria. Meny teachers aand eduo: \’c 21l researchers
(e.g., Brown, 1971; Krathwohl, Blcoon end i ci , 196k; Messick,
1970) would sssert, however, that learning is s phenomena
requiring both cogaitive and affective cmi terie To capbture its

Factl,

P XY

complexi'by. Accordiﬂ’s-- /ﬁ the following affective criberia were
also chosen: Iu Lex;g;:g iand Avtitude ‘BC«“JS/.’C: 'tho a] gebra both
at and two weci:s afser the oop*lJ.f.ebmn of its learming. These
criterie were selected for the Following reason Plnst,

E’#
unlike many affective trains (e.b,, velves) inbercssts c..ﬂa
attitudes nmight be developed in the brief period cver wvhich
the experiment was to toke pinnz. Second, valike most affective
tralts, interesls and stiitudes can be measurd’ in ayv leass some
crude ways (Shaw end Wright, 1857). ‘

Pollowing Getzels (1909), an intarest was conceived u3 2
characteristic dispostion of the indivicduel orgeaized throagh
experience which induces the individual to actively sesk out
perticuvlar scbivities, skills and understaundings egsociated
vith the object of Eefect. 1N The Case of Whig study, interest
wag defined in terms ¢f the individuni’s willingaess to learn
more ebcub the ewperimentsl subject and to pariticipate in a
nuber of subject-related setivities, An atbitude, on the
other hond, was conceived as an emobional tendeney, orgenized
through experience to act in a chavacteviatic positive or
negative way bowanrd the obj=zub:of affect. In Geveals’ scheme
the formation of an intevest is assumed to be prer-ouisite
for the formetion of an atilltude toward a toplc or mbjeet,

Instruments: Three parallel forms of twenby~item formaetive criierion-

referenced eveluation instiruments were prepared for each wilt
folloving procedures ouilined by Airasian (1869), Bloom, Hastings
end Madeis (1971), and RPovmuth (1970) These instruments would
be used to deteimine eaeh student's wnit performance level.
Imstruments were glso dev eloped for each of the learning
eriterion. Two forms of a tTwenty-item sumwzbive evalvatlon
instrument (Bloom, Hastings, end Madaus, 1971) were developed
to test achievemenlt and reienticn respectively. A ten-itean
transfer taest was devised o test the student’s ability o
epply some of the mejor laws of matrix algebra - e.8., thc\
commtative (A+B = BJ-A) and the sssociative A+ (B+C) = (A+3) +C
Pinally, Likert-type scales were dc.vuloped to measure student
interest in and attitude towerd the slgebra. Interest wes
measured by & scaie designed to elieit the student’s desire to
learn more about verioug facebs of the algebra and to pariicipate
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in certain activities invelving meterix alpshrea. scale
was adapted from the Internaticnal SIIOJ o1 NG ,‘:;';"a S hievamant 3
in Methematics (Huse n, 1967 "Attitude towerd Mothemnbics" subscale.”

oxperinental Froceduraes: The e parinent was mr--)"med o3z on2 school week
under actual school conditions: mur sesasions of 80 juinubes for 31l
students and one session of L0 winvies 4‘37 wudents who neadzd wxve
learning and testiong time. At 1:11@ Fivst sepsion, “{“i’OuGL‘LS 2f aghievc
meat, trancfer, '11Lufec,+, znd abtitude wers adndnistoved Tollrwed wy
Unit I, Uvni.,, 1T gwd IIT ware given in the seconad and bnlwd zessicns
respactively. sbetents o ashievensnd, *-'cr srer, doterest 2:d

sgion fony. o weexs
on mo ':c: 'ﬁa,:‘s given and the internst

attitude were :ndmuusr, gy
efter session four, the re'b:,“.u
and attlitude Instrunents weie e

Within eacin of Tour classe
five trogioonbs,. Sixteen students were ansi
treatuwents where each treatnent helped S2 1.:
proportion - 65, 75, 85, 95 per cent ~ of %
before proceeding to the next., The rewmain
to & control freatment whersin Ss were nob
parblculer ver unit performance level,

Thz control and evperinentel treosimenis f
schenabized as Tollowss

a1 Ho 8 dl'ﬁ‘fe;eren'b

wioerlal in each wait
sudenss were ,ssigr!ed
v

ived G0 maintain any

e each wuit can be

i .

: Unlt Um Self~ cL PAcGed  Poradler | lgeoping o Paroilel
. 3 > S
! Test Formative 1 Review Rewdew ; RKeview
i Test E, Toglb-iltens 3 Tegi-ibaus
i
l<«.—-—.~—-. Requizned :)js < - 'S(-v 1\]‘(\(1 g ,'.:C:v- >

——— . o ————

Control ¢ Biperimental Ixperimentsl. Only

In the contirol L"*c@umenu, Sg comp ted the wnlit progremmed textboolk,
completed the wnit test and ther . V‘cgafdles.; of their scorz on the
wmit test, worked on specially as sxgncd hompework. ITn the experimental
treatment, Sg completed the unit text and test snd then, depending on
their score on the test, either moved to ‘the homework or reviewed
portions of the wnit. If the S had abtielned his required performance
level as indicated by his score on the wnlt test, ke worked on the
homework. IFf not, he reviewed Just enough of the tnlearned material
to bring his pew*f‘ozm ance Lo standerd, Special pr og'"ammnd review
materiales and individual veview mevc":_pm ons keyed o these wateriels
were provided. The student could review ag much or as little as he

1

The rellebllity indices for each leerning criterion instrument were:

Achievement = .84 (Kuder Richardson T’ovmuia, 21)
Retention = .81 (" " ")
Trensfer = .89 (" : " "
Interest = .92 (0dd-Even, Sp‘L:.thalf)
Attitude = .Bo (" " )

These coefficlents

are basad cn 2 sample size of n = 25,
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felt necesgery. Upon complésion of his review, he wss then retested
over the reviewed waterdsl wlith new items dvewe from the second
varallel form of “he vnliy test. IL he anpuwered all these items
correctbly, he wes allowed to vork on the gpeeial homework. If uot,
he was tulored over the mateirial sbill wnlenrned and then retested
over this material wllth items dvawn Troa & Third parallel. form of
the wait test. Pilot testing had shown thes thie review/corvection
process world guerexntee that vietually all expsrinmentsl Hg could

be helped o reach thely reguired pexfornance level,

Dgtg Gothered: In eddition to the ypwebest, post-test and retenticn deta,
the following informatica wes gethered, First, sach studant’'s uvnit
performance lavel before any veviev/corvection. Second, sach
student’s unlt pexformance level afier veview/corvection, if aay.
Thizd, the time speut per wnit by sach student ie lesrning via the
toxthook and any self.dlrvected reviev apd Golorisg., And fowrth,
oach studeant’s Interest in evd athltud2 towmprd the algebrs at the
eompletion of each unlb. :

Dnta Auelyeis: Aeross the four clasges; a total of 16 studenbs were
aessigned to each of the four erpevimentel trestnents end 27 students
to the conbrol growp. However, Tive expevimensadl and two control
gtudents who hegen the experiment falled Lo complede it. Eight ' 2
other emperinentel studenis complaeted the expeviment, bud weve
drogped for purposes of dste anelysls beesuvme thaoy consistently
excesded thelr requived pevformence level (i.e,, lesrned 10 per
cent or mowve mebterial thon reguirved) or they uonsistently falied
to attain it (l.e., leszned 10 per cent or move less meborial
than required). Consequmbly, dote were smelyzed for only 25
subjects in the conbrol group, 12 in the 05 per cent experimental
group, Mt in the 75 and 85 per cent groups each, sud 11 in the
95 per cent growp. S

© The data vere saalyied az follows. Tirst, the mean-scores
TAldnd by each trasiwment wers plobibed to invesbigste the genersl
neture of the relationghip vetween the performonce level maintained
and student lemming ss indexed by each critsrion. Second, the
seores on each criberion measure weve snrlyzed using one-wey
dniveriete snslysis of verlance proceduras (Bock, 1963). The
lenst-sousre esbimetbod offects gencrated in these anslyses and
the estimeton’ stendard errors wers then used to compsre and
contrast the effects ol the verious {reeiments on esch cribterion.

Resnits

Achilevenment and Retenticon

As indiceted in Figure 1, there was & linesr reletionship between

- ey Wt W W e el Y3 OB K A rY ew AD

Ingert Flgure 1

G e e W B W YN LS KD Pe M (1 bW oW D




s

10

the per wnit performance level mointelned over the sequence snd weans scores
on the achievement and retention messures. Only madntenance of She 85 and
95 percent levels, however, yielded scores which wers sigomificansly higghej?l
fehievenent b = 2.93, bgg = 1.93; vetention: tos = 3.00, by = 1,94)
than the contwrol group’s scores.

Besldes suggesting thet there was sone velabionship between the main-
tenance of parviculer performenc: levels and the wean level of sbudend
echievenent, the deta also indicsted an intcéﬁresﬁitig relasionship betueen
‘the maintenance of the verious lavels and the verighillty in student achleve
ment. Teble 1 reports the mean achlevement test scoves and the varience of
these gcores for each treatment grov .2 Note thabt as the per walt perform-
ance level S were asked to mailatala increased, mean sehievement test scores

Tkl s M G W 0 W ) T ey ) e RV

Tagert Table 1
rose and the varlance of these scores Tell. The 85 and 95 percent treabe.
ments not only helped students schieve $o slgnificontly higher leovels then
the control trestment, but it also helped homogonize student performence
around thene high levels.

TrangPer

The mesn scores of each treatment group on the transfer test are

plotted In Figure 2. Here theve was no lineay relebicnshlp between the

1p < .05. All hypotheses in the study vere tested at the .05 level.

2Sal.nce the nean achievenent scores do not approsch the test?s celling,

these variances are not articleially restrieted,

11
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Insers; Flgure 2
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performence level maintained axnd mesn ascores due primweily to the very
low mean score of 75 percent group. Foyrther, cnly maintensnes of the 95
percent standerd yielded significantly hlghez (tremafer: % = 3.02, p < .05)
scores than the control tregtnent,

No com;plete:!y satisfactory explenstion can be givea for the low wean
‘transfer score of ..the 75 percent group., The score mwlght be an artifeet
of ‘the smell sample size and the small nmuber of items (10) in the trons«
fer measure. It might also he atvtributable to ’che_ welatively negabiva
intersst in and ettitude toward the algebra which, as will be shown shortly,

the 75 percent treatm;}t group exhiblted srter tlie sequence’s completicn,

- The latber explana"&iqn 15 1less teneble then the fomer » hovever, because

the achlevement and trensgfer weasures were given together; yet the mean
gcore of the 75 pevcent group on the achievemerns measure was not £0

adversely affected.

‘Lesrning Time and Efficiency

 Pigure 3 illustrates the average total time spent in lesyning by the:

- ‘Ingert Figure 3

N e e M W mr (0w A0 S8 W M W ey

various treatment ‘groups. As is clear from this flgure there was a curvi-
linear relationship .betﬁeen; ‘the performance level meintained and the averw
age total learning time ‘spent. The ANOVA result indicates that all experi-
nental groups spen‘b significantly more (p < .05) iea;«ning time than the

contyol group.

12



But one aspect of thess Lime date wmrrenis fwrther anslysig. Note
thet the 75.85, and 95 percent treabment grouss 2ll zpent epproximotely
the same totel amount of lzornlng time despite the fact that the 95 pere
cent group had to learn more maherial them the 35 pevcent group snd the
latter, more materisl than the 75 percent group. This situstion couvld
have occurred only if the 95 pewcent goup leswned wmore efficienily. i.e,
learned more materilal in o given time, then the 85 percent geouwo and the
85 percent group learned more efficiently then the 75 yeveent group.

To explore thls "efficiency” hypothesis, the totel learaiay time
wes broken into the time spent in textbook learning snd the tins speut
in correction/review for esch uwnit. The anelysis focused on the relation-
ship vetween the average amount of material leerned using only the unit
text and the time spent inm that lesyming., Table 2 vartially summerizes

this velationship.

L Y L R T B I

Insert Table 2

Note that by Unit III, students in the 95 percent group were spende
ing much less textbook learning time thea the other experimentad. groups
and rougly the same bime as the cautrol group. Further, by Undt ITI they
vere also learning more materiel, es cvidenced by their average formatbive
test score, than any other experimental group and roughly 40 percent move
material than the control group. Taken together, therefore, these find
ings suggest that meintenance of the 95 percent level eventuelly helped
make these gtudents’ learniag moré efficient than the learning of both

the control and the other experimental groups.
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Interest snd Attitude

Figures 4 and 5 are pilots of the meen scores Por each treotment grovp

Tnsewrt Figures I and 5
on the intervest and attitude measures. Figuve 4 presents scores on the
neasures adminisgtered with the achlevement and transfer insbriwents;
Tigure 5 presents scores on the measuvres sdmlnlstered with the reteuticn
instriment. Hereafter, ivterest in end abttitude towerd the algebra measured
just efber its completion will be called "shorbtwtern” interest and attltude
respectively. Similarly, iunterest in end attitwde towmrd the algebra two
weeks after its completion will be called "long btern” interest and atbl-
tude respectively.

If the scores of the 75 percent group sxe dliaregarded, then in both
Weures &4 and 5 there was a curvilinesr velztionship between the per unit
performence level mainteined and wean scores on esch ceritericn. In all
caeges except shorteterm intersst, the scores increased as a function of ﬁ 1
the level maintainad up to the 85 percent level and then dvopped off ab i
‘the 95 percent level. Thls paitern is especlally spperent in the case of }
Jong=term attitude. |

The ANOVA enslyses ylelded the Lollowing results. On the shori~ierm ‘
interest, short«term sttitude and long-term interest criberion, both the
85 or 95 percent treatments yielded slgnificantly greater (p < .05) scores
(short-term interest: t.. = 1.98, 1:85 = 1,84, shori-tern ettitude: t.. =

95 95
2,47, t85 = 2.83; long-tern interest: t95 = 1.97, tg5 = 2.34) then the




N

conkrol btreatment. Bub the dif¥erence Jun the eflectus of the 8% and 9% osv-
cent breatmenis e mati tieally ingiznificant. On the long-oemmn @bttli-

tude criterion, houwever, cnily whe 89 percenmt wreatuent yilelded sigol
cantly greater (p < .03) scores (long-term aishiludes 1385 = 3,12) than

the control treslbuens.

Discassion

While all these findings misb he interpreted cantiously watil repli-
cated with a Jarger ssuwple on a longer leariioy sequencs 1 on the wuole
they do svggest that the sianderd setuing epproach proposed here 38 feasible.
The meintenance of parbicular performence levels throughoub the instruction
dld influence the students’ Jutvre learning as chazyacterized by the selected
lJearning critexia. Fuprther, the mpinteannce of different levels had differ.
ent effects on the lesyning. In particuler, nointenance of the S5 percent
level best weximized the learuing repiesented by the cognitive criteris
while maintenance of the 85 pevcent level best mexzimized the learning repres
senved by the affeciive criteria. Giwven e model for velating scores oa the
cognltive crilberis to scores on the affective criteris, therefore, it

would have been possible Lo get a mastery astenderd for the algebre sequence,

Surmary

¥hen the task of eveluebing student lw,enizw is cavefully considered,
two major problems emerge. One is the ga;lﬂwying of the most eppropriate
ond precise evidence noss:.ble abowt the lesmning. The other is the setting
of performance standerds sgaings which this evidence mey be welighed and

-

the adequaecy of each student's learning juvdsed. This paper has focused on

lA replicetion study is currently under way.
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but one facet of the latter problem, vis., the problew of setbing pewfomm
ance standards foir uge in strotegles fov wwstery lawealong,

The peper began with the erpmzent thet & key wewlizble in the design of
these strotegles sve the megtery nerformence stenderds vhilch sbtudenss ave
helped to atiein throughout thair instiuctioca, Unless sgbaxdords can e seb

whose melntenance does produce the desired end-of-ingtruction lecarning otbe

p™

cones, then these strabegies will be miszdesigned.

K () s,

It vas then pointed out thet presently there are ne procedures for setw

situetlon. Wivrst

[

ting such stendsrds. Two »easons ware given Tor thil 5
wa.stery performonce standsrds nush be ebsolute rather then velstive stan-
derds for use in Interprebing scores on ewiterion-refevenced rather than
norm~referenced testing instrunentvs. And second, mastery stendsrds wmst
be ecet uging ravional as opposed o srblirary or irmasionel techniques.
These technlques should yield stendards vhose superiority as indices of

the adequacy of & sbudeut’'s learning can be defended both logleally ard
caplirically.

Having establighed the need Jor ratlonel procedurss for getbing mastery
stendards, next an attempt was uede o fovmulate cae such precedure., The
epproach developed utilizes studenss® future leerning, l.e., thelyr scores
on o seb of desired, end-of-instruction learning cutcomes, as a criborion
2or determining the mestery performmnce level which stndents muet atbain ab
any asvege in their instructlon. To apply the epproach, the follouwlag stens
must be taken. First, the future learning of interest must be specified
in terms of & get of delencible leawrning criterie. Next, & model Zor inter-~

relating, weighting and combindng scores over varlous criterie must ve




developed. This model should captbure e wholeness ond compienity of -

future learning of interest. And Zinelly scae gtovistical tzchuleue xus
be selected Por esbimeting fulwre leavaing, i.e., scorzs on the model, ag

a functlon of the varicus perfovicomcee levels o which the sezment o segments
of instruetlon over which the stendord will be set wight be lezrned. Thet
perfornance ilevel vhese abbainment will yield the gresiest estianzbed Tuture
leam;gi.ng ig then selected =3 one's mastery performance goandard,

While this epproech is neither as siwple u}" a3 guick ag its oredecessors,
it does have some poweriul advanteges, Firsts, it i;xtro:“«mea & herebolove
mi.ssing element of cbjectivivy into the ma.si;e.z'fy standard aebling proceass,

t forees one to be explicit sbout the deeislion processes by wh;i.chu he
sxrives &t his standsrds and, vhexcby, opens the shandord setiing procass

up to public scruti'ny, chellienge, and replicobion, Second, the approsch
yields stenderds vhoge eltainment hes cleer weoning in tewmg of the studenbs?
fuiture learning. And ;i;h:‘»_r}cl_. 1t ensblies one bo é:ptmsm.y- 'riesi.gm nls izasﬁzub;z_»
tion by establishing a clesr relaticoship bebween the Three majoy varighles ,A
which condition how the instrvebicn showld proesed: wueesures of studeat
pexforuionce, the learaing criteria thebt sve chosen to he optimized, and ;bhe- '
available instructional alternetives,

Finally, the paper reported en experiment designed to explore the feasis
bility of the approi;ch.propqsedu Perhaps the most besie assumbion which
underlies this epproach is that the peri‘orman’ce stondard vhich a student

atteins over each segment of his imstruction has imporftant implicetiona. for

his realizotion of the deslred, end~of-instruction lesraing owtcomes. The

experiment reported was designed to tost this assumoption.

Rt e e e b o s i ot
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Ninety-one eighth gradexs were btawgbbt & Lhree.walt seguence in elewm-
entery matrix algebrs over one schicoi week, Yhe stndenses had buen rendonly
assigned to five trestment gronps., The control group lesynsd the algebrs
under no requirement thet they walutaln eay psrtlewlor pey vnalt perforyence
level vhile the experimental groups learned under the reguiremaat hat '°bh.e:y
each maintain a different per walt lsvel. The effscts of the control sund
the experimental treatmenis on selected, end-~of-instrueitlon cozaitive ead
affective learnlng cribteria were thea examined, The cognitive criterie
were achievement, retenticon, trensfer and leerning vete; the aifertive crie-
teria were interest in attibtude toward the algeore at pad tuo weeﬁga alter
the instruction's termination. |

In general, the expeviment’s resulls confivied the sassmuption tesﬁed.
The maintenance of particular performance levels throughcut the instructional
sequence did have significant effects on gbudent 1es rning as charalterized
by the vericus learming criteria. Muwther, the meintepance of particuler
levels had different effects ou different classes of eriteria. In particu-
lar, the maintensnce of one level best meximized scores on the cognltive
criteria while the meintensmce of another best maximized scores on the

afRective critenia.
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TABLE 1

THE AVERAGE ACHIEVEMENT TEST SCORES AND THE ACHIEVEMENT TEST
SCORE VARIANCES FOR THE CONTROL AND EXPERIMENTAL GROUPS

AVERAGE ACHIEVEMENT VARIANCE OF ACHIEVEMENT
TEST SCORES TE3T SCORES
CROUP (PERCENT CORRECT) : g2
Txperimental
95 percent 64.9 82.8
(n=11)
85 percent R 60.7 R 110.2
(n=1h) : .
75 percent S 50.8  am.e
(n=1h) ' -
65 percent ' 49.0 - 240.2
(n=12) :
Control o 50.5 - . 501.8

(n=25)




TABLE 2

THE AVERAGE AMOUNT OF TIME SPENT IN TEXTBOOK LEARNING PER ALGEBRA UNIT

AND THE AVERAGE FORMATIVE TEST SCORES ON UNIT IIX BEFORE

FEEDBACK/CORRECTION FOR THE CONTROL AND EXPERIMENTAL GROUPS

AVERAGE FORMATYVE TEST

AVERAGE TEXTBOOK LEARITING TIME SCORE UNIT VI
{in Minutes) {Mean Percent correct)
Group Unit I Unit II  Unit IIX
Experimental
95 percent 1.4 1h,2 25.8 Thah
(w=1l)
85 percent 1.4 15.0 29.b 63.4
{n=1l
75 percent 1l.2 i5.2 20,1 56.5
(n=1h)
65 percent .1 14.3 27.1 63.7
{n=12)
Control 11.1 12.7 25.3 54,2

(n=25)




Fig. 1 =-wAversge schievement aud retenbion scores
for the control and sxzperimental groups.
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