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© Abstract i a0

; ' b o o e )
ThTS study eXaaned the effects on-: Tong term memory of'“"”

o ,~ '
D

vary1ng the foTTow1ng two common CAL. constructs _t ) the

14

timing of feedback message deT1very,Hand (2) the content oft

?m

the feedback message The sampTe conststed of 60 graduate i-[?T‘V

students enroTTed 1n the 1979 Spec1aT Se551on Facul%y qf
Educat1on Un1vers1ty of Alberta They were reg1stered 1n
an 80 hour CAT. course in 1ntroductory stattsf]cs The data i:,w

collection 1nstrument was 2 23 1temirult1p1e cho;ce test oniff
e ‘
the t-test. The test 1tems were randomly ordered both as an' ,

end of-chapter test and as a retent1on test seven days

$

%
Tater To determ1ne 1f recogn1t1on or. recaTT memory was 1n

, 4
‘operation, severa]’1temstwere mod1f1ed for the retent1on

) : - RE S - o .
[ P : a « Al

test.

YA

The course- and tests were presented us1ng an IBM 1500 |

system The research design requ1red feedback to be prov1ded

/

either (1) 1mmed1ateTy fo]}ow1ng a response to, a test 1tem.

or (2) 24 hours later. The feedback message was e1ther.t ) a

N g k . .
re- dlspTay of the muTt1pTe cho1ce 1tem w1th the correct

answer underllned or (2) a ser1es of sentences and/or a

" formuTa wh1ch prov1ded a cue to the correct answer Students n

were randomTy ass1gned to one of e1ght ceTTs 1n the research |
ades1gn The f1rst_four ceTTs were (1) 1mmed1ate, correct
”,answer'feedbacK‘ tQT 1mmed1ate cue feedback (3)a24"h0ur
*deTay, correct answer feedback and (4) 24 hour deTay, cue -
feedback The Tast four ceTTs prov1ded the same feedback
t1m1ng ‘and’ messages but requ1red the students‘to rankltheirllu

iv
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certalnty of the correctness of the1r response to each
| test 1tem on a conttnuum from 1. (not certatn)}to 7
(absolutely certa1n) The IBM 1500 system collected all the
' students responses the: tlme taken by students to respond
to each 1tem (response latency) and the elapsed time the
feedback message was dtsplayed on the termtnal (feedbacK
flatency) Py I - .
The results, in the form of mean test score data
lndlcated no d1fference between the 1mmmed1ate and delay

feedback groups on the retentlon test No dlfferences were'

found among groups on the recall “or recogn1t1on test 1tem

scores A s1gn1f1cant d1ffenence in mean test scores ex1sted-

AN
| between the correct ‘answer feedback group “and. the feedback
group on\therend of- chapter;test( but not on the retent10n-~
. test. Al groups‘scored-betterron the retentlon.test‘ln |
comparlson With the'end-ofFChapter testlscores' Requiring
| students to prov1de confldence values d1d not affect the1r.
»test scores swgnlflcantly Also the 1mmed1ate feedback group
_{ p1d 1ncrease thelr mean confldence Value between the test SR

and retest Analys1s of the feedback latency data 1ndlcated

no dlfferences ex1sted among the treatment groups, although

o | ho :
e R the t1me taken to readufeedback messages on the retent1on o
. B e e S
test decl1ned stgn1f1cantly . ,‘i
{";t;1f11% The study supports the 0urrent pract1ce of prov1d1ng a‘h°'h

br1ef, correct1ve feedback message 1mmed1ately follow1ng a
4ff‘;3f*gf';”f- response to a test 1tem However, delaytng the t1me of

feedback d1d not appear to have a deleter1ous effect upon g



test scores }he nature of cues and the1r proper .

P

construct1on requ1re more research It was recommended that

“the 1mpact of d1fferent feedback t1m1ng modes and var1at1ons -

in feedback ,message des1gn be exp]ored w1th1n the con ext of

\\ ‘~,

- CAI by- samp11ng from d1fferent age groups w1th d1fferent

levels of mot1vat1on and us1ng content from other subJect

. , o

, 5 , . .

matter areas A %-,
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I. Background of the Study »

- . . !

A. Introduct1on to the Probtem . . ,;’ B "n~ .
For centur1es man has been concerned w1th memory or 1ts or
| ant1thes1s -forgett1ng | ‘
7 When Somontdes offered to teach Themtstocles the art of
memory (450 BC) he is reported to have muttered w1stful]y,j
"1 remember even those th1ngs wh1ch I would ‘not, and can not %
forget what I would ! C1cero observed as have many others
© "That memory is the treasury and guardlan of all th1ngs o
| As c1v111zat1on advanced ph1]os0phers mused over '_”:‘
o ex1stence and nonex1stence --memory and forgett1ng
Artstotle apparently believed the 1nvent1on of wr1t1ng would
rcause memory to lose its ﬁ§c111ty and gradual]y dtsappear
Stm11arly, a Ch1nese proverb of the\per1od states A clfvery
‘ émemory is not equal to a ctumsy brush Contemporary

2

-

commentators m1ght suggesﬁ the photocopter cou]d do the L

. same '

& i B ;_' . . .

o Man has been preoccupﬁed w1th attempt1ng to remember

e many K1nds of data over the centur1es from the stze of an

L }f e]ephant herd to the text of a message memohtzed and '
| carr1ed by a cour1er to a current concern for te]ephone

=numbers, household addresses, c11ents vnames fJnanc1a1-

‘accounts, cred1t card expend1tures and so0 on.
P

}av' : . W1th1n educat1on attent10n has been to recal] h

, . ’ R
_ sc1ent1f1c formulae htstoﬁlcal events, l1terar “style, and
. mathemat1ca1 models or algor1thms. Most teachers have _;f‘ '

,\ b

o el ey e e g
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experienced the amazement of a student’s failure.to remember

LAY

material when Séveral weeKs, days or hours before that same
student demonstrated some competancy with the material.
KnQWing, and apparently later not Knb&ing, causes edUcatp;s
and sfudents alike to examine thé5r teaching/learning .
strategies and curricular approaches. .Massed versus
distributed practice revieﬁs short qu1zzequ spiral

curricula, and advanced organ1zers are only a few of the

®

assaults o? the .apparent insidious degradation of memory.

A1though hUndredsoof studies have beeﬁ done, solutions fo

the probiem of_retention are too few.
Cermak commented:

the application’of memory .research to education
is upon us this century. Education’s demands must be-
met. Psychology has hidden its head in the sands of
irrelevancy for too long. It must be held
responsible for ,the application of some of its
findings to the education of children... Psychology
has been loth to apply any findings to education
because the educators do ndt understand the theories
behind them, and educators have not let -
psychologists experiment in the classroom because
the psychologists do not understand the basic.
processes of ceducating humans.

- In memory ‘research, humans, not rats, are being

investigated and it is time for the partiés to
realize this. It is admittedly a gamble when a new
method is used in teaghing, but it is going to be
necessary. In the futfire, as more is discovered
about memory it must find its way into the :
classroom; it must be useful; it must be applied.
(Cermak, 1972, p. 2681\ 4" v

In the Second Handbook of Research on Teaching G]aéer‘(1973)

concluded that research on instruction in the schools has

~

proceded at a snail’'s pace. He stated this is partly the

result of the difficulty in adequately controlling the

variables or processes involved. However:

0
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The computer now makes it possible to have
instructional procedures selected systematically and
the resultant learning observed in the schoal
context. (p.851) ‘ . '
In a later passage he ‘commented: ™

The positive'potential of educational tecﬁnology
will only be realized if the technologist who would
bring the results of .their science to bear on the
educational problems are actually concerned with the

" broad goals of education and make a concerted effort
to fully assess the effects of that new.technology.
(p.856)
Kulhavy. (1977) in a review of studies examining

4

feedback and written instruction observed, with specific
reference to CAI, that "because computerized instructf2¥
allows such a wide range of strategies for each response,
Ehe question of hoﬁlone most effectively matches feedback
Q;Pameters with response characteristics is indeed‘ahA
important one." (Ku]havy,1977),pg”fﬂ{

mThis study examines the'ébplication of memory theories
and leafﬁing research tq,inétrucfiona] design using the new
educational technqlogy; CAI. The nextgsection preééhts\a
deQCPiption of the ;ésearéh problem aﬁd the implication
solutions to this probjem have”for education.
B. The Problem and its Implications for Educationj'

Compdteﬁlassisted instruction is a new technology which
Elends instructional éourseware withvdfgital COmputen;ﬂ
devices to provide an instrUctjohally qbnsistent intenaé{ive v
learning environment. In a tutorial mode, for example,'it“f§1<
uéuai for s&bjeéfs tdﬁbe immediate]y"providéd with'feedback

messages. ‘Those messages may range from a brief sentence



stating that the student S response was r1ght or wrong to a
more deta1led remedial paragraph filling the screen of the
computer termtna]

- Currently, in CAI, a oontinuing widespread notion is
one which'suggests feedback should be immediately provtded
(since it is‘possible under CAI and not normally possible
under conventional tnstruction) and another is that feedback
should be brief, and correctiVe?or reintorotng. To date!
very little research evidence has been aooumulated to
confirm or’reject the va]iditysof these assumptions. This
study-assesses these questions. | |

Instructional designers recognizerthe interrelationship
‘ofplearning with memory. The design of learning acttvities.'_gj
involves an assessment or assumbtion of prev1ous know]edge '
or sKills, an‘activity componezngocused upon develop1ng or
adding to these skills or knowledge, and ankassessment stage
to measure the success of the activity. This would then be —
followed by.remediatiOn and retesting, or movement to a new
learntng ob3ect1ve There is a two-fold need to have
subJects qutckly and effect1ve]y ach1eve the 1nstruct1ona1
obJectJve as well as to reta1n the Knowledge for subsequent _
use and as a bu1ld1ng blocK for future growth. The problem
‘ for CAl authors is one of se]ect1ng a 1earn1ng strategy
wh1ch has a high probab111ty of prov1d1ng both" good short
~ term success and good long term retention It is be11eved
1earn1ng des1gns must provide env1ronments and strateg1es

©9
most llkely to produce long ferm retentton if overall
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learning activities are to be wor thwhi le. B L

3

This study examined two commonly used instructional

~design constructs specitica]ly for their effects on long

' term retention. Ihe questions asked were: .

1. Does immediate feedback result in better long. term
'retent1on than feedback delayed 24 hours?

2. Does a feedback message whtch con51sts of underl1n1ng
the correct answer in a multiple choice question result
in better long term retent1on than a feedback'’ messgge
which consists of a cue to the correct answer?’

In add1tton to the de11very of dnstruction the IBM
1500 system was used 1n this study as an 1mportant data -

‘collectton device. These data were used to satisfy

additional 1nstruct18na1 quest1ons In’brief t ; 1BM 1500

néAI system 1ncludes a student performance account1ng program

‘which suppl1es a record of every student s response, the

location in the cqurse:assoctated with the response, and a )

/measurement of the time taken for the response‘to.be entered

(1n tenths of a second). As a result, an instructor can

ascerta1n 1f'a11 students'have covered’Speciiied material

d_ in the course, that at] have been tested in the same manner

‘and that prectse records ex1st to describe their act1v1ty
“In this study two variables have been under |

Aexamtnattonr-(t) feedback timing (1mmed1ate and 24 hour

:de]ay) and (2) type o% feedback message (an under11ned

| correct answer, a cue to the correct answer). With respect ,

‘to these two vartables,,and ut111z1ng the 1BM 1500 student

‘\
a
B



'process1ng theory of memory, a theory wh1ch is a useful

\LV ‘
2N

a

. : L
penformance‘acoounting programme, supp]ementary questions

A
were exam1ned to determine if these two varlables affect:

a. the mean conf1dence that students assign to their

responses, | |
b. the mean latehcy time that sobjgcts~redyire to ’
produoefresponses and* | | | y |
the mean iatency t1me that subJects take ;o read a'

8 ,
feedbaok message o g , *

o ¥

4 i
‘The review of re]ated 11terature fol]ows 1n Chapters I1

and IIT. Chapter 11 provides an overv1ew of an 1nformat1on

mode] to exp1a1n the research. f1nd1ngs of Chae&ér ITI.

.Chapter I11 exam1nes a number of@stud1es which 1nd1cate that

the use of 1mmed1ate feedback and brief messages in

convent1ona1‘1nstruct1on may not always resu]t in" long

A 0

term retention by students . - | L e



11 Review of Literature: Memory Theory .
A. Introductlon | | -
~ The 1n1t1a1 impetus for this study arose from the work
g oflP.T, Sturges, a long t1me researcher in the area of |
-feedback and‘retent1on Her worK rev1ewed in depth 1ater.
may be characterlzed as a ser1es of 1nvest1gat1ons of long '
term memory in-which the- exper1mental des1gn is
systemat1ca11y modi fied and f1ne tuned So far as canﬁbe't;
,determ1ned Sturges Has not placed her findings in any ,;

part1cu]ar theoret1ca1 gamp, nor has the debated at: length

the broad theoret1ca1 1mp11cat1ons of her f1nd1ngs As a

result Norman S theory of 1earn1ng and memory 1s rev1ewed///,

3

~to. prov1de a theoretical structure to expla1n those . research
f1nd1ngs wh1ch indicate (1) de]ay 1n feedback may 1mprove
‘.fretent1on and (2) a feedback message which is a cue’ to the

‘ r1ght answer may a]so 1mprove retent1on

[

Attent1on is f1rst d1rected to a- theory of 1earn1ng and -

»

’memory Nbrman p01nts out:

.The study of learning d1ffers from the/study of’
memory in its emphasis, not: necessarily in content
fLearn1ng and memory. are- intimately .intertwined, and’
it is not possible. to understand one without, ‘
e understandwng the other. (Norman, 1977, P 1) o

Norman s theory belongs to the school of semant1c

‘hd{memory, one wh1ch addresses 1tse1f n a somewhat

‘»fphenomenolog1cal way to the content of an 1nd1v1dua1 s
memory, i.e -the character1st1c acqu151t1on and use of

,1nformat1on Norman d1ffers from many semant1c1sts by

hattack1ng what he perce1ves to be a'weakness in the semant1c njv

O

s



. data.

acqu1re, 1nterpret and use 1nformat1on

oo

SChOO]l that is, the disuse of, the term "learning"~ln,Favorf

~ of a process he describes simply as the "aCdUlSlth”.bf

-invfo‘tima'tibn"" in memory (Norman, 1977, p.1). The thesis that N

i

gev1dence of learn1ng is demonstrated by the ab1l1ty to
retr1eVe appropr1ate data on cue is, found tr1te Norman

.argues the s1mpl1d1ty of thlS theory 1s challenged by- the

R
emergent qual1ty of the retrleval one wh1ch.1ncludes not

'only the encod1ng and process1ng durlng 1nput but- appears to}"

have 1nvolved a. mergtng of 1nformat1on collected over tlme

or the development of new forms/structures for the current

3%

r

In'complexylearnlng'there ls/what;may be“charaCteriZedx

- as an instght“'a “clidk“, or an “ah ha". It is th1s 1nternal

operatton wh1ch is placed under scruttny by Norman and has o

lead. to the theory he terms the ”Act1ve Structural NetworK '

Y

;'of Long Term Memory . H1s goal was to. establ1sh a general

's«1ntegrated theory capable of descr1b1ng systems th@t

e

The follow1ng sectton descrlbes Norman s theory of .

memory and relates thts theory spec1f1cally'to learn1ng

>

”,"B Accretlon Tun1ng and Restruoturtng

o Three quant1tat1vely dtfferent modes of learnlng are _:t

- \

v”'proposed -~accret1on tun1ng and restructur1ng
Learntng through accret1on 1s percelved to be the dalﬂyl'

_accumulatton of 1nformat1on :a process of acqu1r1ng facts,

-3

V]TSIS names, numbers, and so. on Th1s Knowledge accumulafesryf .

- -
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‘\ : for process1ng the 1nformat1on - Schema - dynamlc process1ng

vy . . i .,

and 1ncrements data bases in an unsoph1st1cated manner
% ""‘.

Norman suggests no structural changes occur in- ‘the o
\ ‘c" ,—\ o

1nformat1on processlng system 1tself and that accret1on 1s

the type of - learntng most studted by psychologtsts

Learn1ng through tun1ng 1s not only the accret1on of =

1nformat1on but the process of changtng the . cr1ter1a used

S

hun1ts~- normally used for sort1ng and- stor1ng data in the N
'

accret1on mode are under the tun1ng mode modtfted to br1ng .

192,

o
themselves 1nto congruence w1th the functtonal demands

placed uponsthem

oo Thus, for example when we . first. learn to type we
= ~develop- a et of. re‘ponse routines to carry out the
. task. As we. become an- 1ncrea51ngly better typist
.« these response routlnes become tuned to the task and
© " 'we become better :able to perform it more eas1ly and
‘fveffectlvely (Norman, 197, . 4) )

A chxld’s 1ncreaé1ng spec1f1c1ty - from the class1f1cat1on‘
of all small four legged an1mals as dogg1es to the
genus/speC1es to wh1ch the annmal best belongs - may: alsd.be
an. example of the tun1ng of schemata S1m1larly an adult s
conclus1on that all l1ght alrcraft are”"Cessnas 715 mod1f1ed
| as Knowledge of ltght a1rcraft des1gn 1ncreases
Learntng through restructurlng 1s a more s1gn1f1cant

and d1fferent process that occurs when new schema are

requ1red to 1nterpret new 1nformat1on or reorgan1ze what has

been acqu1red Restructur1ng leads to efftc1enc1es 1n e

"1‘ retr1eval '1nterpretat1on and acqu1s1t1on of new knowledge

. 1)

It 1s suggested only an 1nner sense of the unwe1ld1ness or.

unformedness of the accumulated Knowledge g1ves r1se to the

Y
[UR.

AN

v

. (,0 e .
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need for restructur1ng (Normanﬁ t977?fp‘-4) Accretion and
tun1ng occur cont1nua11y Restructurwng may take days, weeks
or years depend1ng upon the. nature and flow of the
ttnformat1on and thercr1t1ca1‘mass needed‘to cause a

g . resorting of-the.data,uréformatting.of Schemar(tuning)'or
Qf‘: . 7. creation of new schemavto process'datavparsimonious1y},

. Examples of students'and athletes who show a. growth in )

\sk111s OVer many years are. examp]es of the restructur1ng

phenomena F1tts commented

-_“-;; The fact that. performance can level of f at a]]
. .appears to be-due as much to the effects of =~
phys1olog1cal aging and/or- loss of motivation as to
the reaching of a true asymptote or 11m1t in
capac1ty for further 1mprovement

o ?F1tt 1964,5p4 268)

In summary,,accret1on is the process of- data»,

L4

- . . .

- c]ass1f1cat1on and storage, tun1ng 1nvo]ves the mod1f1cat1on
‘ ‘.;2? = of schema to 1nsure better accret1on and restructur1ng
; occurs when current schema o 1onger appear adequate to the

4
data base and thus new memory structures are needed It 15'

"-ememory;schema_1n genera}lthatw1s:of concern,1n'th1systudy}

C Memory and Schemata

~. i
AT

Memory may be cons1dered as spec1f1c or general tn-"
nature Spec1f1c retr1eva1 deals w1th such th1ngs as what
occurred at 10 OO Monday mornlng as compared w1th '"What do dfﬂ B
. you th1nk of doe Brown7", wh1ch 1s a compos1te of many
spec1F1c1t1es Other examples may be the character1st1cs
:.t€>;‘ }Mf M” ass1gned to the schema dpg 'orxghe-schema_.farm' Norman p.a‘ :

: Yy ) B

e

; \j " v' _. 6. .



BT schema is’ automob1]e or. car“._The ‘car” W111 be {

*_;veh1cle sa]esman or potent1a] purchaser It 1s often
"aston1sh1ng to 1earn of someone who is apparent]y
"ﬂfqndnfferent to flu1d 1evels (e g , crankcase battery

,*rad1ator) yet h1gh1y sens1t1ve to such var1ab]es as th

11

states: -

To us, a schema is the primary meaning and
~processing unit of the human information processing
system. We view schemata as active, interrelated
Knowledge structures, actlvely engaged in
. comprehension of arriving information, guiding the .
" execution of ‘processing opérators. In general, a
.. schema consists of a network of 1nterrelat1ons among
c+its constituent parts, which themselves are other
schemata. (Norman, 1977 D. 7)

Within SChemata’are variab]es which are references to

general c]asSes of concepts that can actua]]y be subst1tutedv

’.pfor the var1ab1es in determ1n1ng the 1mpl1cat1ons of the
,schema for any part1cu1ar s1tuat1on (Norman 1977 p 7)

| As 1nformat1on accrues 1t 1s encoded aga1nst or subst1tuted

‘for the var1ab1es of 2 general schema Th1s memory wjll'
v b
‘ thereby become a spec1f1c part1cular1zed Or an E

= 1nstant1at1on of the genera] schema An examp]e of 2| gepera1,

L

-represented by a h1gh1y deta11ed schema by a mechan1¢ and tO'qT

a. lesser and much mod1f1ed extent by an operator used

\

Rk
," - i _4
I

I:'

ftcar s color ,upholstery and carpet C]ear]y schema ane"'

1nd1V1dua1 1n character As a resu]t two persons may/v1ew-5

BN

che same automob11e encode and process 1nformat1on about 1t

1

'e'and 1ater retr1eve facts tn a seem1ngly 1ntegrated fashton :"
“7fand yet retr1eve data u51ng a d1fferent organtzat1on and

jbreca]] both s1m11ar and un1que attr1butes Indeed some

(\
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~salient featuresﬁmay not be retrieved at all. ‘It is also. not
uncommon to retr1eve more data than were 1n1t1a11y ava11ab1e
s1nce assummed var1ab1es may carry over from the general_
| schema. For example,.the assessment.of a used'car by_a’
~ potential buyer'—4the assumpt ions made' prior to'purchaSef;
| fwill'becometonly too obvious With.time'

v Var1ab]es may also be defaulted or constra1ned The
var1ab1es ‘of a general schema can‘have va]ues ass1gned to
them by defau]t or restr1cted by a range of poss1b111t1es

:«g'ln the purchase of a house the un1nformed buyer, upon
v1ew1ng ‘the estate mhy be]1§ve f1xtures come with the house‘
- or. that a spec1f1c f1xture will rema1n Exper1ence results
‘1n tun1ng or restructur1ng the genera] schema to reduce the "
: defau]t or constra1n1ng process o

R

| Varlables (and -their constratnts) serve two _pa'r N
1mportant funct1ons s : . . :

SRR They speC1fy what the range of obJects 1sA\hat
. can fill the pos1t1ons of the varlous varlables
o and:
" 2. When spec1f1c 1nformat1on about the var1ab1e is -
- not available, it is possible to.make good - ;
-guesses about the possible value. IR
| | . (Norman 1977;}p; 10)

D Comprehens1on'1f'\. S |
Comprehens1on may be conf1rmed when retr1evals 1nd1cate .
an appropr1ate conf]gurat1on of schema have been used to E
account for an event or s1tuat1on Thls 1mp11es that ‘the ,*
. compos1t1on of each schema has 1dent1f1ed the sa11ent

. )

concepts and events w1th1n eaéh occurrence

=4
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The process of comprehension therefore invo]vesl

¢

L

ver1fy1ng or. re3ect1ng various schema until some level of
harmony/coherence 1s/ach1eved As a result of . proce551ng

(restructur1ng) new soh’ﬁa may emerge W1th new " br1dg1ng

_ between var1ab1es Eff1c1enc1es w1]t appear in the
‘:‘“\ - 1nterpretat1on of. the data base,’searchtng and retr1ev1ng,‘
o var1ab1es and processtng of new 1nformat10n ‘ “
Like a good theory. schema account for ex1st1ng facts
through a pars1mon10us descr1pt1on of a. untverse and has

1:'\ : %otentta] to- accomodate new d1scover1es A schema is created
) b

/

,"to exp]a1n or describe a sttuat1on and remakns unchanged"
B / I
‘*even w1th substant1al growth in the data base,»so 1ong as .

71ts ut111ty for encodtng and retr1eva1 remain va11d Once it
. » ~

f“becomes c]ear that a- schema w1tl no 1onger support stored
C ey )
*1,Adata a process of e1ther tun1ng or restructurwng the schema«:w
s »

| 'occurs If an 1nsuff1c1ent data base ex1sts for the creat1on

L\

< of a schema thén the 1nformat10n may remain for a time as .

(

'jd1scon9ected substtuat1ons, each 1nterpreted in terms of a

‘separate m1cro 11Ke schema,_for example -a hlthert@

unr Iated fact (nonsense sy]labte)

s

8 | N | | :_”\"'
NEL The Nature of: S@hemata o ¢>f;?{~" ?", plﬁffgﬁ“t; vJT';,;hgl*j
s Lo A ‘ @ SR i e
B Norman cons1ders " schemata as act1ve proce551ng un1ts.
each schema hav1ng the process1ng capab111ty to exam1ne ‘*"
whatever new data are belng processed by the perceptual

] systems and to reorgan1ze data that mtght be relevant to yfﬂ :

E ,ﬁ*‘;v>~'f themselves (Normanf_1977, p;‘tt) Schemata, act1vated when :

A N
Vg
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appropriate.data appear guide data organization accordihg-

to their structiye. Schemata control and d1rect the
comprehens1on pr cess 1tself In addition, it 1@wsuggested
that output from one schema may reenter the data stream to
}become input for another schema °Reddy uses the image of a
b]ackboard to explawn’the,phenome?a (Reddy and NeWell,

: 1974). Data may be thought'of'as appearing on a blackboard

to be examined by relevant schemata cued by the nature of

" the mater1a1 Data relevant to a part1cu1ar schemata are'
Eprocessed us1ng 1nterna1 conceptua11zatlons and rewr1tten on
the board‘ (F}gure 1 11]ustrates the\process The blapkboard
may be cons1dered as - ex1st1ng in the synthes1s/1nterpret1ve
space: ) Th1s mod1f1ed 1nformat1on may cue other schemata e
wh1ch in turn process and redlsplay the1r output A halt |
”occurs when schema are no - longer cued by data on the board

-~ (stream) . Natural]y the cycl1c result w111 be a ref]ectton
'yof the eff1c1enc1es of ‘the schema and the1r convergence w1th
u'rea11ty as tested on subsequent 1nstances _Jhe schema data - «
’: cycle has been d1scussed under such head1ngs as act1ve '
i"demons (Se]fr1dge and Ne]sser,v1960) . actors (Hew1tt
t,B1shop ang}Ste1gér, 1973), and productlon systems (Newel], -

LA

0o
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F. Learnlng Through Accret1on Tun1ng an Restructurgng

. . - o
. o

‘Learning throuqh Accret1on':-c- e ‘.Q

As d1scussed ear11er. the ma1n mode of 1earn1ng is . .

s1mp1y the da11y absorptlon of 1nformat1on Norman descr1bes'

1nstant1attons as new]y created data structures patterned on‘

old schema but carry1ng current 1nformat1on 1n p]ace of the

var1ab1es Th1s represehtat1on of an event is placed )n 1ongr

O
term memory and retr1eved ustng the general schema

(.

PO

remembrance 1s a prdcess 51m11ar t

i

using s1m11ar,schema Learn1ng by accret1on therefore R

™~

) T

storage and is. act1vated\‘

e

L e
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processes all information in a similar fashion, i.e., with
the same schema. If data can not be configured using current.
schema then tuning/restructuring must occur before learning
may proceed, otherwwse the data remains as substructured and
with 1ndependent micro schema unconnected to other data
piles.

Learninq through Tuning

For Norman and his a55001ates the modification of

kAl
T

ex1sting 5chemata to better process and sfbre data is a.

matteraof “fine tuning” the structure. Basically, revising

)

constant and variable terms has the eftect of:

1. improving the accuracy of analysis of information,

J?a; ,

2. generalizing the range of applicability (replacing a
) :
.constant with a variable or modification of a variable),

3. spec1a1121ng the applicability (constraining variables

or replacing a_variabie with a constantiq and

4. determining the default values (discovering the
attributes which normally apply and adding'these to the
schema such that intelligent gqggses may forward

inference maKing and gu1de further proce551ng)

Learning  through Restructurinq

% So long as dxisting memory structures adequately
accOunt for new Know ledge ; fﬁning and restructuring aheinot
required. In a‘typical ]earning situation, information would

be accreted until the body of knowledge becomes”bnmanageable )

through'poor or inaccurate retrigval. At this point either

<

 new or tuned schema are created that enhance processing and
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i

, ‘ 4¢ i
improve retrieval (evidence of memory). Norman suggests two.

t ¥
'+ types of schema creation occur.‘!attern generation and
. ™ . . "
schema induction.
"¢
Under pattern generation a schema is copied, then

mod1f1ed as required. Learn1ng through analog1es is an:
example of this‘process, e.g., learning that a rhombus is to

a square what a parallelogram is to a rectang]e. The

¥

constants' .from one schema are modified in the new one.

Learning to diffe;entiate breeds of dog also indicate

s
o]

restructuring.

Schema induction, the other form ofblearning, results
£Tﬁﬁ§either a spatial or temporaT co-occurance'which cue
several schema. This simu]tenecus activity or temporal
contiguity |

.is) the fundamenta’l principle of most theories of
lear ing, but it seems“to have amazingly little
application in the learning of.complex material. As
ar as we can determine most complex concepts are
learned because the instructor either explicitly
introduces/an' appropriate analogy, metaphor or mode

. We believe that most learning through the
creation of new schemata takes place through
patterned generat1on not through schema induction.
(Norman, p. 16) . : ¢

Memory and Learn1ng . c ;
e /

| Incomlng data are most eff1c1ent1y processed when they

are cons1stent wtth existing schemata. The more that the
arriv{ng tnformation deviates from a person’s current
integpretive structures, the greater;the heed for‘chenge
‘ either,througthuning ©r_restructUring. HoWever, this
presumes a recognition of discrepencies. If thrcugh

misinterpretation or misunderstanding the material appégrs
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consistent with}previous]y"orocessed data, the need for -
hange,will_§ot occur.

Reorgan1zat1on of..the memory system is not something
that should be accomplished lightly. The new - ”
structure that should be formed .is: not easy to |
determine: the entire literature on "insightful"
learning and problem solving, on creativity, on = |
discovery learning, etc., can probably be cénsidered @ ~{
to be studies of how new schema get created. ‘We do -
not believe that the human memory system simply
reorganizes itself whenever new patterns are
discovered: the d1scovery of patterns, the matching
analogous schemata to the current situation most
. probably require cons1derab1e ana]ys1s
{(Norman, p. 22) ! oo

G. Memory: Long. Term Retrieval
Williams (1977) characterized the act of rethieval from

long term memory as a reconstructive process. The operation,

as he sees it, involves a recursive cycle of three phases

\~_which switch a]ternate]y from (1) finding a Context,y(g)

seariﬁggg, and (3) ver]fy1ng ;
B operat1on commences w1th a- sketchy descr1pt1on‘

(which W1111ams terms.a context), and a search begins. If
anything: is found'it is immediately tested egeinst what is
known or proposed, i.e. the process of.yertfication. If this

factfls accepted the dbjective may’ have been sétisfjed;'if

" not, the new fact is added to the description and the search

then proceeds one level 1oweb (in the necursive sense) using
a mofe4definitive context An outcome of W1111ams (1977)
tneory‘of retriéve] is. the assessment oiwoonf1dence wh1ch
is‘exoressed.as the degree of certa1nty the individual_.
assigns to‘tne retrieval, i.e.; confidence levels.

/
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j

Figure 2. A Characjerizatioq of the retrieval prdcess; |

7'In obdér-to better understahd}the séabch'process.
.~'w1111ams (1977fvpropose$ two metaphors. One is the

' sUggpstiOn.that the individual continues to aggregaté
inform;fidn so that hev"homes'in.on«the fargét"l The flow of
infoﬁmat{pn coﬁtdhues to build a more and more pféciéé
desCripfion. The search proCess'Stérts with a geheric
“context that iterétive1y'becomes more specific. |
4 second metaphor is that of the "jigsaw puzzle’
5uggesting an algobighm.whighjharrows'the‘séarch field to'a’

 region that looks most promising (working on the border of a -



s

jlpuzzleﬁ and builds up a better‘formgd context before

’1nd1v1dua1 who wh1]e try1ng to remember someth1ng, may:

20

proceeding into areas that-require the assessment/ and

inference on a 1arger scale with 1ess 11Kel1hood of SO]ld

‘-ver1f1cat1on ‘
. qui§f2e of the search descr1pt1on may cause’ prdblems.
.1n ver i cat1on Too l]ttle 1nformat1on makes the e

ver1f1cat1on process weak since there may be:

1. a large number of poss1ble events,

2. recal] of a re encoded ;vent is more 11Ke1y than the
original (fewer-more«apparent1y‘typ1ca1 propertwes);‘andc‘

3. \1f a‘:;arch1ng property is not available then Know]edge
;1ndexed under that pﬁoperty must be inferred.

The® problem of too much 1nformat1on also makes

verif1cat1on d1ff1cu1t. The select1on of contexts to

determine the"correct'one resu]ts 1f a bad cho1ce is made,

‘;1n a n11 retr1eva] and the report "I forget". Ver1f1cat1on
':constra1nts 1deal]y shou]d result in dropp1ng the search

‘ prOperty and return1ng to the context so. far created to-

1nvest1gate and test other poss1b1e leads

. ’It is often reported however. that a property,u

ver1f1ed and found fa]se cont1nues to obstruct the processA

‘;These d1stractors may appear to tota]]y frustrate an

- report the cont1nued ‘reappearance of a pa ttcu]ar fact which =

is 1mped1ng h1s progress Often s1mp1y exam;n1ng the :
d1stractor SO as to become tota1ly consc1ous of its

ex1stence and then consc1qusly dtscard1ngg1tVSUCCeeds in
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"pigéon holtng" it and thus removing it from active

cons1derat1on Clearly the d1stract1on ‘has some’ connect1on

-w1th the context, being constructed and is. suff1c1ent1y

powerfu] to cause aggravation. A d1stractor is therefore

1dent1f1ed through the process of ver1f1cat1on ’ as an

1nterference with the retr1eva1 process wh1ch 1n a 11m1ted

“domain matches the 1tem sought

Conftdence ‘when used in connect1on w1th retr1eva1 is

a statement about,the resu]ts of a ver1f1cat1on.:Three

" techniques of truth testing are:

1. ‘Co1nc1dent recovery -'d1scovery of a s1m1lar fact .from

another source

2. Ind1rect conf1rmation.- a retroactive<verification

-y,

ar1s1ng from 1nformat1on uncovered as a result of us1ng

a prev1ous unconf1rmed descr1pt1on

‘3.'utons1stency checK1ng'- 1nformat1on f1ts what is a]ready :

known and 1t 1s therefore con51dered correct

The extent to wh1ch some or. al] of these truth testlng

' :cond1ttons occur and are sat1sf1ed is d1rect1y ref]ected in.

the degree of certalnty ass1gned to. the retr1eva1

[

tsummar"\

From th1s character1zat1on of memory by Norman and

V.W1111ams, one is prov1ded W1th an 1nterpretat1on of memory

phenomena The three stage recurs1ve nature of context

: seeK1ng, search1ng, and ver1f1cat1on funct1on upon a base of?3 .

E part1a1 1nformat1on and descr1pt1ons to reconstruct :”.
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previous]y‘encoded stored data A descr1pt10n 1s ‘used, to |
seek fragments of 1nformat1on whtch 1f ver1f1ed, are added
to- the descr1pt1on to retr1eve st1II more 1nformatton unt11
Aa match on the matertal 80ught is made The cond1tuon‘_
reported as "forgett1ng s cons1dered under a number of’ |

: possibIe headings too Iltt]e 1nformat1on too much |
informatton fa]se recovertes and re- encodtng Generally,
fa11ure to retr1eve is caused by bu1ld1ng a search

e descrlptor (composed- of many search terms) for wh1ch no , ,‘
f:]schema exast The resuIt is a nuII retr1eval In some ;}
,1nstances the search ‘terms w1II be vaI1d and the 1nd1v1dual
-w111 sense thaﬁ some form of a memory is in ex1stemce yet ‘

| report he has forgotten or perhaps it is on the ’t1p of h1s)

' tongue W1ll1ams (1977) aIso 1nd1cates that subJects are

"5_Capable of ver1fy1ng retrteva]s and ascr1b1ng a degree of f\{"

P
f' .. e

>tfconf1dence to- the data retrteved

In the foIIow1ng sect1on Chapter III the Ilterature}

vrev1ewed h1gh11ghts f1nd1ngs in support of delayung feedback -

V»de11very and des1gn1ng feedback messages to prOV1de more -
7"than JUSt the correct answers Chapter III beg1ns W1th a v
rev1ew of the effect of delayed feedback upon Iong term

fretent1on



| o I11. Review of Literature: Feedback
A. Introduct ion o f N B |
- Early investigations of feedback begin with Judd (1905)
andwhtststudy of practice wtthout provtding knowledge‘oft
‘results In the decades follow1ng. empha51s sh1fted away
-from the study of 'academ1c 1earn1ng and feedback to the
' study of psychomotor act1v1ty and feedback The reason for |

A-th1s sh1ft was in part due to the Un1ted States mtlttary ,

o fund1ng of research wh1ch was dtrected toward the 1nvesttgatton

©" of.methods for the 1mprovement of tra1n1ng (psychomotor)

kn, _programmes A summary of - these stud1es was prov1ded by .

"g}neffect (DRE) On COgﬂ]t]V& tasKs, deTay1ng 1nformat1ve‘

ugfrfeedback by as. lttt]e as 10 seconds produced better

Ammonse(1956) Interest 1n feedback was rek1nd1ed when tt
was found that feedback cou]d be man1pu]ated to produce
d1fferent1al resu]ts 1n 1ong term retentton It was‘*“
‘ﬁ'Brachtll; et al. (1962a 1962b 1964a 1964b) who

’ftdtscovered and termed thts phenomena the de]ay retentton

. reteht1on many days later Dther ded1cated reserchers of DRE

v'are Sturges (1969) and\Sassenrath (1988) The WOrK of

' TE'precedenceJ comprehens1veness, and contr1but1on to

‘53,because ear11er class1cal theortsts (Sklnnertan) could not

NﬁvSturges is. rev1ewed f1rst because of 1ts htstortcal

."understand1ng DRE through cont1nu1ng 1nvest1gatlon Dther o
fpapers are d1scussed wh1ch reexam1ne or conf1rm DRE
General]y feedback researchers have not p]aced the1r ﬁa{ :. v

E“f1nd1ngs 1n the context of a. psycho]og1ca1 theory perhapsj"'

celnler iRl



:-recent mode] wh1ch descrlbes the mult1d1mens1ona11ty of
_ft1m1ng and message desig

‘reSearchers

| g_follows oons1ders the research on feedbacK t1m1ng and beg1ns

:'B Research on Feedback T1m1ng

'"~LSturge
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‘ exp]ain'DRE The human 1nformat1on process1ng theory. a more :

memory, appears useful as an exp]anat1on of the effects

s researchers have found az,a result of vary1ng feedback :

It is be11eved that the preced1ng
sect1on on memory theory prov1des a theoretical framework
helpful in understand1ng the wqu of the follow1ng

L

This chapter 1s organ1zed in two sect1ons the first

L

v-.rev1ews the l1terature concerned with feedback t1m1ng and

i

t“1ts effects, the 'second surveys the research re]ated to »
. feedback message des1gn It w1t4 be noted that some |
-researchers have exam1ned both feedback t1m1ng and feedback
” _message des1gn w1th1n the-same paper In these cases-the,;f
“gpaper w11] be d1scussed separately It 1s be11eved |

s h1s organ1zat1on of the data w111 better a1d 1n eva]uat-"

;e two bod1es of research The sect1on wh1ch now'

'W1th the papers by Sturges tf_ .; ::~J o aﬁ’“t{tf’

In her 1n1t1a1 study,_Sturges (1964) exam1ned the -

effects of 1mmed1ate feedback and 24 hour delayed feedback
”“upon 1ong term retent1on The content for th1s study, wh1ch
“,cons1sted of a comb1nat1on of uncommon Eng]1sh words as we]]

~ as: 'some nonsense mater1a] was presented 1n the form of a 7;'5



: ,1mpact upon retentton of nonsense matertal

T o
‘

vmult1ple choice (M/C) test w1th items displayed us1ng a 35mm

25

»sltde progected on a screen Untversﬂty level subJects were ’f,

tested on’ an 1nd1v1dual bas1s The time a‘%llable for
:]respondlng to the test item and readtng the feedback»message
was f1xed to.a number of seconds (detatls not ava1lable)

Seven days later on a retentton test of the materlal

h subJects\who rece1Ved the delay feedback were found to have

s1gn1f1cantly h1gher scores on meaningful materlal than
~ those who rece1ved 1mmed1ate feedback Sturges found that

<

the var1atton of t1me allowed for feedback ‘had no apparent

Sturges (1969) reconftrmed the f1nd1ngs of her 1964

study us1ng test material from the 3b01al sc1ences area, " The

time. requ1red for respondlng to the test 1tem and read1ng
- the feedback message was . aga1n controlled In thlS case,
f.respondlng to the 1tem was restr1cted to 20 seconds and
feedback was presented for 10 seconds Sturges concluded
'k,that 24 hour delay 1n feedback was supertor to 1mmed1ate

‘.,feedback but added the prov1so that the effect could be

'a,ffneutral1zed through a man1pulat1on of the form of the

yﬁ?feedback message Th1s study 15 reported in greater depth 1n?

3;3part 2 of thts chapter -lfg;risht ‘.};ff S R e

. Sturges\\—?72a 1972b) exam1ned the effect of prov1d1ng

R |- .
feedback 1mmed1ately after a response,-at the end of test

‘*:’lEOT) and 24 hours follow1ng the test Retent1on test1ng

- <gtook place 1mmed1ately after feedback or not at all o

-(control group) and seven days later for both groups as a

LR £ N
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final'retehtioh measure. Retention test items Were~designed.
to'test bdth receﬁl and.recdgnitioh The subject matter was“
based upon. uhcommon Eng]lsh words and the response and
feedback ]atency t1mes were standardwzed at 15 seconds.

The proeedure‘followed by Sturges [(19872) consisted of a‘;

‘testing algorithm with (1) three delay modes, (2) three

immediate tests (nil, recall, “re¢oghition) for‘practiCe.fahd :

(3) after seven days a recall/recogn1t1on test FigureJS

provxdes a schemat1c of . th1s research des1gn
¢

TEST L

\ _ ' $ Ausign Feadback Mode e T

24 Hour Delsy | - ‘Ahu TestDelay ~ || Immediste Feedback
_in Fesdbick’ (| in Feedback 20M) Atter Each ltem-
. : - Response

" Assign Rutasting

qu:.d bl R Nacogaition .

" Saven Doy Delay

Rocall Test " Recognition Test

.5ii.j4:;;rf£;f' -

U EE L T T U S RN S R T
Figure 3. Model of Sturges (1972) research design . . .

PN
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The f1nd1ngs on 1mmed1ate retest1ng fol]ow1ng feedback
summartzed in Tab]e 1, were as, follows:

1. A 51gn1f1cant d1fference in test scores (p<. 001) ex1sted
_between the de]ay 1n feedback group and the group ”
. o |

_ rece1v1ng 1mmed1ate feedback

2. There was a s1gn1f1cant 1nteract1on between the deiay
'and form of test (p< 01); Reca]l was enhanced to a

: greater degree by,dejay than “was recogn1t1onr

; N N -
Compar1son of Reca]] and Recognitio Test Scores
: Immed1ate]y Following Feedback

' u.»..Zero Delay - EOT- 24H Delay
L eie2s 1119
nttion": . 26.96 - x ’28.26%"

*signiftoant‘at‘thelﬁﬁOt‘TeYelt

_findings,on‘the‘seventday retenttongtégt*weréfas |

dback delay groups performed s1gn1f1canLJy better o
g I 01) on: reca]] 1tems than On recogn1t1on 1tems o
'vf2tt:0vera11 recogn1t1on test“scores were 51gn1f1cant1y
v?better p<. 001) than reca]] test scores | M
7d§ﬂﬁThose not>rece1v:ng 1mmed1ate test1ng scored _
ts1gn141cantly 1ower (p< 001) than those tested
7qmmed1ate1y R i

n*;i4;“‘lmmed1ate recogn1tlon test1ng lead to s1gn1f1cant1y

"nbetter retentton (p< 001) than d1d 1mmed1ate recal]"_rt',.f_'
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P ,
1mmed1ate test form and the seven day test form .

&'m | ’ (p< 001) The immediate recognition test group scored -

| | higher on the‘retention test recognitidn items than en'
the retention. test'recallottems ImmediateArecall'
test1ng contr1buted more to retent1on test recall scores“
than-did 1mmed1ate recogn1t1on test1ng Thus recaﬂl o
.test1ng 1mproved reca]l wh11e recogn1t1on test1ng
a1mproved recogn1tlon - |

' Table 2 prov1des a summary of the 51gn1flcant results

QM/ Table 2 o Lo
mmary of Seven Day Retention Test Resu]ts_

3

~|Group Scores . : A : Group Scores

o~ o - |EOT- -24H Feedback Delay > ‘Zero Feedback Delay**x*

- ' - |24H Feedback Delay . 1,0 EOT: Feedback Delay**
1EO0T-24H Feedback De]ay D - EQOT-24H Feedback Delay
|- on Recognition Test L on Recall Test*x*
"|Overall Recognition. > Overall Recallx*x* .

Immediate Test D ~ No Immediate Test*x**
Immedlate Recogn1t1on ‘ > Immedtate Reca]]
Test. - WL Test**x" R
Immediate Recogn1t1on R - Immediate Recogn1t1on '
 Test + Seven Day .. . . Test + Seven Day .- -
_Recognition Test = - ‘ . "Recall Testx*x*x l_/f
s . . *Significant at .05, level RN R ot

- **Signfificant at .01 level
v%**SigniFiCant atﬁ.OOi’levet

ﬂ On the strength of th1s study (Sturges 1972a, Phase I)
a prescr1pt1on mIth read : B
ah’llf max1mum seven day recalg is deS1red then de]ay
Qi”s t‘hh”" h L t, tfeedback for 24 hours and then 1mmed1ately B
’ adm1n1ster a retest us1ng a recall quest1on format
) i)

B If max1mum‘seven day recogn1t1on is des1red then

'“”delay feedback for 24 hours and then 1mmed1ately



. ) - o, .
- administer a retest using a Fecognition questioh .

Y format. _ 7 ‘ o
In Eée”secondipart oQ}the study, Sturges (1972a) varﬁed‘
the feedback message‘desi;n and again_contrasted the ef?ects'of ‘
_ 1mmed1ate feedback, end of ‘test feedback, ‘and 24 hour de]ay |

o of feedback. Delay was again found super1or to ‘no delay,

-~

a]though no s1gn1f1cant difference was found betweén the end

of test feedback group and the 24 hour delay feedback group

Immed1ate retest1ng fo]]ow1ng feedback s1gn1f1cantly o
4
increased seven day retentlon scores Aga1n 1nned1ate . Coe
‘recall test1ng enhanced ‘seven day recall scores and f' o~ f
S

1 1mmed1ate recogn1t1on test1ng enhanced seven day recogn1t1om
’Iest scores o S o SR

in Tablée 3.

‘_These findings are summariz

o e Tab]' 3a .
Summary of Sturges‘(19 2). Phase Il Findings -~ ..

K4

;Immed1ate Test: Results

Recogn1t1on Scores RERED B Rédé@ltscérés***,e—’ .

Retent1on Test Resu]ts

gﬂblay Group Scores D " ‘Immediate Feedback:
B . Group Scores*s*- -
Recogn1t1on Scores " > .+ Recall Scofes**x
‘Scores. if Immediate - > - Scores without e
Retest1ng Occurned S Immed1ate Retest1ng***

. «xSignificant at .01 level o - 'gef- ST
- ***S1gn1f1cant at OOJ_]eveJ< A AP

i



Sturges (1972a) concluded that superior retentton with
24 hour delay of feedback was due to factors operat1ng at
feedback . not factors intervening between the test and
reteet. |

These findings support the interpretation that the
delay retention effect depends upon: (a) stimuli
present during feedback, (b) how the subjects .
respond to these, and (c) relevance of these stimuli
and responses to the retent1on test. (Sturges
1972a:41) :

A delay fnifeedbaék removee the subjects, from the
immediate concern of "Was I rtggi‘OP wrong?“,;te a more
~encompassing appraisal of avaitQEte data and
interre]atiénshipsﬂ:éturges tndieated that the effects of
immediate feedback could be enhanced by an immediate
‘retesting at the end of the test It wes pointed dut that
the objective of feedback is to cause ;ubJects to understand
the test material better andﬁthereby improve on'the‘next

test. ;
o Sturges (1972b) primari]y mdnibulated message.design to
determine wh1ch.feedback construct1o?,resu]ted>1n the best
| 1ong term retention. Zero, end of test, and 24{hour delay
feedback médes were also a part of th1s research design. The
f1nd1n95/aga1n conf1rmed the superior 1mpact that delay of
feedbad# has upon 1ong term retent1on scores when us1ng
certa1n types of feedback messages
',Sturges (1876), éxamined feedback under |

compdter—ménaged testing (CMT) and detected the same effect

%
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for delay as did hef previous research’ This study compared
the differences among feedback modes which were given
immediately after each item, at the end of test (EOT), and

24 hours after the test. The dependent variabTe was:the set ot ;
scores on a retention test given one to three weeks: later.
Subject matter for the test items (30 M/C) was drawn from a
Untversity of Calfornia child‘psychdldgy course and
administered via cathode ray tube computer terminate
connected to a PDP 11/45.\The programming language was

- SOCRATES. Retention was heasured usingfa 47 item criterion

test composed of 30 previous M/C ttems_plus‘17 additional

ehort answer items. Student anxietykstate and‘confidehce

were also measured. The A-State anxiety?sca]e was o
administered before and:after the computEP mahaged\test

. (CMT) and the retention test. Conf1dence measures were
solicited following each Ttem of the CMT and retention

G . ,7 ) ’//" ~.

tests. . N | _ ; 2. : ///

The f1nd1ngs support the use of feedback over no‘
’feedback and delay (EOT, 24H) over no de]ay In fact, the \;;\LN
Tonger delay p051t1ve1y affected the conf1dence students
had in their anSwers The number of 1tems;that were wrong
'on the immediate test but right on retentton test confirm
the value of delay of feedback On items judged most
difficult, retent1on scores indicated that 1mprovement was
related to the feedback cond1t1ons Ev1dence of the

influence of delay was the increased confidence sthidents

indicated when completing the retention test. The 24H group -

2;3
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was mobe eonfident than all other groups and the EQT was,

_more confident than their countehparte WheyreCeived

immediate feedback. Angiety findings were’inconGWUsive.
Sturges concluded: o

Long term- retention of academic.material foltow1ng
immediate feedback is not superior to that with -
delayed informative feedback. Some delay in
presentatton of informative feedback results in
superior retention per formance, and the longer 24H
delay is superior,on the measure of confidence
ratings. (1976 p.3i) "

‘In "the NPRDC report Sturges (1978) recommended:

1. Further study should be conducted to extend the
findings of the present study by comparing the =
relative effects of immediate and delayed feedback
under other experimental conditions (e.g. using’
different forms of feedback presentation and/or
critérion test items and conducting repeated
computer managed tests with 1nformat1ve feedback
throhghout a course) ‘

2. It is assumed that these results are due to an
increase ih student concentration on feedback that
influences ‘the level or breadth of processing of the
remembered information and the feedback. Therefore,
procedures that foster the bréadth of processing

Y should be developed and evaluated. : _

Throughout the per1od of Sturges activity.in this

field, other researchers have élsd been actively examining

‘the effect of de]ay upon long term retent1on o

i

Sassenrath

Sassenrath -and Yohge (1968) also used'meantngful
vmater1a1 to exam1ne the effect of feedback delay upon. °
retention. In th1s 1nstance, the contrast was s1mp1y between
(1) immediate feedback in serial fash1oh aftervthe subJect

responded to all test items (EOT) or(2) delaying 24 hours
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L}

before presenttng the feedback. On a seven'dayyretest, the
group which experienced a 24 hour delay Hefore feedback
achieved scores significantly higher than those receiving
immediate feedback |

Sassenrath (1968) examined the de]ay retent1on effect
using.a 60 1tem four a]ternat1ve M/C test. based on
introductory psychology. Students were alotted 15 seconds to
. read an item and‘to record an“answer on an IBM answer sheet.
.After the test. one- half of the 1mmed1ate 1nformat1ve |
feedback group recelved a copy of the qu1z items (stem and
answer opt]ons) with- the correct»answer under]1ned. The -
other half of the immediate feedback group'received only the
- answer options with the correot answer under]ined Within
each group, one-half were 1nformed that they should try to -
remember the answer as a retent1on test wouid fo]low fén :
'seconds were a]]owed for Ss to read each item. The same
protocol was followed with the delayed feedbacK group, but
24 hours after the initial quiz. Immed1ate]y fo]low1ng
feedback\ and five days fo]low1ng feedback the' groups were
retested us1ng the(same 1tems in random order These
‘rétent1dn-tests were wr1tten‘at the'students pace‘> |
| F1nd1ngs 1nd1cated no s1gn1f1cant d1fference between."
'feedback groups on the 1n1t1af test or the f1rst fetention
test (1mmed1ately after feedback) yet~after a f1ve day
1nterval a s1gn1f1cant d1fference (p <, 001) 1n favor of the

’delayed feedback group appeared Those receiving the message

to learn and reta1n the answers because of a future test
: . \ - .
\ . . . ,

4
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per formed 51gntf1cantly better than the group wh1ch received
on)y the a)ternat1ves w1th the correct answer under)lned

Sassenrath conc]uded | | |

There is mounting ev1dence that delayed 1nformat1ve

feedback does not retard learning and may enhance

delayed retention If so, these results have

considerable 1mp)1cattons for learning theory,

programmed instruction and c)assroom ‘teaching.

tp 72) - ‘ .

" Inan elaboration of the previous study, Sassenrath

A (1969) dectded't 1) to test the effect on each’ 1tem of |
varying delay of feedback between 1mmed1ate (one second) and
de)ayed (ten seconds), and (2) to prov1de four types of
feedback%(d1scussed in detax) in part 2 of th1s chapter)
.‘Retent1on was measured both 1mmed1ate]y after feedback and
five- days Tater. The Ss were 311 upper year co))ege students :
and the M/C (four a)ternat1ve) test was based on L B
1ntroductory psycho)ogy -The procedure was to- random)y
ass1gn Ss to the treatment groups and adm1n1ster the test
Item presentat1on and feedback was. v1a s]1de pPOJeCtOP 1n a
ngroup sett1ng thteen seconds were a)otted for answer1ng
-each 1tem on-a IBM answer sheet Fo))ow1ng the response
e1ther 1 second or 10 seconds passed before feedback was it;
| presented After answer1ng the last test 1tem and v1ew1ng

- ol

.the feedback sequence the test was readm1n1stered Th1s
/ .

‘t1me the students progressed through the 1tems at thetr own'f“'J’

ypace The retent1on test was: adm1n1stered f1ve days )ater
Once agatn the delayed feedback group performed ‘
s1gn1f1cantly better (p. <. 05) on the retention test (f1ve

‘days later), a)though there was no significant dtfference [
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detected between groups on:elther the initial test -or the
tmmediate retest following feedback  Sassenrath noted:

Although the' d1fferences in retent1on are usually
not large in absolute amount, the psychological -~ -
- importance of the difference contrary to the
accepted principle that immediate reinforcement, as
opposed to delayed reinforcement, produces superior
learning and, therefore, presumably super1or R
retention. lp 176) . .5!

More

More''s (1969)‘mammoth4aork on feedback'delay and
jretent]on exam1ned the effect of four dlfferent delay

per iods (none 2.5 hours, -1 day, and 4 days) on retentlon:
This was measured three days follow1ng feedback The

subJects were 663 grade elght students who read two art1oles

4 of 1200 words each on\the topics of glac1er§ (501ence) and

:thodes1a‘(soc1al stud1es) A 20 1tem M/C test: followed

'«~23xImmed1ate feedback was prov1ded us1ng erasable answer .

Q,Qsheets Delayed feedback was prov1ded by return1ng to test
LR

iﬂ booklets to the students The test booklets contalned str1ps-'
':fglued to the r1ght hand marg1n of each page Each str1p

1ndlcated the correct letter responses to the quest1ons on -
Ik

k"]lthe page Retest1ng 1nd1cated that a delay of between 2. 5

fwufhours and one day produced Optlma] scores An aCQUTSItTOn

i cr1terlon group was tested 1mmed1ately follow1ng each of thet~“

5

t rfgfgfour delay modes H1ghest scbfeia:ere obtalned for those i’7 S

?in_exper1enc1ng the 2 5 hour and 1 day delays. Thus, the

o f}f*Opt1mal delay not only prov1ded 1nformat1on that resulted 1n

\‘ffgbetter marks 1mmed1ately follow1ng del1very but the beneflt

'1.jffcarr1ed over to ‘the retent1on test ' é~‘, SRERUR

. —



- demonstrate 1ts ex1stence

:;A(1939) These stud1es cons1stently demonstrated that tests ’

36

. More argued that the pr1mary obJect1ve of 1nstruct1on

"and test1ng is~ the retention of what 1s 1earned H1s study ;

1nd1cates the need~to time the return of graded tests

A

]appropr1ate1y To do otherw1se ‘may not only be 1neffect1ve

but may actua]]y Jﬂh]th retention 1earn1ng.- (pq 342)
Ku]havy" | |

| Dver the past seven years Kulhavy and R. C Anderson .

shave coauthored severa] papers which 1nvest1gated the

_ de]ay retent1on effect (DRE) They later 1dent1f1ed and

explored the phenomena termed 1nterference perseverat1on

From the beg1nn1ng Kulhavy attempted to eXp1a1n DRE and to

E 4

,‘Accord1ng to the 1nterference perseverat1on
hypothesis; when a person maKes an error on. the
first test, he. strengthens an A-B connect1on ‘which
“then. 1nterferes with acquiring.an A-C connect1on
from the :feedback. Proactive interference is:

. greatest when stimuli in successive tasks" are : g
identical and the responses are: dissimilar.. Th1s,, t

v is argued, is.the condition that prevalls when - an’ '
~.incorrect: response. is made on the first: test, ‘

“According to this analysis, a person- who maKes a; B

. correct response choice on the first test places =

‘~;vh1mself in the A-C A-C paradlgm, a condition Known -
to. fa$;11tate retent1on (Kulhavy & Anderson 1972

p 507) - . RN . '

: (

Kulhavy c1tes in support Anderson & Mypow (1971) nnm;it,,);,g

v'Roderlck & Anderson (1968) RothKopf (1966) and Sp1tzer

'jfollow1ng 1nstruct1on consol1da/ed 1earn1ng SO that #577W”t
'performance was tmproved on success1ve tests Th1s
-'A1mprovement through test1ng was 1ndependent of feedback

Ev1dence that errors perseverate after an 1n1t1a1 test "l"
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fwas'preSented by Kaess & Zeaman (1960). By man1pulat1ng the
"number of 1ncorrect alternat1ves on a M/C test .they
*"detected the cont1nuat1on of these errors on succeedtng i

. tests Only after several tr1als were subJects able to

‘-fflabandon the1r earller performance

| Bu1lt 1nto Kulhavy s 1nterference perseverat1on a_l"

;;lhypothes1s is the not1on that t1me is a cr1t1cal determ1nant o

.1n the success of feedback In support he noted that delay vy

';uhas been found to reduce proact1ve 1nterference A 'f

.v non academ1c learn1ng (Abra,_1969 Underwood & Ekstrand
-1967 Underwood & Freund 1968) Kulhavy also addressed the

M'lproblem of attent1on at 1mmed1ate feedback (a° not1on»f1rst N

put forward by Sturges 1964)' That 1s, because of

A'h"frustratlon and fat1gue, the learner does not process the

) fpresented data as carefully as he should Kulhavy concludedi_,

4

:.;, that an analys1s of t1me spent obserV1ng feedback should be‘f'

".;fev1dence of the process1ng occurrlng, 1rrespect1ve of the.f‘ﬁ

.,,«x".'

ffilidelay or non delay 1n feedback | fffﬁﬁ-_zt”ft'f'ﬁ"

Kulhavy & Anderson (1972), employed 194 h1gh school

‘st;fstudents tak1ng 1ntroductory psychology A pr1nted booklet

vfp{iconta1n1ng a 35 1tem M/C test was adm1n1stered Feedback was ;g‘f:>

':“lglven by return1ng the test booklet w1th correct answers

”“'"qunderllned Test and feedback 1tems were random1zed for each

“ :7,gsub3ect A feedback delay of 24 hours versus 1mmed1ate,hw]7,"”

"'ghffeedback was in effect A second (retent1on) test was .

,ff?f;adm1nlstered one week follow1ng the f1rst test The t1me t'

';Wthe nearest mlnute taken to- read the feedback booklets was
. ‘ v ",‘1\~\;~
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recorded by the expertmenter Subjects were not informed of

) future tests The. tota1 time allOWed for- test and feedback

- was one hOur The 1earners work1ng in.a se]f paced manner

completed the tasks 1n the a]]otted t1me
Kulhavy found. that the groups rece1v1ng de]ayed 3

feedback were s1gn1f1cant1y dtfferent (p < 01) from those'b"

"rece1v1ng 1mmed1ate feedback when compared accord1ng to the '

probab111ty of proport1on of answers wrong on ‘the second

Nn

(retent1on) test as compared with those 1tems wrong on the

”1n1t1a1 test A 51gn1f1cant d1fference (p <. 01) also ex1sted' ‘
"between the 1mmed1ate and delay feedback groups when |
”:dcompared on the bas1s of test scorés If the theory of .
're1nforcement app]1es, 1t shou]d be- expected that the ratlo ,
:-7k[of R1ght2(retent1on) R1ght1(1n1t1al) shou]d be h1gher for |
:‘ffthe 1mmed1ate feedback group than for the delayed feedback
v's ,group However the data d1d not support th1s theory ffi sl
::f!;; An unusua] add1t1ona1 facet of the feedback puzz]e was]fiyﬁ
-iexplored 1n th1s paper SubJects were requested to 1dent1fy.'
.Hi:gthe1r prev1ous errors when they recetved feedback Not H
”l}surprls1ngly, those 1n the 1mmed1ate feedback group L
v”vp71dent1f1ed s1gn1f1cantly more errors/(p <. 01) than d1d the
”'fdfdelayed group Thus, more forgett]ng 1n the delay group
’toccurred even though the prev1ous1y setected wrong answer t»f:
fhfwas v151b1e t, .> ” y _. :. ‘ | | -
o Kulhavy argued that the fo]low1ng three factors were f“”pf7"'f”

"*:_1mpoptant (1) the tendency for a test to strengthen

g~

':k-iresponses, (2) subJects forget 1n1t1a1 responses fo]low1ng a

T 'i~"" o



'_delay, ‘and (3) errors.1nterfere with learning correct

: answers These three factors ‘when comb1ned 1nd1cate that
the probab111ty of repeattng an 1n1t1a1 error ‘on a retent1on
-test 1s greater for the 1mmed1ate feedback groups than for -
those given avdelay prior to,feedback. In add1tton it was
found that Jess timeyWas taken to-study feedback;presented
immediatety'after answertng the‘item than waS'taKenfto'study
‘feedback 24 hours fo]low1ng test1ng Ku]havy cons1dered thts"
.a funct1on of. fat1gue and frustrat1on Furthermore, if .
]feedback was re1nforc1ng, one wou]d expect 1n1t1a11y correct
ﬂresponses to be repeated In fact the probab111ty of S
'repeat1ng correct responses on, the f1na] test was no - h1gher

i'for 1mmed1ate feedback groups than for the delayed feedback

'ggroups '(p 511) F1na11y, 1nstructors were g1ven th1s

”wadv1ce R v-{fﬂl ‘f;._}' B 13 f

-,,'One should taKe care that 1earners have thorough]y
_understood materials before giving them‘a test. -
- Feedback should. be de]ayed for d day or. two
1,p]espec1a11y if. there 1s .an errorn rate of any
*-magn1tude tp 51 e : St

:thurber and Anderson

In a classroom study us1ng M/C test1ng and exam1n1ng

ithe effects of de]ay of feedback upon retent1on Surber and

‘fyAnderson (1975) detected the 1mportance of de]ay1ng feedbacK“N :L”cf,;_v

| .‘n the 1mprovement of scores of h1gh schoo1 students
"”Feedback was 1n the form of the quest1on and a]ternat1ves e

*f_represented on paper w1th the correct‘an er under11ned The

. 24 ‘hour delay 1n feedback was contrasted borh w1th 1mmed1ate

—'*ﬁhfeedback f0110w1ng the test and w1th no’ feedback The study L
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also measured the change from initia}‘wrong answers to
correct answers on‘retention’teSt. Feedback was found
super1or to no feedback and delay of feedback was found

super1or to 1mmed1ate feedbacK Verbal ab111ty, as measured

by the. 36 1tem French, EKstrom & Price Test (1963), was

o found to d1scr1m1nate between those who effect1vely used

:,feedback and those who d1d not, e.g-, those who changed
prev1ous]y wrong answers to r1ght answers on retestlng

Surber and Anderson conc]uded that the delay retent1on

o effect was general1zab1e to the real wor]d \of Lnstructton

. ubut ap@11ed the fol]ow1ng caveat “'It ;ematns to be seen

A
fen 1on effect wou1d appear 1f a course

'whether the de]ay re;
Yo

“'grade were made cont1n'ent upon performance or the mater1als'

‘fjwere made ava 1ab1e to students durtng the retent1on 4
'1nterva1"- t %i172) . b. |
' Dn]y two stud1es have been found whwch openty d1sputed

'fthe DRE phenomenon and attempted to rep]1cate ear]]er
\

fstudtes for the purpose of 1nd1cat1ng that the al]eged

:'ebenef1ts of delay1ng feedback were more a matter of chance

oy -

g

pﬁfthan the res%$t of an 1nstruct1ona1 destgn The stud1es fﬁ;g:

W'Phye (1970) and Newman W1111ams and H111er (1974)

'b~7unfortunately seemed to v1olate severa] of the essent1a1

v:;attr1butes necessary for DRE These problems W111 be'.;

fd1scussed 1n detan] beg1nn1ng W1th Phye

Phye s study (1970)r entttled "Verba] retent1on as a'tnt '

'effunct1on of the 1nformat1deness and delay of 1nformat1ve:
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ggfcat1on attempted to re- examine the \~7S
study, which explored the delay retentlon

)a means for 1mprov1ng long term memory.

esearch design”was.as>follow$r Eléhty'four N
“ te students studled educatjonal psychology in a’
xassroom sett1ng A 30 1tem four alternat1ve M/C
test wa ‘dm1n1stered and feedback prov1ded 1n a number of
zways The 84 Ss were ass1gned to 18 groups Four

. groups_rf jved feedback in the form of the quest1on . |
*jrestated; wo of these four groups received feedback

e tmmédiatelygafter the'test while the other,two'receivedj_

their'Feeo :k followlng‘a;48 hoUr'delay"Slxvgroupsvwere:

‘used as LTO]S and rece1ved no feedback Of the final

h-:e1ght groups four groups rece1ved feedback in the form of

the quest1on stem plus four alternat1ves (or1g1nal quest1on) s

;wheneas the other four groups rece1ved feeqback in the form EERR

&
of the quest1on stem plus e1ght alternatlves W1th1n each of
' these four groups were the 1mmed1ate (two groups) and delay

f5(two groups) components Retent1on tests were adm1nlstered

:f_1mmed1ately follow1ng feedback and seveh daysvlater Table 4 ; -

l‘lsummar1zes th1s research de51gn R
. ‘,u._‘” s
L R Table 4 R

_ L The Phye (1970) Research Des1gn | |
# of Groups FeedbacK~Message:%;“‘;‘FeedbacKjTimtng't I
©'2 " . .Stem * 4 answer options -~ End of test
.2 ... . Stem + 4 answer options = 48 hourS‘:

6 .~jQNojfeedbacK»-; et e NS .

2 Lo Stem: +: 4. answer dptions - ;',End of test I B
T2 o Stem + 8 answer.options " ' End of test . [
2 - Stem + 4 an§wer.opt1ons ... 48 hours-

2 . Stem + 8 answer“opt1ons;?,,p,[48”hoursth



Feedback in each of the .groups was prov1d@d by the _“
researcher ead1ng the test items to the subJects as a group
L o and 1nd1cat1ng 1mmed1ately which alternat1ve was correct
The feedback presentat1on was produced by random1z1ng the.
test 1tems and- a]so random121ng€khe answer options: w15PJ
each 1tem : »I‘>J ‘)/.'%* |

Phye provxdes no- ]nformat1on about the sources for the "‘ F>

‘,add1t1ona1 four answer Opt1ons used ‘to compose the e1ght

yalternat1Ve group, nor .the time a]lowed fon)feedback or
'1ndeed - the test1ng procedures used during the 1n1t1a1 test
or the{retent1on check one week fo]]ow1ng aural feedback
‘ ;Thus the study d1ffered s1gn1f1cant]y from that of '
B 'rSturges (1969) by prov1d1ng 48 hour de1ay in 11eu of 24 hourl'
">f=v“:'f g:delay, group test1ng and adra] feedback 1n contrast to‘
'f~_1nd1v1dua11ged v1sua1 feedback feedback after the test

"rather than feedbacK fo]]pw1ng each 1tem and an- unspec1f1ed_f

(%Y

'tfmethod for the development of add1t1ona1 alternat1ves for
| 'gfeedback S ‘u’:fp _/_.7t*ﬁ?" ’”t b i
e 5; **/Phye detected a s1gn1f1cant d1fference (p < 05)
: between those groups rece1V1ng 1mmed1ate feedback and
o those rece1v1ng de]ayed‘feedback é .e{;h3§
. A s1gn1f1cant d1fference (p < 05) was also detected bet—- o
‘ween' 1mmed1ate retest scores and seven day retent1on test scores
alfThe scores ranged from 28 14 ; 29 14 out of a p0551b1e 30
(ce111ng effect) for fhe 1mmed1ate retesttng group and 24 57
s 27 85 out of 30 for the seven day retent1on group A

;}ce111ng effect occurred 1n both 1nstances The greatest mean.

ERR AT "s_
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. a3
was that of‘the de]ay,‘mu1ttpfe distractor group. |
| Thus, a]though Phye beg1ns w1th the c]a1m he is
,prov1d1ng a rep11cat1on of Sturges s work careful read1ng
. of both stud1es 1nd1cates a departure from the. Sturges
des1gn Hav1ng noted the d1fferences from the Sturges |

‘v ;des1gn, it 1s 1nterest1ng that Phye (1970 p. 381) asserts

certa1n conc]us1ons drawn by Sturges t1969)vapparent1y’
y 3 : !

. need temper1ng R h vf:' _‘af

,NewmanJW11]1ams and-Htlter <

Newman, W1111ams & H11Per»(1974); tempted to produceqé

,def1n1t1ve study of the de]ay retent1on effect in a total]y

jnatura11st1c sett1ng N1nety four undergraduates enrol]ed in .

. é,\‘

'ceducat1ona1 psycho]ogy rFead an ass1gned artﬁcle of 3700 o i’»'
:}\pf

| words wh1ch dea]t w1th a theory about the bra1n chem1st

FRr short & 1ong term memory After the a]]oted 25 m1nutes of

': read1ng ttme,La 30 1tem M/C test, composed of 28

four alternat1ve 1tems and two f1ve a]tgrnattve 1tems was

r

adm1n1stered for 25 m1nutes' Four feedbacK oondqt1ons were
: 1mposed on the randomly ass1gned groups (nngeedback |

" 1mmed1ate feedbacﬁ, one day delay or seven dayggélay) Seven
days fOIIOW1ng feedback a retent1on test composed of 30 .d
randomly ordered 1tems was aga1n adm1n1stered ch - |
51gn1f1cant d1fferences were detected for any of the d,

feedback cond1t1ons, nor was there any s1gn1f1cant

‘ d1ffenence in performance on test 1tems ana]yzed accord1ng

-

|
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to initial performance or according to 1tem difficulty. A
post retention test\quest1onna1re disclosed a tendency for
the group receiving 1mmed1ate feedbaék to restudy the
mater1a1 but this act1v1ty had no d1fferent1at1ng impact on:
final test scores.

The authors emphas1zed the desire to maintain extenﬁal
valid1ty, that is, to emulate "real” learning and,test1ng
conditions. The;subjects studied thetmateria], were informed
a retest would occur at awlater“ttme; had access to the

learning material between tests, and understood their. course

4

- grade wds dependent upon performance This was one of the

TN

few studies not to detect a delay:retent1on effect or

( perseveration of error. The reason for the flat performance

across treatment groups may arguably- have been due to one.or
more of the fol]ow1ng factors A |

1. A f1xed learning per1od was used by the students to read
'. the material ( 25 m1nutes for a]l groups)

2. A fixed testing period was used for all groups (25

minutes. for all groups)

"3. The form'of information feedback 1nvo]ved prOJect1on of

- the test item (with the correct answer underlined) on a
screen for~15 seconds . SubJects were requ1red to respond
via a five button button -input box by pqgss1ng the
Jbutton matching tne correct alternative displayed on the

- screen. o o

‘The rationale for requiring subjects to respond overtly to

]

‘the feedback message-was to insure that the feedback was
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attended to and processed It is bélieved that thts
procedure partially violated the external val1d1ty claim
made by the authors and may very well have const1tuted a
re]earning situation. Even under the conditipns described,
feedback in test one did appear to'asstst students when
retested with test two. However, the diffenengf was not
significant (p <.06). b

L
Summary of Feedback Timing Research

Although Sturges examined the phenomena of feedback and
delay using a number ‘of approaches; problems still ex1st.

Most, if n all, of Sturges’ learning paradigms were based

5]

on.learning matertals such as definitions and uncommon
'A«Endlﬁsh words, which wege initially presented in a test
atmosphere} Immediate rete tfng, appapént}y a useful
exercise to improve retentio is'imphactical for mos t

" academic’ evaluation situations. This fact restricts the
generalizability and transfer of the findings. In Sturges’
early studies, initiat“presentation, feedback, immediate
testing and retention checks were carriedzout 1n‘1aboratory
leanning enyironmentsr Presentations were'yia;a‘KodaK
Carousel slide projector and subjects’responded:onJslips of
paper . Feedback,'practice and retenthn items were also
presented Qia s]tdes._Thus Sturges’ early work possessed the
following character1st1cs |

1. A one exposure learning task that resembled. a qu1z,

2. Various feedback messages Fo]lowed01mmedtate}y by

o



'»short as 10 15 seconds, and (4) us1ng mean1ngfu1 mater1a1
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retesting, a‘process designed to check speciijally on
the immediate effects of feedback but which also
provided more;practice,
3. Retention was measured in a sequenced precisely timed
atmosphere seven days later, and
4. None of the ear]y studies used subJect matter for wh1ch
.there was academic credit (motivation). '

The 1976 Sturges study was based upon uhtversity course

. material and used a computer managed testing method.

‘Unfortunately, the course. instructors were not consistent in

the importance they attached to the quiz results, and the -
time of the retent1on test var1ed from one to three weeks
after the initial test. Thls study appears to provide the
best 1nd1cat1on of approaches to feedback on meaningful -
subJect matter; but, because it is the only computer based :
experiment so far uncovered}dthe impact of Various feedback
forms on learning uithjn‘CAI enyironments~ts still not
Known . — | a |

In'addition to the papers of Sturges reviewed in
support of DRE, Sassenrath({1968), More 1969)L\Ku]havy(1972) )
and Surber and Anderson(1974) also presented findings which //
supported DRE These supporting studies indicated DRE has |
been found to occur under conditions of (1) individual or
group testing, (2) tests wtth mu]tip]e choice items, (3)

1tem response ‘and feedbacK times controlled to periods as

drawn from courses or unfam111arlsourcesx Phye (1970) did

s
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not demonstrate a strong de]ay-retentton effect under
conditions of (1) group testing, (2) multiple choice items,
(3) unspecificed response timest (4) aural feedback, (4) 48
hcur feedback delay, and (5) a sample group-that achteved
’near.mastery,on the first test. Newman, et al, (1974) failed
to trigger\DRE uhen they (1) used néQ learning material, (2]
restricted the study time .available to learn the material,

" (3) fixed the testing time, {4) fixed the feedback
presentation time, (5) ﬁequired an overt resnonse to |
feedback, (6) al]owed access to the material before the
retent1on test and (7) made the test count as part of the
course credit. §

Although the majohity of - the research evidence favours
delaying informative feedback, no studies have been found
which. 1nd1cate DRE occurs usmg material tﬁat is part of a
un1vers1ty cred1t course and de11vered under CAl conditions
-conditions with which the students have become fam141ar to
the po1nt of tak1ng the 1earn1ng/test1ng env1ronment much _'
for granted | |

Th1s study provided test 1tem feedback in the form
of e1ther immediate feedback fOIIOW1ng each 1tem, or |

feedback delayed by 24 hours The test1ng and feedback
i were a]] within the context of an on901ng 80 hour CAl
“/course in stat1st1cs The study, because of the test
content and CAI del1very, 1s an exten31on of the work of
| Sturges‘(1972, 1974,;1976) as well as the others prev1ously,

.citediwho havefexamtned'DRE in a classroom setting or used
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‘tests within programmed instructional texts.
The following section reviews research/literature
reflecting the effect of feedback message/design upon long};

term retention. - o -

C. Research on Feedback Messages

" Feedback messages have tended to be terse statements
which simply 1nd1cated whether thevresponse was rmght or
wrong. For example,fPlessey's teaching’machine of'1925ewas5;:
only capable of. presentlng feedback stating 'right"" -

wrong Chem1cally treated answer sheets wh1ch appeared

much later, indicated aa Y" or "N" when an answer opt1oh was
‘touched by a chemically’treated crayon. (Sull1van Baker,:~'\.
and Schultz, 1967) Early work by Anderson (1967 1971 1972l’;t'
exam1ned the ava1lab1l1ty of feedback messages in the !
,context of programmed"- 1nstruct1on and later CAI(PLATO) The ’
examples prov1ded W1th1n these stud1es were all of the terse .
.jresponge Qar1ety and no gu1del1nes were stated fOr wr1t1ng :
h correct1ve or re1nforc1ng feedback Author manuals prov1ded;t

S

to assist 1nstructors in programm1ng CAI courseware on ,f

either the PLATO nccn Philco, DEC or IBM 1500 systems

pdo not elaborate upon how to wr1te effect1ve feedback |
messages Several of these systems have a macro fa01l1ty

: wh1ch automat1cally presents feedback messages such as . "You’
.g are r1ght" or "You are wrong r—-a1ds for eas1er lesson
construct1on None of the CAl author support mater1als

c i

ava1lable through computer compan1es d1scusses programming
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L , 0
to achieve enhanced long term retention.

- The‘first eXamp]e of feedback message manipu]atidn

7vd1rected at 1ncreas1ng Tong term retention was presented by

Sturges (1964). In the study the ?eedback messages were |

. simply the muTt1pTe choice quest1ons re- presented with

fe1ther (() the correct answer (CA) underl1ned (the other

optlons rema1n1ng) or (2) a cue- (CU) which was des1gned to

lead the subJect to the correct answer

. The results, u51ng mean1ngfuT test materta] indicatedsy

that under the CA feedback type, those g1ven feedback

delayed by 24 hours ex1b1ted greater retentton than those of

‘deTay modes In contrastlng the feedbacK types the group

rece1v1ng cues ach1eved 51gn1f1cant1y greater retent1on _

’scores after seven days than did those rece1v1ng the correct
‘ranswer Therefore 1t was concTuded us1ng ‘a cue evokes better

'retent1on than s1mpTy stat1ng the answer No d1fferences

matertal Sturges concluded from th1s study that cues-yq
promoted symboT1c expTorat1on of alternat1ves |

In a cont1nuat1on of the earT1er study, Sturges (1969)

| 'r-optlons w1th the CA under11ned and * (b) the stem, w1th onTy

i dwstractor M/C test of factual 1tems related to soc1a1

'Tsc1ences and two add1t1ona1 quest1ons for sampTes The .(

B S

the immediate feedback group If the feedback was of the CU

[

| were found between feedback types or delay modes on nonsense o

o cons1dered feedback of two types (a) a stem plus answer;(”:

- the -CA opt1on underllned The test base was a 38 1tem four*
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| ‘ _exper1mental hypothe51s wa§ bas1cally that the delay effect
) would d1sappear if the exam1nat1on of answer opt1ons were

'j removed It was found that removal of thls know ledge did

\”,yremove the effect of delayed feedback upon retentlon

L COAD ;
- Increased Knowledge does apparenﬁly accrue through the- =
. T
» exam1nat1on of 1ncorrect alternat1ves e }///ﬁ

: W1th the delay of 1nformat1ve feedback subJects
appear to respond to more cues, or stimulus aspects

.of informative feedback; thus learn1ng more about
- ~the item, .and when these cues can be used in-
Z'retent1on delay 1mproves retentton

,(Sturges 1969 q P 14) : |
A quest1on st1ll rema1ned D1d the subJects actually cue
“from the pos1t1on and/or number/letter of the dlstractor or l
“were. they actually ach1ev1ng a deeper understand1ng of the
| ater1al7 . | v' |

Sturges (1972a)t.exam1ned the 1mportance of 1tem

lconstruct1on by (l) e1ther adm1nlster1ng or not | |
_faadm1n1ster1ng 1mmed1ate retest1ng, and (2) del1ver1ng 7
‘vfeedback w1th 0 delay,.at EUT (end of test) or after a 24H 'L;g~
fwdelay | e : | B o : "
; The four types of feedback were E
“]ldiiA repl1catlon of the or1g1nal test 1tem but w1th CA
ttfunderl1ned (Rw+) ‘lﬂvl.' RS R

2¢f'The test 1tem w1th CA underl1ned but the dlstractors

i

I"randomly rearranged ad, w1thout letter cues (A B c, D) asiﬁ°‘v

.';1n the or1g1nal (RW)
4i1;‘3._gThe test 1tem formatte: exactly the same as 1ts or1g1nalf.
vl-counterpart but W1th th CA underllned and the f_{ j]-.

'g“d1stractors removed (R+), and
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4. The item'with CA underlinedlrandomly placed without
letter cue (R). = |
1Two‘tyoes of rétention, recall and‘recognition were

~‘Imeasured Recogn1t1on scores were der1ved from a, 32 item M/C
vtest whxch prov1ded a stem (def1n1t1on) and four uncommOn
| Engl1sh words as poss1b1e match1ng answers Selection of. the
correct alternat1ve was ev1dence of recogn1t1on" whereas'
proV1d1ng the appropr1ate wprd when answer. opt1ons were not'

"'presented (an open ended quest1on) measured recall F}gure_4“

'cprov1des examples of feedback messages

o

* Initial Presentation:

"T0 CLEAR 'FROM BLAME".

Lo R | a. EXCULPATE:
I .l b, LUCUBRATE
o ¢, LIBRATE. -
e "~ d. PROPITIATE -
: Infbrmatzve F?edback _ e t‘f L ST el :
RN+ R1ght + wmng-Redunant '_ o R+ R1ght on]y Redundant
"o CLEAR 'FROM BLAME" 0 IR ?" ";', . "To CLEAR EROM BLAME
wa EXCULPATE 0 |- v e ;
b LUCUBRATE S N
LIBRATE ©
o PROPITIATE
Rw R1ght + Hrong Varnble 5 _' A .: R R1ght on]y-Vanab]e R
“T0 CLEAR FROM BLAME" | =~/ )Z:- - TO CLEAR 'FROM BLAME
- PROPITIATE ERRIOE R N R R R
LIBRATE .- . S L
C ®EXCULPATE |- oo oo *».EXCULPATEv .
LUCUBRATE .~ | .=~ . R e TRt
F gure 4 Forms of feedback messages el e

(s turges 1972 Phase 1) 4 B S
The procedure fo]lowed by Sturges (1972) cons1sted of a

test1ng algqr1thm W1th (1) three delay modes.‘(2) three

| 1mmed1ate tests (n1l recall recogn1t1on) for pract1ce. and Al

[
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_(3) after seven*daysfi recall/recognitiOn test. FigUre 3
‘111ustrates th1s research des1gn | ', |
_ The f1nd1ng regardlng 1mmed1ate retest1ng fo]]ow1ng
"feedback waé | _ SRR |
. N

A 51gn1f1cant 1nteract1on (p( 05) occurred between
“ifeedback forms"’R1ght+wrong redundant’ appears
.super1or to r1ght+wrong var1ab1e whereas the

r1ght only- var1ab1e “was found sUper1or to ! r1ght

| fconly redundantf' | | L

: ’2

ThesetreSUJts,areN3ummarized 1nkrab1¢ 5.

o Tadm 5. ,
hgﬁhe Impact of Feedback Messages Immed1ate1y after De11very '

' Feedback Message ',1.k“' ‘;;, Feedback Message o |
n“f"Rtght -Wrong Redundant ‘1>f'*:m -nght-Wrong:Var1ab1e¥f*'

Right Redundant* -

'ffp*sfgn1f1cant,at ;O5}Jeye1:fd’k”'
‘ The f1nd1ngs on the'seven day retent1on test were as
"’-.foHows B _' S
':1; aDne component of the 1nteract1on between form of
‘htfeedback and type of retentton test was s1gn1f1cant ?;
'e;tf(p< 05) that is, 1ong term recall is best enhanced b; Tu;“
‘rus1ng feedback conta1n1ng al] the a]ternat1ves whereas
'fh?ig]ong term recogn1t1on 1s best developed by present1ng

'-j:fon]y the correct answer as . feedback

_y:_;yzl:wln a compar1son of feedback types and long term'h~ftj}"":” -

S ,“fj\Vﬁﬁ“ B L



retentiOn’objectivesu(recall»or recognition) it was

found that a 24H delay. of feedback was super1or to EOT ;.e"_
de]ay of. feedback for long term recall using l{?._1
r1ght wrong var1able ~in contrast to r1ght wrong
‘,}redundant”' Best 1ong term recogn1t1on occurred if the
delay was 24H and feedback was" rxght var1ab1e" or -
‘Vsecondarq]y r1ght+wrong var1ab]e 1n_contrast_to the.
- poorerttyoes - r1ght redundant" andn PR _,; o
| rlght+wrong redundant" | |

On the strength of this study, and 1f no 1mmed1ate

",retestlng is poss1b]e, long term reca]l may be best enhanced

. us1ng 24H de]ay on feedback of the r1ght+wrong redundant"

r1ght var]ab]e or r1ght redundant" forms All feedback _t7
'tYDes seemieQUa1ly USeful for the content matter under "ev_
”study For']ong term recogn1t1on 24H de]ay us1ng e1ther the fun
o r1ght reJundant" or r1ght var1ab1e seem equally good It.v/
-'hshould be noted that not us1ng 1mmed1ate retest1ng seems to

:;,cut long term retent1on as much as 21- 49 percent Table 6

: ;t,summar1zes these f1nd1ngs
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:  Table 6 B .
: Sturges (1972) Phase I F1nd1ngs ’

’ ' . Long Term Objective
Design Variab]e ~Recall , Recogn1txon

) Opt1ma1 Feedback Message Type o |

: Right- Wrong - R1ght
‘ - Variable = Var1ab1e
bp'timal' Feedback De']‘ay Mode: T
‘ o - . 24 Hour 24 Hour
‘Dpt1mal Combtnat1on of | E
' Feedback De]ay & Message
| S EC IR 24 Hour +# 7 24 Hour *.
. .. Right;Wrong . .Right -
" - 47.‘Var1ab1e J S Variable

‘In a second phase to th1s study. Sturges contrasted (1) a.
"feedback message which was composed of random]y ordered -
d; answer opt1ons and the CA under11ned W1th (2) a.
o representat1on of the 1tem w1th only a cue to the answer

'VXF1gure 5 prov1des examp]es of these feedback messages')f

4fD1fferent delays, 1mmed1ate test1ng,'and f1na1 retent1on IR

’ 7'test1ng parad1gms were the same as in phase one

Rw D Right + Wrong- oef'inmons T RWC ‘R19ht + Hrongfue A
ro CLEAR FROM BLAME" = . RO TO 'CLEAR FROM BLAME
© . LIBRATE {vibrate) IREE R o " LUCUBRATE :
PROPITIATE (pacify) - . |+ = -~ : EXCULPATE .

. LUCUBRATE “{study. laborlous1y) S ROPITIATE - S
-__:EXCULPATE‘ el B IBRATE - L P B
T e (EX' OUT: CULP = GUXLT.,v AL
S T Lo SN CULPRIT) R P

;Figﬁfé‘5L°Formsfof}feedback,phase‘ll;rf§

» -
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Phase Il f]hdfngs 1nd1cated the cue feedback prov1ded
/

“fjbetter results qf there was no 1mmed1ate test howeverf' if

1mmed1ate retest1ng was employed then'

r1ght+wrong def1n1t1ons feedback prov1ded super1or

’results “In add1t1on 1t appeared that O delay in feedback
'was not apprec1ab]y d1fferent from that of the other de]ay {;'

modes. w1th cue - feedback
o The prescr1bed pract1ce as a result of thesetPhase II Ny
f1nd1ngs may be descr1bed as fol]ows . o
v1:;'To obta1n the best resu]ts on a long term recogn1t1on '
test de]ay results by 24H and prov1de feedback of the g
r1ght+wrong def1n1t1on type, then 1mmed1ate1y retestv-

‘rtus1ng recogn1t1on 1tems If no 1mmed1ate retest1ng 1s

t}_poss1ble change the feedback messages to those of the

r1ght+wrong cue” type :f o -"’ri'f e L (':Qﬁ

.yfeedback by 24H and prov1de 1t in e1ther the -

r1ght+wrong def1n1t1on form ori rlght+wrong cue” forml

v 'then retest e1ther 1n reca]] or recogn1t1on format IF
‘:yfno 1mmed1ate test1ng 1s poss1b1e feedback should .

“”vapparentty be of the r1ght+wrong cue type

Under zero de]ay of feedback and 1mmed1ate retestlng it

correct answer If de]ay of feedback occurred

“ubJects attended to more cues or st1mu1us

;Jects attended best to feedback prov1d1ng no S

~edback} thus learn1ng more about the 1tem :



'oniy with cue"feedback

56

L

De]ayed cue feedback 1mproved retentlon If no‘immedtate
feedback test was planned then superror retention'Was found
These f1nd1ngs 1nd1cate that the test. designer must L
first dec1de upon the retent1on obJectlve (reca]] or
recogn1tton) and then man1pu1ate feedback to prov1de the .
retention des1red If retest1ng 1s p0551b1e fol]ow1ng
feedback and opt1ma1 recal] 1s de51red it appears subjects.
can best. Use feedback that is unamb1guousv(show only the

answer) whereas 1f opt1ma1 recogn1t1on (dtscr1m1nat1on

:f between atternat1Ves) is de51red ‘then feedback whtch

‘random1zes the answer opt1ons is suff1ctent prov1ded

1mmed1ate retest1ng fo]lows The deeper leve] of processtng-'

H )

wh1ch accompan1es the cue. feedback seems counter product1ve, i

/

P

if 1mmed1ate retest1ng is used itv‘f» T Tt;

&) w

LY
' Sturges concluded tH%t subJects ‘do’ not acqu1re ‘much

1nformat1on from any form of feedback if 1t is 1mmed1ately

j presented It would appear from th1s study that the

1

presentat1on of e1ther the CA or WA as Fédeack does not
‘ necessar1]y amount to usefu] 1nformat1on Addtttonal cues

” are necessary at feedback to 1mprove retent1on Further

recall as well as recogn1t1on 1ncreased as -a result of a
delay of feedback Th1s 1mproved both the ab1]1ty to

d1scr1m1nate among dtstractors as wel] as prov1de correct e

- answers from free recall }1 e m1n1mal cues (the stem)

_ Thus, in order to 1mprove retent1on 1t is necessary
that the feedback be of a type that causes the subJects to

<y
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optlons. w

- . 0
»elapsed s

‘Tab]e 7 out11nes the Sturges (1972a) f1nd1ngs

1nfer an as oc1at1ve llnk between: the stem and the answer
ther r1ght or wrong. In this way the subJects .

beg1n to view the alternatives as be1ng organ1zed and

~'pos1t1ve]y or negat1ve1y re]ated to the stem. Dne '

a]ternat1ve to delaytng feedback mtght be the use of an
1mmed1ate feedback message des1gned to. 1nvoKe a nove]' -

menta] process to arouse ‘more than a r1ght wrong concern

‘Sturges reported that by the use of 1mmed1ate cue feedback
’ the results obtatned compare favourably with those ach1eved

‘us1ng a d1fferent message form and delaywng feedback etther

[

untit the end’ of the test or unt11 at least 24 hours had '

To some'extent less powerfu] feedback ‘may be enhanced
s

_by 1mmed1ate pract1ce Yet thts may not a]ways be poss1b1e
- or destrable In the ttnal ana]ys1s, the subJects must be

‘vlead to re eXplore thewtest“mater1a] to 1mprove retent1on

, Sturges (1972b) '1n a cont1nuat1on of the research on ‘

N

~retent1on 1mprovement through feedback man1pu1at1on and '

delay. compared the use of an 1nstruct1on to-(tJ-study the'1
% .

%'correct answer;(under11ned) (2) study the correct and _H““
ﬂ1ncorrect alternat1ves 1ndtcated w1th (3) the- | |
,;representat1on of the 1tem w1th a‘cue g1ven wh1ch would 1ead
,~to CcA- selec§1on after some thought (51m11ar to ‘the ear]le?
cue type). It was aga1n theor1zed that - the cue would promotev

'both 5 carefu] study of the 1nterreﬁat1onsh1ps between

0

e i e I SN

n Persona] correspondence w1th Dr éturges, o

: 57 ;
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Table 7 .
Summary of Sturges (1972) Findings
Testing Procedure Long Term Objective ‘
' Recall - Recognition
TIf immediate retest1ng
follows feedback _
Use.24 hour delay Use 24 hour delay
of feedback ~ of feedback
' » : /
Correct answer only A1l answer options
as feedback mess- as feedback mess-
age, and . age, and .
Immedlate test of Immediate test of
¢ the recall o the recognition_
© .type L0 B type

1f immediate retesting following
feedback is not possible:

>

~ Use EOT or 24 hour  Use EOT delay of
delay of feedback, feedback, and
and ’ .
Provide feedback in Provide feedback
the form of a cue in the form of a

Cue

]
vy

answer options and a better understanding of the

organization of the mater{al onld\resU1t A 32 1tem M/C

 test was used whlch was composed of questlons 1n the form of

a def1n1t1on stem and four uncommon Engl1sh words as answer . o

options. Two test1ng protocols were used. The first protocol

was basically the standard Sturges des1gn which’ 1nvolved |

f'adm1nlster1ng the test, proy1d1ng feedback under three delay_

modes (0, EOT, 24H), immediate retesting and testing seven

days later. The sécond protocol differed from the first only
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by providing all 'of the feedback messages ]ineerly prior to -
the first test administration. That is, all the feedback
messages were presented before the adminisiration:of the test..
This was done to examine the power of the context (stem with
answer optione and feedback message) in contrast'to seeing
only the feedbaek message. Retesting and seven day retentﬂon
testing eessione checked first recall then redgnition for
both protocols.

The seven day retentidn results reflected the earlier
-findings;_namely, that immediate practice improved the power
of some types of feeaback but the cue;teehnique‘achieved"
-best resu]ts without thexnecessitbef immediate practice. It
also appeared that overall retent1on was better when

immediate practice was of the recogn1t1on rather then the

recall type.

/
§ *

. It was cohc]uded that -

Instruct1ng the subjects to respond differently at -
the presentation of informative feedback did affect
their retention performance but this effect depended
upon the presence of an immediate test—as well as
the form of the seven day retent1on test (Sturges,
1972b, p.4) ;

These f1nd1ngs add support to the conclus1on that
retention of the’ correct alternatives is facilitated
‘when subjects have had the opportunity to identify T
relationships among the stem, the correct and :
incorrect alternatives. (Sturges,1972b,p.5)
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v
Travers, Van Wagenen, Haygood and McCormick

training.
“ »

Travers, et al., (1964) designed a classroom based
retention study to measure the function of differing task -
involvement and feedback conditions. The task required

students to learn the meaning of German words through either

observation or involvement. Each hourly lesson for the first
. ’ E}

" three days of the week concentrated upon the mastery of a 20

" word vocabulary. Students who were called upon to answer

during the 1essons recetved one of four types of 1mmed1ate
feedback. A1l were adequate in content but consisted of
varying redundancy. The question and answer sessions of the
tesson were, therefdre,‘Carefully designed. A retention test
was given on the Friday to]]owing the three days. of
The'study demonstratedVa'st;nificant differenee between

feedback groups . "The amount of redundancy 1s related to the

degree to wh1ch the tasK is learned w1th greater redundancy

favortng 1earn1ng (p. 173). Also of 1nterest was Ihe
f1nd1ng that 1nformat1on last transm1tted in the feedback
messages was best remembered. In}add1t1on,--sub3ects who

interacted with the experimenter performed better, not only

}on the items on which they 1nteracted but also on the items

which they learned from observation” (p.. 173). It was

suggested that participation raises the ]evel of arousal
which influences retention of information acquired by

observation.

5
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Sassenrath

Julius Sassenrath (1965, 1968, 1969 1975) examined the
effect of d1fferent feedback messages’ and delay of feedback
upon retent1on~ | _ |

The first study (1965) was designed to determine howv
retention could best be thproved through better feedback
message design or de]ivery"following examinations. Two days
after a mid- semester 40 item M/C exam, students received one
of four types of feedback (1) no feedback was given --only
the total score was prov1ded (2) examinations were returned
- with correct answers placed on the blackboard and the class
1nstructed to spend the pertodmcheck1ng book]ets to detect
errors; (3) exam1nat1on booK]ets were returned and a

discussion took place be tween 1nstructo§}and class, and (4]

the correctedbeXaminatiOns'were returned. Page numbers from

‘a textbook (Cronbach’s Educational Psychology) were placed
| 'on'the b]ackboard indicettng the source of each test'item.

: Reread1ng these passages 1ndependent1y was a one class
per1od objective. h |

The feedback groups scored s1gn1f1cant1y better

(p <.001) on the end of semester test quiz than- d1d the no
feedbaCk'group, and_the dJscuss1on group rece1yed o
signiticantty'mOré.narKS’(p <;05) than did the other
reedback-groups.‘Sassenrath cOncluded‘students gatned the
most information from the’discusston.sessions and therefore

were better able to modify previously incorrect thinking.



A

Sassenrath (1968) again examined both the

_ delay-retention effect as well as feedback message design.

In this study, one-hadf of the immediate informative
feedback.group received the quiz items again.(stemyand '
answerhoptions) with the correct answer underlined.ﬁThe
other half of therimmedtate'feedback group received onty~the
answer options.with,the correct option underlined, Withtn
each group, one-ha]f.were informed that they should.try/to
remember the answer as a retention test would fo]low Ten :
seconds -were allowed for Ss to read each. 1tem The same |
protocol was followed W1th the de]ayed feedback group, but

24 hours after the 1n1t1a1 quiz. Immed1ately fo]low1ng

feedback, and f¢Ve days fo]loW1ng feedback, the,groups were

-retested using the same 1tems 1n.random order. These

2

”retention testS’were writtenfat'the students‘ pace.

F1nd1ngs 1ndwcated no . 51gn1f1cant d1fference between -

feedback groups on the 1n1t1a1 test. nor the f1rst retent1on -

'test (1mmed1ate1y after feedback) t, after a f1ve day-

1nterva] a s1gn1f1cant d1fference (p < 001) favored those

»students recelvvng the message to learn and to retain |
mater1a]s because of an upcom1ng future test They performed,i

s1gn1f1cant1y better than the group wh1ch rece1ved only the

alternatlves w1th the correct answer under11ned ‘
In an elaborat1on of the prev1ous study, Sassenrath

(1969) exam1ned the effect of prov1d1ng four types of

. feedback (a) 1tem ‘and. a]ternat1ves w1th correct answer

underlinedb (b) alternat1ves w1th correct answer under11ned

62
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(c) only the correct answerbalternative underlined, and (d)

the stem with only the‘correct answer alternative . ///h

vunderlined. Retention was measured both immediate]y}after»
feedback ~and five days 1ater (The other detatls of thts///
research des1gn were dtscussed 1n part 1 of-this chapte/ )
The findjngs were: (1) that no significant d1fferenée was
d’detected‘between groups on the . 1n1t1a1 or 1mmed/ate'retest
xfo]low1ng4$eedback and (2) that subJects whd/r:cetved only

the a]ternattves performed reltably betttr (p <.01) than

“ those who recetved both stem ‘and alterfattves

Also of interest was he ftndtng/that feedback message
(s

effecttveness was the reverse of the 1968 study, that 1s, 'Ss -

“rece1v1ng only’ the altern tives at feedback per formed better’i‘

than those rece1v1ng both stem and a]ternattves In terms of
’the d1fferences between messages, it may be ‘that the stem of
the 1tem produces a process1ng over]oad whareas the

'presentatqon of the a]ternat1ves presents only sallent

1nformatton These f1nd1ngs were s1m11ar to those of Sturges

- S P

- (1969)

the data of two eartter stud1es from the perspect1ve of

hrtnterference perseveratton hypothes1s d1scussed in part 1 of

th1s chapter (Ku]havy & Anderson 1972). As a resu]t of the :

analys1s of responses made on 1n1t1a] tests and retentton
qutzzes and thus the replacement of wrong answers by r1ght

. responses, Sassenrath (1975) concluded from:hts review:

The*last reported study by Sassenrath (1975) reexam1ned
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If feedback were acting as a reward 1t might .
increase the probability that a right response would
be repeated, particularly for subjects receiving

- immediate feedback. The fact that this does not
happen while there is a difference favouring delayed

‘ feedback .after immediate feedback on the R2/W1 2 and

~R3/W1 measures is quite conclusive evidence that.
feedback provides information regardlng what is the
‘appropriate response. Thus, it appears that feedback"
has a greater effect -on-cognition .than incentive

- Tot1gat;on in human 1earn1ng of verbal mater1a1

p 8s) - . ¢ . P

| In Phye s study (1970) reported ear]ier, 1t was noted :
that feedback messages were e1ther 1n the form of (1) thev [
-stem‘pIUS'four a]ternatjyes (or1g1na1 questﬁbn).or:t2)_tn
the fOrm of the'stem'pIUS etght aTternativesv Retention v;}'
tests were adm1n1stered 1mmed1ate1y fol]ow1ng feedback and
.seven.days 1ater Table 4 (referenced earl1er) suhmarjzesv_.
"th1s research des1gn R L

Feedback 1n each of the groups was prov1ded by the

'researcher ead1ng the test 1tems to the subJects as a gpouphu:vf,

ﬁcand 1mmed1ate1y 1nd1cat1ng whtch a]ternat1ve was correct
RThe feedback presentat1on was produced by randomlz1ng the
t‘yntest 1tems and also random1z1ng the answer opt1ons W1th1n f.h s
eaCh ]tem . . ,v e B | . ‘ | ..
" Phye. prov1des no 1nformat1on about the sources for the o
'add1t1ona1 four answer opt1ons used to compose the e1ght y
"_alternat1ve group, thébt1me allowed for feedback or 1ndeed'
. the test1ng procedures used dur1ng the 1n1t1a] test or the
2 Where R2 equates to the correct response (R) on the second;

test (2) and w1 equates to the wrong response (W) on on the
‘f1rst test(1) SR ; . t



65

'retent1on check one week follow1ng aural feedback

/

Phye detected no 51gn1f1cant dlfference bet een groUpsrr.
'rece1v1ng four answer opt1on feedback and exght/y

ranswer
‘optwon feedback, yet did state he ach1eved antincrease in‘_'
~‘performance under de]ay feedback and an 1ncrease 1n'
d1stractor,cond1t1ons (Phyeq 1977 p 381)

| Kulhavy ‘,‘ o N

| ~In-an apparent dev1at1on from the ‘c]assical" feedbackﬂf“<
analyses, Kulhavy and Swenson (1975) experlmented with the |
use of imagery. and 1ts effect upon comprehens1on In th1s
study,<f1fth and s1xth grade studentT were requested e1theriif

1ctures of the

[N

‘to 'read carefu11y or_'form menta]

v-1nstruct1on,_a 20 paragraph text T sts 1mmed1ate1y fo]lowed

3

’hthe read1ng,'and one week later the same students were aga1n“{;d'

‘f_'exam1ned Learners who used the 1magery approach reca]]ed

’n:s1gn1f1cant1y more than the other group Th1s 1ead Kulhavy

hf‘jto conc]ude that 1f one can supply/learners w1th an

'h:f;reffwc1ent memory strategy,.1t 1s ]1Ke1y thaiﬁ”.re w111 be ’*,f'

L of f1ve opaque c1rc]es match1ng each 1tem A T’ or ’F’fwas.i

}:fremembered from the study of text A L

j Kulhavy.‘YeKov1ch and Dyer (1976) examwned the o

hq,relat1onsh1p of feedback and conf1dence upon retent1on.us1ng
7'30 volunteer undergraduate students and a. 30 frame ey

fzprogrammed 1nstruct1ona1 course on the human eye For group

d1 feedback was prov1ded by eras1ng from the answer sheet one?wq::f;

«

] =

';‘exposed Group 2 rece1ved no feedback The t1me taken for

each frame was recorded to the nearest f1ve seconds by the -
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tsubject Retentton test1ng occurred 1mmed1ate1y and one week
‘fo]low1ng the 1n1t1a1 Iearntng sess1on

From hts ear]1er work Ku]havy suggested that (1)
feedback operates pr1mar11y to correct error responses not
to. retnforce correct answers’ (Ku]havy & Anderson 1972) and
v:(2) 11tt1e is known about how and when feedback should be
bused In a proposed modet (see F1gure 6) Ku]havy and ,}ig}/\v:

{'\,

S Anderson declared that confldence is at 1east as 1mportant

| as the response made in determ1n1ng the feedback to be R

'v°prov1ded

7‘argumentat1ve reactton ensues A 1owmprobab1]1ty of error b'

ddrepet1t1on 1s suggested Those subJects who regtster etther

e correct or wrong answer but have 1ow conf1dence 1n the

R :cho1ce are guess1ng Therefore Kulhavy,,et al (1976)
?t_gtate _ g ‘v _ . n} ;

S If a student is hav1ng trouble understandtng what he
' . reads, providing feedback after he’guesses- at an’

»;a',answer should do 11tt1e to 1mprove comprehenston
o P 524) : ey :

.‘ L )
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" |RESCAN TEXT TO
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STUDY ITEM

R

UNDERSTANDING |

. OF ERROR

‘| coRRECT ERROR |-

L g{ MEXT FRAME J————

F1gure 6 Hypothes1zed relat1on between feedback

conf1dence

al

| correctness of the1r ch01ce and are coegect move on to the

next frame w1thout hes1tat1on.»FeedbacKi1s exam1ned br1ef1y~ei ?>

&

ﬁ% "bn]y for d1rect1on but not for 1nstructlon.,However h1gh
| conf1dence assoc1ated w1th a wQ?ng answer resuTﬁs in’ very

carefu] exam1nat1on'3? the quest1on text and_Often;an, f'”

*

;post response behav1or

Those stﬂdents whoﬁare h1gh1y conftdent about the

67
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The findings were'
SubJects reCe1v1ng feedback are more l1Kely to repeat
r1ght answers (p <, 05) | | 7 |
.- On a delayed test subJects tested 1mmed1ately after the |
learn1ng sessiqn- scored h1gher (p <.001) than those‘not
1mmed1ately tested (also Sturges 1972a) |
.( of those students rece1v1ng feedback the h1gh and the
low conf1dence persons who made correct responses
remembered those correct answer's best (p <. 05)‘ ThlS ‘was -
an unexpected f1nd1ng for those with low conf1dence
aroups rece1v1ng feedback were found more l1kely to-
correct an error on 1mmed1ate and delayed tests
(p <. 05) When a subJect rece1ves feedback followwng a
h1gh conf1dence error ‘he shows a marked tendency to be
\'Eable to correct h1mself on an’ 1mmed1ate test and to a
;less systemat1c degree on a delayed measure (p 526)
(SubJects spent more tlme on feedback 1n error cond1t1ons
.'than when correct {p < Ol) As conf1dence rattngs‘vfcgrlv(
1l1ncreased the t1me taken to examlne feedback follOW1ng
(7{ errors 1ncreased and less t1me was taken to exam1ne:g'vl‘
i,;feedback follow1ng correct responses (p <. 01) |

The researchers concluded that feedback value is-

'.ffd1rectly related to the learner s conf1dence 1n h1s answer

f:(If a h1gh conf1dence error occurs, more t1me is spent

' freprocess1ng the ava1lable 1nformatlon The longer people'

f*study the correct 1nformatlon the longer they remember it.

;Thus, subJects are most l1kely to study an 1tem longer when;yv”"”

‘lta confldent response turns out to be wrong

]
}
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The implications for instructional design are that’

'.COntent must be appropriate to'the student and‘mUSt.be

A s

comprehended pr1or to test1ng s1nce feedback 1s on]y

valuab]e as a correcttve mechantsm when the student {Y

«n

-

“understands what was read. It i's noted:

We feel that these f1nd1ngs ‘have app]tcab111ty for
~the more sophisticated instructional de11Very
 systems. -- especially those involving computer

control.” Varying feedback procedures and content “on -

a frame-by-frame basis could yield substantial gains .

~in the amount ‘the subject 1s able to learn from the
- 1esson (p. 528) , . '

(/Kulhavy and assoctates dertved the1r suggest1ons from :
research f1nd1ngs that used what wou]d be” cons1dered crude
measurement cond1t1ons for CAL 1nstruct1on Thus 1t seems -
reasonable to suggest that further research be undertaken
uus1ng cpmputer contro]]ed 1nstruct1ona1 deltvery systems

| Su ary of Feedback Messaqe Research r:'@ifa 25 o

e’The follow1ngv1s a summary of the feedback research '

t1terature rev1ewed‘1n th1s proposat It 1s based ~1n part,:f

.iupon Ku]havy s (1977) recent 1nterest1ng paper wh1ch

= ;provwdf

j‘?processes espec1a11y as these results app]y to wr1tten e

an 1ntegrat1on of the work done on feedback

_1lessons and the des1gn of 1nstruct1ona1 materlals
A rev1ew of feedback research must canvas 1ssues,'suchj

as, whether re1nforcement occurs 1n a behav1ora1 sense, the

'tavatlab111ty of feedback, and 1earn1ng from feedback

7"They d1scovered that dur1ng a lesson, students seemgd to '

Retnforcement was examtned by Anderson et a] (1971);
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o 1earn more from feedback provided‘following an error ratherd
than feedback prov1ded fo]]ow1ng a correct answer Th1s 1s a \
reverse of what a re1nfoccement theor1st would expect In,
add1tlon, de]ay-retentjon effect (DRE) studies concluded
" that immedtate feedback did not produce the desired’deoree
1of retent1on when compared w1th a de]ay of. Zﬂ hours - |
(Ku]havy and Anderson, 1972) Researc@ers who advocated
1nterm1ttent relnforcement schedules have found from the
outset that learners were c]early at a d1sadvantage '
ot jv (Anderson 1967) Exper1ments 1nvoTv1ng extr1ns1c rewards
rsuch as payment for better academ1c performance have also ‘
failed to produce 1mproved results (Sullivan,  Baker & |
dSchuta, 1967) Kulhavy (1977) conc]uded it 1s d1ff1cu1t to
find data 1ndlcat1ng that feedback fo]low1ng~wr1tten-’
,1nstruct1on,,functjons in the manner predicted_by ékinner'
'._and others | | B o o

S On the quest1on of ava1lab111ty of feegback ev1dence L
- ;M is clear]y aga1nst a]low1ng the learners to see feedback |
;before respond1ng (Anderson,z1972) It is also- agalnst

’_des1gn1ng quest1ons Wthh are so heav11y cued or prompted

_ that students do not have to attend carefully to the textv L
"(Anderson 1967) Students who copy the answers take 1essi

'at1me comm1t fewer errors but, unfortunate]y,:reta1n less

b‘(Anderson 1971) |

. Where feedback has been found to 1ncrease learn1ng, thevv
'n»i1nte11ect6%1 Operat1on d1ffers %depend1ng on whether the

’lsubm1tted response is rtght or wrong Prov1ded the correct

tfresponse occurs. as a result of someth1n§ other than a random SRR

b . o : ; o ; . : _, S ?
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guess, 1t 1s cle r th t 1t will perseverate over a number of

_tests Kulhavy & P ons; 1972 and Ku]havy & Anderson
1972) It 1s assumed that feedback under th1s cond1t1on

conf1rms overa]] comprehens1on rather than to. clar1fy a

2

: ;spec1f1c term

Ku]havy (1977 p. 221) stated that "one of tRe reasons
why correct1ve aspects of feedback haveﬁrece1ved .80 l1ttle
iattent1on is s1mp1y that many stud1es fa11 to ana]yze errors
and co#rect responses separately Travers, et a] (1964)
andrAnderson, et al. (1971)‘;nd1cated the benef1t of f1rst

learning that the response was wrong .and thenﬂlearnxng the
. cL N .

,correct response vDe]ay 1s'neededjto e]imtnate.the old

concept ‘and over]ay the new bne DRE apparent1§ enhances the

, o
a 1mpact of correct1ve feedbacK since it reduces the memory of

1n1t1a1 error ﬁesponses' Proactxye 1nterference, 1f present
b]ocks or obfuscates correct answer acqu1s1t1on under |
3.1mmed1ate§feedb ck cond1t1ons Ev1dence WaSﬁfouanto :
indicate error p rseveration decreaseduif the Jéarner was
allowed" t1me to APrgetJh1s 1n1t1a1 wrong reponse (Ku]havy &
ﬁAnderson, 1972 More,.1969 Brackb111 Wagner & W1lson -
1964; Sturges 1969 1972 Sassenrath 1975) -L1st 1earn1ng |
| exper1ments 1nvolv1ng proact1ve 1nterference prov1ded
;ns1m11ar resu]ts (Underwood & Freund éﬁ968) L 3;: r
: The quest1on of comprehen51on enters 1nto the- DRE f»
'.equat1on however , fhough not. e;Plored ine detar] th |

f1nd1ngs of Ku]havy # Parsons (1972) and Ku]havy (1977

{apt228) suggested' fegdback will- have on]y a m1n1ma1 effect

. . a - 2 (R -
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i f tne'learner is unable to comprehend the instruction or
fit it into some existing information framework"ﬁg
‘Ihe conclusionslreached by Ku]havy wer;: (1)‘entn;
skills of learners must be sufficient]y high to make
, profitable use of instruction and feedback;‘(2) desjgn of
instruction, in particular the questions, mus t ensdre
%apprOpriate levels of cognitive,processing ( i.e..no over
. prompting or copying); and (3) teedback must have both
infdrmatiye and corrective power such'that the learner
‘Vrecognizes an error and engages in/a remedial process.
’Rulhavy (1977, p.225) observed, "because computerized

um_\;_\dﬁ‘ﬂA\\_‘\instruction allows such a wide range of strategies for each
_ e
response, thetguestton of- how -one most effect1ve1y matches

feedback parameters W1th response character1st1cs is 1ndeed
an_lmportant one" .,
¥ N | "._g It is because most studies have eXamined’feedbacK'and
‘retent1on general]y in binary terms, t. the response was
?r1ght or wrong, that lltt]e was learned about how the
questton‘was perce1ved and the probab111t1es associated with
repeated s1m1lar responses. Kulhavy (1977) argued for more
soph1st1cat1on in the test taker mode 1 s1nce 1t appears that
.quest1on answer1ng beg1ns with an assessment of potent1a1
answers and the ass1gnment of a h1erarchy of conf1dence The -
final -selection of a probab]e right answer is made prov1ded:
the answer is not obv1ous. from the. context of the questlon
’“t . -the content of the stem “the ava11ab1lltg of the answer, or ..,

’ the selectton of alternat1ves
£ . . .
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The case for studying how learner characteristics
... influence the use of feedback seems well made.
This appears to be a prime area for future research,

one which may shed new light on an old, and ,
well-turned field of instructional psychology.

(p. 229)

The nextvsec{ion discusses the research design and

sdbjecls,used in this study.

o
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IV. Research Methodology

Introduction

The following sections describe: the research
questions, the design of the study, the instructions to
subjects, and the sample. Within the section on the design
of the study'are described the STAT1 computer assisted
instruction course, the learner characteristics and the
instrument used to explore the effects of feedback deiay and ¢
feedback message de51gn within the context of ; 0
computer-a551sted 1nstructidn This section also 1ndicates
- the characteristics oi 1earners who tooK the STATi course on
the IBM 1500 system the STATT author “support programmes
which provide the means for tracking all studénts responses

- throughout the course, and the STAT1 exam deve]oped to

evaluate 1earn1ng on the 't' test segment

%:}Research Quest ions -

'This study examined two commoniy used instructional
de51gn constructs spe01ficaliy for their effects on long
term retention The questions asked were:

1, Does immediate feedback result in better ]ong'term
retentionlthaniieedback delayed 24 hours? |

a 2. Does a feedback message which consists of underlining

| the correct answer to a multiple choice question resuit

in better iong term retention than a feedback message ’

”;‘which is deSigned to be a cue to the correct answer7

74
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In addition to- the de]1ver9 of 1nstruct1on, the 1BM 1500
system has an 1mportant research role as a data collection
dev1cernThese data were used to satisfy additional f

instructiaonal questions.
*

The supplementary questions were asked to determine if
the two key variables under*study, i.e. feedback timing. and
feedback messages,- have an effect upon

BRY

a. the mean conf1dence students assign to the1r
responses, |

b. the mean latency time subjec%s require to produce
responses,and | |

c. the mean,latency time taken to read a feedgack'f‘

i

message.
B. Design of the ‘Study

,The Computer Ass1sted Course: STAT1

The computer assisted 1nstruct1ona1 course STAT1 a'
,bas1c statistics course designed to prepare graduate e o
: students in educat1on to handle var1ous research problems

| typ1ca]ly encountered in educat1on The course aJthough it
~initially appears. 11near in progression. to the student js‘
essent1ally under .learner control. This means that by using}
specia]'keyboard'Operations, STAT1 students may move at will
within each segment (chapter) of the course or‘in'fact |

transfer between segments in the course Thus, students may

determlne the order with wh1ch they will- study the chapters =~
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and progress through the course or review asbdesired.glhe
authorsuhave‘deslgned decision polnts to encourage students
to reexam1ne prev1ous mater1als or to study pr]or to -
examnnat1on To fac111tate student movement within the
course. 1nformat1on-sheets are prov1dedywh1ch detail all
segments and their 1nternal head1ngs | | )

The course, composed of approx1mately 100, OOO computer

llnstruct1ons, requvred about 3, 000 hours of t1me to des1gn

Yoo

: programme and rev1se over a per1od of four years Student

A
term1nal tlme to complete the course ranges from 29 to 160

hours, the average completlonwttme is 69 hours.

Appro%imately 3]060 responses.per student anefregistered

:durtng the»courSe ‘In additton'tOVCOVering the course =
‘materlal- students must also complete 11 tests 1nterspersed

’.',between selected course segments seven of these tests are

adm1n1stered in CAI mode The total term1nal t1me taken to

u,wrlte these seven exams ranges from 2.9 to 21 9 hours,'for
~.an average of 8. 3 hours Under CAI mode, students may

”51gn -on to take an exam at any po1nt in the course. The' By

score obta1ned w1ll be the mark accumulated on the f1rst

',pass through the exam. Generally students take the :

exam1nat10ns follow1ng the related course segment The exam-

_1nat1on is created by randomly order1ng all the items in- a ‘

fixed pool As a result every student recetves an exam with

.

1tems untquely ordered Although it 1s p0351ble for students

to s1gn off dun1ng an exam1nat10n. the start p01nt upon

“sign-on w1ll be at the last unattempted item. No rev1ew of

A
ibh
e T
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course mater1a1 or: movement out-of the exam is posstble once
an exam is begun The feedback des1gn emp]oyed throughout
Athe STAT1 exams prOV1de the student with. a terse message
(stat1ng the correcttanswer) 1mmed1ate1y fO}lOWIng the
"student’s response to-a question. “ -
The STAT1 instructor support programs prov1de the g

fol]ow1ng 1nformat10n

"a. are- creatton of all term1na1 screen d1splays as

;seen by the student .

b. thefant1c1pated ansgirs to each'guestion;ias

| programmed by the course author, and an 1nd1cat1on

‘,1'fas to whether the ant1c1pated answers ‘are. correct or e

‘1ncorrect | .,5] 1 | ’fA?':_‘ | _
'“'crf'the tota] pumber of student responses accepted as f; “
»_correot wrong, or unant1c1pated landﬂ:>f'h' L
fd{r‘oppos1te each response categorY\ 1s dlsplayed the
“dstudent’s ID along w1th a- number 1nd1cat1ng 1f this

}1s the student s f1rst second,vor Nthrattempt at

’the question. | . | ‘ | |

Hunka Romantuk and Maguire (1976) 1ndlcated students .

- W

not. on]y readlly accompl1shed the educatlonal goals of this.

%y

-.‘,J.f

‘?ba51c stat1st1cs course but that they also saved thems

=and the1r 1nstructors approx1mate1y 24 hours of lectf
- as well as 84 hours in: laboratory sess1ons Further"ﬂ
subJects 1nd1cated a, h1gh degree of sat1sfact1on W1th the

,.

course, and the 1nstructor% expressed pleasure,at be1ngrab1e

“to assist individual students at. the terminal or to mark -

flﬁﬁs iy
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; and cont]nued opt1mtzat10n
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and discuss lab assignments on a one to one ‘basis. In g
- general therefore more personal contact was assured dur1ng '

’ the per1ods ‘when students could benefit: most

In summary, STATH represents one of the few
comprehens1ve courses that establlsh the v1abll1ty of CAI

1nstruct1on The length 1nstruct1onal de51gn complex1ty of

. subJect matter and demonstrated success place 1t in an area
' w1th few peers (Kearsley, 1976) Learner control and an _

‘fa apparent ab1l1ty for the courseware to stand alone support7

the w1sdom to 1nvest several thousand hours 1n 1ts\creat10n '

. i

The Instrument

The 1nstrument used to explore the effects of feedback
t1m1ng and message mod1f1cat1on was a twenty three 1tem M/C
test on. the top1c of ’t’“tests Thts test has demonstrated _T
cons1stent levels of d1ff1culty over the past three years
The mean test score 1s approx1mately 15 correct out of a ﬁfl
posstble twenty-three. The standard dev1at10n is 2 4

- Th1s test possessed the follOW1ng character1st1CS'
l.;hTwenty of the twenty three test 1tems were presented 1n';t

g ia random order to each student

,*:2.3'All 1tems were in an M/C format w1th four answer opt1ons”

" (a,b, c, d).

: C’

{3;'.Two feedback messages were constructed for each 1tem

4f'0ne was a re- presentatton of the questlon w1th the»f»
-;1correct answer underl1ned.,and the other was a cue At,Qf

’de51gned to lead the subJect to understand the questton o

e



79

_and to recogn1ze the correct answer optlon The CUes
were wr1tten by the researcher and subJected to scrut1ny
by the three authors of the STAT1 course for amendment
or approvaT | v |

4. Feedback was e1ther prov1ded 1mmed1ate1y foTTow1ng\the

‘ student s response to a quest1on or was stored forr o

presentatlon 24 hours later If the subJect was in the‘
1mmed1ate feedback group,.the total test score washd |

Drov1ded after feedback on the twenty th1rd 1tem, ; ’lt . .

e otherw1se the total test score was saved aTong w1th the
, feedback messages for deltvery the next day
-;_5{: Prov1s1on was mq‘e to e111c1t the conf1dence that each
~.,1 subJect had in the correct’ response to each quest1on,.-
;E”f as weTT as the conf1dence the subJects had that each of
......... the other three answer opt1ons were 1ncorrect A seven'
| po1nt cont1nuum (1= 7) was,presented By po1nt1ng to 7 |
the subJect 1nd1cated absblute certatnty that the answer ;f_'
opt1on presented was cor ect or wrong By po1nt1ng to 1 }
the subJect 1nd1cated he7was not certa1n if the answer' k
opt1on presented was r1ght or wrong Append1x 1 conta1ns}.t'

a sampTe questlon accompan1ed by sample conftdence e

, measures y
| Do

CoA second retest ‘was adm1n1stered a. week Follow1ng the fd‘

| f1rst test in an attempt to checR the long term retent1on ofga"
fvthe subJects The character1sttcs of the. second‘test were |
"-¢;1 The ftrst twenty test 1tems were randomly ordered for

presentat1on.;, i
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2f . The ktudent s conf1dence regard1ng the four answer

¥

opt1ons was - measured follow1ng each quest1on completed
by the subJect (As descr1bed above ) _‘ .
: 3. Feedback was delayed until after the last ‘item was
/.]_answered and was then presented 1n the form of the :;‘
ﬁcorrect answer optlon dnderl1ned After the feedback _‘
“"'message for the last quest1on was dtsplayed the total
‘test score was’ presented ﬂ,\' ’fh;:x a;:' | :
{;%'The last three quest1ons in the exam. wh1ch requ1red

i::calculattons to be performed based upon a sﬁeck§1c

fformula, were changed by alter1ng the raw data presented"tfﬂ

afw1th the questtons » |

p In summary, the 1nstruments were used under the ‘j}]/
follow1ng cond1t1ons ,,‘ » | | "l”“ | " ”‘ i

:"lT.:;All studentsﬁhaﬁ'a port1on of the1r ftnal course cred1t |
5 ‘dependent upon the1r success on theSe exams All ’ =

‘,computer1zed end of segment STAT1 tests contr1buted a-

- ;poss1ble 6% toward the fxnal grade In th1s part1cular§?{rhn-jj

. ,tcase, the f1rst 'tp test exam carr1ed a we1ght of 4% of

tthe f1nal marK and the second (retentron) test carr1ed a

lywelght of: 2% of the flnal mark
tfd 2{ ﬁBoth exams were adm1nlstered on the IBM 1500 system
\g{:i,rylva:‘v-students controlled the t1me taken églrespond to each }lye
lllyquest1on and to study the feedback ' o ”i o
"v3. ;Dur1ng the f1rst test adm1n1strat1on, students 1n the -
‘: N of = f}ﬂscore 1mmed1ately follOW1ng completlon of the test

t flmmedtate feedback sect1on rece1ved thelr total test f”'””““““'



! ijsolut1ons to these?quest1ons were leftf1ntact i
t,1n the fol]ow1ng ways

*7f1teach1ng behav1or of 1nstructors was not cha]]enged orff"’-

nt} subJected to change They were g1ven complete freedom tonh-“ .

;”“]fact these t1mes were co]lected by the computer and usedw;-ﬁﬁ:

'f“fffor ana1y31s

5The teSt‘”g tGthaquelwa§fdntegrated 1nto an exrst1ng, i

'h_interact w1th subJects as they w091d in any normal CAI
?env1ronment ':»‘gft" ”lgl'j,,:&e’ SRR |

.rfStudents were not- restr1cted 1n the t1me they spent

Those in the delayed feedback group rece1ved the1r\\otal

 test scores after presentat1on of a]] the feedback (24

hours later)

iConf1dence measures were made of answer opttons selected'

-r'by the student and of each, of the other answer opt1ons

| _not selected | | o ‘_ . ' R
'The IBM 1500 system recorded the t ime each student ‘spent

'-;fprtor to re§pond1ng to each quest1on and also the t1me‘

.-

_taken to read feedback messages
- F1na:2y, comprehens1on ‘as wel] as’ recogn1t1on measures

‘m‘were bta1ned Th1s was. made poss1ble by chang1ng the

-"1,]ong term retent1on test The algor1thms under1y1ng the

";s1gn1f1cant1y from prev1ous research act1v1ty in th1s f1e]d

1%struct1on system AThe

-

~

ST . (-

v_fattend1ng to the test 1tems or the feedback prov1ded An

'Q;..

. Zgirys;r:;?;?y;;kt;;:;; jh_fftif;;si_t'

4

”raw data requ1red for the solutxon of three 1tems on thei



T3, :The two exams were adm1n1stered under the same CAI’

cond1t1ons °<\

*'4. A standard1zed t1me 1nterva1 (one week) ex1sted between ,c,7ﬂ
" the first and second test1ng sess1ons L

5. The f1nal test score was - prov1ded 1rrespect1ve of group

onf1dence measures were made of the d1stractor se]ected
‘§s correct and the- other dlstractors not se]ected as f;
correct. B f, B ,'v ‘,‘_t ” PR

g 7.'1The test was based upon a cred1t course w1th1n a regu]arﬂ
; 'CAI learn1ng envqronment | |

' ”:‘8.h,The test scores formed a port1on of the f1na1 course ﬁ

’mark

'df‘igt‘dBoth reca]l and recognltlon of mater1al ‘was tested

When the students took the f1rst exam they were

\

}ff”ass1gned to one of e1ght treatment groups dependlng upon the

n:7’use on the IBM 1500 system As a result of the modulus 8

student ID numbers These numbers were asswgned to them for fs:'

"Txrl‘value of the1r ID number they rece1ved one of two poss1b1e

jtreatments 1% each of the follow1ng three categor1es

tt student conf1dence was e1ther sol1c1ted or not so]1c1ted
’-,iw1th respect to the four d1stractors for each quest1on B
d.th{feedback was e1ther prov1ded prior to the next quest1on
or was presented the next day, and A | |
té.' feédback was EItheP in the form of correct answers (CA)

";fi;underllned or as a cue (CU) to' the correct answer An ex-trf7“

"j'iample of a test 1tem quest1on 2 from thegtest ls found‘in’_vpf

s
o



_ft _ Append1x A. The matrix of the des1gn used to ass1gn
| students to the e1ght treatment cond1t1ons 1s presented |
~1n Table 8. (Append1x C conta1ns a schemat1c of the

reSearch’des1gn )

:The Sample

G

Th1s sect1on descrlbes both the sample and the behav1orv,i'

- of the sample dur1ng the research process |

s ’{ *SubJects enro]led in Educat1ona1 Psycho]ogy 502 and

| fEducat1onal Adm1n1strat1on 511/512 dur1ng the 1978 Spec1a1 .
‘fﬁgfi [“5685100 at the Un1vers1ty of A]berta{ Faculty of . Educat1on

Lwere random]y ass1gned to one of the e1ght cel]s in the

. “r;research des1gn (Table 8) By the end of: the Spec1a] Sess1onf.
';a tota] of 60 students had comp]eted the tests
-dUnfortunate1y, several problems related to data acqu1s1t1on

kand student drop out reduced the number of subJects to 50 .

e

;/w;j:yg__ The Four Factor Exper1menta1 De51gn

Feedback Group 3 IR
:.: CA3 : CU CA CU g0 '.jua |

‘ fNotConfidenceﬁ[j]gSfV;ttBi fl‘deﬁfafi,’ 5}f7j113;:24';‘ I

Ly

. “girTQta]iiﬁitijthqut:14‘fglﬁdtoiftx-' 14 d7i1fe;so

e LI

__...-'--__..;...:...__..---

. QA Correct Answer, CU Cue

ﬂ:,'f’i“ o ‘» ‘,‘ N,
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The CAI.envrronment differed from the uswal classroom

environment. In %he CAI env1ronment some students may be
1.:

~"progress1ng through tutor1a1 portlons of the course while'

‘E.jstudents were pr~v1ded w1th very thorough explanat1ons of

- Tl ¥ . Ll

others are e1ther do1ng the1r 1ab exerc1ses or tak1ng a
i

*dtest. In add1t1on, because of the se]f paced nature of CAI,
'the.tests under.1nvest1gat1on 1n'thus study were
“adm1n1stered over a four - weeK per1odwdur1ng each of the two

'51x week Spr1ng and Summer Sess1ons The exam1nat1ons were

R I

open:book“ wh1[h meant that dur1ng the exam students cou]d

consult any noteI and textbooks at the1r d%sggsal Note

'vcheat1ng were d1jcovered desp1te th1s very 11bera1 approach

Students were al.o able‘to quest1on the 1nstructors about

7'“problems or conc rns encountered dur1ng the exams Severa]

¢

the questlons and the1r so]ut1ons As an example/itwoas

/a_students 1n the cpe group were to]d wh1ch quest1ons

_’w”

lythey answered correctty (the cue feedback d1d noﬁ te]l the fh:

- was prov1ded to theﬁstudent only 1f requested Flnatly, no

T_xhsystem before thé second (retent1on) test was taken

An example df a test 1tem conf1dence measures, and

.....

e

84

H "4? {?'

ftak1“g was also perm1tted durlng the ‘exams. ‘No examp les. of . }f}7'"

ar

R

*fstudent.1f h1s response was correct) Add1t1onal1nfor73tton }it'

'firev1ew of the f1rst exam was perm1tted by the IBM 1500 ‘dffﬁi'*“
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Instruct1ons to SubJects

t;second test

; [1used From observatlon 1t appéared thatf‘!ud

,'C Ana1ys1s of Data
':,h}1;itlnd1v1dua1 test scores- an 1tem by 1tem redord of

1ﬂffjretentlon test N

At the conmenoem’ent oF the test the'subjects in the
R

conftdence group werﬁ 1nformed of the type of feedback to be

received and g1ven d1rect1ons on how to 1nd1cate thelr

conftdence 1evels They were not 1nformed of the dafferent

treatment groups in e&1stence ~Those not 1n the confldence

group. were 1nformed ot the type of feedback to be rece1ved

5

They also were ‘not tol

|

l =

d of the other treatment groups

Those in the 24 hour group were requested to neturn one”

=3

. day. later to review the exam and ta recetve feedbaok Kt]
HsubJects were also adv1sed that a retent1on test would be j
‘ ugtven one weeK fol]ow1ng feedback s1nce through self pa01ng

"'lgall STAT1 students wou]d eventua]]yucome to know of the

hi
4

i Note tak1ng durlng the tests was not contro]led ’_*, T

-;However, at the‘beglnnlng of the retentton test subJects

—

Tf’were 1nformed that notes from the f]PSt test were not to be

“ts rare]y

took the ttme to wr1te out each quest1 _deta1l

“

The follow1ng data were obta1ned

7“:ystudéht performance at the end of chapter test and

48]
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2. ' Response latency- the‘time in tenths of seconds reqbired
by subjects to respond to each of the test items at test
and retest. - \1’A

L3 CpnfidenCe mea§Jies- fhe confidence subjecfs expressed ?

{on a continuum from 1 ito 7) in their selected answer as .
V4 . - .

wef] as on the remaining thfee answer options not
considered corréct: These data were available for
one-half of the samplefat-test and retest. -

4. Feedback latency- the time inwtenths of secondé that
each feedback message was'diisayed on the compUter'

Al

terminal during the test and retest.

Question 1: : J S \ :

[ - £

iy

1. Does immédiate“feedback.resu?t in better long
term retention than feedback delayed 24 hours?

v The test score means for the entire sample are
summarized in Table 9. While both feedback groups
gmproveﬁ appreciably on the retest, no clear pattefn
emerged favouring any one feedback group-. THe

statistical analysis,which follows examines the test

scores in detail, (F{Qure 7) - . L\\\\/)/,a

e,
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MEAN TEST SCORE

1 1

.
"0 NWEUVIOIDWO -
® e ¢ & o 8 e 0o & 88 @

OOOOOO‘OOOOOO
—r—r T

TEST RETEST

ngure 7. Mean test scores of treatment group’
.8 time of testing 2

4

R I I I

4 ICA=immediate correct answer, f@Uﬁlgnkd1ate
DCA= delayed borrect answer, DCU de]ayed cue.

, .

by

cue, 7

&
o



88 °

f Tab]e 9 o
Test and Retest Score Means
Confidence Measures . TEgTi  RETEST
: . "~ MEAN SD - MEAN SD |
Correct Answer- 13.5 3.89 18.5 2.88 . .
Immediate ------%--------n-- R m--i
. Cue '13:8 2.64 16.3 2.58
| Correct Answer ,  16.6 4.34 20.4 2.79 |
24 hr Delay----=--===-===-=s-oomoomooo ] EEEEE -
“cue . 125 3.78 17.1 3.30 -
No Confidence Measures ~  TEST RETEST
. , ' . MEAN SD - MEAN SD
. Correct Answer  15.3 )f. 03£17.2 2,64
Immediate =---------smmiemeeeooooaeooTll DTl
: Cue ; 11,8 4 08 17.7 2.25
.y Correet Answer "15.2 4.217 18.8 2.39
24 hr Delay----=-======-=s==-~-m-m--looooo Il JITT L --
"~ Cue 14.6 2.88 18.8. 4.09 »

A four-way analysis of variance on test scores,

With repeated measUresvén‘Factor D (test,retest),°was

formed using 40 of the 50 available’sUbjects This

_equal ’n analysis was achieved by random]y dropping.
subJects from cells containing more than Five
.subJects. Table 10 presents.these test score’means.

Table 11 indicates a significant difference existed

between the two treatment groups, on Factor A (cohrect
answer, cue) amd faE%or D(test, retest) Since the
ana1y51s confirmed that the questions regarding
confidence in answers had Tittle effect upon test

scores, the eight cell matrix was~collapsed to four

1

<
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cells By merging the conf1dence factor These

. merged scores are presented in Table 12 On the

subsefuent three-way analys1s of variance with Facior'C

'3 repeated, a s1gn1f1cant d1fference was found on Factor
- B (correct answer. cue) and Factor C (;est repest) e
The results arevfound in Tab]e 13

Table 10 ‘
Equal 'n’ Test and Retest Score Means

4

Conf idence Meaéu?es . TEST ' RETEST
' ' MEAN" 'SD MEAN SD

Correct’Answer  14.6 3.13 18.2 3.1y

Immediate s-------oon 002 2P 182 311

R Cue 14.2 2.77 16 0 2. 74
. Correct Answer 6.6 4.34 20.4 3 .79 .
24 hr Delay--------cooomm ] i TR
- Cue . - ' 11.2.,2.17 17.2 3.19
‘ I‘%” . i ) ) .
No Confidence Measures -~ TEST RETEST =

v . MEAN SD "MEAN SD

Correct Answer. 1574 1.14 17.6 2.70

"/

Immediate / --------cooo L . e me-e-- mmmem- :

—_—
,/ .

/. Correct Answer ‘15.2_ 4;21 19.8. 2.39

24 hr Delay=----~------ooo . Fm e SEREEE LT TP
| Cue V4.6 2.88 18.8 4.09
3 . AN

o
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 Table 1 L e
Summary of Apalysis of Test Scores' R i
Source“of Var1at1on ; . .df CoMS ;'Fj
Between SubJects 39 § \
A (CA, Cue ) T egior 7. 185e
B (Immediate, Delay). T .. 30.01 2.178
" C (Confidence,No Conf1dence)1 - RCAT 022 )
AB 1 e 2011 53 B
AC | ] 6.61 480 {
-~ BC | ' o 1. 7.81  .567 | °
- ABC ' 1 2761 . 2.003
Subjects within groups 32 $13.78 Vowe
| Within ‘Subjects 40 R
D (Test, Retest) 1 348.61 £6.92%x*
AD . 1 7,81 1,50
BD /& 1 4.51 .87
co o 2.81 . .54
ABD . 1 = .61 . .12
ACD | 1 5.5f 1.06
BCD 1 - 7.81 1.50
ABCD -~ : P - 27 .61 5.30%
Time X % -
subJects‘w1th1n groups 2 - 5.21
*F.95 (1, 32) 4.15
*xF,99 (1, 32) 7.50
' Tab]e 12

Merged .Xest and Retest Score Means
| | TEST  RETEST.

MEAN  SD  MEAN SD [ o T\
~_  Correct Answer  15.0 2.26 17.9 2.77 ,
Immedjate -----------m-o--o- SmEeesSeesneeommem e ;
{ ) Cue 2.3 -3.68 16.8 2.70 ;

1 \: Correct Answer . 15.9 "4a09ﬂ‘20}Te’2-47“7" L
' ,24 hr Delay----===-==-==-=-=-==-=mm-- ey e i

> Cue . 12.9 3700f‘18 0 -3:56
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Tab]e 3 A |
Summary of Ana]ysts of Mean: Test Scores . e
u Souroe of Varlatton S df. C fifMS' | "'lF
Between Subjects “ 39
A (Immediate, Delay) . 1% 30:01  2.24
B (Correct Answer, Cue) 1 . g9.01 . 7.37*
AB ' 1 - 2.11 - .18
SubJects within groups S, 3 4 13,43 0
thh1n Subjects . 40 o F' _ o
C (Test, Retest) . £ 348,61, 57.06**' -
ac AT 1 T alst T e
"BC 1y 7,81 1.28
ABC 1 .B1 10
Time X ’ . - S . :
-subjects wathtn groups - 36 - 6.11

*F .95 (1, 36) 4.11

<

~F.99 (1, 38) 7.39

< v

Post hocvanalyses, us1ng Scheffe s method 1nd1c-_
| ated the 1mmed1ate feedback group and the de]ay feedback ‘("
group were not d1fferent based on the mean scores on

- the end of- chapter test’ (p <.45). However. on the
: retent1on~test the de]ay feedback group had a h1gher
: mean score than the 1mmed1ate feedback group (p <.09).
n Th1s 1ends some support for the pos1t1on that delaying
feedback may be of benefit. The flndtngs in this study |
'1nd1cate the d1fference between mean scores’ for the =
.1mmed1ate feedback groups and delaygd ﬁeedback groups

- was not s1gn1flcant o -_’.7 E

--~——'—-—-———---——-

5Wmer 1971, pp.563- 567 . The sxgn1f1cant level used Y
for a]l compar1sons was P <. 05 e : o

/
e Y



92

4§

vtt Questions Mddifted‘on'thefRetention Test .

‘ fodesttdns 1é;l20.;and,21 nere.modtfied for the
f'retentidn~test. This Was done by changing the data (
‘ necessary for their soTutibns wht]e leaving the
aldor1thms for their so]ut1ons 1nt/et In addtt1on to
”»these answers be1ng d1fferent on the retent1on test the
_answer opttons (a, b c, ,or d) were also chgpged These |
9changes wére made to determlne 1f the subJects were
1earn1ng the answers by rote or were,ach1ev1ng a deeper
understand1ng of the test material. The test score means
~for questians. 19 20, and 21 for all groups are

: i

summar ized in Table 14, o ' & -

o .3

' -~ Table 14 ’ )
Mean Test Scores on Questions 19, 20,\& 21
/'for A1l Treatment Groups

o Mean Score
Group Test;‘ Retest

_

R o lrea 2.2 2.3
i 18 1.8
v | DEjy » 2.0 0 2.4
.. |pcU 16 2.5
—

o max imum score =

| crororon

!

A three way - ana]ys1s of var1ance W1th Faetor C.
‘(test retest) repeated was performed 6n the mean test
itscores for quest1ons 19 20 and 21 The results, .
:summarlzed 1n Table 15 1nd1cated a s1gn1f1cant

‘pd1fference between the means on. Factor C (test retest)
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. o B |
An examination of the subjects’ responses di%éqosed

' NO ev1dence of rote learning. Few examp]es»were found of.

subJects who prov1ded the same responses dn both the
1

test and*retest. Hence, subJects recogn1zed the

“d1fference between the quest1ons The f1nd1ngs 1nd1cate

that test 'scores @h quest1ons 19-21 1ncreased generally.

h

- No group der1ved a s1gn1f1cant advantage from the ‘

treatment rece1ved.

Table 15 :
Summary of Analysis of Mean Test Scores
for&Questtons 18, .20, & 21 :

%F.95 (1, 36) 4.11
*xF.99° (1, 36) 7.39

Source of Variation Coodf : MS/_ F
‘Between SubjeCts .39 | .
A (Immediate, Delay) 1 .80 + .73
B (Correct Answer Cue’ ) 1 3.20 . 2.90
AB » 1 d.26 - 1,13
SubJects W1th1n groups - 36 1.10
.W1th1n SubJects . [ 40 | BRI
: c (Test, Retest) 1 2.45 - 5.48x|
“AC ?‘ 1 1.80 - 4,02
BC - 1 .20 .45
ABC | 1 45 1,01
Time X S e o T
' subjects within groups a.36% S .45
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Discussion Delay Retent1on Effect

In the revuew of - ]1terature related to the ,‘*
: ¢
_de]ay retent1on effect 1t was reported by many
e
researchers that a de]ay 1n the feedback message w111

_produce (1) correcttve action (to el1m1nate errors) and

(2) reinforce correct responses. Sturges 1nd1cated that
the "more comp]ex the task the greater the. superlor1ty

of retent1on w1th de]ayed 1nformat1ve feedback'

<(Sturges 1969, p.14). Sassenrath concluded there was /

mount1ng evidence that delayed 1nformat1ve feedback

. does not retard 1earn1ng and- may enhance delayed

retent1on (Sassenrath 1968, p.72) These f1nd1ngs,a"

'ftrst d1scussed by\Brackb1lt (1962), have been conftrmed

g by others,»(Anderson, 1971 1972 More 1969,-and -

o
Ku]havy, 1972)
\ , .
Kutlhavy suggested the reason 1mmed1ate feedback d1d

not apparently lead to better long term test resu]ts
(retent1on) was because fat1gue and frustrat1on ex1stv

'dur1ng the test1ng sess1on w1th the resu]t that the

1earner does not process the presented data'(feedback

'message) as carefully as he shou]d In the case’ “of - an’

‘e%ror he proposed that the erroneous relat1onsh1p (A B
| was not effect1dbty converted to another re]at1onsh1p -
-s_(A c) because of proact1ve 1nterference A t1me delay
‘:'followed by feedback 1t was suggested produced
rssuper1or results because the 1nterference fat1gue and

afFUStPatlon had t1me to d1551pate (Ku]havy and

.Y
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_ Anderson 1972) -

<

The findings of this study do not Confle or deny

PR S ‘the ex1stencé of the delay retent1on effect The S

13

~change‘1n‘student-test scores appears to be in the

d1rectlon of supporttng the benef1ts of delay1ng
H

feedback. The reasons 'for th1s may due to! same of the

following '

a. The'learnlng enyironment and student_behavlor was -
highly stressfulrfor‘students during this
)investlgation In a perlod‘ofFSix*weeKs the graduate"

A4 : ’

“ e students, many of whom appearedN}o Possess weak

mathemat1cal sK1lls, were attempt1ng to complete a ‘evl
s1x credit. laboratory course 1n a cr1t1cal core .
‘subjeCt‘ (-w. R |
b. Many studentS\gescr1bed perlods of insomnia, K '!;
‘ fatlgue depress1on, and go1ng blank’ | E
| c; A preva1l1ng concern was the 1mpact of STAT1 scores
| (<.” | ,yupon the f1nal gzade ‘ f!f?’ v
| These effects appeared to produce an unusual
S determ1nat1on to succeed As a- result students worked
| extremely hard at master;/guthe mater1al pr1or to the o
f

- A testing sess1ons."Anothe -_actor may~have been the personal;d

' seSslons wlth'the'instFUCtors Th1s ﬁorm of feedback may
i thave neutrallzed -some: of the 1mpact bel1eved to occur W1th
« delay The rout1ne followed thh1n th1s CAI env1ronment was e
féf*T”nv _”vlj’ to prov1de as much ass1stance as the student requested An

o addltlonal problem arose from the 1n1t1al d1fferences “V



R
between treatment groups on the first test, a condition

Awhich made subgsequent comparisons difficutt. The small .

: . ! B
- sample/size was also an unfortunaté circumstance.

'This_researoher conc luded the'detay'retention efféct, o

g

- has potential but'its'effect'is apparently less pronouncedh
,in a ]earningfenyjronment which (1) allows for’aﬁ on- emand,_

deta11ed one to- one feedback w1th the instructor, and (2) is -

composed of high ach1ev1ng, h1gh1y mot1vated students. One
thing seems certain, the'dgtay des1gn d1d not retard
1earn1ng On this po1nt 1t is of interest.to reca]l
Sassenrath’s comment that : -

JAIthough the di fference in retent1on is not large in.
/the absolute amount the psychological impor tance of -
the difference, contrary te the accepted principle
that” immediate reinforcemeii. as oppgsed to delayed

reinforcement, produces superior results and
therefore super1or retent1on - (Sassenrath, 1969,
P. t76) - S g 5 :

'fThis study did not produce the differences in test scones

thataother researchers wou ' have predlcted but it d1d _  f

E .
1

1ndtcate an 1mmed3ate re1nforoement schedule is not an
1nstruct1ona1 necess1ty x / " |
: The study has also prov1ded some answers to the

quest1ons posed by Surber ‘and Anderson’ 1974) ,
It rema1ns to be- seen whether the de]ay retentton o
- effect would appear: if a coursge grade were made
- contingent upon" performance, or matertals'were made
available to students during the retent1on’1nterya1
(Surber and Anderson 1974, p. 172)

f

- Th1s study left unrestratned the rout1ne 1nstructor and

student act1v1t1es and 1nteracttons, and access to 1earn1ng
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materials and notes taken during the exam. As a result;-the .

de]ay retention e#fect may have been dampened In sptte of

these mixed ftnd1ngs 1t is be11eved that CAI 1nstructiona1

\

des1gners may have to reexamine the pr1nc1p1e of immediate

feedbacksdur1ng exam1nat1ons IntCAI 1mmed1a¢e feedback on’

exam1nat1ons has almost become a un1versa11y appt1ed

treatment Cons1derat1on shoutd be g1ven to other forms of

' feedback algor1thms that cou]d be possible in 11ght of the

subJect matter students, and learn1ng env1ronment The

/

detay retent1on effect may be extremely useful in’~
c1rcumstances other than the one ex1st1ng in th1s sbhdy

Feedback Messaqe Ana]ys1s

Quest1on 2. S ) o N

2.tDoes a. feedback message wh1ch consists of
urider 1ining the correct answer to a mult1p1e
choice question result in better long term
retention thanga feedback message which is +°
des1gned to bgpa cue to the correct answer?. -

The mean test scores. used in the quest1on 1 ana]yses
- were re- exam1ned for the quest1on 2 analyses As 1nd1cated

‘ (Table 11). a four way analys1s of var1ance detected no‘n

‘-

d1fference between groups exoept on Factor A (correct -
5 . L
answer cue) and Factor D (test ,retest) Sﬁnce the .

¥,

ana]ys1s conf1rmed conf1dence measures had no measureab]e

teffect upon the Pest scores the elght ceﬁFL atr1x was

co]lapsed to four. ce]ls by merglng the conf1dence facton,
On a three -way ana]ys1s of var1ance w1th Factor C,

(test retest)'repeated 1t was aga1n conf1rmed that the

Y

o
ek



"»1ncrease in scores occurred at retest (Faktor C). Tab]e 13

z'groups The dtfferences between the end-of- chapter testw-

S
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" correct answer “(CA) group was. significantly different from °

the cue(CU) group (Factor .B), and that a s1gn1f1cant

sUmmarizes,these“findjngs. An’anaty51s of means on Factor B

(feedbackftypes)_ usﬁng'Scheffe’s‘method 1nd1cated the

’Correct answer group was, s1gn1f1cant1y dlfferent from the cue

_group (p <. 005) based on the end of- chapter test scores ‘v"iT,

L AR

"However on the retent1on test the d1fference 1n mean test

 scores was not 51gn1f1cant (p <, 11)

A Scheffe s compartson on - Factor C (test retest) 1nd1c-u

!ated a 51gn1f1cant time effect ex1sfed for aTl treatment

‘
\..

scores and the retent1on test scOres for all. groups was stgn-

'1f1cant at the 0001 Teve] “A1] groups performed s1gn1ftcant1y

better on the retent1on test than on the end of chapter test

'Dtscuss1on CA and Cue Feedback Messaqesy( e - 'c”‘,

q

The rev1ew of 11terature 1nd1cated that a cue feedback

message woqu resuTt in greater proce551ng ‘and Tonger o

fretent1on than a feedback message cons1st1ng of anv
fv;underttned correct answer to a mu]twple ch01ce quest1on

)Thts f1nd1ng was f1rst advanced by Sturges'(1972) A theory

“-descr1b1ng how data are. processgd and retrteved proposed by j

-/ ¢

‘»f‘ Norman and Bobrow (1976 1977) Norman and Rumelhart (1976)

ﬂ]'and W1111ams (1978), prOV1des support for Sturges

’tftndtngs' The theory suggests that a cue,ilf attended tosand

_}prOcessed causes the subJect

ngage 1ﬁ’mu1t1p1e :

~a.
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retrievalsuand to perform consciéus or dhconsciqus
comparisons amqng'Compéting anéwer options. An,effecti?e
. Cue, it can be'arguéd, results in a better understanding df

:'the interre]ationshiﬁs_among answer options gnq with the
question stgh. It waszBétU]ated that the results of this
mental processing lead the student to select tﬁe one answer
option with the highest probability of being correct. This
study indicates that an.effect}ve cue may be difficult to
‘bompose. In this investiQatio%Qsome students expressed
confusiop and frustration with.cues while others used them.
without comment. It appeared f%at students who understood
the;materia] infrequently commented about a cue in contrast
to those who had a‘lessgr understand?hg of the subject. The
use of cues was an entirely new experience for Students.;

~ Earlier f;edback forms only statéd,="Right? or "Wrong". It
would seem, becauée of the many dimensions whiqh\existgin
problem solving, effective cues must be carefully tailored
to suit the student. For example, one of the statistics
instructors who has many yeargﬂof expérience teaéhing

graduate'ley I students, reported that studgnts who do not

% .
understand an) algebraic proof ﬁjll_often-understand a

geometric prodf. As a general rule, it is' common to try

different teagﬁing.ﬂfrategies to brjng studehts ub to a
masteryllevgligp the maiérial. The need to‘have djfferent'
cues may be considered a sub-set of this geneFal.approach.
In the future it may be possible tolmbdel the learner with |

-

sufficient accuracy to bredict‘which typé of a cue will be
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~most effective. At present, more needs to be Known about cue

~or rejected as an instructional approaéh. The findings in

‘

construction before the concept can be either fully aécepted'

this study do not support or rejéct the practice of writing
cues or simbly praviding a message with the correct answer

under 1ined.

Additionat Analyses

«

I'n this study two wvariables have been under

examination: (1) feedback timing (immediate delivery, 24

“hour delay), ‘and (2] feedback messages (an uhder]inéd

correct answér, a cue to the correct answer). With_respect
to these two ;ariéb]es,vfeedback tihing and feedback '
ﬁéssages, suaelementary questions were ésked jnnorder to
determiné’if !Lese two.variables hajg an effect upon{t
a. the mean confidehce students éssign to their
responses,
b. the mean 1atenéy time subjects require to produce e
responses,and _ \ “
T cC. the;ﬁeéh tatency time taken to read a feedbéck

3

message.
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Confidence Vatues

|

Th1s study solicited conf1dence measures from one half
of the subjects taking the examinat ion’ dh"t’/tests (N=20).
The procedure (as described ear1er) requ1red\these subject
" to brovtde an ‘answer to.the test questioh ahd;\{otlowingl
that action, to indicate the confﬁdence placed inthe—
EcOrrectness of the answer by po1nt1ng to a position on a
contlnuum from 1 (not certain) to 7 (abso]utety certatn).
The computer stored the student s answer and the conf1dence :
value 1nd1catedi Therstudent then either received feedback

on the answer or received no feedback, and proceed to the -

next dquestion. The mean confidence values are presented in

Table ‘16.
Table 16 | o ,

. Mean Conf1dence Values for A1l Responses
Group Test S Retest n

ICA 5.80 6.13 115

ICU 5.02 5.75 115

DCA - 5.48 - 5.81)\ 115

‘DCU . 5.88 . 5.81 115

n = 115 = 23 items/test X 5 subjects/group

_ {m Y

In a three-way anafysis of variance, with Factor C

(test,retest) repeated, a significant result was found for

-

Factor C. (Table 17)



T

Post hoc analyses indicated that in the seven day
interval between tests, the immediate feedback group

significantly increased in confidence (p <.02).

102

, Table 17 | .
Analysis of Mean Confidence Values . - a9
SUMMARY OF ANALYSIS OF VARIANCE - g
SOURCE sS DF MS F P
- |BET SUBJ - 23.422 19 o :
I A (1,D) 0.085- - 1 0.085 0.06 0.805
B (CA,CU) 0.460 1 .0.460 0.34 0.567
AB 1.336 1 1.336 0.99 0.334
SUBJ W GROUP 21.541 16  1.346 .
- 7
WITHIN SUBJ 5.160 20 - ' £
C (T,RET) 1.257 ° 1 1.257  6.52 0.001
AC - 0.308 1 .0.308 1.60 0.224
BC 0.0054 1 '0.0054 0.03 0.870
ABC ~0.505 1 0.505 2.62 - 0.125
C X SUBJ W G 3.085 16 0.133 . , -

An additionml ana]ysts‘of the'confid ce values was
. prompted by Kulhavy's observation "that one Ot‘the‘reasons
why correct1ve aspects of feedback have received so 11tt1e
' attention is s1mp1y that many stud1es fail to analyze error
and ccrrect responses separate]y (KUThavy,'1°76 vp.221) As
a result of this statement, conf1dence values ‘were sorted
accord1ng to whether the student s response was Ptght or

wrong. The mean confidence values for correct ‘answers on the

‘test and retest is presented in Table 18.

S,
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Table 18 .
Mean Conf1denetha1ues for Correct Answers
Group.  n Tést . n Retest
ica 73 5.98 92 6.32
ICU 71 5.31 80 6.02
DCA - 83 5.66 © 102 6.04
DCU .56 6.30 86 5.83

nimax) = 115

v
-

A three-way enalysts‘of'varianCe. with Factor C
¥ (test,retest) repeated; indicateq 5 significant‘interaotiong
'betwéeﬁ Factor A (Immediate, Delay), Factor B(CA,CU) ..
.and Factorbc (test, retest) (p; <.05). Table 19
sbmmar1zes th1s f1nd1ng Subsequent post hoc - ana]yses
did not 1dent1fy s1gn1f1cant d1fferences between the'
| " treatment groups. S o e |
Table 19

Analys1s of Mean Confidence Values |
for Correct ‘Answers :

SUMM&RY' OF ANALYSIS OF VARIANCE : . ,
-/ SOURCE 'SS - DF MS. Fo p
BET SUBJ 17.535 19 o .
A (I,D) ~ 0.0601 1 0.0601 0.06 - 0.809
B [CA,CU) 0.115' C 0. 115 0.-12 . 0.738
"AB " 1,409 1 » 1,409 1.41 . 0. 252
SUBJ W GROUP 15.950 -. 16 -.0.997 : SR
WITHIN. susu 4.885° 20 - s S
- C (T\RE) 0.699 T 0.699 4,25  0.056
AC * 0.689 .1 0.689 418  0.058
BC 0.087 10,087 0.53 " 0.478
ABC . ' 0.776 -~ ¢1 - 0.776 4,72 0. 045 f
C X'SUBJ W,G 2.634 . 16 0,165 IR . e

3
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The mean confidence values'for'wrong answers on the ﬁt
‘test and retest are summarized in Table 20. | -

Table Ld ’ }’

Mean:Confidence Values for- Wrong Answers _
Group ﬁ, Test _“:nvi” Retest
ICA 42 5.57 23 5.70 |
ICU - 44 4.42 35 5.30 =
DCA 32  4.79 =13 3.29 " S
DCU “-59 ©5.52 29 5.55 ‘

n(max) =.115/groupx

4
-

7 A three way ana]ysxs of variance, with Factor C
(test retest) repeated 1nd1cated a s1gn1f1cant 1nteract1on
be tween Factor A (Immed1ate, De]ay) ‘and Factor B (CA CU)
«,(p <.05) (Table 21) Subsequent post hoc analyses ,us1ng
Schefte’s method, did not 1dentﬂfy any stgnfwcant d1fgé?-'
ences. - | | - R
Table 21

" Analysis of Mean:-Confidence Values
for Wrong Answers

[ SUNNARY OF ANALYSIS OF VARIANCE - Lo
SBURCE . ss  DF IVMS L F P
BET SUBJ  62.132 19 ) T T
A (1,0) 2093 1 " 2.093 0.73" 0.405
B (CA,CU)  1.307 f 1.307 - 0.46 . - .0.509
AB . 12,894 1 " 12.894 - 4.50 . 0:050
SUBJ W GROUP 45.839 ..~ 16 . 2.865 = . .
WITHIN SuBY 34.618.;5e20 B RTINS I
(T,RET)  0.141 0.M41 - 0. 08 . 0.776
AC ST 3.875 \// 3.8750  2»30  0.149 |
BC - 3.254 \ 3950° 133 018
ABC = 0.387 1 0.387  0.23  0.638
C X SUBJ W G26.962 16 1.685 S
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- Discussion: Confidence Values . ; SO

tn the review of”]iterature] Sturges(1976) indicated‘
that subJects rece1v1ng 24 hour delay of feedback would be -
more conf1dent about their retention . test scores than those
'SubJects.who received “immediate feedback.'lntth1s study,<‘
greatesttchange occurred for the 1mmediate feedback group; R
The confidence of the 1mmed1ate feedback group grew
stgn1f1caqtly p <. .02) between the end- of chapter test and
the retent1on test No 51gn1f1cant change occurred for the
delay of feedback group, (p <. 38). Thts finding wou]d appear:
" to partially parallel the test score/f1nd1ngs dust as test‘
. scores 1ncreased between the end-of- chapter test: and the |
retent1on test an 1ncrease in conf1dence could be expected
between these tests The members of the delay of. feedback
group ma1nta1ned the same. relat1ve degree of conf1dence in
the1r responses on both tests The 1mmed1ate feedback group
1 1ncreased in mean conf1dence An exam1nat1on of 1nd1v1dua]
conf1dence responses 1nd1cated some subgects were extreme]y
~conf1dent on the end of chapter test£{~even when the1r "?,:
response was wrong On: the retest the subJects had hlgher
"scores and the conf1dence values appeared to be more in
keep1ng w1th the1r overalﬂ 1ncreased success It w111 be ;

reca]led‘that both the 1mmed1ate and the de]ay feedback

than on t’e end of chapter test (p < 0001 From the
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- delay of feedback. This finding does not support

Sturges(1976) .

An examtnatlon of .the conftdence values for correct and
wrong answers d1d not provide any add1t1oha1 1nformatton, in
.spite of the suggest1on by Ku]havy (1977) that the N
»separatton of data into correct and wrong responses would '

’prov1de more’ 1ns1ght 1nto the correctlve power of feedback

.,messages

If a leg1t1mate concern of 1nstruct1ona] de51gners 1s

. to ensure that students respond w1th the h1ghest posstb]e

'ﬁgconf1dence to test 1tems then 1mmed1ate feedback wou]d

. N
-appear to be. the the des1gn construct of ch01ce Thts

o

f]hdtmg does not confirm, Sturges (1976) and . therefore may: be

an 1ndtcat1on that. this sample was more concerned about the

vfeedbaak in terms of understandtng the subJect matter than

'superf1c1a1]y readtng it to determtne 1f the1r answer was

’

o correct At s a]so p0551b1e that the samp]e composed of :

graduate students were mot1vated because of the future

‘fcred1t attached to the retest scores and therefore attended

'carefully to the 1nformatton prov1ded It mtght also- be

'noted that th1s test was severa] hours in length and that

>
the students were fam111ar w1th the CAL mode of test1ng

'; Students were not rushed nor was there any pressure for

them to advance qu1ck1y

If these f1nd1ngs are cons1dered in’ the context of the

~Atheory of memory advanced in Chapter II subJects 1n the

a.t1mmed1ate feedback group accomp11shed tuntng and

o | 106
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restructuring of theiﬁ schema as effectively as did the
de]ay-feedback-group'»ln,additibn ‘the retention test
conf1dence means indicate that the change in the. conf1dence
'of the 1mmed1ate feedback group may be attr1butab1e to more
_exact1ng retr1eva] terms and”a resultant increase in the
]evel of vertftcat1on at each stage of the recurs1ve
'retr1eval process (W11]1ams, 1977).

Feedback Latency'

A second and add1t1ona1 quest1on for’ 1nvest1gat1on was -’

to determ1ne if the time subJects ook to}exam1ne feedback |

r,_(feedback latency) d1ffered ‘as .a. resu]t of feedback t1m1ng

“(1mmed1ate de]ay) or feedback messages (CA CU) Jhe.feedbacK i

}
v'1atency means are summar1zed 1n Table 22, .

: N o » . . .
\ . . . : . * s

o Table 22 -
Feedback Latency by Treatment Group
. '_ . Feedback Latenby
‘Group - Test '~ Retest _
ICA 30205+ 27.09
JICu. 0 335,58 0 83.20
o} DCA - 376,17 - 43,95
«{ DCU -~ - _319,83; 133 83
Mean | 333.41 74.52

'f'fTime'tn-secondsjrs
- A three way ana]ysts of var1ance w1th Factog C
(test retest) repeated 1ndwcated a s1gn1f1cg;t d1fference

“on Factor C (Table 23) Post hoc analyses 1nd1cated al]

;-Ttreatment groups s1gn1f1cant1y reduced the mean ttme spent

o readtng the feedback(messages fol]oW1ng the retenttdn test

| *(p <.0001).
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Table 23 . ‘
Summary of Ana1y51s on fFeedback Latency
SourceS'of Vdrtat1on "dffda MS o F
Between-Subjects 9 . ‘
A (Immediate, Delay) 1 479,18 . .08
S " B (Correct. Answer, Cde ) 1 2433.62 .46
- ‘ AB - : ' 1. 4476.00 - .84
‘ ’ Subjects within groups 36 . .5298.49 .
Within Subjects 40 . e '
- C (Test, Retest) - 1 685837.63 130+ 31*x
: AC T 1 119.81 .02
. “BC ¥ 1 3379.37 - .64
' ABC , 1 2357.63 - .45
N subjects w1th1n groups 36 1 5262.95 .

“F.95 (1, 36) 4.11
*xF .99 (1, 36) 7.39

KthaVy (1976) suggested that htgh conf1dence correct

answers wou]d be read for d1rect1on<not 1nstruct1on whereas

Vw~

h1gh conf1dence wrong answers wou]d be read carefu]]y,~

L

poss1b1y argumentat1ve1y. but wou]d resulﬁ)tn a low o

. repet1t1on rate The Norman Rume]hart theory of memory e

\

L (d1scussed earlter) supports such an argument ‘s1nce htgh]y

: conf1dent but wrong responses would seem to necess1tate a p

;, tun1ng or - restructur1ng of the respons1b1e schema

confwdence responses were selected H1gh conftdence was Ny

i
"def1ned as a (absolute]y certa1n) and low confldence was:

def1ned as a range between 1 4 (not certatn) These

0-

def1n1t1ons each prov1ded approx1mate1y 20% of the tota]

< .

responses The h1gh and low confmdence responses were then

class1f1ed as correct or wrong accord1ng to the matchlng

In order to test Ku]havy s theory, h1gh and low a&;:dr

fin [
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testranswer kDur1ng th1s process two subJects were
.d1scovered who responded 1n a h1gh]y conf1dent manner to al]
answers These subJects may - not. have understood the concept
of conf1dence or p0531b1y d1d not w1sh to cooperate with' the
study. As a result responses of these subJects were dropped

9

from the‘analysis The summary of a]] h1gh conf]dence

T

responses w1th match1ng feedbacK 1atenc1es is presented in

- Table 24,
Table 24 o :
- H1gh Conf1dence Items and Mean Feedback Latenc1es*
: ‘ Feedback Latency _
-GrOup - . Test .. - Retest .Test"Rétest\
Calch P |
- CA X 18.1 6.3 17 - 19
- SD 14,1 7.6 5,
o WA X . - 49.8 141 4 2 ‘
o | "SD- - 1741 1.7 |
CGA X - -56.2 14.6 23 [ 25
- SD 47.7. 7 17.% . '
WA X 127.4 701 AN
S ..88.9 61.2
DCA e R S SRR
CA X 18.6 5.4 33 35
e ,’7 - SD - +220.7 S5 - : L .
e WA X L 39.% 71.0 4 2 . |
= sp 41.4 0 39.7 o 7
CA X - 32.9 « S 13 14
oo 8D . 42:7 1.7 S
CWAX o B2 4.8 2 1
sp, 52.8 0 Y

| *Latency times are in seconds .
n{max)=115=(23 items/test X 5 subJects/group)
ICA & DCU groups have 4. subJects each S

R I



/‘ldfcorreot-answer5¢~Table-25;summarlze5'the low Qonf1dence -

R o
;feedback message rematned on - the computer term1na1 screen

lgNo measure 1s avat]ab]e to determtne if the subJects

/

With reference to Table 24, it'will be noted that each

( _'L1ot

~treatment group is dtvided into correct (CA) and wrong (WA )

N

‘anSWers The number of responses wh1ch are represented by
fthe mean are smg]1 when 1t is recal]ed that the totar number‘

f;of respo g per group is 115 As 1nd1cated ear]rer ‘two

-'

‘f;subJects were dropped, due to 1nd1scr1m;7ant h1gh conftdence

As a resu]t the ICA and DCU groups have.only 4 subJects

y ,
each A further exam1natton of the data revealed that 1t was

not uncommon to flnd one subJect contr1but1ng most -of the

h1gh conf1dence items for a group

Due to the sma]] sample s1ze and the subJectvve nature

| _of high confwdence the data were not stattsttcally

ana]yzed A genera] examtnat1on of the data suggests that

those high conftdence responses whtch were wrong resu]ted in -

' s]tghtly longer feedback 1atenc1es It shou]d be hoted that

cue’JeedbacK is by 1ts nature more verbose than correct

“;answer:feedback The mean number of words per Cue message is

d

'230 henceha per1od of t1me is requ1red to read a cue, o '5/

L

.vaEreaS-the correct»answer feedback<1s already famltiar JThe

'1atency t1mes descr1bed here represent the bota] t1me the

3

| attended cont1nua11y to the message dur1ng th1s t1me pertod

If feedback 1s@to be usefu] 1t must evoke a change 1n
L

the behav1or respon51b1e for wrong answers and re1nforce j:

‘-those behav1ors whtch are respons1b1e for low conftdence .

[
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data. No statistical proCedures were performed on these data

-due to the nature of the data.

o~

' Table 25
b Low‘§onf1dence Jtems and Mean Feedback Latenc1es*
) ‘ FeedbacK Latency 5N
Gfoup Test Retest Test Retest
ICA Y . -
CA X - 11.8 ©15.8 6 11
SD 8.2 21.5
WA X 46.0 36.3 12 7
sb £ 77.5 ° 27 .1 ] ,
ICU S - .
CA X =~ -94.8 . 3.8 13 19
+ - SD 47 .4 3.3 N
WA X « 81. 14.8 25 19
' SD 80.1 - 22.5
DCA / | ‘ T
- CA X~ 48.9 6.2 11( 19
‘ SD 80.6 7.5 L
WA X 45 .7 10.8 13 5
SD 5.8 7.8 “
DcU . : ‘
CA X - 3.9 0 3
SD - ’ 16.1 » o
WA X 90.3 '35.9 6 3 '
‘ SD 35.9 59.6a ’

~*Latency t imes are in seconds
n{max)=115=(23 items/test X 5 subJects/group)
ICA" & =DCU. groups have 4. subJects each. -

Genera]]y, the data 1nd1cate subJects reéb the feedback

v'messages on the end of- chapter test.

The amoudf;of,t1me

A

.'f-spent reading the feedback message fo]lowing a correctxor

%ncorrect response ts apprdximate]y the same (Compensat1ng

appeared to spend s11ghtly more t1me read1ng feedbacK to -

‘1tems is sma]] ) Fol]ow1ng the retent1on test,wsubJects -

wrong answers than readwng feedback to‘the correct answers

A

ifoqgthe fact that 1atenc1es are. 1n seconds and the number of

U’

S Q
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'kth1s study T ‘ L 7’ ‘quln

Discussion: Feedback Latency - . L . ’

Thisﬂstudy found'subjects spent‘significantly less time.

<read1ng feedback messages fo]]ow1ng the retent1on test than

dur1ng or fol]ow1ng the end of- chapter test, The reasons for"

the decreased t1meﬁto’read,feedback'messages on the o

retention test may be due to a combination of (1) a desire,“'

to see. the test score (wh1ch fo]lowed feedback) (2) a. need

K

to move on to the next chapter or sect1on of the courseb
i)
(3) a dec1s1on that feedback was un]1ke1y to prov1de "

assistance in latervtests and 14)" the matertal'was, by this

time, well known. It w111 be recalled that feedback on the

)

’retention test was: prov1ded QT) on]y after the 1ast test

item was answered, (2) ser1al]y in the order the 1tems were -
answeredﬁ and (3) the feedback message was the quest1on stem
with correct answer quer11ned o .vj"f@

It was hoped that conftdence measures, ih comb1nat1on -

hhw1th feedback 1atenc1es, would prov1de add1t1ona1 ev1dence

for. tF 2 select1on of one type of feedback t1m1ng an?/or one o

r(

“gtype of feedback message desﬁgn However the data do not

'.prov1de any ev1dence 1n support of any partlcu]ar

‘

gcomb1nat1on of feedback t1m1ng\pr feedback messages useqﬁ1n.,;

\_;-

D

4

Response Latency o

. The’ 5h1rd add1tlonal research quest1on asked 1f

~ r

?feedback t1m1ng and feedback message desr n had any effect

v“I\

e

N
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presented in Table 26.

Table 26
Response Latency by Treatment Group

: Response~fg¥enzgxw-
Group Test Retest

ICA 225.09 13.61

ICU 175.25 11.48

DCA 191.94 7.06

DCU 183.72 1%.13

Mean - 196.50 11,25

*Time in .seconds ;T
A three- way analysis of- varlance with Factor C

' (test retest) repeated, was performed The anatysis
1nd1cated a significant drop in response times between the
test .and retest (Factor C) (p <. 01) In addition,

significant 1nteract1on was detected between Factor B

(CA,CU) and Factor C (test,retest) (p <.05). These results

_ are presented in Table 27. x ”

Tahle 27 .
Summary of Response Latency Analysis

df MS F

Y

Sources of Var1at1on

W

Between Subjects

g _
A (Immediate, Delay) : 1 16772.0 1.37
"B (Correct Answer Cue )} .° 1 22177.0. - 1.81
AB gﬁfﬁg 1 5462.0 .45
Subjects w1th1n groups '+ 36 12238.3 = ‘
. | Within Subjects . ﬂ 40
SN C (Test, Retest) 1 * ok
e AC 1 -
. BC : 1 - . 90*
- ABC < o1 16161. 0
Time X ' '
A _subjects w1th1n groups ‘ '8180.53.
" %F.95 (1, 36) 4.11
**F .99 (1, 36) 7.39
| e |
4
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Post hoc analyses indicated (1) all treatment groups

significantly reduced the mean time required to answer the
4 -

test items (p <. 001) and (2) the cue group required a

significantly h1gher mean Qme to respond to the r‘etentlon
test than did the immediate feedback group (p <.01),

Discussion: Response Latency

The increased test scores on the retention-test; as

well as the reduction in response times, all point to

greater familiarity with the test material. Of particular

noté was the significant difference‘between subjects who

. received CA teedbacktand those who received CU feedback. It

will be recalied that a s{gniftcant difference existed

‘,between the mean scores of the'CA ahdeU'f q:aCK groups on

the end;of—chapter test (p <.005) and that thi's difference v
was not significant on the retention test” (p <.11). The
legacy ofitﬁis difference abpears“te_have carried over to
the cue group on the Eetention test in the form of longer
response times.

These findings indicate that cue feedbéck resulted in

‘both an increase in. mean test scores and, to some extent,

increased medn processing times on the retest Although the
0 , .

; increased.mean scores were desirable, the increased mean

response'ttmesrmay indicaté either a<temborary difficulty in

retrieving information for a solution’(confusion from cue

; oo L .
,feedback) or (2) a more systematic verification process

based‘updh the knowledge that‘thﬂs material was not well

Known in the past. Eitheq of these’interpretations»may be

|
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valid. The researcher favdursAfhe'View that incregsed
retention test mean response-latehcy'is an artifaét'qf
former subject matter difficulty, even thoﬁgh confidence
'valueégfqr this group did not indicafe a perceived'laCK of
certain]y‘in the~an§wérs when compared withgthe“CA feedbécﬁA’

_group.

P
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V. Conclusions and Recommendations
s .
A. Conclusions _ ‘

This study was destgned to 1nvesttgate the common
constructs used in CAI test1ng ses51ons At present,
empha51s is placed on prov1d1ng feedback as rapidly as
p0551ble CAI computer hardware conftguratlons often
emphas1ze the need to produce responses within 1-2 seconds
Natura]]y, it has been belleved that feedback should ailso be
presented w h s1m11ar sw1ftness Feedback messages have
tended to be brief and to the point, e.g. "You are r1ght"
or "You are wrong, the answer is...". Several CAI systems

have been des1gned to provide short feedback messages with

very ]1tt]é programming effort. Since no- ev1dence ex1sted to

suggest other CAI methods would be better, or that the

current pract1ces were the best, CAI authors and programmers-

- have tended to produce courseware that was compact

-

efficient and requ1red the least effort. .
This study exam1ned the effect of 1mmed1ate feedback -

and 24 hour delay of feedback upon long term retent1on On a

Qretent1on test one week fotlow1ng an end-of- Chapter test, no

51gn1f1cant d1fference was found between the 1mmed1ate and

"detay feedback groups

The study also exam1ned the effects of two types of

}feedback messages upon long term retentton Dne message

prOV1ded a re- display of the mult1p]e cho1ce ;pst 1tem_w1th

the correct answer under11ned (CA), the other feedback'

116
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- to the end of - chapter test (p <. 0001)

J | o 117

.

message was written to provide a cue to the correct answer

(CU).'Brteny,-this cue was a CRT dtSp%@y of several

sentences or-a formula which the statistical instructors
greed.would ’cue’ the subJect to'the correct answer. These
cues were, on average 30 words in Tength |

This study departed<from all earlier research activity,
since no-other study has’inyo]ved: (f)Aintegratthg the testing
techniquestuithin a stable CAI, (2) maintaining the freedom

of instructors to. interact with students within a CAI envir-

.onment, (3) a]ToWingkstUdents to'respond to test items in

. their own time, (4) administering the test and retest

under the same CAl éOndttiOns}‘(S) standardtiing the tnter-
vaT between test and retest at 7 days for aTT students, (6)
coTTect1n§ data on the conf1dence students had in their
answers as well .as co]lect1ng data on-the time taken to
answer items and read‘feedback messages,.(7)rassigntng‘.

course credit for both‘the test and retest and (8)-eXamin1ng

.recaTT as weTT as. recogn1t1on of test mater1a1

o The CA and CU feedback groups had dwfferent mean scores f

on the end- of - chapter test (p < 005) There was no-dtff-
'erence between CA . and CU feedback groups on the mean scores

~-on the retent1on test one weeK later (p C11) ATso aTT

groups scored better on the retent1on test in compar1son

TR

Add1t1onal quest10ns f 1nterest to CAI 1h$trUctionaT-'

deS1gners”were asked. These were w1th regard to the effect

~of3feedback timing and feedback message des1gn may haVev

upon:
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a. the mean confidenCe assigned by students'to their

1atency time requ1re by students to produce ‘

“responses\ and -

c. the mean’]a ncy time taken to read a feedback

o message. ‘ \\\\\\n S v' |
, One-ha]f of the 'subjects 1E the samp]e (N 20) were

asKed to 1nd1cate the conf1denceithey had 1n thetr answers

: The subJects respgnded by rank1n- the .certa1nty of

Correctness of _their response‘tﬁja test item on"a continuum
from -1 (not c rta1n) to 7-(ab5q‘utety‘certatn) It was fOUnd‘
"'that no differérce in mean cant1dence values ex1sted between
_thelfour treatment groipsyttmmedtate CA 1mmed1ate Cu, de]ayv
CA, de]ayvCU) on the end-of- chapter test, or.on’ the
retention test. The 1mmed1ate feedback group (CA, CU) did
£11ncrease their mean conf1dence va]ue between the test and
retest however (p <. 02) | |
| An exam1nat1on of the t1me subJects spent read)ng the .
'zfeedback messages (feedback latency) 1nd1cated no T
| b,d1fferences ex1sted between the treatment groups on the mean;‘
'j} feedback 1atency t1mes for the test and retest yA'. o
‘.js1gn1f1cant decl1ne 1ntthe mean feedback latency ttmes
;,occurred for all treatment groups between the test and lvi;"
loretest (p <. 001) ; B | |
| The t1me subJects requ1red to answer. test 1tems .

-(response 1atency) was ana]yzed A s1gn1f1cant dec11ne 1n

mean response latency t1mes occurred between the test andh‘d
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retest fBr all groups (p <. 001) In addition, on the retent-

1on test, the feedbacK message group . requ1red more time to

respond on the retention test than did: the CA feedback

' message group_ (p <. 01). It was suggested he d1fferences may -

. 7

be traced to the lower . test scores achieved by the CU group
on the end- of chapter test |

‘ \_,/ '

In summary, this study based upon a: sample cons1st1ng

of un1vers1ty graduate students,‘supports t e C rrent

pract1ces of‘prov1d1ng 1mmed1ate feedb‘_K using s

feedbacK messages (indicatfng just th‘ correct.anSWer).

Prov1d1ng a de]ay in feedbacK was a kumbersome

Ay

,'jﬁconsum1ng process “for the IBM 1500 author .’ Th1s feedback

“mode - al}o requ1red more phys1ca1 space 1n the computer
“progn/m and a v1g1lance on-. the part of the 1ns€ructor to

ensu)e subJects returned w1th1n 24 hours SubJects a]so f,

see 1d to prefer 1mmed1ate feedback as they w1shed to Know
'wh1c, of the1r answers were correct after comp]et1ng the )

'test End oh—test feedback 1s poss1ble but perhaps future

ﬂ':YCAI systems W 11 a]]ow the subJect to select the feedback

“cimode of preference Perhaps 1t shou]d a]so be stated that

jdelay1ng feedback de not degrade subJects performances

F'iHowever, a delay 1n feedback may have advantages for certa1nt'*:

/ ;

“rij' The use of ‘ues as’ feedbacK messages prov1ded some ”

'other types of le

R d1ff1cult1es for the éAI 1nstructors,_the programmer and

-the STAT1 studen's L1rst the 1nstructors d]d not ent1re1yyn

agree oqfthe~me/sagés prov1ded s1nce each has h1s own

$\ e
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4approach to assisting the student. Second,’cues required
morevprogrammer effort and more»space‘in‘the computer
'computer program Th]Pd, some subJects d1d not 11ke the cue
feedbacK and were qu1te argumentattve about the1r usefulness
»F1na]1y, there was no. ev1dence to 1nd1cate that subJects |
;spent more t1me read1ng cues (in compar1son to correct
fanswer feedback), or that test scores 1ncreased as a resu]t
of cues In contrast to’ these ftndtngs ‘a body of research
:and theory ex1sts to: support the use of cues (Sturges 1972'
Norman & Rume]hart 1976) Further research, us1ng d1fferent o
age grOUps dtfferent course content and w1thout the h1gh |

]eve]s of 1nstructor support or learner mottvat1on may

conf1rm the value of cues as feedback

B. Recommendations | | |
o A maJor d1ff1cu1ty encountered in thts study was the
bs1ae of the samp@e Th1s was part1cu1ar]y troublesome when
1nvest1gat1ng the re]at1onsh1p of conf1dence values to o
feedback t1me and feedback message des1gn ‘Thz reason on]y
one- ha]f of the avatlable subJects were requ1red to 1nd1cate__i"ﬁ
'the1r conf1dence va]ues was because no prev1ous research iy
'data were avat]able to 1nd1cate the effect this: procedure
vm1ght have on the test scores, feedback 1atency,;or response
]atency Thts study found that requ1r1ng subJects to subm1t
conftdence values had no s1gn1f1cant 1mpact upon other ‘-4
vartables under 1nvest1gat1on Had a/larger sample been
va11ab1e, th1s study wou]d have adopted the f1ne gragned
an}wer analys1s suggested by Ku]havy (1972) and Phye (1977).

P

1
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The investigatlon‘bfterror perseVeration.and long term
retentlon appears to be one wtth excellent‘potentlal It 1s
recommended that future studles dlspense w1th the control
_group (non conftdence measur1ngl and devote the entlré
sample to an in- depth study of learner behav1or on.
test retest parad{gms

It is also recogn1zed that the populatlon used for/the

: study cons1sts of graduate students For the most part 4hese/“

"students are a hlghly mot1vated, compet1t1ve group In'
| case they were enrolled 1n a core curr1cular requ1rement
Their study hablts were" expected to challenge the theor1es
nland earlier research c1ted in the rev1ew of llterature The_
‘CAI learntng env1ronment and readlly avallable 1nstructor oL
‘fass1stance may have also reduced the 1mpact of the delay
retentlon effect and cue type feedback messages reported by
Sturges Kulhavy and others The f1nd1ngs of thls study

"'suggest cont1nued reseach u51ng a varlety of student

’”populat1ons, CAI/CMI dellvery modes , and deferlng degrees

of 1nstructor support

E Some stud1es have 1nd1cated cue feedbac&fenhances long
lt_term retent1on S1nce thts study d1d not conf1rm these
iearller flnd1ngs 1t would appear more needs‘to be known :7
'ffabout the construct1on of cues 1f they are to have the |
ieffect1veness cla1med by some researchers Perhaps a varlety h‘ ;f
‘l'of cues could be prov1ded for each test 1tem and the studentff

t‘tracked by the computer to determ1ne wh1ch ones are found

most useful From the feedback latency data 1t seems that

s
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~ students exam1ne in detall the messages prov1ded

122

o

:1rrespect1ve of the feedback mode (1mmed1ate or de]ayed)

More ‘heeds to- be known about creattng condlttons of Iearn1ng
w1th1n the eva]uat1on process It econmended that CAI

t
destgners exper1ment w1th varlable 1ength feedback messages

fo]]ow1ng 1ncorrect responses to determtne the effecttveness

of tearntng sesstons 1mbedded in evaluat1on )
Ftnally, 1t is recommended that a study'be carr1ed out

‘to. determ1ne the 1mpact of prov1d1ng a retent1on test wh1ch

states prev1ous test resu]ts as’ part of the feedback

'message That is,.in add1t;on to feedback related to

orrect1ng the error the subject would be told his response
htstory on'the item, e. g You got th1s questfon wrong - 1ast
t1me and the answer you used was ”x’" or You got th1s :
quest1on rtght the last t1me but this time you are

{

wrong the answer is .x’" A second retent1on test would

exam1ne the 1mpact of stattng the learner s h1story of

}responSes to determ1ne 1f th1s tr1ggers longer feedback '

Al

o 1atency and a p051t1ve change in behav1or (correcttanswert:

N
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e i = e e

A t-test can be ‘used to:

a. compare two means
b. correlate two variables

©. - ¢. draw two random samples
d.’compare two 1ndependent varlances

v*TYpe the letter of yourvanswer*

Confldence measures are presented to- those requlred to respond.

1

" In this example, if answer option

a' is' selected. then the
' confldence questlons would be: the followxng four.“

(’- R R T
R How confldent are you that your answer
s correct’ S R |
a. compare;two means

i

‘ .fNet' 3'_',p"“?“_f<[;v . ‘ iu’Absolutely?ﬁ1
b N E .Certaln e f_’ ,e,- _ ‘Certain
' I--===~ B Tl Gl bt B I--——=- I
12 3.7 4 5 6 7
o B N T _ | :
| **Point to the number on the rating scale**
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1. How confident are you that your choice

“is wrong?-
b. correlate two variables

‘Not ' B ' S Absolutely
‘/Certain o ; R - Certaln

**Point to the number on the rating scale**

1. How confldent are you that your cn01C@

1s wrong’

>c,<dﬁ§w two random samples

"Nofv_.. , ;' ,fi\‘ R . : Absolutel

**Pdiht to the numbe%;oh“thé'rating'Scéle**

How confldent are- you that your cn01ce .

L 1s wrong ¥

;fdr COmpare'twd ihdépehdent-variéhces 2
: >i,N°:V - P ' ”‘~;"‘ R Absolutely
“'vCertain T Certaln

u‘*PointftO’the number'_

_Certain” - - T " . Certain :::i>  )
e e e e i aie? ST e NG [ (
1 2. 3 -4 5 6 7\

qﬁhé?fatingfscale4:N5)/
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Irrespective of whether confidence measures are required, the
subject rece1ves feedback in one of two forms. The first example
is of the correct answer - underlined, the second, a cue.
The delivery of these messages is either immediately after
the last confldence measure or after answering the gquestion.’
(if no .confidence measures are taken),'or 24 hours later
when the subject 51gns on to the IBM 1500 system.
B¢ - B
: : ) , &
Feedback message: correct answer underline- . ‘ S v
. . P . 1 . . N
A .t-test can beeueed'to: '
‘a. compare two means -
b. correlate two. variables
¢. draw two random samples o _
d. compare two independent variances. : "
answer is underlined above#** R : ‘Q “
message: cue . i}
/"
. First the question is. presented again. . » »
M . .. N o - . .
/ A t test can be used to- i - y
o : Q-a.‘compare two means
) 7 b. correlate two varlables _ : I
- L e c.. draw twor randomﬂsamples e S - .
o - fd.‘comoare two 1ndependent varlances',, . i 4
. PR ' " "4 N . i
T - N
. SEEE ;
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: : . ) N C
’ L R g——‘\,'

~The follOwing statements may. be helpful:

Second the cuye 'ie_presented.’ - .

1. A t-test may be used w1th 1ndependent or .
dependent groups. v : -

2. A t-test of two independent groups. is .t

' equivalent of an ANOVA for two 1ndepend$ﬁv_

~ groups. o A

3. The numerator is (xl—xz)‘

. XX Show me the questlon agaln

XX Move me on’ to the next questlon

L Point to_Qne of thefoptions above .

U
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Question 1
Item

In testing a statistical hypothesis, it
is necessary to find the sampling dist- .

' ‘ribution of the. test-statistic. This

samp11ng d1str1but10n is found by .
assuming that '

3

a) the hypothesis being tested is = - .. »-

. not true A !
b) the conf1dencec;nterva1 -1.96 to 1:96
c} the hypothesis being tested is true

" d) the sampling distribution is a norma]

~curve

Cue .

To determine the correct answer cons1der th°

-following:

a) the random sampling d15tf15ut1on of a ..

"~ test-statistic must be known or assumed

' ref]ects this assumptlon

‘v'd)(COmpare,Z.independent variances

before andlysis my proceed

b) a pos1t1ve statement of purpose

Question 2. o B

e ‘ . N e R
- Item : = Qa SRR

N A t- test can be used to Q_‘;jzs.'
-3

- b) correlate two Variables

)ft:ompare two means e - , ﬁﬂ
c) draw two randdm samples CLEe

The fo]]ow1ng statements may” be. he]pfu1

;1 A t-test may be used with 1ndependent
or dependent groups.

2. A-t-test of two independent groups is:-

- the equivalent of an: ANOVA for two
independent. groups

o -. 3. The numerator 15 ¢ x gz)

LIRS = 4
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Question 3

Ttem

¢

In calculating the confidence interval
for a population mean, one does not
require:

a) standard deviation of sample “Q\
scores

b) the size of the sample

¢) the value of the population mean

d) the confidence level decided upon -

Cue ’

A sample of 64 is drawn from a
population whose mean is 104 and the
sample standard deviation is 9.. The

95% confidence«interval is approximate]y

104 -1.96x 9 <w< 104+1.96 x-.9
, R . VR4

Question 4

Item -

The standard error of the mean is jsut

another name for the standard deviation

of:

a) a sample . *

b) the random sampling distribution of
means

‘c) the random sampling distribution of

_any statistic
d) none of the above

Cue ’ s

1. A'standard error is always a standard

deviation which is decriptive of the
variability of a statistic over repeated
samplings.

2. The standard error in this question

-1s specifically descriptive of what?

nﬂnﬁ%’
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Question §
Item

In the denominator of the formula for N
the variance of thesample, the sample
size is customarily reduced by 1.

The reason for this is that it

makes the variance of the sample an
estimate of the-population variance.
This varinace is considered to be:.

s TR e

2) consistent in the critical region
b) invariant ,

c) an appropriate test statistic

d) unbiased :

vCue

This may help:

When we estimate the population variance

by £{x-R)2, we fail to take into consid-
. n :

eration that the sample mean x will be

randdmly different from u. This means

that ‘our estimate is usually too small,

Question 6

Item

You have just calculated the confidence
interval for the population mean with
a=0,05. You should state that:

- ) insufficient evidence has been
obtained to reject the level of

. confidence

b) differences between the Sample mean
and zero will exceed these limits 5%
of the time - A

c) in 95% of such problems, the populat-
ion mean will lie in such an interval
d) none of the above

o

Cue

Here is a statement (90 <wus< 96)

Now efther the statement Ts trye, 1;5,»~ ‘
v

v is in the interval or it is_false
is not in the interval. o

Here is a confidence interval

p( 90 cuc96) = .95
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Question 7
e

I t an’\"’/ﬂ_,.«/,,,

s Although the invest1gator does not know
it, the boys &nd girls in the population
are equally capable of learning lesson
7. The probability that any t-test will®
result in the conclusion that boys are
different from girls in this respect
should be 1nd1cated by:

a)level of significance
blefficiency of a statistic -
c)power of the t-test
d)probability of type II error

v Cue
1. The. t- test 1s used to determ1ne the

probability of a difference in two
sample means occurring by chance.

2. The probability level is that se]ected |

by the researcher, for example: 10%,
5%, or 1%.

Question 8
Item . ' 4

In a controlled experiment with 12
subjects in each of two groups, 2
researcher used a t-test when he
-could have used a z-test. What

was the effect of this mistake.

‘a) 1ncreased power

b) increased probability of
rejecting a false null hypothesis

c) decreased the probability of Type I
error
d) increased the probability .of
rejectxng a true null hypothesis

i

-y

~ Cue

1. Regard1ess of size, the sampling d1st-
ribution of z is norma] '

2. With small sample sizes the t- test is
distributed somewhat like z. but with a
curve 3 Jittle fatter at the tails,

‘3. Type -1 error is the rejections of H
ijnH is true
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Question 9
Item

The probability distributions of the
test statistic, t , with 10 degrees of
freedom and 20 degrees of freeedom
are;

a) identical = ’

b) identical in. central tendency. but
the variance of the latter is smaller
¢) identical 1n central tendency, but
the variance of the latter is greater

d) difference both in central tendency—

and in variance.

Cue

A populat1on may be estimated using
varying sample sizes.. note the
decrease in the critical value of
the test statistic.as the sample .
size increases. , -

Quésfion 10
Item

A single test is administered to ‘the
same sample of 49 students on two'
ssive Mondays. The mean of t
differences in the scores is +4.0
and o2 (unbiased estimator) for
these differences is 8.0. Assuming

that the assumptions needed to sat- .

isfy the t-test are met, test the
hypothes1s that the population
means on thﬁ ‘two occas1ons are
equal.. .

a. difference significant at .01 level

b. difference significant at .05 level
but.not at .01 Tevel

c. difference -not 51gn1f1cant at 05
level

d. 1nsuff1c1enf 1nformat1on 1s prov1ded'

Cue-

You may test for significance bétween
two means by test1ng whether the mean
difference (D) is significantly diff-
erent from 0.
The sampling variance of B is found
by €0

S2 . 1pacc2 D

;Né .163 S tobs 3.

,1df=48, a=.05, 't' g75=2.002

¥
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Question 11
Item ’

A research assistant does a pooled
variance t-test, but should have done

a correlated t-test. The't he obtained |

will be:

“a) appropriate
b) smaller than it dould have been

c¢) larger than it should have been

. d) inappropriate, but nothing %m be

said about its size

“Cue

For equal sized groups; the denominator
Tooks Tike this: . ’

-pooled. variance S+ 52(% . l)z(SZ; SS 2{_
' 2

n

.corre1ated-t"( Si Sg - 2r S,§, 3
: n A

Remember 'r' doesn‘t always have to be

. positive, i.e. ih

Question 12

‘Item

' perkins (AERA Journal, 1964) decided to
“use a ='0.05. He carried out 126 indep-

endent t-tests. If the null hypothesis
is'.true; by cchance  of 'sampling you :

. ~would expect him to find approximately
. how many ‘significant t's? - '

a) none

d) 6.

"Cue.

‘An o of 0.05 means that we accept the

probability of 5 chances in 100 of -
being wrong when we, reject true null-

_hypothesis. How many times would

we be wrong in-126 chances.. .

4

i

e
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Question 13
" Item
When the pooled variance t-test is used-

with a sample of 15 cases and another of,
25 cases, the degrees of freedom are:

‘ g 14
b).-38
c) 24

~d)- 39

Cue -

. Check gut this formula:

_(X x)l + z(x’l

n+n=

{ Question 14

Item

If a Pearson r =+.05 is obtained, which

of ‘the following WOqu be proper?

a) 95% of- the repeated’ samp]es wou]d be'

- in the range £.05 u
. b) the variance of one var1able attrxb—
.:uatable to the. other is negligible.

c) high' scores on one variable are

Ipared with Tow scores on-the other

d) atthough not statistically signific- .
ant, the obtained r, in practice, ,

"~ could st111 be very 1mportant L

o

Cue'”

rZis. often called "var1ance accounted for o

because r* = 1; and § = bX + &

e Sy ,; .

.1 and $0 y is: just X in d1sguise

RS
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" Question 15
Itemv

The advantage of transforming r to .

. Fisher' s-2 wherk testing the significance

of an obtained r, is that the samp11ng .

a;. varlance of 2 is smaller than that of r
_the shape of the z's-distribytion is .

, depenaent on-the population valye of r -

c¢) “distribution of z is approximately. normal

" d)  distribution of z. is. 1ndependent of :
T sample size .

- Cue

. Nhen'we have a populati va1ue . ‘

“p.® .93, The sampling. distribution of: r
“1s skewed ‘to the left becsu no values of & * -
r greater than 1 are possible) where as

" values as low as -1 are’ poss1b1e. When

- vations, from a bivariate: normal dis-

- s approximately:

s 'Cu,e‘_b\‘ X

the population,value p =0, the sampling
distribution r is symetric. Does the
use of Fisher's z overcome this problem?

Question 16
Item. » L
Given that in.a sample of 12 obser-
tribution, the sample.r, = +.20. There- ,'?

_fore, the 95% confidence 1nterva1 for
“:the population corre]at]on coeff1c1ent

27 a) (.45, .86) b g (-.20; . 20
. c) (-.42,.69) d) none of the- above ST

._,1; S ,_:-

, _If’f‘= 20 Z (Table E, Furguson)
gSunMrdErmron JT&E'

95% confidence 11m1ts Zy £1.9657,
Did you. convkrt 2, back to r?
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Question 17

cItem.

P

As the correlation becomes smaller, the

standard- error of -the difference between
the means of . the corre]ated varwab]es
will, . .

agi become: larger B
b) remaip’ unchanged

" c) become smaller; .
~:d}-¢tan not tell ffom: the .

1nformat1on g1ven

'y
\
AU

The: standard error of khe d1fference

between neans for unre]ated samples 1s

.
.

2 SN
52 + S - 2r12 §,.8 EERTN

2

) Hhat happens to this as r ?ets anl]er

{say for 1.00 to .5 to -.5

.. Use- some p]aus1b1e.values for 5,85, -

. Qeesﬁioh'18’
“Item o

:If the ‘number ‘of degrees of freedom is -
-_,1nf1n1te. the t d1str1but1on will be

) a norwa1 d1str1but1on R
b) . a chi-square distribution = =, s

¢) an F.distribution

.3.‘d) a poisson- d1str1but1oh e

; Cuef'
Z'Useﬂyqur’tab1e$,£o,see'the '
.tWO tailed 't' values for

.1, .05, and ‘01 as

x‘N approaches .
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. Quéstion 20

o fEZ pooled =

@ fk .
% .:{; .
" Question 19
Item | '
Group Results - N ... e
1,3 2w
II 7 7 8 4 c. *

How many degrees of freedom are there
* for testing Ho e “II

a) 1
b) -4 ..
ek 5
d) 6
"Cuq,: | '

.For two 1ndependent groups what is the,
.. denpminatior in culculating the .~

“$tandard error of the. dwfferences :
" between - means7

e
Al .
Ttem” o
“Group. Results | N
1,03 R A
- 7,7,8 0.4

:'7,.ln what. 1nterva1 does the pooled e

"var1ance est1mate fa]]’ o
v._(f1nd 52 poo]ed. not. 62 ?I 'II)

a) 0.00°- 1,25 “r--,- PN
b)Y 10260 -00.75 - o
T ¢). 0176 +:3.00 oo
d) -above 3.00° - .-

Ctwe

HOERILE (S Wl R

'.‘n1+n2-2
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:;L;Questlon 22 o

- fItem

s ey

Question 21
Item .

Group ~ Results
1 1,3
o178,

v

sro )z

Test the nu11 hypothesis H ¢ ”I = “II

: h)"reject H ata = 10, but not

a= 059 -

',b)v'rEJect H, at @ = 05;'but not

, .01 °

) reJect H ata= .01 -
) do NOT rgJect H at a=.10
Cue

1. Ifdf<ny +ny-2

2. Thetstaﬁdard erfortis; :

- »;//gzlpooled +'g2'pooled
S

1 ) ARSI 1)
X) - Xp.

v-f“A group of 9 students was tested be-:
.. fore’ rece1v1ng treatment and: after R
v;rece1v1ng 3 treatment : S

%= 10,75 12, o2 225, ‘o '-,195'- L
A'l_rxy%“s;'"' o | g .
What {s.the va]ue of the est1mate of :
.~the variance of- the- samp11ng

~distributions if “the’ difference'
‘between the means

5.0 - 25

RS Note that this 1s the d1fference :
' “between the. means. " . A e

’.bThe solution Tooks 1ike this
L2 s2 + 52 < 2r12 s, s E

A%
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2. Cons1der th1s

&
G
Question 23 ‘
- A-group of 9 students was tested be-
fore receiving treatment and after
rece1v1ng & treatm!nt : -
2
X = 100y 12, 52 - 225, 2 = 196 K !
e |
In what interval does the upper £
critical limit of 95% conf1dence
interval fall’ . .
o) 150-200
b) 2.01-3.5 ,. ,
c). 3.5V~ 4.00 T o
d) above 4.00 i

Cue -

1. Yq& Bave part of;the:so1utjon_f}bm
the breVioUs-quéstion (Sf ) e

X

(xl - XZ) - 975 S' < “1 TH2 S

.3, What is the critical upper.value®

'vfon the seven day retest the fo]]ownng data were
1used for quest1ons 19, 20. and-21: - REEE

‘v’Groug o -'.-'Resu1ts y

SN
0046800 4

n’ The: rema1nder of the retest quest1ons rema1ned
~ the: same.’ . Y ¢
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. ) -~ Coka '
~ ¢
RESEARCH DESIGN -
. r// ¢ ’
T
» -~ : . 4
I ) TEST
7
. : - Assign Confidence Measures - -
No Confidence Measures s : ) ? . Confidence Measures - : o
\. , ! . ' o R ) .
(' | : X [ .
i Assign Feedback Delivery Mode I e - .
Immediate 24 Hour Delay . © Immedate’ ~ | 24 Hour Detay
! . i : .
Assign Feedback - - Assign Feedback
Message Type [ Message Type
: S e . . : ; R .
CO"EC‘ ‘ Cue . goncu  Cue = Corrccl‘ Cus K Correet 1 cue
Answer (9 Answcr. N ) R Answer | . Answer |- :
. 2 B N . \
' ! K
» . 3 }' E o .
. ) Y 7 Day Deliy., ©
. : EENT
" RETEST . ] s
v ~# Confidence Measures N
_ .. *End of Test Feedback Mode - ’
- "+ | & Correct Answer Feedback Message
S B ’
-'ud) End . - ) .
: . ) E ]
ari 5 .
, »



