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Sizeable amounts of resBurces are necessary to maintain an ex-
tensive publiec education system. .Support for these expenditures is
. forthcoming, in part, because the system &dssumes long term retention
of skills as a goal. Such support would be less likely if only short
term netention resulted from the system, as this would preclude long
term benefits For the society which supports education. Therefore,
an important part of the Justlflcatlon for the extensive educational
. endeavor rests upon-the system's capability for'bromoting recall and
'\ " use of skills, concepts, and principles, by students, over extended
periods of time. 3 : . -
flow would an edueational system promote this capablllty for long—
I rerm necall of essential skills in its instrudtional efforts? While,
.various D0331b111ties for accomplishing this exist, three are at once )
apparent: a) provide for instruction which promotes highly effective -
initial learning on the part of students served by the system, b)
allow more time fot-students to engage in the learning of these J
essential skills, and c) provide for strateglcally placed review and
. rehearsal periods following.initial instructlon in essential skills.
0f these alternaglves, two (a and b) were selected for investigation -
in this study. \

- | Y N . o ‘ =
. The study reported here was codcerned with the investigation of

retention of intellectual skills. The experimental treatments pro- L
vided instruttion whlch promoted two différent amounts of learning
time., Formative evaluation techniqueg were used tg develop the in-
struction to provide differing levels of initial learning. The con-
tent pof the experimental instruction was concerned with developing'’
skills, in students which would énable them.to apply a method, devel-r
oped by Toulmin (1958), in analyzing® positions taken oN social issues.
In terms of godls of instxuction in social studies, skills needed to\
analyze positions taken on docial ig su§¥ are assigned high priority
by Allen and, Adair (1941), Fenton (1967), and Massdalas and Smith

'(1965), ar well as other authbrltles in the«fiela . . Lo

. Programmed texts were used as the demiyery system for the ex-
.perimental instruction to ayvoid uncontrolled ,teacher-related influ-
ences. 7 . .
) N .- )
. Problem Statement .
R , : , ¢ \ ot
The problem ihvestlgated here concerned two issues which ate
directly relevant to,planning, designing, devéloping, and implementing
instruction which wil; insure xretention. The two issues of concern

.
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are closely interrelated. As was stated earlier, two immediately

apparent possibilities for promoting retention of instruction are to

a) increasé the effectiveness of initial learning by impfoving the

quality of instruction and b) allow students~more time for whatever =~

instruction .is offered. ' «
"

In implementation of imstruction, insyring fetention wouvld be
more likely if students increased initial learping, i.e. if they had
access to instruction which promoted effectlvenese in initial learning.
Algo, if students were allowed to participate in the instructiorn for
nerlods éf time sufficient to increase initial learning, it would
'seem that retention would be likely to increase. . In light of these
two* hypotheses, it would seem appropriate, in the implementation of
instruction, to employ instruction that insured a high level of ini-, -
tial learning effectiveness and/or to provide sufficient time for the
student to engage in instruction to increase effectiveness of initial .
learning. The question remains As to which of these two avenues of
improvement is most practical, and how the two might interact.

So the second issue is, "low do’ we improve instruction to ful-
fils needs implied by the two postulates”" To address this question,
several o:hers must first be faced. Firsf, should instruction_have
associated with it, prior to 1mplementat10n, a known level &f effect-
iveness for insuring initial learuning? &ecoénd, 4n the realities of
most instructional environments, is it _feasible to determina effect~
iveness of instruction prior to implementation? Third, if this latter
practice is feasible, how effective should instruction be before it
is used? Finally, if instruction proves to be of a lowér level of
effectiveness than is desired, how can it be feasibly improved, or,
how can’ instructional tdme be utilized ‘to compensate for a lower
level of effectiveness?

The problem then, revolves around the possibllitles of increas-
ing retention levels of students as a result of manipulation of a) the
time students are engaged in instruction, and/or b) the level of effect-
ivenes® regarding initial learning associated with the instruction

students engage in. Specifically, the 1nvestigation described here :

sought to examine the following ﬁ§perimental questions:

A}

What are the effects upon delayed retentien of two
different degrees of quality of initial 1nsrruct10n for
two different amounts of learning timgé? Which combina-
.tion of quality and time is likely to be most pxactlcal
to achieve in normal school situations? What aré the
implicat®ons for those who de51gn Rnsttuctxonal materi- {.*
~ als? - . -

-
.

-y




» 4 »
Quality of Instruction . * ’ _ ¢

REKATED STUDIES

~ . M

The results of other.studies justify the ch01ce of time ﬁilowjd
for instruction and quality of instruttion from the Carroll model
variables in the present study of retention of purposeful instruction.
This is also true of the variable, degree of initial learning, even
though we «do not define this as Carroll does. \ y

-

v .
4

It is difficult to locate studies where comprehensive revision
of instruction for improved quality is considered as an experimental
variable. According to Sulzen (1972), when experimenterks report the -
use of differing quality levels of instruction in their studies, they
most often,adjust only one of many possible components of 1nstruct10n,
e.8., clar1fy directions, give more examples, use morwe 1l¢ustrat10ns,
give objectives to one group and withhold objectives from another,
etc. . The lack of studies dealing with entire composites of such comz
ponents serves to emphasize the need for such experiments as this .
one. While it is profitable tq study, such single components as those
just c1ted this does not replace the need for v rying total effect-
iveness” of ¢ompos sites. * &\\‘ ¢

Time Allowed for Instruction . o

. Several studies have investigated time allowed for imstruction

as an indeperndent variable. An expefiment by Deady (1969), was con=
cerned wvith the effects of increased time &llotments on students'
achievements and attltuige/fﬁ science classes.- Students in experi-
mental groups spent 35 days in a unit; control groups ‘were allowed f
only 20 days. The use of teacher-dependent instruction with several,
teachers removed the possilyility of controlling for teacher based-
variance. An analysis of .results from common tests revealed no sig=
nificant differences between control and experimental groups regarding
seither attitude or achievement.

/

t

Corrozi (1970) investigated effects of inereased reading time,
different .types of questions, and differing instructlonal formats o
short~term and ,detlayed retention. MHe found, that readlng time 'had a
positive effect upon both short-term and delayed retention of mean-
ingful prose materials, but not for nonsenseymaterlals. Thlsﬁégrees
with Aysubel's ,(1970) conclusion that presentation in a meanipgful
context 1s necessary for the delayed retention of instruction, but
context exerts no positive effect 'in retention of nonsense material.

A post hoc study by Jarvis (1965) found signifi~2nt superiority
for increased tine. allotments on immediate tésts in reading, arithme-
tic, and language arts achievement, but not on tests of delayed reten-
tion. This study‘involved 713 smxth graders in 35 schools, so the
results may have been heavily influenced by lack of experimental con-
trol and by teacher~based variance.

k)
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Wang and Lindvall (1969), in performing a validation study of

thé Carroll model, found little Eelatlonshlp between aptitude and
learning rate (lee taken in study to pass a mathematics skills test)
and no significant differences between groups taking short and lengthy

perrpds of time in arriving at acceptable performance levelc on the
test . !

.

{ In a study involving 2,000 twelfth gradérs using Harvard Project-
Physics materials, Welch and Bridgham (1968) reported no significant
differences, reglarding retention, bétween groups who‘studieibihe ma~-"
terials for differing time intervals. 'Teachers sclected in vals
used, types of instructignal activities, and ratios of types of in-
structional activittipgs students were involved in. Therefore, very
little experlmental control was exerted in the study.

Carroll (1973) used aptitude and achievement data gathered from
standardjzed testing in a nationwide 'sjudy to develop a model such # .
that, .a) for studentd in any grade, eXpected achievement is directly .° )
proportional to measured aptitude, and b) the proportionality coeffi-
cients (achievement/aptitude) are a function of time, except for some
cases involving first and second graders. This ‘model demonstrates.
that aghievement at time t,.the achievement of the average individual,
is the average achievement for alig individuals at that time. There-
fore, since the predictor of achievemgnt from aptitude is time-corre~
lated, individuals with slow learning rates (who need more time 'to
learn) will have less than average achievement, and those with rapid
learning rates will have greater than average achlevemeqt,scores.

To summarize, then, among students concerned with efgects of in-
creased time allotments, it can be noted that results are mixed.
While these mixed results often. seem to result from lack of standard-
ization of conditions within experiments, it could also be that, the
increased time intervals .employed were not gufficiently extended to

account for variance that occurs as a result of including slower learn-
ers in the exoerlmentg A2, \ )

Degree of lnitwal Learning ) ’
3 ' ° N

In a review of research regarding retention, Seagoe (1970) proposed
to teachers that the single most important, factor in preventing forget-
ting is degree of 1n1t1al learning. She suggested that teachers enhance
retention by using a) techniques which promote over-learning, b)
distributed practice during instruction, and c). application of initial
learning in differing situations fullowing instruction. This empha-
sis upon aLtemptiﬁg to promote the highest degree of initial learn-~
ing in order tg6 promote retention 1s in concurrence with guidelines
suggested by Gagne and,Rohwer (1969) and Gagne (1970). Similar sug-
gested lists of retentidn~promoting practices designed to increase *
degree of initial learning have been offered by Davis (1966), who
adds mental practice (lLearner rehearsal) to his list, and Krumboltz
(1964) who suggests the superiority of overt responding over covert
responding. Y

»
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A " In a studv of effects of three types of repetition upon re-

\ tention, Witne et al,(l972)‘found the amount of initial learning éL
be a better predlctor of retention than any type of repetition in-

- volved in the expériment, for both specific fact retention and )
"chunk" retention. This result held for information presented in
meaningful context and llsts of facts presented in .andom arrange-
ment. :

Bobrow and Bower ¢1969) found that initial léarning and reten-
tion could be incréased if students constructed sentences with cri-
terion material to provide a personalized.basis for recall. This
use of composing of sentences as a nethod fqr a constructichn strategy,
wnich the wvriters identified as a q@themegtnlcs, is not ‘of ‘great
tmport' to the present study, but the great dlfferenceﬁ in degree of

original learning *esultlng from their use is- Thls difference was
.reflected in sunerlority in retentdion for grouns with greater 1nit1a1
learning. - - ’

v

4 . . :

Several studies have produced results contrary to the findings
just cited regarding the importance of initial learning in promoting
.retention. Reynolds and Glaser (1964) found that there w®s no re-
lationship between -the smount of original learning and degree of
retention, when the differences in original learnlng resulted from
dtffering numbers of examples used in two versions of 'a programmed
text in mathematics. Gibson (1969) found that over-=learning and
drill with xuleg ¥promoted initial learning, but exerted no signifi-
cant effect upon delayed retention. Gay (1971), using time for re-
learning as the médsure of retention, found no savings in the number
of examples necessary in the original learniag to reach-an arbitrary
criterion in problem solving using mathematics rules..

3

* .
. _ In summary, while the weight of evidence. seems to substantiate
the importance of initial learning for promoting delayed retention, )
. these last three studies resulting in contrary findings -.dealt txclu~
sively with intellectual skills and might be more important in inter-
prethg results of the study described here, as they tend to qupnnll
Gagne's feeling (personal communique) that students either have ma.
. tery of intellectual skills or they do not. That is, mastety for
.discrete intellectual skills is likely to be absolute; it i5 present
s - in the learner or it is not. On the other hand ﬁverlearnlng of
information mcy enhance retention. * ¢ c

. - RU A

-
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Jmplications for This Study

The impllcations of the preceding interpretations hold importance ° 7
for the design of instructional materials and the assessment of de- E
layed. yetentionein this study die to the following Cactoro. 'Flrst
if the conditions which have been identified as promoting retention
can be designed into the experimental instruction to,be used,, the K |
possibility of designer bias in favor of any treatment will be less /'
likely to occur. Second, if the effect of degree of inxtlal learnding
upon delayed retention can be va11d3y accounted for by adjusting re-
tention scores, either by using the formula suggested\by Dav1s (1966)

1

. !
Y . . . . ,
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or statlsticallv as euggevted by Wodtke (1967) and Cook (1970), the
effects of amount of timetallowed for learning can be more clearly 1
isolated, as can the effects of quality of instruction. ,

’ - =

The mixed effecfs upon retention reported here for increased
time allotments and degreée ,of initial learning, coupled with the )
seeming absence of studies employing a holistic definition of qualltv -
instruction, especially when quality is not affected by-teacher-
dependent activity, serves tQ_emphasize the need for studies such as

the one described here.

’
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Overview . e

Thegdevelopmental and experimental procedures involved in "im-
#plementing this study were performed as follows. TFirst, a programed
text (referred to in later sections as version I) dealing with the
use of Toulmin's (1958) schema for analyzing position statements was

. developed and implemenLed with a group of 30 high school seniors.

. Second, data gathered “from student comments, test results, and ex-
perrmenter analysis of these data, were used to revise the version I
text yielding a z&sgnd text (referred to in later sections as version
‘II). Third, versi was implemented with a second group of 30

“high school seniors ahd dota were gathered to insure that version II
was superior to version I in the level of igitial learning that }
version II produced for students. «

Fourtd, 120 high school seniors from two large English classes
were randomly assigned to one of four equal-sized treatment groups.
Fifth, each of the two veirsions of the programed text was administered

T to one of the four treatment groups, in combination with each of
two diffferent amounts of learning tlme. Sixth, when alloted study
‘time expired for each group, aun immediate posttést was administered
.to its members. Due to length of time required to complete the
fifth and sixth procetiures, tne 120 students involved reported o
a large lecture' classroom for 90 myinutes on each of two corfsecutive
days, The first day was required for completing the programmed
text and the second was used Fbr completing the programmed text for
the‘larger study time and for testing.’ Seventh, a d lgyed retention
test was administered to the 120 students in a s1n&€§ group, 13
) days after the immediate posttest. TFinally, data o tained'from the
. two tests were subjected to parametric (analysis of variancé) and
nonparametric (Wilson Chi-Square) analyses to test the effects of
a) quality of instruction level, b) time engaged in instruction,
c) level of initial leatning, and d) interactions among-a, b, and 4,

upnn delayed retention of SklllS involved in applying the Toulmin
i schema.

Experimentcl Design

7 g . .
o A 2 % 2 design with re%eated measures was employed in the study
’ using two levels of quality of instruction and two amounts of study
‘ time for'each quality of instruction. The two levels of quality.of
instruction were achieved and documented by implementing two forma-
tive'evaluations. The, first of these dodumented the quality of the
first draft inq;ructional materials and provided data for revising
. them. The second allowed documentation of the quality level of the

LT
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/ revised instguction. Two. versions of a programmed text were enpkoyed
Lo . to deliver th%’instruction, each version containing one of the levels
\of quality which xesulted from formative evaluation.,

Y '

. ]

L " An immediate posttest and agJela¥ed,retention test,comprised the.
repeated measures factor in the design as each was a measure of re-
tention' evident at a different point in timé. 1In applying parametric
analysjs of yariance" technlques to data obtained from the experiment,

_the immediate posttest (degree of initial lgarning) was ®reated as
an in epenQent variable as /u gested by Wodtke (1967). Such a
{ practilce 'is Aappropriate, acg0rding to that write as méasure's of
- initigk‘learning dnd delayed retention measures are usually highly
correlated. Whef a measure of, delayeéed retention is used as the de-
pendent; varfhble, s Was the case in the present study, consideration
of th'e immediate performance test. (degree of initial learning) as

an indepepdent variable enables the expeidmenter to: a) determine

the degree of the relationship between the two repeated measures,

b) account for effects of individual dlfferences betggggdpantler”””"

e pants in the experiment, and theq;by,.c)enbtain'a more accurate i

. estimate of. the ovgfall eff&cﬁs “om treahment variables in the ex- .

*,

) .
'““%%#Hperimenr. T

i Severai researchers have determined tha 't }ept!ated measures
de51gn {s an appropriate one for analysis of dath in retention ,
studies. Campbell and Stanley (1963), Wodtke (1967), and Cook (1970)
e have given attention to tlier potential of repeated measures designs,
.and "each of these, authors tites four strengthsginherert in Quch
? designs for retention studies. i

First, repeated measures designs provide contrgl ‘for confoind-

L4

- . -

< ". ) a

/f . ing that could be|exerted by carry-over,effects. Such effe¢ts dften
' result from the order in which observations are obtained in, say,
factorial “esigns/. ° . .

;. Second in retention experiments, differences among indiv1duals
are often quite "large gelatlve to differenc®s the experimenter is
attempting to evaluate.” The repeated measures design provides sta-

 tistical controls for individuai differknces; these controls ameliox-

. ace difficulties concerned with relati e sizes of differences exist-
e ing in an experiment. °

- 6 : Ld
Thi“d¢~¢f kg additive model is realistic in an experiment, it -
is likely that s&quence effects will interfere with the determima-
¢ tion of differences.. Such interference is albo controlled in the.__/
repeated measures design.

. . . 4
. s - Q P) .
- » A fourth strength cit/g for repeated measures designs results “
_ from the cumulative effecl®s o!’the three previously cited strengths.

Due to this cumulative effect,’the degree of precision of parameter
estlmatei increa,es mor.e rapidly than in other designs as the numbers
i of subjects per treatment increasey when repeatad measures are usqﬂ

N - N - . 3
LY . '
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Thesé four strengths are not characterlstic(of twvo other de-
signs which are often employed in retention experiments: counter-
‘ ——-balanced designs and analysis of covariance. Thus, a repeated -
measures deafgn wculd seem to be wmost appropriate for ahalysis of g
data %gsuhtlng from implementation of this- study. - v - - )
r -~
Data obtained rrom the experiment were sﬁb]ected to both pard-
metric (analysig. of variance) and nonparametric (Wilson Chi- Squa?c)
analyses because: a) there-is continuing controversy regﬁ;din*
¢ proper cgnditions for their respective uses, b) it is Yike y that -
agsumptions required for parametric techWiques were violated in
this/sﬁudv, and ¢) paramettic techniques are usually superloi to
-  nonparametrics in power comparisons for the szme saqgig_s;ze- hnr—“"'ﬂﬂ—f

the parametric assumptions are meQ;,,,-—-ﬂ"’““_- Lo
re met

- .

st s
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Analysis of Data

i Parametric and Nonparametric Components ’ <. ‘ :

l ) .. . - L . 4

v, IFata obtained from the stGd were analyzed using both parfametric

. and nopparametric metheds. The rationale for this procedure, presen-

ted in a previous section, focused upon three issues; (a) the con~
tinuing controdersy regarding proper conditions for use of parametxlc
and nonparametrlic techniques, . (b) ithe likelihood, in strict interpre-
tation, that copditions said to be necessaty for using parametric
techniques were|violated in implementlng this study, and (c) ths .
fact that parametric’techulques are usually favored over nonparametric
techniques in nq;er companisons for the same sample size when para-

metric assumptionsg are ‘met, * - '
. gd/ ' LI ’

— o Y ——

) | A three-factor model was emploved in the parametric analys ;!F
: wifh repeated measurgs on the last factor, It can be stated as
follows: e ‘j
1 \ { 7 ~ X '
Y-'c = I . . . » \ i

A
; , SN

>

.
\ R\ 15y + RByq(sa
BTN .‘1\(117 K1(ij)
X Where: T ; —

i \
\

A %

time engaged in &nstructlbn, 2 levels; fixed.
gquality of inktrdction; 2, levels;; fixed. oo
\ performance assessment* ,2 levels; immediate and iclayed
réhblications; 30 §s per treatmenﬁ, random. . %

- \ . ¢ '

. Ihe two levels of time! engaged in instnuctlon were 75 and 105 min-
, + utes, Ouality of instgpqtion levels corresponded to immediate per-

Y formance levels obtained using each of two. versions of the instruc-,
tional materjals, and th; two levels of performange assessment em-

,' ployed were immediate ani delayed. | © N\ - s
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The nonparametric technique used wvas a distribution»frec tes%
for analysis of variance hypotheses "developed by Wilson (1956) .

This cechnique was derived from an earlier werk by Rao (1952) which
demonstratgd that a Chi-squlare statistic fgr a contingency tablc can,

composcd in pa{ameb*dc nnalyei5uof varianhce comvutatxon %
eg.

¢,Jpplicable to. problems involving designs pf twd or more vaxiab

The general fermula used in this procedure is:

.. : .
1 ' . .
’ L. - -
-

/ Dy
f’*ag*lﬁ'“'nlwb na/n) (ofljkﬂ\ Ny nb,r) N
AR S Pp/m o

I . . 7

LY ‘ - .
- /"}‘V '

-

n, = number of observations greater than or. equal’ to the ovetrall
median on the delayed performance assessment.

4 -
ny ="number of observationb lesa than the median ‘on thu delavad R (;};

K erformance assesament\

. .
—~— - ne
ps ()

. .?# *
afijk = number of oBsorquions in a vell greater than or equal to*
* the overéll median on the delayed performance 7 ssmen:.

- . - ‘u
bfijk’— number of observations i a cell léss than the ov;nall
\ median on the delayed performance 3baESSMG9L..
\ 4
ni;k =‘£otal observations in) a cell both above and qqual to, and
below the ov‘hall median on the delayed performance assesg-

» L4

This technique is not adaptable to repeated measdare design,‘ﬁo the
atalagous ?aramucrlc statistical model for the nonoarametrig\analyQis
is stated in the gonm of a three factor factorinl design, as followw:

-
.
.

Yoor: = M 4+ Ty - l ) .
’ljkl v Ti + ?l +fAk-+ TPij + T?ik : PAjk f TPAijk + Rl(ijk)

L
——— L

N - o o ab—

Methods of'Daba Analysisg\ ’
‘. Y \

-

) o

Data regulting from the study were subjected to an analysis of
variance for the parametric, analysis using computer progranm W8y fron
the UCLA biomedical series }Dixon, N0). Output from the program
includes cell means, cell de' iations nd, ‘an anaIﬁqie of varianue
source table which ingludes: Xxources Of variance, sums Qf‘nquatuap
degrees of f{reedom, mean squaries, and expected mean squayes [for ternms
speciiied in”the model.” .The parametric ANOVA output for, this study’
is presented in' Table 1 and descrlptgv; data for the gxpurrmcat in
presentéd in Table 2. ’ N . .
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- I performlng F - tests for the parametric analv51s, an alphg
1eVel of .05 was deemed acceptable.with regard to- the probability
.+ . of comm;ttlng a Type 'l error in:decisioqs concernlng rejection of ~
the null hvporhexes. J
¢ L
For the nnnparametr;c technlque, the data were cast in a - .
k5212x2 {2 x1r x ¢ X b) contingency table. Rows ‘in ;the contlngencv
tables represented thek two levels ¢f quality of ingtructlon in the
tudv., Columns represented the :db levels of time engaged in ‘in-
struction used in the study. Blocks reyresented the effects of -
» . .initial learning indicated by ind;viduais- scores on the 1mmed1ate
perﬁormance assessmenq : P ' o .

/ K [ . , ‘~ P L.

ror Do

Subjects were assdgned to cells in, the cohtlngeney table ., . ,
¢ accord*ng to the failowino procedure.{ The overall medians for dis-
;; e _trlbut;onS'o& s;ljes on the lqmedlate and delayed performance assess-
y ments, respegtively, were determined.- Subjects with scores equal
to or above the nedlan on the delaved performance,asse sment were

5 wsslpned to one portion of the contlngency table (n,}, and those ..
) . with scores on..the same measure which were below the overall median '

'y . were assigned to, another portlon of the-gable (nb) ‘Depending upon .
', ‘the treatment group they had been assigned to, thev were subgequent-~.
oo }y asslgned to a cell an the appropriate portion of the table depend- \
‘ lng ‘upon whether tha%r scqreo on the immediate performance assess~ ’
;;71 s '.ment were above or equal to, or below, the overall median on that
-; * measure. ‘The results of implementing these cell a351gnment proce- L
pl dures Eor this study! are presented in Table 3. \ 2 B+

11'\\:\' . : o N ’ . " ‘:
, ® In pcrﬁormlng th ~squark tésts for the nonparametrlc analysis, .

S ,Tan alohq level of .05 was deemed acceptable with regard to the proba- .
i . . .bility of committing a Type F errbb in decisions concexnlng reject}on )

S BN .ot the myll' hypotheses., /

.
\ -

. J

N Table 4 pvesents results &f the Chi- square tests which were .
performed in the course of the nonparametric analysis. Obtained i
Chi~squage valges are not presented for discrete-interaction effects )

., . because the total possible value of Chi~square attributable to in- .

teraction was not statistically 'significant for the two-way inter- .

actien with the least degrees of, freedom. Therefore, there could '

%e no - signlfgzant 1nte¥%:cion effect in the nonparanetrlc analysis. | .

RN

Tﬁe reader.should %3 aware ﬁhat while each of the two statisti= .-
. cal .analyses used in' the study wav apprapriate, they were not parallel., °
The Wilson Ci{ii~Square did not allow use of repeated mgasures, ,there-
fore the redults of the tests should be viewed as ‘being derived.from -
two- separate analyses. While the results of implementing the twq °
. " techniques will be dlscussed together in sections that follow and
conclusions inferred from the two tests are discussed as being re-

lated, there.is no assumption that the two analyses are actually the
. same, =~ s
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. ’ - \ AN LY . . e ShARRE
e r'Eercts of Differing\Time ﬁevels in Instructidd
i X * , - i \ . /‘.
7 R . The.parametric null *orm of the- statistical hypothe91s

' tested for this experimental hypothesis ‘was .
o Lo, '

-~
-

. ‘:‘5\ T A’HO. n Tlme = 00 “ o . »
’ o Resulbs of the'analys1s of variancd were used to perform
- + ,an F = ﬁest atfalpha = ,05, with 1 and 116 degrees of freedom.
"The ™ reJection region for this test is representediﬁy obtained
. F yaiues greater than 3.93. \ The obtained F for tWis hypothe-
/ si’s was 6.8, therefore,'the null hypothe51s wass riejected.,
. “The effect of differing time levels in the experiment was, -
‘ found to be significant Accqrding to information prov1ded
f by Cohen (1969), power for this statistical tegt was found to '

- .? be aRprox1maLely .97 for a moderate effect sizeJ ‘
’ ¢

e o/ . The npnparametric null form of the‘statistical hypothesis
' . tested was: /Ho: There are no, differences among groups which
J . . can be attributed to effects by differing time levels in in>
/ . c‘truction. . ‘

L - A . I

{4 ) " . . - '
o Ut " Results obtained were tested using a Chi-squdre’ statistic
T v g@th alpha = .05, and 1 degree of freedom. K The rejection region
. \ . Hor .this test cons1sted of Chi-square values greater than %f84
.l he obtained Chi=ssquate value for this test was 1.6 (power =

' \ é93 for a .moderate effect sized) which did not.allow rejection
f the nuil hypothesis. Therefore, the effécts of using dif-/ \
fering time levels in the experiment was fourd to be not sig-'.
nificant,fn the nonparametric'test. . v -
- L@ -
The decision to{reJePt the null hypothesis in the parametric
+ case, meant that the alternative hypothesis (Lia: o? Time # 0)
could not be rejected. This decisjon supports the oongention
. that differ .ng levels of achievement in delayed 1etention were
. promoted by an increased amount of study , time.* Failure to !
' . reject the null hypothesis in the nonparametric test disallowed
~ any inference with reSpect to the alternative hypotb sis.,

These tests proved to be the only occasion in the experiment

»

- - .where s1milar statistical decisions were not supported hy re-
P sults of both parametricQand nonparametrié¢ tests. ‘lIn the non-
’ . parametric/ analysis of data, immediaté posttest scores were
. arbitrarily divided at the median @f that distribution, (se

. 7 - Table 3) ko provide for use of amount of initial learning as
» a varjable in the analysis, This decisjon, while consistent
with directions for use of thig particular Chi-square teéhnique

1 ks . . N .
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(ﬁilson, 1956), promoted manifestation of one issue of the continu-
ing parametric/nonparametric controversy in the results of thigs.ex-

. perimen., That is, valid parametric tests are more, sensitive to ‘
differences and therefOLe, are more powerful for the same experimev~ N
) tal conditions than are similar nonparametric techniques, when all ) ‘{
v o parametric assumptions are met, - i} \ . "

In pré%aring the data for the npmparametric ahalysis, the
level ,of measurement necesaarily used was nominal as opposed to the .
intemval level used in ANOVA. The particular classification system .
empﬂoded in the Wilson Chi~square test calls for dividing scores )
into two groups; those below the median "and those above or equal to
the median., Thus, differences in individual scores, on the order

. of, Say, 10 points on an ifterval scale, are ‘not evidenced in the
. nominal scale employed in the nonparametric analysis. The reader
may determine, for himselﬁ, which of theseé data scale assumptnons

t meets his criteria, "

B
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Effects of Differing Quality Levels in Instruction
: <

The parametric nill form of the statistical hypothesis tested
was: o2 = 0. An F~test was_performed .
Quality, Levels ' S
at‘alpha = ,05 and 1 and 116 degrees of freedom. The rejection . <fﬁ
. region for this test consisted of obtained F values greatet than 7
- . 3.93. The obtained F for this test was 4.4, which allowe refegti@n s
of the null hypothesis, and the power level associated with the k. {]
decision was approximately ,97 for a moderate,ef eet size. '
\ / - '
I The nonparametri statistical hypothesis tested was: llo; 1 .
There arxe no differences among groups which can be attributed to . ° K
effects of differing quality of instruction levels. The obtained .
Chi-square value for this hypothesis was 4.4, which allowed rejectiPn
w0 £ the null hypothesis at a power, level of approximately .93 for a
modérate effect size. The reJectiOn region was represented by ob- \

tained values greater tfan 3. 84., f0r°Chl square w1th alpha = ,05
and 1 degree of freedom. : ; >

. ‘ A
Rej¢ .ing the null hypothesis in the parametric and nonparametric

tests meaat that the respective alterndtive hypotheses
(Ha: o2 Quality Levels # 0 and Ha: There are differences
among groups winich Taw be attributed to effects of differing quality
\ of instruction levels) could not be rejected, i. e,, the use of

[y

i o———t o e et

differing quality levels of instruction can promote achievement of
/ differing delayed retention levels.

, . ‘Effects of Amount of Initial Learning . T
/ ' . P . . < .
/ . . - . ‘ 9.

4 - 0 . l
Amount Inltlal Learning Lo / The obta:ned F value-for
the hy pothesis was 128.4. The rejection region consisted of obtained g

i v

/// ' The parametric statistical hypothesis/tested was!
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‘ approximately .97 for a moderate effect size.

. independept variables were tested using parametric means. NG\thal

‘\ngnificant prior to partitioning it into the two- and three- way

L4 .
1 . L N N
F values at alpha = .05 with 1 apd 116 degrees of freedowm, greater
than 3.83.s The null hypothesis 'was rejected with a power level of -

Y - . ’ ‘ ta \
The\nonparametric statistlcai hypothesis tested (Ho: There are |
no differences among groups which can be attributed to effects of |
amount of initial learning) was reJected with. anp obtained Chi-square |
value. of 25.3, -The rejection region £for the hypothesis consisted of |
obtalned Chi- square values, with alpha = .05 and 1 degree of free- f
dom, whlch vere greater than 3,84, A power level of approximately
;93 was- associated with the decisioa to reject the null hypothe51s
for a moderate effect size. . .

.

4
1

-

thdt the é&ternatave hypothesis {Ha; * o2 .t # 0)
“Amount Initial Learning
could 'not be reJected A" similar concLusmon With respect to the ;
nonparametric null hypothesis was, appronriate, therefore, the al- ’
ternative hypotheseq (Ha: There are differences among groups which
!
I

ReJectlon of the null hypothe51s in the parametric test meant [

can bg attributed to effects of amount of initial learning) could
not be reJec;ﬁd, i.e. that dlfferences in amoupts of initial learn-
ing promote dlfferlng levels of achlevement in delayed retention. {

v .

.. P '
Effiects of Interactions Among Variables /

! . a” * |
- . ’ : f
Statistical null hypotheses for all interactions among the 3 L
ed

F was sufficiently large to allow rejection of any,null hvpotheSa.sJ
concerning interactlons (see Table 3). The rejection region for F -
“with alpha = .05 and.l and 116 degrees of freedom consists of F ) .,
values greater than 3.84. The largest F for any interacfion hypo— -
thesis was+l,7. The power level associated Wlth this, Statlsthdl |
décision was approximately .92 for a moderate effect size. ;

As’ reportéd previously, no nonparametrlg test allowed reiect#on
of any statisticgl null hypothesis concerned with interactions, a
the obtained Chi—square 'value for total inteéraction (2.2) was not

-

interactions. This negated the possibility that any discrete intpr-
action could bé found tc be significant by nonparametric methods.
e \ . . Limitations

’ e et : .

There are, three possible sources knopyn that could exert limfit-
ing influences upon results in the presemt study. Two of the sources
will be reported here and one will be reégorted later in the Unagtici~
pated Outcomes section of this paper. / NN
' / hSY

. First, there is the possibility th 't confounding existed between

L]

the variable of quality levels of instiruction, and the amount jof
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initial learning. Quality levels of instpucticn were obtainkd for
the two versions of the programmed text by dLLGLmlnlﬁg th proportion
of subjects who achieved an arbitrary performancc criterion level
during the formative evaluation gytle. Therefore, vien subjects
were assipgned to treatment groups, especially for the shorter time
period (75 minutes), only a certaiu proportion of them (33% for
version I and 63% for version IT) were likely to achieve the arbi-
trary performance criterion level.

G .

At the same timg, amount of initial, K kearining for each indivi-
dual. in the experiment was measured by the number of items correct
on the immediate posttest. It is possible, .assuming the logic of
the Carroll model to be torrect, thats the combination of quality
level of instruction and time allotment employed in each treatment
group constituted an upper limit on the number of students who could
achieve a degree of inirial learning equal to the arbitrary minimum
performance level, That is, for a given quality level of instruc-
tion and any time allotment that is less than what is needed for
each individual in a group, it is only possible for some proportion
of the group less than 100% to achieve a desired performance. level.
Confounding would result in that we may not have accurately deter-
minegd relative effects, upoan ‘the 1mmediate performance 1eve1 achieved
by an 1nd1v1dual (as contrast@&d to,the average student) '’ of t ¥ie
alletment versus quality level of 1nstruction.

-

- B

The second possible source of 11m1tations on the results of.
this s 'y concerned a promotion being operatgd by a local radio
station. Under the rules of the promotion, the school which turned
in the most 3 x 5 inch cards with the words "Care Free Gum" wrikten
on them would win a concert -t the school by an internationally
known rock music group. The two days during which the programmed
"texts and immediate performance tests were implemented were also the
. final two days of the contest and subjects were quite interested in
writing cards. While subjects did not engage in producing cards
when they were working in the two versions of the programmed text,
it was possible that they were not attending fully to the task.

Thirteen days latér, when the experimenter returned at the
appointed time to administer the retention test, the_sLudents were
not in fhe large lecture classroom. An inquiry at the school office
led tz}{he discovery that the subjects were in the auditorium where
they were being entertained by an internationally know rock group--
a prize won by the school in ‘the "Care Free Gum" contest. About
tventy minutes later the subjects returned to_take the retention
test. It is possible that the '"Care Free Gum" phenomenon ‘exetted
effects upon the vesults of this study to somec unknown extent.

.
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‘ /L TABLE 1 ,
. //{Anélys;s of*Variénéé'ﬁx
Y oo N
w; —
*“éourdeft‘ ’ | a.f. MS F
, .~ Mean (M) 1 75650 | ~—ee-
\ ' fime‘engaééguih instruction (T) ' 1 424 6.8%
. ‘Qualiéy of}instiuc£ion (p) 1 | 275 4.4%
) ‘ Immediate performance assessment (A) i 1599 128;4*
\ ’ T mxe ‘ 31 18 3
o ‘T XA ¢ ° a | 4 .3
. P XA . 1 26 1.7
e ,‘{m\ TXP XA ' 1 6 .4
"gn%';ﬂff;::Séﬁjectg (é) with;p;treatments ’ lié' 62 | ===
. éyx‘A wit&%n treatﬁen£s 116 15 | ==wm-
oy -

'*,significanﬁ with' alpha = .05
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- TABLE

Descriptive Data for Expveriment

2

"
A

o

© : : Ay 17 :
Group Test ~ Range | Mean | Standard Deviation
| version I ‘éosttest 24 lé?ﬁ 7.65
. ‘ \
75 minutes |delaved retention) .20 12.7 N\ - 7.35
7 — T
version II |posttest 26 20.8 | 5.58
75 minutes delayed retention| 14 ISJS: « 4,60
version I |posttest 25 | 22.4; ’ 5.70
' RS , I v
105 minutes |delayed retention| 24 15.4" 5.90
, 4 - ‘ .

wersion II |posttest 26 | 26:4] 6.85 (

105 minutes [delayed retention| 22 17.8 | 6.65
. 3 ”Q .
. 4

= l ‘ ‘\'é -
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TABLE 3 | ]

s

Nonparametric Contingency Table

Time Engaged in Instruction

(above overall E minutes’ = 105 minutes

Md on delayed A <Md , | >Md - <Md” SMa-
assessment) immediate| immediate| immediate| immediate

S Level 1 I ‘ ) ’ .
' (Low) 3{ 6 N 3 12

Quality of o m——— it it T S S b ————————
Instruction Level. 2 .

. _ (High) 7 . 9 1 4 16

(below overall
Md on delayed

assessment),. . .Level ] ' -

ASSESSMme 3 e | 13 . 8 | 11 4
Quality.of T Rt e TS M -
Instruction Level 2 =

: : (High)t 10 4 10 3

TABLE 4

o ~

. . Results of Nonparametric Analysis

.

Source / af Chiquuare
- * b i
Total Chi-square ‘ v ‘ 7| 33.5*%
Time engaged in instruction (T; column 2ffect)| 1 1.6
Quality of instructioﬁ (P; row effect) 1 4.4%
Immediate performané@ assessment (A; block 1 25,.3*
: ' ' -effect) S
Interaction effects (total). : ) 2.2
At

-

* significant with alpha = .05 f/

L

-
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