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| Abstract

Conditions of ﬁassed and distributed practice were studied using
8 within-subjects design in a situastion involving computerized sﬁelling.
drills, in the_distributed condition, two sets of three words ehch
were presented'once every other day over a period‘bf six days.' The
1eqrniﬁg triels on gix other sets of words were massed so that all ofi
the trials for ﬁhat.set occﬁrred on the s;me dey. Subjects were 29 |
fifth graders. The probebility of a corfect responsé for words in the
maésed coﬁdition was higher than that for the distributed condition -
. during the learning sessions, but on retention tests (given ioland»zo_'
days iater) the words learned under distributed practice were better,
remembered. A ﬁathematical model -of the learning ?iocess_is preéenﬁédf

and shown to provide e fairly adequate account of the experimental

data.






- Massed vs. Distributed Practice in
Computerized Spelling Drills;
Elizabeth Jane Fishman, LeO:Keller,2 and Richard C. Atkinson

Stanford University

- INTRODUCTICN

Computer-assisted insiruction (CAI) ;efers to an instructional
procedure which utilizes a computer to.cqntrol part, or all, of the
selection, sequencing, and evaluation of iﬁstructional ﬁateriais. Over
the last four yeérs, the Institute for Mathematical Studies in the Social
Sciences at Stanford University has been develofing & CAI gystem for
regular classroom usage (Atkinson, i96T)a One ﬁode of fhis development
is referred to by Suppes (1966) as the ”drill and practice systems.”
These systems are intended to supplement the_instrqction wnich occurs
in the classroom. They are designed to improve - through practice -
the gkills and conpepts Which are introdﬁced by the classroom teaghgyﬁ _

Currently, computer controlled drills are being given to approximately
800 students in six schools in five different commﬁnities. Some of the
students have been receiving daily drills in arithmetic (Suppes, Jerman,
gnd Groen, 1965) while others have been recéiving drills in spelliﬁg.
This study made use of the equipment and students in the school which
has been involved in drill and practice in gpelling.

In the study to be reported here, the presentation routine for each
spelling word was the game: an audie system presented the words, the
student typed the word, and the cémputgr evaluated the student's answer.

If the response was correct, the computer typed "...C..."; if incorrect,



", ..X...", followed by the correct spelling of the word. If the
response was not gilven within a predetermined length of time, the .
message "...TU...", meaning "time is up", was printed. A flow chart

summarizing this procedure is given in Fig. 1.

Thege CAL drill. and practice systems lend themselves nicely to the
study of many experimental variables. One persistent problem in design-
ing instructional systems 1s the specification of optimal procedures for
presénting mabterial. Indeed, the spacing of learning sessions hag already
received considerable experimental investigation, yet the question of
optimal gpacing hag not been regolved. For example, assume that we have
six deys in which to teach a list of 24 spelling words, and that each
daily session 1is arfanged so that 24 presentations can be made. What
practice schedule would produce the best results? One might select a
different set of four words each day and on that day present each word
six times. At the other extreme, one could present each of the 24 words
once per dzy. In both schemes a given word would be presented for study
on six different occasions, but in one condition all of the repetitions
for a given word would occur on one day whereas in the other scheme they
would be digbtributed over six days. We could say that the two extremes
represent, respectively, massed and distributed practice, altheugh this
terminology is somewhat at variance with the classical usage of these
termgs. The preponderance of experimental evidence indicates that, for
the same amount of practice, learning is better when practice is dis-

trivuted rather than massed, although there are exceptions to the
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generalization. The purpose of the pregent study is to investigage this
problem further and fto evaluate the optimum procedures for distributing

instructional material in computer-based spelling drills.

 EXPERIMENT

Subjects

The Ss were 29 students from a fifth grade class in an East Palo
Alto school. Approximately 50% of these studenis score below grade
level on standardized reading tests; 20% are reading zt the second and

third grade level.

The Computer System and Terminalg

The computer which centrolled the student terminals is a modified
PDP-1 diéital computer locatéd gt Stanfeord University. It is a time-
sharing computer capable of handling over 30 different users simultan~
eousiy from a variety of input devices. The audio system for the
spelling drille is controlled by a Westinghouse P-50 computer which,
in turn, is linked to the FDP-1,

The four student terminals are located at an East Palo Alto gchool
in a converted storeroom a short distance from the child's classroom.
Each terminal consists of a standard teletype machine and a set of ear-
phones; both are linked to the computer at Stanford by telephone lines.

All four terminals were controlled by a single program on the

PDP-1; each student user was serviced sequentially in a round-robin

28
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cycle. Due to the extremely rapid speed of the computer, the student
received the,impression-that.he_was‘getting "full-time" servjce,_ai-.
though actually the computer was devoting only e small fraction of'its:
running time to any one individual.
. Daily Operation

A full-time-monitor wes oh auty vhenever the children were uéing
the teietypes. Her presence_was_primarily a precautionary measure so
that an adult would be available.in case of an emergency. The actual
check-in, presentation and evaluation of the drill, and the sign-ouf
were all handled by the CAI system andvoccurred as follows. |

The student entered the_roqm, qat down et é free terminal, and
‘put on his earphoneé.__The maehine.printéd out, FPlease type.your nﬁm-:
ber." (This whole routine hed been explained to the students durins,a 
two week orientation gession. ) Afﬁer the student typed in his identi- ”
fication number and deprésséd the space bar - the 1Atﬁer operatidn vas
used as é terminetion signal for ell stuﬁent responses - the computer
printed the-student'S'name and the progrem wes set in ogg;aﬁion. The
message, "If you hear the audio, pleage‘fypé an ;a'.and a_space," was
~then heard 6ﬁer the'earphaneq._ If the';nstructions were followed, the
‘lesson began and each word was presented sccording to the seduence
giygn in F‘ig. la- v | |

The audio system presehted a word, used the word 1n.a sentence, and
then repeated the word again. As soon ag the;audiéjwas_throﬁgh, the .
machine typed & dash_(-). This was the sﬁudent's signﬁl £o begin his

response, When_hé finighed typing_his answer, he depressed the space
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”bar, and,fhe cqmputef ev;luated the answer; A éorréct respdnsé.wﬁs'
foiloﬁed'by the typed message, "...C...". An incorrect response was
iﬁdiqated by the message, ﬁ...X..., followed by several spaces and a
correct spelling of the word. If a responge wag not given in fortyl

' seconds, the message, "...TV..." wvas printed. As on an incorrect ans-
wer; this message was foliowed by several spaces and the correct ypéll—
ing of the word. Following his response the stﬁdenf-waé,given six
seconds-fo study the corréct answer before the nekt item was presented.‘
Eacﬂ_time & new item was presénted,.all previous items were covered.

In the training sessions of this studj,.a "1ist" consisted of 12
such.pfesentations; in the test sessions, 24 presentations. Wﬁen the
entire list had been presented, the machine prinfed out the following
‘information for the student: his list number for the next session,-the
date and ending time, and the qumber of words he'spéiled correctly'on'-
the day'g éession} The drills were collected by the ﬁonitor and at no
time was the student given g, cépy of the words to study on his own.

.Wbrdé' |

The words used in the experiment were taken from the New Iowa

Spelling Scale (Greene, 195%). This écale is the product of the test-.

'ihg_of some 238,000'pupiis throughout.tﬁé country in the'éarly'l950!s

to determine the percentage of studentsithat could spell a word correct-

iy at each grade level. A list of the actual words used in the exﬁefi

| ‘iment can be.found'elsewhere (Fishman, 1967).' o |
Experimental Design '

| The'ekperiment involved & within~subjects design, (i.e., egch S8

participated in all conditions). The two main_condifions were those
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of-massed (M) énd distributed (D) pfaétice, Thére were eight séts*bf
words: sixrqf_them wefe nassed, designéted Ml’ M, M3, Mﬁ’ MS’ and M6;
‘and ﬁwo‘were distributed, designated D; and Db.l Each of'these'eight
sgts contained three words. Thﬁs a total of 8 # 3= 2& words'wgre
used in the gxperiment for a_given.§. Treining sessions ran for six
consecutive days. Each_ééssion used one of fhe-M séﬁs and one of the
D sets. The M ﬁords were presented three.fimes within a sessioﬂ,
whereas the D words were'pfesented.once. Thus, there wé;e 3 x.3 =9
presentationé of M ifems plus three preseptations of D items yieldiﬁg
a total of 12 presentatibns in any one-seséion. .ﬁords'from & differént
M set were presented in each Sessién and all the_learning frials.for'
rtherset ogccurred on the same day; Words from & giveﬁ D‘set-wéré pré—_'
Sénted_on alternating days. Table_l summarizes the daily‘ﬁresentatiéne.
" gable 1 |
A Sumarjr of .the Word Sets Used During

the Six Training Sessions

1 | 2 3 T 6
Massed M, M, My M, M5 Mg
.Distributed , Dl v Ib D1: | D2 ..Dl D2:?

- 'The arrangement of the list for the firstjtfaiqiﬁg'Séssion (aay 1)

1llustrates the procedure uaéd for the entire training sequence. The
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first four iteﬁs of the dqy's list consisted of the three words in Ml

’

plus a randomly chosen word from Dl' The second four items consisted

1 1

of the three M, words plus & second randomly chosen D.word., The last
four items consisted of all three Mi words plua the remeining word

from Dl'

were given in three blocks with four words ihﬂa,block. -Bach block con-

In other words, the 12 presentationa to a subject on any day

 tained ali three M words and a randomly chosen D word. The'orﬂer of
the vorcs within & block was randomly determined. Further;'the ossign-
ment of words to M and D sets was completely counterbalanced over sub-
Jects, go that every word appeared equally often in the various M and
D conditions

. Tests were administered 10 and 20 days after the end of the train-
ing sequence. The students did not recelve any computerized drill
between the training and test days. The basic teot:proceddre;consisted.'
of presenting the compleﬁe list of.2h woris. The order of the words
for each subject was randoml& determined, and each word was proéented
once using the procedore of Fig. 1. As‘during the traihiné,aessiohs,-
tﬁe student was told whether or not his response was correct, and was
then given cix seconds to study the correct answer before the next iteo

was presented.
RESULTS

" Figure 2 presents the proportion of correct responses over succase
sive presentations of M end D items. For-example,-on day ‘1, the Ml

items were each presented three times, the proportions correct for .

" each of the three presentations were averaged over suhjects and plotted
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euccessively above "training session l“ | The Dl items were eeeh
presented once; the ‘mean proportion correct for these items is eleo

_ plotted above "training session 1", This was done for the deta from
each Of.the'eix tre;ning'Seeeions, Approximately_two minutes elapsed
_between_two_preeentations of'a.maseedniten,lwherees_two dejs elapsed
,between any_two_presentations'of'a distribuﬁga.iten, : ‘

insert Fié.'Q about here

.. The tests were given on d&ys 16 and 26 The test resulte are aleo‘_
presented in Fig. ,. The six maesed curves are similar in form, they
all rieefsharply, then drop off by the time_the firet test is edminis-—3
tered.' In eontrast the tﬁo dietribnfe& curves rise more greduelly
-but do not show a drop off at the time of the first teet.

All 1tems were presented three times during the training sequence
'end,onee on each of the.test deys.-,Fignre‘3 gives the proportion _}
correct on}each presentetion averaged eepereteiy orer.M endip 1tems:
_Dﬁfing.thetreining.eequence, the proportion correen fof‘fhé M items
increaeed:fron about .31 on-tne‘firstirreaenxetion to .TT.on‘the third
preeen%ation whereas the D items corréépOndingiyn1nEreeEed‘from about

25 t0 5T, The difference between the average proportion correct. on‘

. the first preaentation of M iteme and the first preeentetion of D
: items was not eignifieant at the .05 level ueing a peired t-teet
t(28) =-1. 58. However, there is no. reason to expect equality when we

note. thet the . deta point for the mean of the massed firat preeentetions
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dame :rom all six training Bessioné'wheréas the datd point for the |
mean of the distribubed Firet presentations came from the First two
‘training sessions. In'cdntrast, as indicated in Fig. 3, there were
sdgnificantly more éorrect responses on the secbnd and third presenta-
tions of the M items‘fhan'on,the corresponding presentations of D items.

| A“pairéd Eftést 6n“the combinéd datg from the postiraining tésté
yielded 3(28) = 2.4k, which was signifidant at fhe .025 levéi, 1ﬁdicd- _
ting that distributed practicg resulted in better performance than

massed practice.

| DISCUSSION

The major results df this'experiment are: é)'the-masséd condition

" was superior to the distributed condition on the second and third pre-

sentations of the trailning seguence and b) the distributed condition
was superior on both of the test sessions. Thus, it appgara_that‘the
maéséd repétitibns-are bettef if one locks at short-termﬂperformance,
“but in the long run more 1earning occurs when repetitions of an item
‘are well distributed.

"In this section, we analyie thése data in tefms of a mddel thdt
- has been proposed toraccbunt'fdr'paired-aésdciate 1earning.-d0ur model -
is & variation of the trisl-dependent-forgetting modél.preSented“in o
recent articles by Atkinson end Crothers (196&) and Calfee and.

- Atkinson (1965) The 1earning of & 1ist of spelling words can’ be said '
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to résemble thé 1earniné of a liét of paired-associate 1tem§; no as-
sumpiion.is made tﬁﬁt the two tésks are identical, yet there are |
variébles in'ﬁaired-associate-1§arning thaﬁ cleérly are relevaﬁt_to‘
the spelling tesk. |
In the model, 8 is assumed to be in one of three learning states
‘with respect to a stimulue item: a) stafe U is en unleé:ngd state, In
- which the_subje¢t responds at‘rapdom from the set of response.alterna-
‘tiveé, b) state S is & shoft-term-memory state, andﬂc) state I 1s & long
tgrm'state. The-§.ﬁill élways glve a correct response_to.an-item if it
~1s 1n either state S .or state L. Howeﬁer,-it-is,possible‘for an ltem ;n‘
_state_s to be-forgotten,.ige., to réturn.to state U, whéreas'oncelan
~ item mdﬁes to state I it is learned in the sense that if will:remgin‘iﬁ‘
- state L for the remainder of the experiment. In this model, forgetting
involves & return from the shoft-term memoryvstate,is, to-ﬁtate U, and
the probability of this return is postulated to be a function of the
'_ time intervﬁl betweenrsuccessive=presentations of an item. |
More.Specificalxy; two types of events are assumed to ﬁroducé tran-
sitions from one state fo another: a) the.occurrence of.a reinforbement, o
l.e,, the paired presentation of the stimulus item together with the '
_cprfect responée, and‘ﬁ) the ogéurrence'of a time intervel between suc-
cesgive presentations of a particular item. ihe assoc;ative effecf df '

& reinforcement is described by the following trensition matrix:
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L 8 v

L | 1 B 0 0
s a. l-a _0
Ul bx (I-v)x = 1-x ]

‘Thué,-if an item is in state U and the correct response is shown to s,
then with probability (1;x)'the'item stéys in étate.ﬁ, and with probé-
--bility X the item moves into state § or L: If i£ mov_és,'-then with prob-
- ability b it moves into L and with probability (1-b) @tb S. smilafly,-
~if an item is in stete S and the correct response is shown, then withr'_
probability a the item moves_to state L, and with probabilityll-a the-
item stays in stateVS. Finally,‘if ﬁp item is in state L, then it_' N
remains there with probability 1. -The parametey # ig aésumed to vgry;

as a function of the familiarity of the items in-the_list‘beihg-studied."
Thus, during.the.test sessions involving 24 familiar 1£ems, x will be
largef than during the initial study sessions involving 12'itéms, many )

of which are presented for the first time.

From one presentstion of an item to its next presentation, a tran-

sition can occur as described by the following matrix:

L 8 U

4] o)

o =
. "_. .

la)

F o

o
o T
o
[ ]
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The-oarameter, ft’ depends on the time interval between succese;ve pres-

:eeotetiOns of the same ttem. If & given item is in state S 8 time 1n7‘f
.-terval,'t,'between successive presentations mar:resulx in forgettihgfafigrr
the item (i.e., transition to state Uj-with proﬁebility.ft- Othervise

t
. time intervals within the range of s given training session. When the

there 1s no change in state. For simplicity, we assume £, = 0 for'short

time interval is a day or greater, then we assume'ft =1, In eseence,
‘no forgetting occure from the ehort-term state within a given traiuing
session, but from one dsy to the next no information is reteined in

_ short-term store. Furthermore, the above transition matrices 1mp1y

- that L 13 an absorbing Btate, once an item entere state L it remains
'there. The model makes ‘the additional.aasumption that at the start ef'
the experiment an item is already known (state L) with probability p,
or not known (state U) with probability 1-p.

For this model, the difference between the_M and D items on the .
-second and third presentationé is due to a differeoce in the.probabil-
ity thet an item 1s in short-term memory (etate S) Tﬁe_baremeter 8
 characteérizes the probability of going from state S to state L. This -
“ paremeter can operate_only for the massed items, since it is impossible h
for a“distribtted*item to be in state Siwheﬁ,e reinforcement-oeeure;‘

A distributed item could ;o into state S immediately'after:its‘preeen;
'.tetion, but_from one presentation to its next, it rOuld have.been for-
'gotten. The probability of being correct on an item that-is'in state S
is one, thus the massed curves should be higher for the second and- third

presentations.'
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.The assumption that'ft = 1 vhen the time interval is & deylor
longer,‘means thet short-term memory hee been wiped out completely by
the time the first test is given. Thus, superiority of the D 1tems ‘ovér
the M items in the test data indicates diffevences in the number of '
" items in state L. This in turn implies that the parameter b muet.be .
’1arger then the ﬁarameter a, Ifb were. smaller then a, we would expect
the M condition to do hetter than the D condition during both the train-_
' 1ng and. test sessions, whereas if bowere equal to a, we would expect a
difference during the training sessions in favor of the M condition, but
none in the test sessions. o o g | ,;;
Parameter estimates for the model were obtained by methods de-

.scri'bed in Atkinson and Crothers (1964). The values which ylelded -;‘:he'

beetgfit between observed and predicted proportions were:

P= .28
a =0
b."—" 038

x (for training sessions) --.hS

x (for test sessions) = .T4

These estimates were consistent ﬁith the notion that b should ﬁe lerger
‘than a. The ﬁodel proposed here is similar to Greeno's (196h) model for -
- paired-assoeiete 1eerning in vhich he exﬁlicitly requires the:parameter
| a to be zero. Our findings for this more complex task indicate that hie
theory and related research on paired-assoclate 1earning gre relevant to
the»effect of repeated presentations of spelling items. Figure 3 pre--

sents the fit between the observed and predicted proportions using the
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abé&e parametgr estimgtes, -Inspecti@n\bf‘this figure indicateé that
the.mbdellgave an édequate account of the résults of the experiment. .

| To check the validity of these results, the same-g's were run two
‘_weeks lﬁter using precisely the éame_procedure but with 2 new sét of
vords. Figure b presents learning curves for.this replication compa-
rabie to thosé presented in Fig. 3. Applicatiop of ‘the model to this

- data yielded the following set of parameter estimates:

p= .32
g =0
b= .33

x (for training sessions) = 60

x (for test sessions) = .72
Once again, the estimate of a is zero confirming our earlier result.
. Also, in general, performsnce is superior in the second experiment,
suggesting that some form.of learning-to-learn may be operating in this

gituation.

We have not carried out analyses that bear 6n some of the more

~ detailed features of the model, In fact, in view of the stimulus mate-
. rial.used; it seems unlikely that these féatures_would be ferified.‘

- What clearly needs to be dQné is to generalize the @aired-assdciate'_
‘model to takg.accountlof the linguistic-cthtraints imposed by the
spelling task. Some of owr results and those of Kgutsén {1967) sug-

gest guidelines for such & model but we are not prepared to be more

O a D Dt e L R M e M gy e G O O B £ 2
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specific at this time, Hopefully such & model would provide a mdré H

 definitive answer'tb the problem of optimizing the instructional

sequence in spelling drills.

1k
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Fishman, Keller, and Atkinson. S | o .

1.’

. .

5.

‘References .
Atkinson, R. €, Ingtructiecn in initial resding under computer
-~ control: The Stanford Project. -J. Edﬁc._-_mta Procesging, 1967 )
in press.
g 33
Atkinsonyi R. C., and Crothers, E. J, A comparison of paired-
"e.ssoc:l.ate leafning models having different acquisitien and

retention axioms. J. Ivh.th. __ychol., 196h 285 <315,

Calfee, R. and Atkinson, R. C. Paired»aseoc:‘éate models a.nd the

effects of list length. J. mth. _gychol., 1965, 251&-265._

Fishman, Elize,beth. I‘hssedAvs. distributed practice in com-
| puterized spelling drills. TUnpublished l@.ster's Theels,

Stanford University, 1967.

»Greene , Ho A, The New Iove Spell:lng Scale. Iows City, Iowa:

S‘bate University of Iowa, 195h

G_reeno, J . G Paired-associa.te learn:!.ng with massed and dis-

tributed repet:ltion of items. _J_ . Exps Psychol., _196&, 67,

286-295, | |
Knutson, ‘J' . M. Spelling drills usiﬁg a computer-assieted 7

instructional system. Technical Report'No. 112,

Institute for Nht‘hematical Stud:lee in the Socia.l Sciences,

Stanford University, 1967,



Fishman, Keller, and Atkinson

'References (cont,)

8.. Suppes, P. The uses of computers :ln.education. S.cienfific_‘
Americen, 1966, 215, 207-220,
‘9.  Suppes, P., Jerman, M., and Groen, G. Arithmetic drills and
review on a computer-based teletype. Technicel Report
U NO. 83, Institﬁte for Mathematical Stixdiex.‘:t':ln.the

- Bocial Sciences, 1965.



Fishman, Kelier, and Atkinson _ 17

Footnotes

lThis research was supported by an Office of Education contract,
No. OE5-10~050, and by a computing grant from the U. S. Public Health

Service, Contract No. MH 06154,

2Now at the University of California, at Irvine.









