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ABSTRACT
. Thrs study ipvestiggtedr 4
1. the eff‘ecrs of the timing of providing”t‘eshresults (item-by-item, end-of-test(, and
ene-day delayed feedback) on the long-term retention of m"ethematiCS skills,
2. ~ the’ .eiffe.cts of ' combining selected information-handl.nfng abilities (reheersal
A‘.pr‘oficiency and ideidental-learning ability) and affect’iye variables (preference for
" time of feledback and confndence in academlc ablhty) with e time of feedback of
test- results on mathematncs skills, and ,
3. the accuracy of prednctnon of information- handhng and affectlve variables on
short-term retentlon and long- term retention of mathematics sknls
’ The partmpants in the study mcluded 166 boys and 194 girls from 18 grgc_j-; five
classes in“the Edmonton Public School Drstruct Instruments used in the study included
three forms of a mathematics achievement test a digit-span task (desngned to measure ‘
rehearsal proficiency), a selective attentuon task (desugned to measure incidental-learning
ab:lrty) the Students Perception of Ablhty Scale, and a q:;stlonnalre designed to
Fmeasure preference for tn_me of feedback of test results. ' ,

The data revealed that, forb‘shor_t-ter[‘h {next day) retention of mathvema’tics skills,
;,_iiemﬂly;uani.- feedback-,waisuperier_-tauandmf_:tespan&oneaday«» delayed—feedback; -—--——
whereas when long-term {seven days) retention of mathematics skills was the instructional
goal, oue-day delayed feedback was superior to item-by-item and end-of-test feedback.

The iterh-by-item and end-of-test feedback groups were not different with respect to
long-term retention of mat‘hematiéﬁ s'k?ﬂs. -

A person. recency-rehearsal proficiency (i.e., ability to hold information in
working memory) and confidence in .her/his academic ability, ‘when combined with the
time of feedback, .produced different levels @f mathematics s?f Students who were
High in academic self-confidence and high in recerycy-rebear al proficiency displayed
highest long-term retention in the item-by-item and the end-of-test faedbaclz conditions,
whereas . students who were low in academic self-confidence and low in
recency~rehearsal prbficiency displayed higbest long-term retention of mathematics skills
when test results feedback was delayed for one daoy. On both the short-term andcthe

long-term retention measures of level of mathematics skill, students. whose



Uti‘me-of-feedback preferences' were met outperformed students whose ‘preferences
- were not satisfied, even though students in the two preferénce groups showed similar
levels of mathematrcs Skl” at the beginning of the experimental period. Remarkable
dlfferences were observed when the effect of satisfying students’ feedback preferences

was combmed wnth that of time of feedback and the differences were most significant at

long term retentlon For girls in each treatment group preference for time of feedback

and academlc self confldence .were the best predictors of short- term retention of
mathematlcs §kllls long-term retention of mathematics skills was best predlcted by their
level of primacy-rehearsal proflcnency and academlc self- confldence 'The regression
analyses did not reveal a clear’ and consnstent pattern for boys in,the three treatment
groups. The results of the study were consistent with thewview that the individual can
influence her / his ;/sbility to remember meaningful material by using rehearsal strategies
intelligently, and that affective parameters are &rucial for an understanding of the

individual's ability to retain meaningful material for a long period of time.

H
o
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1. INTRODUCTION AND THE PRQBLEM

1.1 INTRODUCTION

Since the Iaté sixties, researchers have been amazed by increasing evidence
contradicting {he view that learning occurs best when feedback on performance is given
~ immediately. - Several studies have reported that feedback delayed for one day |s at least
as effective as immediate feedback in influencing students’ ability to retain meanlr‘\gful
material. (See Buckwald and Meager, 1974 More, 1969; Kulhavy & Anderson 1872;
Peeck & Tillema, 1979; Sassenrath, 1975; Sassenrath & Yonge, 1968, 1969; Sturges,
‘1969, ‘1972a, 1972b, 1978; Surber & Anderson, 1975). A proportionally large number
of these investigations have even suggested that delayed feedback is superior to
immediate feedback (K'ulhavyr & Anderson, 1972; More, 1969: Peeck & Tnllema 19789;
Sassenrath 1875; Sassenrath & Yonge, 1968, 1969; Sturges 1969, 1972a, 1972b;
Surber & Anderson, 1975) Other researchers (Beck & Lindsey, 1979 Kippel, 1874
Newman, Williams & Hlller 1874, and S\aersdan 1980) have reported nonsignificant
dlfferences between the effectiveness of these two types of feedback; and two earlier
studies (Sassenrath, Yonge & Shrabble, 1968; and White, 1968) have showed evidence of
immediate feedback being more effective than delayed feedback.

Few patterns have emerged from these studies that differ in criterion measure,
definition of immediate feedback,. chronological age of the participants, and method of
data analysis or experimental design. Yet, the concern to match test-results feegiback
parameters with test-item response characteristics ih ways that optimize learning and
retention requir#s a clear understanding of the differential effects of immediate and
delayed feedback. Such an understanding m'ight\dicta‘te important features of Computer

Assisted Instruction. Somé of these features might be error.rate, feedback mode,
motivational prompts, and ‘the training bf_vinfo’rmation-handling strategies that might
influence students; ability to organize and store‘material to be remembered.

Several views have been proposed to explain the superiority of delayed feedback
over immediate feedback. Kulhavy and Anderson {1972) and Surber and ‘Anderson (1975) .
claimed that the individual does not readiiy forget his initial responses during the inter-trial -

feedback interval. The initial incorrect response perseverates, and inhibits learning of



information about the correct responée obtainéd from feedback. Insimpler language, the
selection of a response to a test itém strengthens it; connection with the stimulus
question, creating a tendency to repeat‘\i{ whenever the given stimulus is reintroduced.
Where the initial response is wrong, the tendenéy to repeat it interferes with the learning
of information from feédback about the correct response. All S-R connections weaken
over time. Consequently, delayed negative feedback produces less conflict with
previou's responses than does immediate negative feedback. The delay is not an issue in
the case of positive feedback whefe there is no competing response.

The findings reported by several studies (Kulhavy & Anderson, 1872; Sassenrath,
1975; Surber & Anderson, 1975; for example) seem consistent with the theory of
interference. But the interference-perseveration hypothesis ignores the possibility that
instructions to enhance, rehears%ﬂ\ind attention” while the ‘participant is learning the
information from feedt;ack might sigﬁi\l\icantly influence the retention of the material to be
remembere;j. /Information-handling ang affective variables such as rehearsal and
confidence in gcademjc ability seem, on t\ > surface, to be important determjnaits of the
depth at which to-be-remembered matepfdls are stored. These variables may, in turn,

influence the retention and retrieval of infqrmation. - *

\

Sturées’ explanation can easily ascommodate the infldence of information
processing variables such as rehearsal and stimulus elaboration. She claims that the delay
" interval is not the critical variable. More important is the student’s alertness.to cues
availéble at feedback. In the immediate, item-by-item, feedb;ck situation, participants
seem to pay little attention to relationships between the stimulus question, the correct
response, and the wrong alternatives, but, rather, note whether the answer they have
selected is correct or incorrect and then move on to the next test item. This, she states,
is not the case in the delayed feedba. i situation where participants perceive that they have
enough time to-note the relationships carefully. Her .view \‘seems to be supported By the
finding that the superiority on Idné’-term retention of,fdelayed feedback over immediate
feedback disappears whan students in the immediate feedback condition are ma‘d_e to pay
greater attention to the feedback dues, or when feedback is limited such that dellayed

. . g
feedback students have no additional cues with which to orgaﬁ"ze new material with

previous learning (Sturges, 1972a, 1972b).

A

A



[

The rehearsal facilitation theory does ‘not account for the fact that some studies
(More, 1969; Peeck & Tillema, 1979; Sassenrath, 1968; Sturges, ]969, 1972a; Surber &
Anderson, 1875} indicate that feedback d\elaxed for 24 hours is'superior to feedback
provided immediately after the student has taken the test. In both of these eituations, the
student has enough time to note all the important feedba'ck cues; yet' feedback seems to
differ in effectiveness from one condition to the next. Another inadequacy of the
rehearsal facilitation theory pertains to the. fact that imﬁwediate feedbac& and delayed
feedbaek are equivalent in-effectiveness on immediate retention ‘but,seém quite different
in e\fficacy on delayed retention (Sassenrath, 1975; Sassenrath & dege, 1968, 1969).
The recent study of '(?ostman and Knecht (1983) also reported findings that seer\‘ﬁ
ineonsistent with Sturges’ explanatiori of the delay-retention effect. The study examined
the effects of encoding variability on retention in a series of three experiments. In
Experiments 1 and 2, target words were presented to students three times, in either the
same sentence or in three different sentences. Encoding variability failed to increase
elther free or cued recall of the target words, and it did not reduce long- terln forgetting.

» In Experiment 3, the student was presented (three times) with class names and modifiers
with or without imag‘e_ry instructions. Modifiers either left the class names the same or
changed them. Modifier variability showed no effect on either immediate or delayed
retrieval of the class r:ames. Thé researchers concluded that an increase in the number of
retrieval routes was not a sufficient condition for improved recall. The inconsistencies
revealed here seem to suggest that it is necessary to consider other vgrlables of the
feedback situation in order to arrive at a worthwhnle explanation of the delay- retention
effect (DRE).

In an attempt to arrive at a more parsimonious explanation of the DRE
phenomenon, Joseph and Maguire (1982) introduced another parameter in:the prediction
equation. They tested the effects on mathematlcs skill Ievel of immediate feedback and
delayed feedback at varlous 1evels of self-concept of ability in reading. Whereas delayed

/eedback was the better feedback mode for students who were average or below
average in self-concept of ability in reading, immediate feedback was more influential than
delayed feedback with students in the highest reading self-concept category. This finding

was discussed as suggesting the need for an explanat@ry retention model that accounts

v



for variability in students’ lmotivatio'n and, possibly, information-processing ability. That
is, the interaction of time of‘ feedback with mQtivational and information-handling variables
needs to be investigated so as to properly consider alternative hypotheses that speculate
about the effects of differential affective states and éognitive abilities on learning and
retention outcomes.

Since Kulhavy's and Anderson'’s exp]anation of the DRE focuses on competing
respénses that occur v‘on the second trial of the test, an examination of the relationship
between incidental-learning ability ana the effects of time of. feedbéck should provide
evidence capable o\g strengthening or weakening their claim. The finding of a disorainal
interaction betwee;w the \timing of feedback and motivational variables such as confidence
in academic ability, witr;\*i,\ndividuals of high academic self-cohfidence'deriving greatér
benefit from immediate than delayed feedback, would support Kulhavy's and Anderson’s
view. V

Rehearsal proficiency ‘might be another crucial information-processing variable for
high level long-term retention. Thé individual who sporitar)eously rehearses information
might use this strategy to keep details‘ longer in his working memory, thus providing
himself with enougﬁ time to develop meaningful connectiqns between incoming pieies’of
information, as well as between the stimuli and similar rlnaterial_in storage. Since‘ the
probabiiity of recall might be a function of the extent to which the individualb has connected
the information in question with cues of the stimulus, ’establishirﬁfé/greater number of
connecting links (called retrieval routes) with previous memory_stores might enhance
long-term retention and level of recall. Rehearsal could also be used to chunk or regroup
several pieces of information together, another 'strategy that is likely to increase the
number of retrieval .routes (Craik & Lockart, 1972) and, consequently, the probability of
recall. Practice of retrieving the to-be-remembered information might be yet another
in‘fjuénce on delayed retention associated with rehearsal ability. An examination of the
reIationsHip between rehearsal proficiency and the differential effectiveness of immediate
énd delayéd feedback on level of performahce might be useful in assessing th.e worth of
Sturges' explanation of the delay-reteﬁtion effect.

As was suggested in the previous paragraph, students can re-address bits of

information previously stored and reorganize or integrate them in ways that will facilitate -
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their retrieval (Sassenrath, 1968). The student who likes the task or the treatment he is

given might be the one most likely to re-address the problem situation and elaborate on his

confidence in his ability or his enjoyment/disgust of the feedback mode with which he

was treated might be critical in determining the effectiveness of a particular type of

)
-

feedback.

*1.2 THE PROBLEM
The pre‘sir_antmig\(iestigation was designed to examine the interaction of selected
information-handling, and affective  variables with the effectivenéss of three feedback
modes on level of mathematics skill. A ‘measure of mathematics skill ievel was taken on-
three different occasions. Different (parallel) forms of [he mathema.tics test were used
to measure initial performance level, short-term retention {STR), and long-term retention
(LTR)of mathematics,skills; so that the criterion of mathematics skills, rather than their .
fec_all of factual items. The feedback modes included knowledge of results provided at
- three different times. Students in one treatment group were informed as to whether
their response to an item was correct or incorrect immediately after they ‘had made it.
This treatment was referred to as /tem-by-item feedback. In fhe second treat‘ment-
group, test results we?e reported to each student immediately after completing thé test.
The term end-of-test feed back waé used to describe/this treatment group. Students in the

delayed feedback treatment obtained test results feedback information one day after they

took the test. For each treatment group, feedbagk included an indication as to whether
each itéé-r’esponse was correct"or incorrect, together with the item-stem (RW+$). The
total number of items answered correctly was also provided on each trial of the test.
Upon receipt of feedback, students were required to rework the mathematics exercise
and rescore their answer sheets; they repeated this process until they correctly answered '
all test .items. The testing-feedback process thus typified a classropm mathematics drill

exercise for fifthigrade students. The in ormation-handling variables chosen were

incidental-learning ability, as measured by a yisual selective attention task, and rehearsal

proficiency. These variables were assume,é to be sensitive to individual differences in
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ability to learn and retain mathematics skills. The interactions of time of feedback with .

the students’ self-concept of academic ability and preférenbe for immediate feedback
were also investigated, and the predictive accuracy of the information-handling and
affective variables on mathematics skill level was examined after two intervals (one day
and seven days) of retention. Important features"of mathematics tests used in this study
are described in Chapter 5. - The data set included three measures of mathematics skill
level as well as the information-handling variables (rehearsal proficiency and
incidental-learning abilty) énd the affectiveA variables (academic self-confidence and

.

preference for time of feedback) as covariates in a repeated measures analysis of
' |

variance and covariance design. The homogeneity of within cell regression estimates was

central to the tests of significance of the interaction between time of feedback and the

concomitants of achievement in mathematics.(

o

3

1.3 THE RESEARCH QUESTIONS »

Because of tfge delay-feedback paradigm used here, one consideration of the
present study pertains to the relevance of the DRE to the learning ahd retention of
mathematics skills.  Although the delay-retention effect has béen ‘demonstrated
repeatedlykWith multiple-choice items, few of these studies included mathematical
concepts and skills. Furthermore, twcg of the sfudies that reported resuits contrary to the
DRE used test items that included mathematical (Wh]te, 1968) and statistical (Sheridan,
1880) contents. White used*s delay interval of thrée days rather than the co-nv'entionally
used delay interval of one day. Cne interest was to fihd outylwhethei’ the results from a
conventionally ‘used delay interval would be close to thbsg obtained with meaningful,
verbal material.  Another category of questions pertains to the interaction of the
feedback treatments’ effectiveness with the information-handling and affective variables.
The last three guestions investigate’the accuracy with which the information-handiing and
.motivational variables predict the mathematics scores of Grade 5 stu\dents after different

intervals of retention. The main research questions may be stated as follows:
B

1. Are the criterion line segments for the three treatment groups parallel? That is, are’
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the population profiles of the criterion means, plotted across ‘the three occasions,

similar for the tfeatment groups?

If the population mean profiles for the treatment groups are'p.arallel, are they also on
the same level? ~ That is, do they coincide?
; ~
Do students in different feedback treatments differ in level of retention of

mathematics skill even though they are similar in incidental-learning ability ?

Do s"'s’fudents in different time-_of—fee’dbagk groups differ in level of retention of

mathematics skills even though they are similar in rehearsal proficiency?

» .
" Is there any indication of a significant interaction between preference for immediate

feedback and time of feedback on level of mathematics skill? »

»

/

Are the effects, on mathematics skill ievel, of satisfying students’ preferences for
time of feedback significant?

N

How significant is the interaction of time of feedback with feedback-preference.

<

satisfaction on level performance in mathematics?

‘t‘}

-

How significant is the interaction of confidence in academic ability with time of

feedback on the retention of mathematics skill?

What is the best linear combination of ‘the covariates that can be used to predict
’ .

- students’ long-term retention (LTR) of mathematics skill? And what is its predictive

~accurdcy?

'
Is the best linear combination of the covariates on the LTR test the same as that on

the STR test? _If these linear combinations are different, how do the covariates

\ :
- change with time in their influence on mathematics skill level?



. 2. FEEDBACK IN LEARNING AND RETENTION: THEORY AND RESEARCH

2.1 Definition of Feedback

The)fé'rm feedback refers to a wide variety of information given to an individual in
order t6 describe the adequacy or'inadequacy of his response. C‘ommonly used
feedback treatments include know/edge of results (KR}, knowledge of correct response
[KCR), and i)rrect/ona/ reviews that contain further information about the correct
response.  Especially with achievement tests, KR or KCR has been provided along with the .
item stem that may include the other alternative responses. KR has also been provided
with cues that may guide the individual to the right answer.

Feedback as described above is supplied by the experimenter, teacher, or
machine, and is, in this sense, e&triﬁsic or external to the learner. But an individual usually

" has his own notions as to how well he has done a test or exercise. This notion may
include his estimate of how much of the test he has done correctly as well as how well he
has done relative to his expectations. Althoogh éxtrinsic feedback may prompt a student
to reexamine his feelings about his Aperformance, his intrinsic notions are present and
operative even when he is not provided extrinsically with a knowlédge of hié results
(Annet, 1969). Much of test information feedback, then, is intrinsic to the learner, and
experimenter provided feedback may be seen as mere extentions of the central feedback
system to include an extrinsic loop that is additional to the learner’s ovan notioné of how

. well he did the exercisej{‘ Therefore, increments in performance level that seem to result
from feedback treatment§ should be inferpreted as gains that are over and above the

t influences of intrinsic knowledge of resuy ‘

2.2 The Influences of Feedback on Retention: reinforcement or information?

A massive accumulation of studies (Buss‘& Buss, 1956; Michae! & Maccoby, 1961;
Parkinson, 1964; and Sturges, 1.964; for examplé) have been consistent in showing that
feedback treatments enhance Iearn{hg and retention in a wide variety of situations. | it is
generally accepted that repeated success or‘repeated failure has an enhancing or a
deleterious effec‘t on performance level. But researéhers are in less agreesment as tQ

whether it is the informative nature of feedback or its alleged reinforcing capacity .that



influences performance level. Since the advent of teaching machines, operant
psychologists {Holland & Skinner, 1961 wokinner, 1968) argued that telling a student his
answer is right reinforces him, and serves to increase the probability that he will make the
same correct response on a subsequent exposure to the stimulus. This view predicts that
feedback\lf it is to be effectlve must be given lmmedlately for it is the immediate
presentation of the reward that confirms the connection between the stimulus and the
student’s response. Consistent with this view is Renner's (1964) conclusion, from a
review of the literature on delay of reinforcement with animals, that efficiency in learning
and retention decreases with delay {usually in seoonds) of reinforcement. Immediate
feedback (accordmg to Skinner, 1968) is thus used in; programmed instruction to shape
behaviour effect:vely and also to maintainitin strength (Skmner 1988, p. 397

Of course, one cannot fully reject the idea that feedback on some programme
stlmuh might be satisfying or annoying (Thorndike' s definition of rennforcement) to some
learners. But to assume that the instructional behaviour of most students IS subject to the
control of feedback mnght be to see the complex human cognitive system as belng as
simple as arat's mentallty or to affirm that knowledge to a human is as food to a rat

Research evidence has repeatedly challenged the notion that the inﬂuence of
feedback on performance level can be explained wﬁin a reinforcement framework.
(See Anderson, 1870; Anderson, Kulhavy & Andre, 1971, 1872; Annet, 1964, ]969;
Smith & Smith, 1966; for example). Anderson et al (197 1) treated subjects with right
~only and wrong only feedback conditions to computer controlled lessons.  Students in
both feedback conditions made about the same number of errors during l8arning but their
levels of performance on the retention tesf were similar. The direction of the difference
- was actually in favour of the wrong only treatment group. This finding suggests that
ft’eedba'ck does not have its greatest positive effect on correct responses, and that
feedback about wrong responses does not necessarily affect performance level in a way
that is detrimental; and these requirements are central to the reinforcement position.

The conclusnon that feedback is not necessarily reinforcing has been confirmed by
Kulhavy and Anderson (1972) and by Surber and Andersog (1975).  Their experiments
involved providing students with feedback immediately or one day after completing the‘

test. Students who obtained the delay feedback treatment were just as likely as those in
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the immediate-feedback treatment to repeat, on the retention test, correct responses they
‘had made on-the initial test. This suggests that providing feedback immediately /after a
response (whether or not the feedback is satisfying) is not an important determinant of
subsequent performance level. The students treated. with oelayed feedback in these
studies actually outperformed those treated with immediate feedback since they were
‘more likely to change their wrong responses on the initial test to the correct resporises on
the retention test. The researchere concluded from this finding that feedback appears to
provide information or knowledge of results that helps an individual to correct his .
mistakes on a subsequent exposure to the test.

Shanon and Weaver (1948) were among the - first to explain the influence of
feedback on performance level in the context of an iri"gorm'ation-processing theory. Their
model defines information in terms of the reduction of uncertainty. The information &
given stimulus co}iveys is seen to be not so much a function of the stimulus itself as of the
other messages that might have occurred instead. The informative value of a specific
piece of feedback, then, depends on how many pieces of useful informetioo that could
have been sent in an evaluation or correction of the response. “The feedback r_/g/zt
following a response on a four-option multiple-choice item is more informative than
wrong following an ,iné/orrect‘ response. Whereas right reduces all uncertainty, the
feedback wrong rules out only oneb of the four possible answere.‘ v °

In support of the reduction of uncertainty theory, studies such as Bilodeau {1852,
.1953), Bilodeau and Rosenback (1953), and Annet (1964) squest that error information
might be used strategically to ‘Iocate the appropriate response rather than as a negative
reinforcer. Feedback on wrong responses in these studies had the positive effect of
reducing uncertainty ar\d thus of ouiding rather than inhibiting learning.

Another paradigm used to examine the reinforcing capacity of feedback involves
withholding information from the participant systematically. This experimental technique
is referred to as partial KR. It involves supplying knowledge of results (KR} in different
- frequencies, for examplegkR at the end of each trial, every other trial, or every fourth

N :

trial. Feedback frequencies may also include b/ank'tré/'/s, which simply involve refusing

to supply information where the su’b'ject would normally expect it.
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A standard partial-feedback study was conducted by Bilodeau and Bilodeau (1952).
The task involved pulling a I‘e;/er through an arc of 33 degrees; and KR included a
measurement (to the nearést.degree) of the arc pulled with the wordg too high or too /ow,
since the student was not told the size of the correct arc. Four treatment groups wWere
used in this‘stud_\y. dne group was given KR af\,ter ‘every tr_ial, another received KR after
every third trial, a third group obtained KR after every fourth trial, and a fourth group was
treated with the. same type of feedback after every tenth trial. in ieach treatment group,
participants confinued to try at the task until they had ten trials with KR.  An ahalysis of the
h/umber of errors inthe ten rials that immediately followed the administration of feedback
showed no difference between the treatment groups. The amount of learning accrued,
therefore, seemed related to the absolute, rather than the relative frequency of feedback;
a fin'd;ng that contradicts the reinforcement p‘rinéi_ple and supports the information
processing v_iew of how féédback influences perfdrmance level. ~ These findings were
reblicated by James and Rotter (1858) in a study that included measures of performance
subsequent to the complete removal of KR. The way in which- performance ‘gains
deteriorated did not seem to féllow the reinforcement principle, the 100 per cent

reinforcement ggins being not significantly slower to extinguish than those of the 50 §
kN

cent reinforcement condition.

fn the Aarea of concept learning, the findings of studies of the influencg
feedback similarly support an informati9n:processing inferpretation of the effe
feedback on iearning and retention. Experiments in this area usually leave out either
or wrong from a se_r‘ies of feedback schedules, or give detailed results for ‘some itelx
and no f‘eedback_for others. Buss and Buss (195‘6) used geometric‘ forms drawn in
various éolours and shapes on s_eparate cards to examine the rei’nforcement'versus
information‘issue. The students were required to sort the cards by colour and then by
shape independeﬁtly of the other dimension. Feedback messages were typical of those
used in concept learning studies.‘ The results contradicted explanations posited by
reinforcement theory. In search of consistency with the then popular trend of thought,
the researchers proposed a reinforcement based explanation founded on the questionable
assumpﬁoh that right is onlly a weak positive reinforcer, whereas wrong is punitive. (The-

bulk of the empirical research that uses the S-R paradigm makes the opposite assumption,
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that r/ght is a strong positive reinforcer whereas wrdng is about neutral. (See Thorndike,
1933)) ’ . \ | .

Bourne et al (1967) reexamined Buss' and Buss' (1956} claims by systematically
varying the proportions of trials in which right, wrong, and no-KR were supplied. When
the number of trials on which feedback was .given were held ‘conétant, differences
betWeen the effects of right or wrong, nothing or wrong, and right or nothing
disappeared, suggesting that the students made similar use of the informetion whether it
wa.s presented in the form of negative or t;ositive feedback. "These findings contradict a
reinforcement based explanation of the influence of feedback on performance ievel; but .
they raise’ qu‘esti’ons about the exclusffieness of any interpretation based‘ soley on
information theory, since it was the proportione, rather than the absolute frequehcies, that
were related to performance level, and since no comment at times -appeared to function "
Iike-r/éht. One should note that giving the indit/idual no feedback does not prevent him
from eveluating his own performance. He may reasen that silence is equivalent to right
sinee the teacher would have corrected him if he were Wrong. This interpretation of the
influgnce of blank trials may be seen as consistent with the view of information theory that
performance level is influenced by additional lnformatlon rather than the strength of the
memory trace

&
Summarizing

The findings of studies reviewed thus far seem contrary to a reinforcement based
mterpretatnon of the influence of feedback on retention and performance level. Rather,
‘he fmdlngs are consistent with the view that the mdnvnduai strategncally uses lnformatlon
presented via feedback to confirm his correct responses or to improve upon errors he
has made on a previous trial. When feedback follows a correct response it seems tQ teit
the learner that his understandir\g,of the material is adequate fer the given requirement
level, or his interpretation of the stimulus is correct. On'ttte other hand, feedback on
wrong responses-to test items is used in a corrective. manner. - (fonsistent with this
interpretation is the finding of Buss, Braden, Orgel & Buss {18586), Buss end Buss (1956),

I

Buss, Weiner and Buss (1954), and Travers, Van Wagenen, Haygood and McCormick

(1964) that telling a student when he is wrong and correctlng him ynelded hlgher retention



_ Swenson, 1875). This tendency might be indicative of learning that has taken place via

scores than confirming right answers. For the same reason, Anderson, Kulhavy and

. % .

Andre (1971) treated students with feedback only on their errors, or gave them extra time

when they made wrong responses, and found that these students did just as well as other
. ] . _

participants who were given a more comprehensive feedback.

The evidehce in this area of research supports the assumption that feedback helps

when the individual uses the conjoint xnformatlon to correct wrong- responses But it

mlght be just as naive to think that negatlve feedback never detrimentally affects behaviour

as it is to think that that is all it does. Such a conclusion would contradict the bulk of

]

research that nnvestngates the effects of repeated failure on performance level. (See

Herold & Greller, 1977; Jacobs, Jacobs, Feldman & Cavior, 1973; Halperin, Snyder,
Shendel & Houston, 1876; and ngn & Hamstra, 1972) Besides, errors and correct
responses have a remarkable tendency to perseverate to subsequent test trials whether or

not feedback is avatlable {(Kulhavy & Anderson 1872, Kulhavy & Parsons 1972 Kulhavy &

S-R connections. o
An alternative point-of view that consrders both the mformatlon processing and
relnforcement posmons states that the extent to Wthh an mdnwdual is helped or mhrélted

by negative feedback depends, at least in part, on his perceptlon of his chances of

succeeding on a subsequent trial. This perception determines level of motivation, which -

in turn dictates the degree of attention and concentration or effort allotted to the task.

Low motivation might also function as a delimitor of incidental learning and the

establishment of stimulus res ons"e connections. The findin of Joseph and Maguire
Sp g g

(1982) that self-concept of academlc ability significantly interacts with the effec‘uveness

f twb types of féedback is consistent with this vrew But more extensive work needs

to be done before one can assert with confidence that affective varuables are critical for

°

recall performance level.

-
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2.2.1 Immediate versus Delayed Feedback and long-term retention

The law of effect requires that reinforcement closely, follows the behaviour to be

learned. Close temporal contiguity is necessary if the hypothesized automatic nature of

reinforcement is to be upheld. If response strength is increased or maintained after an

N

o
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extended period of time between the reinjorcer and the‘response, the operation of
mediatory processes. will have to be accredited with significance, and the law of effect
would loose much of its worth as an explanation of how iearning takes place. It is for tHis
reason that research on the optimal time of providing feedback becomes relevant to the
reinforcement versus information-processing issue. The ensuing discussion aims also at
clarifying the worth of informatibn-processing theory that zs}ees the learner as an active
processor of information rather than a passive recipient of S-R connections, as
reinforcement theory would prefer to see him.

An increasingly large accumulation of studies have examined the relative ef ficacy
of immedi_ate and delayed feedback on both iearning and long-term retention of verbal
material. Generally, research efforts in this area have five components that can be

represented schematically as follows:

where T1 s the initial test:

Di  is the delay iﬁterval that may vary from O minutes (in the .conditién of immediate
feedback) to days; .

FDBK is performance feedback on T1; ‘

Ri s the retentioﬁ interval which may be minutes in the condition of immediate retention .
r.and.days or weeks in conditions of delayed retention;

T2 is the postfeedback test that provides a measure of retention.

A -study may include both immediate and delayed retention conditions by scheduling T2 for
a random half of the T1 items to be immediately after FDBK, and T2 for the remaining T 1.
items to be at a later date.

Researéh efforts that use the delay-retention paradigm have been reasonably
conS|stent in showing that mdnvndual s treated with delayed feedback retain- meaningful
material, on a long-term basus better than do other individuals ’treated with immediate
feedback. (See Buckwald & Meager, 1974; Kulhavy & Anderson, 1970, 1972; More,
1969; Peeck & Tillema, 1979; Sasseénrath, 1975; Sassenrath & Yonge, 1868, 1969\‘_
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Sturges, 1964, 1969, 1972a, 1972b; and Surber & Anderson, 1975.) Materials used in
these studies include French and German vocabulary words, prose passages,
paired-associate learning, and mUItipIe-choice items in subject areas such as psychology,
sciénce, ‘énd mathematics. The participants were mostly university students, but included
school-aged children from junior and senior high school grades (Kulhavy & Anderson, .
1872; Surber & Anderson, 1925), grade eight (More, 1969), grad;e five (Peeck & Tillemé,
1978), and grade six (Sassenrath, 1972, 1975, .

Studies that show. immediate and delayed feedback treatments as bein"{;‘
compa'rable in effectiveness (Beck & Lindsey, 1979; Newman, Hiller & Williams, 1974;
Phye & Baller, 1970; and Sheridan, 1980) have used university students registered in
psychology courses as subjects; whereas ohiy one study (Sassenrath, 1972) that showed
immediate and delayed feedback as being similar in effectiveness used school-aged
children (390 sixth graders). It should be noted here that the immediate-feedback group
of Sassenrath (1972) ou‘tperfbrmed the delay-feedback group on the initial test (p < .05)
and that the direction of.' the group difference remained the same on the retention test.
But when Sassenrath re-gnalyzed the data of this study (Sassenrath, 1975) by using a
criterion measure that was more sensitive than the number right score, the findings were
strongly supportive of the delay-retention effect (DRE).

Some of the studies that used péychology students at university level and reported
~ no significant main effect of time of feedback (Phye & Baller, 1970; Beck & Lindsey,
1879) deviated from the typical study in ways that might be important. For‘example,
Phy//e and Baller provided students in the delayed feedback group with feedback ;fter 48
hours, whereas 24 hours or less is the typical delay interval. In addition, the immediate KR
treatment was really feedback delayed for 30 minutes. The length of the delay interval
: ﬁight be critical since a study that used a longer delay of 72 hours (White, 1968) found
‘immedi.ate feedback to be superior to delayed feedback on long-term retention.
Furthermore, the feedback messages (which included questions plus distractors) of Phye
and Baller were read to the students who were told the correct answer immediately after
it was read. Thus the students in this study received test results feedback through both
visual and éuditory i‘nformation channels. In spite of these possibly important ways in

which the study deviated from the normal, the difference between the delayed and

3
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immediate feedback group means was in the predicted direction, F(1, 72)=1.64, although
it was not significantly greater than zero.

In Beck and Lindsey (1979), 22 graduate students were divided into two groups of
11, sn.gw that the cell sizes may have been small (as in the case of Sheridan 1980 where
_ some cells included as few as 5 subjects). Immediate feedback took the form of a class
discussion of the errors the same day, whereas delayed feedback took the form of a
similar discussion one week later. Therefore, the delay interval of this study was one
week, in contrast to one day used in the typical stdWy. Also, the dlscussion gave the
students extra time and ¥motivation to correct their errors. The retention test included
only |tems that were done wrongly on the mltlal testing occaston. A t-test of difference
between mdependent groups showed the means as being similar. In the light of other
findings of the DRE, the only conclusion that seems plausnble here is that graduate students
can benefit from an immediate discussion of their errors just as well as if this discussion
takes place one week later; and this is so Particularly where these students expect a
subsequent, important test of the material.

Studies that report no difference in the effectiveness of immediate and delayed
feedback treatments have all used psychology students at university level as subjects
Yet, it might not be very promising to survey the critical ways in which university level
psychology students differ from other persons, since other unsystematic ways in which
these studies differ from the typical ones make their findings fraught with interpretive
problems. Two possibly critical ways in which university etudents differ from
nonumversrty students might include self concept of academic ability, and actual ability to
han’dle {comprehend, integrate with previous knowledge) large portions of information in a
s_hort space of time. Another important difference might involve guessing the
hypothesis. Psychology students with a background in operant conditioning ;nlght tend to
be more confident than others about the relative value of having feedback.immediately

Not all investigations that use psychology students at university level report no
difference between the effectiveness of immediate and delayed feedback Sturges
(1864, 1969) used volunteer university students registered in an introductory psychology
course, and Sassenrath and Yonge (1968, 1969) used upperclass undergraduates

registered in educational psychology. In all of these studies, the time of feedback main
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effect was very significant in favour of the delay-feedback treatment. When one
compares the methodological details of these studies with those of investigations that
report no difference between the two feedback treatments, fewer problems of

interpretation seem to surface.

Explanations of DRE

Two competing views have been frequently cited as explanations of the
delay-retention effect (DRE). On the one hand is Kulhavy's (19‘77), Kulhavy's and
Anderson's  (1972), and Surber's and Anderson's (1975) theory  of
i.nterference-perseveration. The position postulates that initial wrong responses interfere
proactively with the acquisition of correct responses when the student sees the feedback.
But if individuals are given a chance to forget wrong responses, error perseveration and,
consequently, i_nterferencé will be reduced. A délay interval between the initial responses
and the feedback allows students to forget their errors such that less proact‘ive
interference or response competition takeé place in a delay-feedback situation than when
feedback is provided immediately. AQ instructional procedure that delays feedback for
one day should produce better retention than one that provides feedback immediately.

Interference perseveration can be explaihed in the language of information
processing. In the immediate-feedback situation, T1 responses are not forgotten during _
the retention interval. Rather, they emerge to compete with the correct responses
{obtained from feedback) when the participan't is Se;—presenfed with the stimuli on T2.
Thus, on the retention test, each item that was done wrongly now reference two, rather
than one, Iong-term stores so that two responses compete equ;ally well for the individual's
attention. Response competition increases the probability of making an error on T2; as a
result, level of performance will be low compared to that in an interference free éituation.
The condition is comparable to what Broadbent (1971, 1877) and Seaman {1880) refer to
as an attentional failure. Here, the attentional selector switches back and forth between
the response analyzers. The process results in confusion or a high probability error since
" both channel analyzers are similar in strength. In the delayed-feedback condition,
response covmpetition is less intense since the individual gets a c;hance to forget his initial

wrong response before he obtains the correction from feedback. When he is presented -
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with T2, the correct responses from feedback fire the dictionary‘units more strongly than
do the analyzers associated with the wrong résponses. In this relatively competition free
situation, the individua.l is more likely to get the T2 items right.

An intefference-perseveration explanation of DRE predicts that students treated

with délayed feedback are likely to forget their initial wrong responses by Occasion 2,
whereas students in the immediate feedback situation are likely to remember their wrong
responses. This prediction provides one with a means of testing the lvalidity'f'of the
interference-perseveration hypothesis. Kulhavy and Anderson (1972) and Surber and
Anderson (1975) tested this prediction. Both studies involved providind test-results
feedback to two groups of high school studenfs, one obt‘;x';ming f;eedback immediately
while the other obtained test results feedback the "lerl_Qwi/ng day. In both studies, all
participants wrote the same test one week later. As was predicted, delayed-feedback
students obtained higher scores on the retention test than did students in the immediate
feedback condition, and were less able to identify the errors they made on T1. The
researchers claimed that the findings - supported the inter ference-perseveration

hypothesis. o
But interference theory tends to see fhe learner as being mpré passive than the
current sfage of -informatiop-processing theory would have him. (See Craik & Tulving,
1980; Eysenck, 1982; and Kail & Bisanz, 1982.) In addition, Peeck and Tillema {1979)
reported findings that contradicted an interference-perseveration explanation of the DRE.
Although  the  delayed-feedback  students outperformed  students in | the
immediate-feedback treatment {p < .0 1), both groups of students were equally capabie of
identif;\/ing errors they had made on T1. In other words, there was ‘a substantial retention
of the initial wrdng responses, and this did not seem to prevent students from benefiting
from the feedback. Rather, students within each group who had remembered their initial
'responses learned the correct responses from feedback even better than other students.
The researchers concluded that remembering initial erroﬁ;s’is not a necessary cause of low
perf'ormance on a retention test, and that. Kulhavy's and Anderson’s
inter ference-perseveration hypothesis is inadequate as an explanation of DRE. .

The rehearsal-facilitation theory. Sturges’ (1969, 1972a, 1972b) and

Sassenrath's and Yonge's (1968, 1969) explanation of the benefits derived from delaying
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feedback nas been referred to as a rehearsal-facilitation theory. The view states that the
individual learns and retains more in a delayed than in an immediate feedback situation,
because people respond differently to informative feedback when it is delayed than when _
it is presented after each item or immediately at the end of the test. In, a delayed
feedback situation, the individual perceives that he has enougn time to process tk\material )
properly. He carefully notes both correct and incorrect options and makes fine-tuned
discriminations between them; or he organizes the to-be-remembered material in a way
that facilitates long-term retention. 4 -

-Learning seems to be considerably less when feedback is presented immediately.
Here, the student seems to note merely whether. he is right or wrong and to ignore other
information about the properties or characteristics of the correct responses. The theory
1.tkherefore postulates that long-term retention is improved when both the characteristics of
to—be-remembered stimuli and the timing of informative feedback allow subjects to
identify and store reletionships between the correct ‘response‘ and other incorrect
alternatives. It expects that differences in the effects of immediate and delayed
feedback would be most remarkable where cues to the right answer are provided with
feedback of test’results. |

In an effort to confirm the rehearsal-lacilitation theory, Sturges (1969)
mvesUgated the effects of two levels of delayed and two levels of immediate feedback of
test results on retention. The four groups of undergraduate students were presented
with a n1ultiple-choice test of 38 factual items, and they received feedback immediately or
24 hours after completing the test. Feedoack messages consisted of the stem and either
all answer options with the correct answer (CA+) underlined, or the stem with the correct \
response.underlined and all other options excluded (CA). The findings indicated that the
24 hour delayed feedback treatment resulted in superior long-term retention when the
feedback included both incorrect and correct responses, but not when it contained the
correct response option only. These findings seem on the surface to be consistent with
the hypothesis that superior retention with delayed informative feedback is due to
increased knowledge of alternative answers. But the removal of the incorrect

alternatives also removed some of the cues fe.g. spatial position) from the feedback.

Therefore, cues and alternatives are confounded, and the findings as stated so far are
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inconclusive. .
The study was repilcated (S;urges, 1972a, 18972b) so as {(S overcome this
E:bnfounding of additional cues with alternatives. The findings clearly support Sturges’
position that superior‘retention with 24-hour delay of test-information feedback results
from factors operative at or following the presentation of feedback. When informative
feedback‘was presented in a form that required students in the immediate feedback group b
to respond to more than the correct alternatives at feedback, their retention improved and
delayed feedbacI; was no longer superior to immediate feedEack
. One contradlctory note is that the beneficial effect of delayed feedback was not
observed on |mmeq;ate retention (Sturges, 1969, 1972a Sassenrath & Yonge, 1968,
1969). Sassenrath and Yonge (1969) speculated that this occurrence resulted from the
_fact that processing at feedback was net sufficient to 'promo‘te better learning although
enough to encourage further covert processing of the material during the retentien
interval. "This interpretation, however, does not lend itself to easy confirmation. An
alternative explariation is that the students used strategies that foster good.long-term
retention, and that these strategles do not mfluence ummednate retentlon This alternative -
explanation - will be dlscussed further in Chapter 3 under the section that deals with
rehearsal.  Another possibility could be :that immediate retention measures are
characterized by ceiling effects that mask possible differences between the two groups

at acquisition. Indeed most studies that include measures of immediate retention report

group means that.are quite highg"
kY

Summary and Conclusion

The asse’rtio‘n of Anderson and his essociates{t_hat the DRE experimental design is
analogous to the proactive interference (Pl) paradigm seems to need further investigation.
The theory sees the administration of the posttest as comparable to the presentation of
feedback in a DRE study. When a person makes an error on the initial test, therefore, he
strengthens an A-B connection that interferes with his ebility to learn the correct A-C
connection from feedback. But close scrutiny reveals some important differences

¥ . .

~ between the situation in which the individual finds himself when he is correcting errors

with the aid of tesi-iuformation feedback and an A-B, A-C paradigm, although there are
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obvious similarities. For instance, it is doubtful whether the analytical processes involved
'in selecting an alternative as an answer to a test question is comparable to the processes
of éstablishing an arbitrary A-B connection during the rote memorization of an initial list.
The depth of processing and, consequently, the degree of learning required in these two
situétions seem different.

In addition, it should be noted that feedback includes both A-B, A-B and A-B, A-C
paradigms at the same time, whereas this is not the case in an interference design. This
difference makes it difficult to apply explanatory concepts such as respon\se sét
interference and list ziifferentiation to DRE studies, and these concepts are important to
interference theory.

Finally, interference theory portrays the individual as a passive learner, acted upon
by A-B and A-C connections thaé fight for supremacy within him. This framevgork is
inconsistent wiih recent modifications of information-processing theory (Craik & Tulving,
1980} where the learner is seen to be very active in his ubse of strategies to control and
differentiate between incoming stimuli and to integrate incoming m‘?terial with preyious
knowledge. The alternative hypothesis' of Sturges (1969, 1972a, 1972b) fits these
recent modifications gf information-processing theqry more closely than ~the
response-perseveration hypothesis of Kulhavy and his associates. But added emprical
evidence is required to relate the imﬁortant,processés of learning and retention to data
that reflect the DRE before one can be confident about the explanaiory worth of these
two theories. It is not very appealing to psycholdgists, ?'c this stage of psychological
enquiry, to consider the influence of dif%erent cognitive processes on the DRE, largely
because these psychological proc,ésses have been too loosely defined. Conséquently,
studies that have investigated the interaction of time of feedback with the cogniﬁve
aptitudes olf the individual are nonéxistent. Some studies have examined possible effects
of time of feedback with different feedback messages. Results from these studies may
be worth looking at since feedback messages that are systematically different‘ might.
requi.re the use of different cognitive - strategies for optimal learning. A significant
interaction of time of feedback with type. of feedback might therefore provide useful

hints about the relevance of cognitive processes in explaining the delay-retention effect.
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2.2.2 DRE with different feedback messages

Teachers and other educators aim at optimizing learning and retention of different
types of curriculum material. To realize this goal, one needs to identify the importaht
instructional variables for each type of message and curriculum content. Sturges (1964,
1969, 1972a, 1972b) has investigated the delay-retention effect under different
feedback messages.. Her 1972a study is most convinciﬁg. In this study, she
demonstrated that the facilifative effect of 24?hour delay feedback upon seven-day
retention varied with the form of the feedback. Twenty-four-hour delagf test-results
feedback was superior to 20-minute delayed féedb&k and zero minute delayed feedback
‘on long-term retention when there was an immediate recall test and feedback took either
of four forms: the correct answer, wrong answer options, and the item stem (R/W+); the
correct and incorrect answer options only.(R/ W), and the correct answer only (R). When
there was a recognition rather than a recall acquisition test, DRE occurred with variable
(R/W or Rl but not w:th redundant feedback; and when there 'was no acquisition
(immediate retention) test, the DRE occurred when only a cue to the rlght.answer {but not
the correct answer itself) was supplied in feedback. These results seem to sugéest that
delayed feedback promotes good long-terrh retention when the feedback messages aliow
individuals to identify relatidnships among the stem, the correct answer, and the incorrect
alternatives.  An information-processing exp‘lanation of DRE is supported by these
results. | .

Sassenrath and Yonge (1968, 1969) also ir’)"vestigated the delay-retention effect
under différent types of feedback messages. They treated undergraduate students with
immediate and 24-hour delayed feedback. Half of the immediate feedback group was . |
presented at feedback with the stem \(quiz item) plus answer options aﬁd the correct
answer option underlined (CA+). The other half of this group received only the answer
optioné with the correct answer underlined (CA). * Within each 6f these groups, half of the
students were instructed about a retention test that sh‘ould follow, whereas the other half
were not. Students treated with delayéd feedback were similafly divided into four
subgroups. Thus delayed and immediate feedback treatments differed only with respect
to the time of feedback. The des:gn of the experiment was therefore 2(t|me of

feedback) x 2(stem, no stem) x 2(set, no set).

N
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» immediate and deléyed feedback groups were not different on the initial test.

They were similar also on the immediate retention test, the only signhificant effect being

that of the stem/ no stem (p < .001). On the 5-day retention test, the means for

¢ feedback cues (stem, no stem) were again significantly different-(p < .001). But

significant mean differences were also observed for time of feedback (p <.05), and for
retention set{p <.01). But none of the interactions was significant.

Sassenrath and Yonge (19689) replicated this study using a 2(time of feedback) x

2(stem, no stem) x 2(rights, rights+wrongs) design, and 311 upperclass men enrolied in

1
1

introductory psychology as subjects.. No 'significant difference was observed o‘n the
initial test, and at immediate retention. On the delayed retention test, delayed feedback
~was significantly better than immediate feedback (p < .05), and feedback without the stem
{(no stem but four alternativés, and no stem with right answer only) was significantly
superior to feedback with the stem (stem and four alternative responses, and stem and
right answer only}. ‘There was no significant difference between rights and wrongs. It
should be noted here that the finding of no stem producing significantly higher retention
scores than stem is éxactly the opposite of the corresponding significant difference
observed in Sassenrath aﬁd Yonge (1968). The researchers attributed the discrepant
findings to differences in the feedback treatments ihemselves. When feedback was
administered immediately after the entire test in Sassenréth and Yonge (1968, the étem
plus the alternattve answers produced better retention than alternatives only. In
Sassenrath and Yonge {1969), however, when feedback was presented immediately after
each item, the students did not have enough-time to benefitv from the addiﬁonal informétién

p'rovided in the stem, which now served as a distractorArathér\than as an aid to long-term
retention. One finds it puzzling, though, that the information O\)erload in Sassenrath and
Yonge (1869), created b;/ including the stem in the feedback, did not produce a differential
effect betwéen the time of feedback groups at acqu’isition (immediate retention) but only
at Io’hg-term retention. In othér words, one would have thought that a distractor would
have served to limit both acquisition and retention, and not just the latter. A lack of -
similar interaction effects was noted by Sturges (1969, 1972a), as pointed out above.

But this finding was contrary to the expectation of the researchers. Thus, it leaves the

nature of the interaction of cognitive processes with time of feedback as murky as it has



.ever been. _

The study of Phye and lB'éIIer (1970) shines a glimmer on the time of feedback x
type of feedback meaasge interaction. The study used messages that consist of either no
distractors, three distractors, or seven distractors. The distractors were simply
incorrect answer 6ptions. The résults ir;dicated a feedback form x level of feedback
informativeness interaction, p < .05, suggesting that students in the /‘18-hour.delayed
feedback did best where the feedback provided more cues, and that 30 minute delayed |
feedback was more effective in the no distractor condition, in contrast to where clues or
alternatives were presehted" with the feedback. The study supports the position that
delayed feedback promotes better long-term retention by allowing students to process
more of the information provided in feed'back. But the clarity provided here is only an
inkling. N

Only one study that considers thg DRE with ta;sks that vary in semantic
requirerﬁents has been found.  qu s‘Eudy (Peeck & Tillema, 1979) investigated: the
delay-retention effect with tasks thz;t required guessing, factual retention, and the mak‘ing
of inferences. Students either received no feedback, or feedback after 30-minutes or
after 6—68 day. There was no significant difference between the time of fé‘edback groups
ihitially nor at immediate retention, suggesting that feedback affected the immediate
retention of all types of material in tHe same manner. On the long-term retention test,
delayed feedbaék, thever, was superior to immediate feedback, and the feedback x
type of tést interac'tk;n was significant; even though there was no significan‘g main effect

\

for type of teét.

2.3 Expectation of a Significant Delay-Retention Effect
Propositions of the present study, pertaining to the effectiveness of time of

feedback on students’ retention of mathematics skills may be stated as follows:

1. Do the line segments of mathematics achievement of three groups of students
’ ' ) .
treated separately with itern-by-item, end-of-test, and one-day delayed feedback of
test resuits run parallel across three occasions? ' : : .

2. ' If the po\pulation mean profiles for the treatment groups are indeed parallel, are they
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also on the same level; that is, do they coincide?

These questions pertain to the effects of time of feedback on the retention of
‘mathematics skills. In the first question, tﬁe treatment x occasion interaction is the
important consideration; ‘whereas the second question goes one step further to
investigate whether the three treatments are really interchangeab‘le. |

- The time of fe;dback x time (occasion) interaction was expected to be sigr;ificant,
reflecting the trend that information Ie‘arned from z_in‘irh ediate \f'eedback condition is
characterized by a more aerptIy declining retention curve tan is similar material learned in .
"a delayed feedback situation. _The findings relevant here are those that examine the
relatjve effects of immediate and delayed feedback on Iéng-term retention. A large
majvority of these studies (Buckwald & Meager, 1974; Kulhavy & Andel:son, 1972; More,
1969; Peeck & Tillema, 1979; Sassenrath & Yonge, 1968, 1968; Sturges, 1969, 19723,
‘1972b. for exaﬁple) support the view that delayed feedback is supérior to immediate
feedback in influencing the retention of ~meaningful material. These studies vare
methodologically' cleaner  and less fraﬁght with interpretive problems than studies
reporting no difference in the effec':ts. of immediate and delayed feedback. On the basis
* of the relevant findings, then, one would expect to find a significant treatmént X time
interaction, with:delayed feedback being the most efféctive treatment for long-term

retention.



3. REHEARSAL AND SELECTIVE ATTENTION: THEORY AND RESEARCH
3.1 Introduction
A conception of how information-har/\‘d}i?g strategies influence retention and recall
performance ievel may be obtained from the basic postulates of two frequently referred
to memory models. These are the multistore and the /e\{e/s of process/ng models of
memory. The multistore memory model was framed largely by the postulates of Atkinson
and Shiffrin (1968). These theorists differentiate between the structural features of
memory and observable sfrategies the memorizer uses to facilitate the acquisition, st.orage
and retrieval of information. The various memory stores along with certain invariant
processes comprise the structural - components of the memory system As such,
structures are;unmodifiable, like the hardware of a computer, and refer to” aspects of
memory that are not influenced by training. Optional strategies that the individual brings
to bear on the task comprise the nonstructural component of memory. They are
operations that allow the indiViduaI to select and store pertinent pieces of information and
at the same time ignore other pieces of information that might be irrelevant as far as
satisfying the current needs of the organism is concerned. Memory strate_gies were -
therefore referred to by Atkinson and Shiffrin (1968) as control processes. Control
deficiencies are, by definition, trainable, whereas structural deficiencies are not.
~ Atkinson's and Shiffrin's distinction between structural ¢and .nonstructural
components of the memory system is deceptively simple. Empirically, whether the young
child’s deficiency reflects structural or control' failures relies on the effectiveness of
training in the use of strategies. If training enhances. strategic behaviour, control (or
production')_failures are implied. Unsuccessful ‘training, on the other hand, suggests
(however hazily) that a structural deficit is involved. One difficulty that emerges has to do
with the fact that the ineffectiveness of training also raises questions about..the
‘ appropriateness and/or adequacy of the training program itself. The inference that a
performance deficit reflects a structural defect seems teneble only after ail 'possible
training procedures have been exhausted wuthout success, a state of affairs that is
unreachable. Another uncomfortable position is reached when training in the use of

strategies is effective in an experimental Situation but the performance gains do not

26
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transfer as expected to situations outside of the laboratory. It seems impossible to make
convincing conclusions in these instances which have become quite numerous in the past
decade. |

Craik and Lockhart (1872) and Craik and Tulving (1975) have developed an

|

alternative to the multistore memory mbdel. Their fevels of processing mode/
deemphasizes structural features and defines- memory in terms of the processes
necessary to encode and comprehend incoming material to be remembered. \Processing
starts with the shallow sensory components of the system and progresses to deeper
semantio levels. Whereas shallow levels of analysis consider only 'physicel characteristics
‘of the stimuli, deeper levels involve greater understanding and integration of the stirhulus
into existing cognitive - structures.  These include the recognition of patterns and
relationships, and the elaboration and. enrichment of the stlmulus Degree of retention
reflects the level or depth at which the material in question has been processed.

There is some degree of circularity in the definition of depth or Ievel of
processrhg. Material that is deeply processed is predioted to he remembered e’ffectively,‘ v
but that v'vhich is remembered is alleged to have resulted from a deep level of processing.
In ‘other words both degree of processing and level of recall are obtalned from the same
data. Ther‘e have been recent modlfloatuons of the theory. (See Craik and Jacoby, 1975;
Lockhart ahd Craik, 1976; and Jacoby end Craik, 1979.') But many concepts continue to
be vaguely or globally defined, so that empirical verification or rejection of the theory is
dlfflCUlt | ‘

In spite of the shortcommgs the mult:store and levels of processmg theoraes of
memory serve as the basis of Sturges’ rehearsal facilitation explanation of.DRE. As does
Sturges’ explanatlon the levels of processing theory s\e\es\the individual as an active
memorizer, and explauns variations in level of retention in terms of \lvmes the individual
carries out on the material at the time of achIsmon There is e;peratlonal value in
modeling memory related activities in terms of cognitive strategies the individual utilizes to
effect learning. Such a formulatson might emphasue how the mdlvnduafuses his attention
and different types of rehearsal to sel‘ec_tuvely encode, compare, recste, and retrieve some

pieces of information and ignore others. This conception of memory leans heevily on the

levels of processing view, even though it borrows terminology from the multistore

e
&
4 .
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framework. Thus, the differential use of rehearsal and attention strategies become focal.
The present chapter proceeds to examine theory and research that relate rehearsal and

selective attention with the acquisition, retention, and recall of information.

3.2 Attention in Information-Processing Theory

The term attention has remained aremarkably slusive concept, even though it has
been studled closely since the early stages of psychological enquiry. There is no
generally accepted definition or method of measuring attention, but a consistent feature
of attentional research pertains to the selective aspects of information processing.
Selective attention, in the context of information processing, refers to the degree to
which one might choose to process specifié sources of currently available information )
and ignore others. Selective encoding is a frequently used synonym whenever one
© wishes to focus on the more active aspects of the construct. Other cognitive processes
{such as rehearsal, visualizatio‘n, mental rotation, and memory search) may involve
conscious, time-and-space conéuming operations thak are useful in,. explaining the
individual's ability to focus his attention on particular objécts. Nevertheless, attention is
not equated with conscuousness Rather, it is primarHy‘ the selective properties of
information processmg that defines the mechanism as &(tentlonal This measure of
attention has been labeled /ncidental-learning ability (Epps. 1978).

Selected theories of attention wiil be reviéwed in this section of thev‘chapter. If:

Se e

mathematical models’ can be derived from these theories of attentlon estimates of the
parameters based on experlmental data might be considered as quantitative measures
useful in testing the fit of the modsis. The discussion proceeds by first describing
selected models of attention and classifying them into one of three categories.: one-fiiter
serial coding models, attenyation and threshold '."[T‘ibdels, and variable-filter, pertinence

models.

3.2.1 One-Filter, Serial Coding Models of Attention ;.
Several influential theories of attention attempt to model the internal
representation of a stimulus as held in a sensory raguster {lsuch as iconic or echoic

short- term memory (Broadbent 1958). Representatuons at this stage are unprocessed,

»



susceptible to the masking effects of subsequent stimulation, and decay rapidly. A
number of models represent such coding processes as serial in nature with a sort of race
between the decay and/or masking of information in the sensory register and the serial
coding processes of the cognitive system.’

Broadbent's (1858, 1971, 1977) proposition of a s‘witch-like filter is one of the
popuiar models of attention. He assumes‘that pieces of information entering the sensory
channels proceed without restriction to . the short-term memory (STM). The STM
functions as a buffer, hOI;iingi pieces of information for seconds. Duriﬁg this brief
beriqd, a selective filter allowv one éhannel of information passage from .STM to the

central processor that is of a limited capacity. The filter is flexible and operates like a
\switch 50 that the individual can switch his attention from. one information channel to
another, provided that the remaining sources of information are not yet lost from STM.
~ In this model, then, pieces of information are not analyzed for meaning'until they reach the
central processor, earlier selection being based purely on physical characteristics such as
loudness, pitch, brightness and location in space. The cer;vtral processor functions largely
to select an appropriate response from am‘ong alternatives. Both stimulus selgction and
response selection draw from one atten.tional resource, and the energy reqﬁjred for
accurate processing of information increases with the number of alternatives f'r/om ‘which
the appropriate response must be selected, as well as with the similarity of these
alternatives. Parameters like frequency, recency, and strength of the mental impression
are hypothesized to affect the probability of selection of a‘particunlar response.
Broadbent's theory was formulated on the basi/s of the results of many
experiments. Typically, his subjects simultanedusly hear'd a digit sequence like 6-3-7 in
One ear and 5-8-2 in the other ear; but the subjects organized their recall by reporting éll
the digits heard in one ear first, and then one or two digits‘ from tﬁe other _éar.

Experiments involving the Dear Aunt Jane Task (Gray & Wedderburn, 1960, and

Treisman, 1960) and shadowing (Treisman, 1964: Norman, 1969) report evidence that
-seems. not to fit Broadbent's earliest model.. In Gray and Wedderburn (1960) :the
participants may have heard the sequence M/CE—Z—CHEESE in one ear and 6-£A47-9 in the
other ear. When asked to recall what they heard, the participants frequently recalled the

stimuli in meaningful units (e.g, MICE EAT CHEESE). Furthermore, these participanis
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were just as likely to recall items correctly when they alternated between ears to connect
given information in a meaningful way as when they reported the items by spatial location.
tf selection was based purely on physical cues, the students would most likely report the
digit-word sequence by ear. However, Broadbent's idea that the individual’s cognitive
system selects only some of the available information for storage or further processing
remains almost unchallenged by subsequent research and theory of attention.

The many results supportlng the notion that the individual does not use all the
available information seem also to confirm the idea that the ‘individual is limited in
attentional capacity. Informally, we make this observation daily. There seems to be only
a few activities an individual can do satisfactorily well at the same time he is doing
something else. For this reason, attention is thought of as a limited resource, and is\
selective so tn‘al the individual can function as effectively as possible within the limits of

his attentional capacity. - N

3.2.2 Selection by Differential Attenuation and Variable Thresholds
On the basis of findings that are inconsistent with Broadbent's earliest model of
_attention, Treisman (1964, 1971) postulates that information enters the system through a
number-of paralle! channels that proceed without restriction to some part of lhe nervous
system. These inputs are analyzed for crude physical properties such as loudness,
brightness and pitch. From here on, the individual can act to attegte the signal strength
of the output from these analyzers, S0 tnat if he is instructed to listen to a female voice
over one ear, all other output lines from {h? position analyzers pass on weakened signals.
* Thus an attenuator turns down the volume of unattended messages. The weakened
messages together with the one unweakened message pass deep into the nervous system
to the pattern recognizer that is comprised of. a large number of di‘ctlonary units.
Messages entering the pattern recognizer traverse up a logical tree with probabilistic
- nodes. The analyzer that reaches the feremost point of its dictionary unit fires, and the
word is recognized by the observer. This firing of the dictionary unit seems to be
synonymous with the conscious perception of the word. '

The unattenuated m_essage is usually the one to fire its dictionary unit first. But

this is not always the case because of two important ways in which dictionary units differ.
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i Dictionary units vary in .their thresholds that are themselives variéble, Biologically and
emotionally important signals (for example) have permanently lowered thresholds, so that
these signals will frequently trigger their dictionary umte{even though their analyzer signals
may have been attenuated earlier. Instruction and cohtext serve to fower the thresholds
of corresponding dictionary units.  Also, the recognition of a signal will lower the
thresholds of other signals that have occurred with it in the past.

Summarizing, Treisman postulated a 't\(vo—stage model of atténtion. Selection is
first made by attenuating analyzer signals and, later, by varying ‘the thresholds of dictionary

units that correspond to the messages. The unique contribution of Treisman’s model of

attention to this study pertains to its portrayai of .the individual as actively controlling his

attentional mechanisms. The learner can turn down the volume on some stimuli so as to
turn it up on other stimuli. Also, the model accommodates the possibility that some
stimuli can reach the response side of the syetem almost automatically, by hypothesizing a
variable dictionary threshold. Stimuli that have been atte'nded to previously, "and
responses that have been previously associated with these stimuli are seen to be
preeminent in access to attention on sdbsequent occasions.

Clearly, locating the selective filter has been problematic for theorists.
Experiments designed to confirm the various locations proposed in theory have reached
contradicto:y conclusions {see Kahneman, 1973)." On the one hand, Treisman‘s subjects

recalled parts of a story presented in the unshadowed ear without increasing the number

.of shadowing errors, although they could not remember irrelevant information presehted .

over the unshadowed ear. On the other hand, experiments from as early as Moray (1959,
1960) indicated that messages from the unattended.ear are not analyzed for meaning even
after they are re-presented up to thirty times. Bottleneck theories find it difficult to
explain inconsistencies of this nature. Treisman's postulation of preliminary,
preattentional tests is of limited worth in explaining these cuo_ntradictions.,. The view
suggeste that a .message vthat has already been analyzed for it's importance to the organism
(or relevance to a problem in hand) has not been a.ttended to as yet — \

If only Broadbent's (1958) idea that the human's nervous system is ilmited in
capacity is con5|dered as factual, the apparent mconsustencnes mentioned earlier could

stem from differences in the tasks themselves. For example, if a shadowing task does
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not fully occupy the individual, he m>ay selectively analyze messages fed througﬁ the
unshadowed ear without making shadowing errors. The tendency to diversify attention
when the material is familiar could also be explained by a theory that iocates the bottleneck
at no fixed position. Such a model would see attention as varying with the complexity or

novelty of the task.

3.2.3 Selection by Relative Importance ' \N:s

S
T T4

* In ofder to explain results that seemed contradictory to Triesman's tHeory of
attention, Deutsch and Deutsch (1963, 1967), Deutsch (1970), Norman (1968, 1969)
propbsed modifications that would eliminate one of the filters of Treisman's model of
attention. They located the lone filter somewhere between the original two postulated by
Treisman (1864). lnéoming information channels now proceed, without resfriction,
directly to the dictionary units. Here, each message is analyzed, but the strength of its
output analyzer is proportional to the irﬁportance of its message to.the organism. Signals
that are more impc;rtant to the organism fire their dictionary units more strongly, so that
the most important stimulus captures the attention. Thus the Deutsch, Dé"utsch, and
Norman mode'l places the filter in the recognition system itself. Once it is attended to, a
stimulus sets the criterion for other si:gnaIAs that may gain attention shortly after by
redefining the pertinence of the remaining stimuli. - Asx‘ the general level of arousal
increases, more and more signals are able to reach the response side of the system, as
long as they are the most important at the moment they occur. Previous experience,
context and instruction serve to modify the pertinence of incoming signals from the
analyzers. This variable filter of the Deutsch, Deutsch anld Norman model 'hardly
eliminates the problem of Iocatingbthe fiter. More than ényth\ing else, the researchers’
effort demonstrates the complexity of the human information processing system.

Neisser and Becker (1975) were among the first to discard the filter from their

model of attention. JThey found that individuals could\attend to either’ of two displays

without hesitation, whereas filter models postulated that 15
necessary to develop a filter for eliminating undesired signals‘t Their theory proposes that
some aspects of selectivity is automatic, whereas others demand attention. The findings

- .
of Posner and Synder (19753, 1975b; Neely, 1977; and  Shiffrin & Schneider (1977)

——
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support this view. These findings suggest that automatic aspects of selectivity allow
stimuli direct access to”long-term memory (LTM) codes '(hati inclL;de_ representations of
meaning, sound, and visual form. For examéle, there might be a semi-automatic link
between a given stimulus and similar material in storage. This is the basis of response
competition. The view hypothesizes about situations where an individual is required to
make a response (C) to a given stimulus (A) on Trial 2, when he had previously made.
another response (B) to this stimulus on Trial 1. The second presentation of A seems to
ref\erence\,B automatically, ane the image of this response is still in memory. The@*
individual is now prompted to attend to B and C before executing a response. |

The limited capacity processor must be used to reference the LTM codes for
stimulus-response connectior;s that are less automatic (Klatzky, 1980), thus allowing the
indivi&ual to compare the adequacy \of an automatic response with the appropriateness of
an alternative response. The activation of long-term memory codes draws from the
capacity of the central processor and thus limits the individual’s‘abili.ty to discriminate
between competing responses. .

» /Hagenl(1967, 19.76) and Hagen and Kail (1975) preferred the terms centra/ and
incidental processing as descriptions of automatic and controlled ways in which
individuals attend to stimuli. Central processing refers to instances where the object of
. attention is observed under central focus, whereas ihcidental learning is seen to occur
under more peripheral vision or hearing. Eysenck (1982) prefers the terms intentional
and incidental learning, since the term intentional seems to be more operational than
central. Intentional and incidental learning can now be distinquished in terms of the use of
prelearning instructions that either do, or do not, forewarh students about the retention
test to be administered subsequently. in the central-learning condition, the participant is
instructed to attend to particular stimuli. Learning that occurred without a motive was
seen to result from peripheral attention and was labeled /ncidental learning. In the
incidental-learning condition, instruction about an irrelevant orienting task serves to
discourage participants from actively processing the material that will be tested. ny
learning of this criterion,fhen, is assumed to be incidental. Research_ efforts Chat

investigate selective attention by using a central-incidental learning baradigm will be

discussed later in this chapter.
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3.2.4 Research on Central Learning and Incidental Learning

The question as to whether central and incidental learning reflect mechanisms or
processes that d%eveIOp with age, of whether they represent scales along which people of
all ages differ, Has éignificance for this study. Initially, Hagen (1967, 1970) ‘was
concerned with the development of central and incidental learning. He reasoned that if
the central-incidental learning tasks measured attentional variables, they should reveal
findings consistent with thevnotion that as chiidren grow oider, they become more able to
select task~rele\./ant information fér encoding. The children, 6 to 13 years of age,
»showed agé-related Increases in ability to retain information that they were\ instructed to
remembgr (central learning). The learning of uninstructed pjeces of information (incidental
learning) did not vary <systematically with age.

‘What is really responsible for these age-related gains in cehtral learning? Do
older persons.use strategies intelligently to focus their attention on task-relevant details of
the stimuli, or do the observedsifferences :eflect growth in more basic attentional
mechanisms?- The first hint to an answer of this ,q‘uesvtion comes from Hagen’é (1967)
finding that central-iearning scores were 'positii/ely' correlated with incidental-learning
scores ambng children at the younger age levels, but that these scores were negatively
related among children who were 12 or 13 years of age. Ha'genv and West (1970) and
Sabo and‘Hager.ﬁ {1973) confirmed this trend among children (seven. to 14 years old) and
| adults, and among eight-, 10-, and 12-year-old children. The different regression lines
suggested that different processes were operative in the two groups. The studieé‘\ that
“investigated this question (Druker and Hagen, 1969; Cutting, 1975; and Pos:(man & Kruesi,
1977) wére consistent in showing that rolder children repeated or covertly rehearsed the
names of task-relevant stimuli, whereas young, nonrehearsing chiiaren were more passive
when théy attempted to learn the information. The experimentai study of Sabo and Hagen
(1973) confirmed the hypothesis that the use of enco'ding strategies is critical in intentional
learning arﬁong rehearsing children. They alldwed children to rehearse during a
10-second delay that was immediately after each presentation of a sequence of digits.
The 12-year-old children showed .a substantial increase in central learning, whereas
10-year-olds showed only a moderate increase, and the trea‘tm‘ent had no effect on

eight-year-old children. On the other hand, inc;identa!llearning declined with rehearsal
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activity so that 12-year-olds showed the greaiest decrement in incidental-learning scores.
6ther examinations of counter hypotheses (Druker & Hagen, 1969: and Hagen & Kail,
1975) showéd that young chi!dreﬁ’s deficiencies at selectivity were not because they had
difficulty analyzing the components of stimuli, aﬁd that age-related increases in selectivity
were not confined to the use of the central-incidental learning tasks but were indeed a
very pervasive phenomenon. it seems, then, that when individuals are ihstructed ‘tO learn
say a list of items, they perform self-initiated, selective encoding operations on the items,
and that their level of retention of central stimuli depends directly on the efficiency of the
operations they choose to employ. g -

The finding that intentional learning is enhanced by the use of encoding strategies
questions the idea that there are two types of I;aarning, one occurring from focal attentibn
and the other from peripheral hearing or view. Itis possible that each learning, once it
has occurred, was the focus of attention at a partlcular point in time. Incidental learning
may have resulted from very brief focuses when the individual was d:stracted from the
orienting task, whereas central or intentional learning may have occupned focal attention
for Iongér periods (through the use of éncoding strategibes). Both typé§ of learning are
now placed on one continuum, fand incidental learning ’has‘ become an inferestin‘g
phenomenon. (See Craik and Lockhart,\1972; Eysenck, 1882; Kiatzky, 1980; Nelson &
Vining, 1980‘ and Seaman, 1980.) |

The new mmdental learning paradlgm does not inform the participant that he is in a
memory. expernment until after the encodmg phase has termlnated Rather, the approach
uses various orienting tasks to insure encoding of the to-b__e-remembered items at a
superficial, nonrehearsing level. This approach removes the temptation (characteristic of
the intentionaHearning condition) for individuals to ignore fhe experimenter's ins'truction
and, instead, employ whatever encoding strategy thevy think would work best. The result
is an experimental condition that is methodologically cleaner for comparing different kinds
of encoding strategies involved in remembering, as well as for obtaining strategy-free
méasures_ of atténtion (in" this case, incidental-learning ability). Research discussed

hereafter use the incidental-learning paradigm in which participants perform different

orienting tasks.
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Schulman (1971} was one of the first to" report that incidental learning was
Comparable to intentional learning when individuals in the latter condition were given a
honsemantic orienting task. His study revealed that even though intentional learning under
a semantic orienting task was superior to incidental learning under a Iees semantic orienting
task, intentional learning under the nonsemantic oreinting task was ‘poorer than incidental
learning, whether the orienting task was semantic or nonsemantic. In a replication of this
experiment, vPostman and Kruesi (1977) compared recall performance of children who had
all performed a nonsemantic orientic task of rating the plea'santnes's of sound of words
One group of intentional learners performed no better than mmdental learners; although
another group of intentional Iearners who were given much more emphatic instructions. to.
learn the words, outperformed the incidental learners. Chow, Currie and Craik (1978
confirmed the finding of no difference between intentional and incidental learners when
both were required to perform the same orienting task. ' The results weré consiteit with
Vthe earlier proposition that memory performance is determined far more by the nature of

- the processing activities than by the intention to learn per se.

Forgetting: by interference, or by decay.

Studies (Reitman, 1974; Shiffrin & Cook, 1978) have shown that when individuals
do not rehearse items they are to attend to, the informatior;fs lost from short-term
memory in seeonds In Shiffrin and Cook (1878), the Ionger the perlod of tone detectlon
that intervened between the letter presentation and the test, the worse participants were
at recalling the letters. The results were interpreted as indicating passive forgetting
(decay) over time. | ‘

But both of these studies aiso showed evidence of interference. In Shiffrin’s and |
Cook's study, performance at any detection interval was-worse when five letters were
presented than when four w'ere presented, suggesting that the extra letter interfered with
items that were presented earlier. Moreover, when the participants were asked to do
mental arithmetic after- signal detection ended and before. recalling the. letters,.
performance dropped drastically to virtually the chance or guessing level.

Kiatzky (1980) conciuded from a review of the literature that two factors

determine, at different times, the degree of interference and extent of forgetting in
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'
short-term memory. One factor is the similarity of the distractor task and the material to
be remembered, with greater similarity efrxhese materials generating more interference.
The other determining factor’is the difficulty of the task. Thus in Shiffrin's and Cook's
study, mental arithmetic interfered with the retention of letters, even though these
materials seem not to be similar. Aénore general rule seems to be that the degree of
interference is determined by the extent to which the distractor uses up the attentional
space of the to-be-remembered task. Difficult tasks require more attention, and,
consequently, displace more of the material that was previously the focus of attention. In
the same vein, similar materials travel along the same information channels and are thus
more iikely to interfere with each other. |

’

3.2.5 Attention in Discrimination Learning and Performance

Failures of Selectivity. Hearing your nams in an unshadowed message, or seeing
a bright, unexpected light will always be,distracting. This is so because of characteristics
of either the stimulus (e.g. familiarity, novelty, pitch, brightness, etc) or of the individual
himself (e.g. curiosity, impulsivity,' cognitive  style, and cognitive immaturit'y). An
interesting and relevant type of incidental lgarning seems to take place when one stimulus
that was attended to bre'viously distracts the observer from noticing details of newly
introduced stimuli.  In the language of Iearnlng theory, this phenomenon is referred to as
proactive interference. The opposite mhnbmon of learning (retroactive mterference) is
possible also.
| Stroop (1935) used a colour haming task to demonstrate that interference cani be
explained by the presence of more than one stimuli competing for the mduwdual s attention
in such a way that selective attending becomes difficult. The array treatments of his
study ipcluded 100 colour names printed in black ink, 100 names grinted in interferrng
colours (e.g. RED in blue ink), and 100 colour chips. In some conditions, participants
were required to read the names as quickly as possible. The Pesults showad reading
colour names printed in interfering colours was Tust as fast as ?eading the same names in
black ink. Interfering colours did not suppress reading rate. - But significant impairments
were found in other comparisons. Naming 100 colour chips took longer than readmg the

same number of colour names, as the participant had to determine the name for each chip
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before he could report it. The task of naming the colours was most disruptive when they
spelled inter fering colour words. |

One possible explanation of these findings is that reading colour names printed in
black ink is faster than naming.colour chips; that is reading is faster than naming (Seaman,
1880). Reading colour names when they are printed in interfering colours, then, is not .
distracting because, before the ink colour is detected, the word has already been read. In
fhe disruptive conditions, individuals were required to name the coldu}r and avoid reading
the words. But since it is easier to read than name colours (Hock & Egeth, 1970),
participaglts had two possible responses in mind by the time they were ready to name the
colour. ’lTherefore, the condition presented was confusing since it fostered response
competition: even though individuals wished to attend 6n|y to the colour of the ink, they
could not ignore meaningful attributes of the» stimuli to be obtained from reading the
words (Kahneman, 1873)..

Proactive interference explanations of the superiority of delayed feedback over
immediate feedback could be similarly interpreted in the language of atténtional failure;s.
Proponents of filter models of at‘tention find it difficulty to explain response competition.
Treisman's model, where the thresholds of dictionary units are variable, suggests that
‘when Stimulus A is recognized on Trial 1, a similar stimulus Ax is likely to be recognized on
Trial 2. But to explain response competition generated by previous stimulus-response
connections that are similar to those the 'subjec‘:jt ‘is now required to learn involves
by-passing the central processor.to.access storage. The incidental-learning paradigm
does better here by assuming that some stimuli will automatically reference information
stored previously in long-term memory. But Uhtil a a model censiders how an individual
might use control processes such as rehearsal to influence his learning and retention, it

seem inadequate or incomplete.

3.3 Re‘h'earsal in acquisition, retention and recall

Verbal rehédrsal constitutes a class of mnemonic§ that involve the repetitive
vocalizing of the names: of stimuli, whether overtly or coVertly.' At the simplest level,
rehearsal takes the form of overt repetition of the name of a single stimulus. An

intermediate form of rehearsal constitutes the cyclical naming of more than one stimulus,
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such that several ¢ . items of a list are rehearsed simultaneously. A more advanced

level of rehez- -+ involves generating associations among the stimuli and cumulatively

rehearsing ther grcups defined by these associations or connecting links. In this way,

retrieval of ong stimuli facilitates the recall of othefl in that rehearsal set.

Profic‘e J i ise of rehearsal strategies is seen to be critical in the acquisition
(or learning), s*frage or retention), and r;triléval (or recall) of schoolraged children and
adults. (See Atwinson & Shiffrin, 1968; Bjork & Jongeward, 1875; Craik & Lockhart,
1972: Craik &.\.Vatkins, 1973; Craik & Jacoby, 1978; and Darley & Glass, 1975.) Both
the multist_dre memsry model and the levels of processing model emphasize the
importance of rehearsal abrlity. The multistore memory model postulates that rehearsal is
comprised of a group of processes used by the individua! to maintain information in a

temporary or short-term storage, and to facilitate the mov‘ement of information between

“the short-term sthe and the more permanent long-term store. The levels of procéssing

wews rehearsal as a means of- malntamlng anitemat a g|ven Ieve}»-
an instrument of intensive processing and elaboration. in
both models, vI is seen to play fwo ’major roles, the firs’t being that of

J 4 orking memory; the second involves functioning as a storaée

’ ®s further processing 'of. the material to be rsrhembered.“

; _chers Bjork & Jongeward, 1975; Dark & Loftus, 1976) report that
:  aI is used to counter forgetrinév(decay in short-term memory) without
"ning of the memory trace,‘whereas elaborative rehearsal leads to a
more resilia _ory trace and better long-term storage. Findings have not always been
cohsistent‘ ' his postulation. For example, Craik and Watk_ins (1873) reported that
frequency of"} &earsal facilitates short-term storage with no corresponding b/enefits in
long-term stor’ z while other studies (Bjork & Jongeward, 1875; Dark & Loftus, 1976;
and Darley & , 1975} used a conceptually similar proredure to that of Craik and
'Watkrns {(1973) &-d reported strong evidence that bgth types of rehearsal enhance

long-term retentnom The fmdmgs of Bjork and Jongeward are typical of these StUdIGS

Their experl_ment‘ |ved presenting children with sets of six words that they were

required to rehefl® in a rote, cyclic fashion (i.e. maintenance rehearsal, or "primary

¢

rehea_rs‘a\l" as B;ork and Jongeward termed it, to correspond with primary memory).
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Minutes later, these children were given similar sets of words to rehearse with the aid of
meaningful associations ( i.e. an elaborative rehearsal treatment, referred to by Bjork and
Jongeward as "secondary rehearsal’). Foliowing the presentation of the six words, there
was a delay interval of 20-seconds, duﬁng which the child was required to rehearse the
words as instructed. " All the subjects were then given either a surprise free-recall test or
a surprise recognition test of all the words they were rehearsing. In the recogr{ition test,
the child was required to select the words r‘ehearsed from among a larger number of
words that were not shown pre\;iously. The findings indicated that both‘typés of
rehearsal produced high recall on the initial test of short-term storage, although
mamtenance rehearsal was more effectlve than elaborative rehearsal.  On the recall test
given a few hours after the Iearnmg phase of the experiment, the rehearsal treatments
were reversed in effectiveness, secondary rehearsal now belng superior to primary
rehearsal (Bjork's and Jongeward's terms). These results support the distinction
commonly made between maintenénce and elaborative rehearsal. Also, -the distinction

now seems to be more complex than was anticipated. Although secondary rehearsal was

still supernor to prtmary rehearsal on the recognition test, both treatments were assocnated

with good. Iong term fecognition; but this was not the case on the test of long-term recall.
Similar observations were noted earlier by Woodward, Bjork and Jongeward (1973,
1974), | |
Together, the findings from the recall énd recognition tésts suggest that memory
performahce might be explained in terms of the type of rehear.sz.sllthe iﬁdividual brings to
- bear on the task, as well as in terms of the type of t-est he ‘is given. * Primary, maintenance,
or cyclic rehearsal seems effective mainly. for maintaining information in short-term
storages, but it can produce some fransfer to Ibng;terﬁﬁ storage. Elaborative rehearsal, on
the other hand, seems less effective than a Cy';c‘ylic-rehe'arsal strategy for maintAjning
information in short-term memory, but mo‘f—e'éffeétive in transfering in'formatiérk\ to
long-term storage in g way that faciliitates retentioh and long-term recall. :
An alternative explanation is that both elaborative and maintenance rehearsai
transfer to-be-rem.embered material fo long-term storage, but that the nature of the

represeniations they produce can be quite different, and that this: dif ference is a critical

determinant of the probability of subsequent retrieval of the information stored. - ‘Since



elaborative rehearsal is thought to require more inter-item connections than maintenance
rehearsal, it follows that items stored by ‘elaborative rehearsal will have more retrieval
routes than items transferred to long-term storage by maintenance rehearsal. If one
defines the strength of a memory trace (or depth of processing) as varying with the
number of retrie_val routes or semantic connections between the piece of information and
.. other material in storage, then memory traces produced by elaborative rehearsal will be
.. generally -stronger than those resulting from maintenance rehearsal. Research efforts
, ShO\'N consistently that recognition is more primitive than recall (Cohen & Greller, 1975)',
being able to occur from weaker memory traces or a minimal number of retrieval routes.
Thus, even though elab_c}'ative and maintenance rehearsal might differ in the extent to
which they foster long-term retention, they might be more similar in ability to produce
long-term recognitioh, the strength of the memory trace be‘ing‘of little significance in the |
latter situation. ‘
3.3.1 Relevant research using direct and inferential measures of rehearsal

Studies of rehearsal involve either direct or indirect measures of the cohstruct.
.Direct measures of strategy usage usually involve the mea\suremen‘t of overt behaviour."
Flavell, Beach and Chinsky (1966) used one of the best direct measures of rehearsal to
.investigate the age at which the different forms of the ‘strateQAy first appear. The
partlcrpants of this study mcluded five- seven- and'ten- year- old children. Circular arrays
of pictures of seven common objects were the materials, three of whrch were ldentn‘ned
on each trial as the ones to be recalled. After sach presentatlon of the stimulus, there l
was a 15 second delay during whach the expenmenter recorded the child's lip
movements SO as to measure any spontanebus verbal activity that might oceur. Durmg
the delay interval, the child wore a space helmet that covered his eyes but exposed his
lips. The visor was removed at the end of the delay interval and the Chl|d was asked to
point to the to-be- remembered pictures. The relevant finding was that only two of the
20 five- year olds showed signs of rehearsal durmg the delay interval whereas 17 of the
20 10 year- olds rehearsed spontaneously Furthermore, a positive relatnonshlp Wvas
observed between the presence. of lip movements and the total number of ttems recalled

over the trials. . This is the typical finding, and it has been repllcated several times (Keeney,

v
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Cannizzo & Flavell, 1967; Hagen & Kail, 1973; Ornstein, Naus & Liberty, 18975; Cuvo,
1878). A review of the relevant studies indicates that five- and s'r‘—yea}'-olds do not
normally rehearse. Seven-year-olds rehearse sometimes, but when they do, their method
of rehearsal is rudimentary. From 10 years to adulthood individuals becomé increasingly
‘pr'oficie,nt in use of reheérsal strategies. - Recall performance shows a remarkable
_ (,‘,iincrease with rehearsal ability in ail instz'ances.

It should be note;i here that the lip.reading technique isjinsensitivéiof the type or
quality of "r’ehearsal engaged in by the 10-year-olds. Had Flavell et al (1966) tested
adolescents and adults, ihey would have noticed, a decline in verbalization with increasing
age, a finaing “that reflects subvocalization or covert rehearsal, or rather the
disappeafance of overt rehearsal (Ornstein, Naus & Stone, 197‘\7). One technique used
with older subjects(iinvolves externalizing the strategy so tHat it can be méasured directly
(see Rundus & Atkinson, 1970: Rundus. 1971). But externalized measures of rehearsal
are fraught withuinterpretive ‘pr&:blems bointed out by Kail and Bisanz {1982).

vOrnstein and his_._assocviates.(Ornstein, Naus & Liberty, 1875; Naus, Ornstein &
Aivano, 1977, and Orns'tein, Naus & St8ne, 1977) used direct observational techniques
that involved measures of externalized rehsarsal. In Ornstein, Naus and Liberty (1975),
the researchers asked thira- sixth- and eighth-graders to rehearse aloud during short
intervals between the presentatioh and recall of objects. Control subjects (who were
allowed to rehearse as they. wished) were included at each grade level SO as ‘Eb‘:‘,overcgme
difficulties of interpreting measures from the externalized rehearsal tecﬁnique. The serial’
position curves for the overt rehearsal and control groups were comparable at each grade
level, even though control subjects recalled more items than children who were asked to
rehearse aloud. Consequently, the researchers proceeded to analyze the rehearsal
profiles of the children in the experimental group for qualitative differences that varied
with age. |

The results éonfirmed the earlier finding that recall perforimance level increased
with age. More important was the finding of age-related changes in the primacy section
of the serial position curves, although these differences were not significant in the later or
more recent serial positions.  Third graders showed virtually no primacy effect, their

serial position curve being relatively flat over the prerecency positions. Sixth and eighth



43

graders had U-shaped curves, with the primacy effect being élightly higher for eighth
graders than for sixth graders. The finding of a pfimacy effect that increases with age
has been reported earlier by Cole, Frankel and Sharp (197 1), Kingsiey and Hagen (1969),
Philip, Atkinson, Hansen and Bernbeck (1964), Philip, Shiffrin and Atkinson (1967), Rundus
(1971) and Run'dus and Atkinson (1870). Subsequent replications (Naus, Ornstein &
Aivano, 1877; Ornstein, Naus & Stone, 1977;Aand Ornstein & Na s,"1978, for example)
appear in the literature quite frequently. The high degree of consis‘tency of the primacy
effect produces ‘a reliable measu‘re of rehearsal proficiency in the primacy score {ithe
number of digikt positiohs correctly identified from iinitial positions of the sequence) (Kail &
Bisanz, 1982; Seaman, 1980)3. ‘

Direct measurement techniques.have also been used to investigate the specific
aspects of rehearsal that influence performance level. In two of these studies, Kingsley
and Hagen (1969) and Fercjuson and Bray (1976) induced children to learn a set of stimuli in
one of the folloWing ways: spontaneous rehearsal, overt labeling, covert labeling,
repetitive labeling (in which students named the pictures and then changed all the names
without rehearsing them). Only the rehearsal condition improved recall. The researchers
‘speculated that rehearsal improved recall because it provided children with retrieval
practice.
 The position that rehearsal improves recall throx}gh the provision of practice in
retrieving re_levant‘details from memory predicts a direct relationship bétween rehearsal
frequency and level of recall. The observational technique used by Ornstein and Libérty
(1975) allows a test of this prédiction by comparing measures of rehearsal frequency and
recall performance level at various grade levels. Contrary to their expectation, Ornstein
and Liberty found that rehearsal frequency was not highly related to recall parformance
level once the population was comprised of spontaneous rehearsers. The mean
frequenmes per rehearsal set {the number of digits or letters rehearsed before the cycle‘
starts all over again) for the third-, sixth-, and - eighth-graders (6.1, 6.4, and 6.2,
respectively) were similar p > .05. The recall performance levels Were,. ob the other
hand, very different (p <.01), especially in the primacy section of the serial paosition
curves. : e

i
!
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Close observation of the patterns of rehearsal indicates that children of different
ages were rehearsing in very different ways. Third-graders tended to rehearse each
to-be-remembered item in a minimal combination with other items such that their average
set size was just about 2.5 items. In cc;n;rast, children at Grades 6 and 8 had mean
combinations of 4.0 and 4.5 items, respectiv'ely; an indication that these oider children
were more active rehearsers. Therefore, the important ag;:;é(a{ted changes in rehearsél
that ‘con‘wpare with the age-related increases in recall performance level, pertain to the
extent to which items are rehearsed in meaningful groups or sets. This finding has been
replicated several times in studies such as Naus, Ornstein and Aivaho (3‘977-), Ornstein,
Naus and Stone (1877), and Ornstein and Naus (1978). |
Of course, the number of times a list item is rehearsed might increase wjth the size
of the rehearsal set (Rundus, 1871). Thus retrieval practice might be greater among
individuals employing larger rehearsal set sizes. Therefore, data that support the levels
of processing épproach explana¥ion “(elaborative rehearsall might al\so support the
multi—store‘ ex.planatjon (rehearsal"freduency and retrieval practice} of the relationship
observed betwelen recall performance level and rehearsél ébility. _‘It should be noted that
Ornstein and Naus (1975) held rehearsal frequency constant in simulated data fram groups
that differed in rehearsal set-size. The relationship between recall performance ievel and
rehearsal set-size was still significantly positive, although this relationship was lower than
when rehhearsal frequency and r‘ehearsal set-size were jointly related with level of recall.
{The distinvction rﬁadé betwe:en young ch'ildren's passive rehearsal strategy and the more
active rehearsal of older children is synonymous witH the distinction made earlier between
maintenance and elaborative rehearsal. Indeed, third grgders in the studies done by

Ornstein and his associates, rehearsed in a passive, rote-like fashion, whereas older

children rehearsed to-be-remembered items in a more active fashion.)

Studi‘es that use an incidental-learnving paradigm

Studies that use an incidental-learning paradigm to investigate the relationship
between elaborative rehearsal and recallvperformance' level examine differences in
performance on structural and semantic orienting tasks. The semantic orienting task is

assumed to process information at deeper levels (as does elaborative rehearsal) by
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allowing the individual to focus on the meaning and common characteristics of a group of
stimul. Structurét orienting tasks, on the other hand, are seen to produce storage only at
peripheral levels. The paradigm p.rovides a useful test of the adequacy of the levels of
processing model in explaining retention and recall. |

A large number of studies (Hyde and Jenkins, 1969, 1973: Walsh & Jenkins,
1973; Craik & Tulving, 1975; Nelson & Vining, 1978; Darley & Glass, 1980; and Seaman &
Murray, 1980) have reported that semantic orienting tasks produce higher levels of
immediate recall than do structural orienting tasks. But Schauilman (1874} has shown that
forming semantic associations is not the whole story, since congruous statements éuch as
/s soprano aAs/nger? yield better recall than incongruous statements like /s mustard
conbaye?. His children tend to pay att;ention to the former and ignore the latter
statements, and this difference in attending seems to relate to level of recall. |

Darléy and Glass (1980) examined more fully the relationship between amount of
rehearsal and recall probabilify in ‘und'ergraduate - university  students. An
incidental-learning paradigm, involving a visual search task follov:(ed by an unexpected
recall test, was used to control the kind and amount of rehearsal. Tﬁeory (Atkinson &
Shiffrin, 1968) about maintenance rehearsal predicts that recall probability is independent
of target position in the search list; also, the incidental nature of the task should eliminate
any primacy effect since neither the number of r"'ehearsals a target receivés nor the depth
at which it is processed should depend on the serial position of the word in the .Iist. The
results indicated that serial (searth-list) position of the target words was a significant
determinant of recall probability, suggesting that even when rehearsal was simply a rote
cycling of words, it increased the probability of recall over no rehearsal at all.  This
finding is consis;tent with the typical finding obtained from other experimental désigns. "
(See Bjork & Jongeward, 197'5; Cuvo, 1975; Kingsley & Hagen, 1869.) The findings of
Craik and Watkins (1973) are, however, inconsistent with this tre‘nd. Darley and Glass
(1980) proposed that the conflict between the findings of Craik and Watkins and those of
othef studies may be resolved if the critical factor is seen to be attention réther than
rehéarsal type. Using the argument that sometimes rote rehearsal does not demand
attention, Dariey and Glass concluded thaé the distinction between the kinds of rehearsal

H
that do or do not facilitate retrieval from long-term store should not be drawn in terms of
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whether or not rehearsal is elaborative, but in terms of whether or not attending takes

Place during the execution of the strategy.

There seems be some worth in this explanation, notwithstanding Darley's and

Glass's tendency to see attending as an all-or-none phef'fomenon. Stimuli that do not
receive full attention, and are analyzed only at shallow sensory levels, might result in weak
representations in memory. On the other Hand, stimuli that are attended to fully, and are
enriched by organizationé’ that portray their associations with other materials in memory,
might yield meméry representaﬁons that are long lasting and more easily retrieved. \ But it
Is debatable as to whether the critical variable is the ability to attend selectively to pértinent
stimuli or what this ability is uséd to do. . One individual might choose to focus on physical
characteristics of a single stimulus, whéreas another of similar processing capacity might
note conceptual categories within which several of the stimuli fall, and systematically
reorganize thz material into meaningful groups. This differential use of similar capacity
might be related to level of recall. In sum, it might be important to differentiate Getween

passive measures of attention, such as incidental-learning ability, and proficiency with
\

rehearsal, even though efficient use of rehearsal strategies réquires attentional energy.

3.3.2 Conclusion

What conceptio;w of information processing is gained from a review of theory and
research in the areas of atterﬁion and rehearsal? In more traditional memory paradigms,
traces and associations were the major theoretical concepts. The individual's acquisition,
retentlon and retrleval of information were( seen to be a function of the strength of
associations and of their mterrelataons \D’re determinants of strength were also well
known to be study time, recency, frequency (or number of repetitions), interference by
éssociations involving similar or identical elements, and the like. However, Craik and
Tulving (1980)~-held constant all of Lthese important determinants of strength of
asséciations and traces in a series of 10 experiments. The mental activity of the learner
was the only thing manipulated. Yet, memory pérformance was dramatically affected by
manipulat'fons of the information-handling” variables. This evidence is consistent with
insights gained from the theory and research discussed in thls chapter, and suggest that

the abul:ty of the learner to retain and retrieve meaningful matenal might be explained in

N
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terms of the strategies he uses to store the to-be-remembered material. The learner
seems to be a processor of information, within the limits of his energy and attentional
resource. Information-handling strategies such as rehearsal proficiency and
incidental-learning aeility seem to be able to explain level of, learning and retention of
meaningful material.

In the process of helping a child to’ correct his errors with the aid of informative
- feedback, what instructional variables are ifnportant if one intends to Optimize learning and -
retention? How can one match test-item feedback parameters with test-item response
charac'teristics in a way that promotes maximum long-term retentien?' An answer to this
question requires an identification of how the main information-processing variables
facilitate learning and retention of different messages or curriculum content. Kulhavy's
and Anderson’s view of the delay-retenﬁon effect implies a learning model of one critical
parameter. The critical variable is the quantity of the material acquired or received by the
learner. Learning might be measured in a quantitative way (i.e. by recall or recognition) in
order to determine how much of the material was originally received. The main internal
ieformation-processing variable is the learner's attention, which include the related
constructs (interference and response competition) that might detrinﬁentally effect the
indivieual's ability to selectively attend to the new material. The instructor merely has to
manipula‘te variables such as rate and length of presentation, instructions fo pay attention,
and the like. In learning mathematics skills, for example, level of retention depends
directly on how much is acquired; and one can increase acquisition by a slower rate of
presentation, allowing more practice, or mstructmg the student to pay attention. But it
was noted repeatedly that two groups of students provided with similar feedback after
different delay intervals can be similar in acquisition of the information provided at
- fesedback and yet significantly different on level of long-term retention of the information
they acqﬂired earlier, 'This finding seems inconéistent with the posits of a one-parameter
model that sees the individual's attention as the lone critical variable of Iearning and
retention, ' V

A two-parameter model. An alternative model takes into consideration how
much informatien is received, as well as the extent to which the learner organizes the

material at input and integrates it with his previous knowledge. Of course, one might opt
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for a three-parameter model, the third parameter tapping how subjects vary in previous _
k;wowledge. But a two-parameter model seerﬁs most parsimonious for the present study.
First, subjects in this study will all be at the same grade level, so that an assumption of a
constant previous knowledge can be made. Second, degree of organization and
integration. of the new materiél with previoué knowledge seems to consider already the
existence of previous knowledge. That is, it seems reasonable to assume that degree of
integration varies with any quantitative measure of previous knowledge. Furthermore, it
iIs not the previous knowledge as such that is critical for retention of new material.
“Rather, it is the degree of organization of this new material with previous knowledge that
is seen to be critical. It is tHis active reorganization and integration of the new material
with previous learning that both reflects and fosters high level understanding. by revealing
relationships between the various parts of the material, be(tWeen'each part and the whole,.
and between the whole object of interest and other material in storage.

By emphasizing the value of high level organization in addifion to the amount of
material acquiréd, the two-parameter mode! implies that learning should be measured both:
quantitatively and qualitatively. Thus, the finding that two grc;ups of students are similar at
immediate retention and yet different one week later on a long-term retention test can be
‘gasily explained by the twb-pafame"ter model. The obvious explanation is that the groups
were different at immediate retenﬁon, and that a quantitative measure could not reveal this
difference. A qualitative measure, on the other hand, is more likely to detect differences

in the organization of the material; and these differences might be critical for high-level,

¥

long-term retention. .

3.4 Expectation of the Interaction. Effects of Time of Feedback With the
Information-Handling Variables | A
Two research questions pertain to this area of the‘study. They may be stated as
follows: | |
1. In providing students with mathematics test feedback, is there a significant
intaractjdn between time of feédback and incidental-learning ability? -
2. Is there a significant interaction between rehearsal proficiency and time of feedback

1

on mathematics skill level?



43

Incidental learning x time of feedback.

The first of these questions focused .on the interaction of the student's
incidental-learning ability; with the treatments’ influence on Iong-term} retention. It was
predic‘ted ‘that the relevant regression céefficieht for immediate feedback would not be
significantly higher than that for delayed feedback. o » .

Theories such as Broadbent (1958, 1871, 1877) Deutsch and Deutsch (1963),
Norman (1969, 1982}, and Triesman (1864, 1971) suggest tHat selective attention is
central to learning. Indeed thése theories assume that learning results directly from
selective attention. It has been reasonably assumed, also, that the méterial must be
learned before it is retained, and 'that the deeper thé lea[ning the better the material will be
retained. Also, some theorist (Kulhavy, 1977; Kulhavy‘&\Anderson:‘ 1872) posit. that poor
retention results- when the to-be-remembered material interferes proa\c-ﬁve!y with other
material in storage. Recently, researchers such as Seaman (1980), Seaman and Murray
(1880) and Anderson (1883) have been explaining interference in the language of
information-processing theory. ‘These theorists postulate that individuals who are high in
selective attention can discriminate easily between messages of similar /'htens/t/eé, and
are thus likely to arrive at right answer§ in a situation where the correct response and the
distractors trigger long-term stores of similar trace étrength.‘ Such views imply a
one-parameter model of Iearning, with the subject’s attention as the lone critical
determinant of acquiéition. But several pieces of empirical evidence (Mayer, 1974;
Mayer & Greeno, 1972; and Mayer, Stheil & Greeno, 1875, for example) report other
evidence that is inconsistent with a one-parameter model of Ie!rning.‘

The }elationship between learning and retention might be more com;SIex than a
one-pérameter model seems to suggest, largely because depth of /earning might be

determined by more than mere passive attention (i.e. incidental-learning). Studies such as

Sassenrath and Yonge (19'68, 1969), Sturges (1969, 1972a, 1972b) and Pee;k and

Tillema (1979) have shown that two groups of students which are quite similar on the
immediate retention (acquisition) of material presented at feedback can be quite different
on the delayed retentibh test of the same_matérial. Usually, students presented with test
results under a delayed feedbac,;k condition obtain significantly Ahigher long-term retention

scores than those presented with immediate feedback. In addition, the recent evidence

/,
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of Peeck and Tillema (1979}, that students’ memory of their initial wrong responses does
not prevent them from benefiting from test results feedback is contrary to the prediction
of the interference-perseveration Hypothesis. On the basis of these piéces of evidence it
is predicted that the measure of passive attention (incidental-learning abiity) employed in
this study will have more to dc‘a with learning than with long-term retention. The ability

might be a significant parameter of mathematics achievement on all occasions. But since

-all partitipants are expected to receive the feedback information, the effects of

incidental-learning ability on level of long-term retention might be similar in all treatment
groups. In sum, incidental-learning ability is expected to produce similar regression

coefficients for the three feedback treatments.

Rehearsal proficiency x time of feedback.

The second question of this category investigates the intergction of the student'’s

ability to use rehearsal strategies as storage facilitators with the effects of time. of
feedback. Mature rehearsers are expected to hold in mind relationships that lead to the

selection of the right answers and the‘rejection of wrong answers and to use these

relationships to update those concepts relevant to the test questions. In the immediate
feedback situation, these r‘elat'ionships are expected to be still” fresh in mind while the
proficient rehearser is correcting his errors. The task of aqéquately-updating concepts
might be easier when the relationships have been recently studied, wather than onh the
following day when they are likely forgotten. Therefore, the highly proficient rehearser
is expected to function best in an immediate feedback situation. Poor rehearsers, on the

other hand, are expected to find the relationships associated with previously wrong

responses distracting rather than informative while they are correcting errors (Hansen,

1974). Thus poor rehearsers provided with immediate feedback are expected to do

worse than counterparts in the delayed feedback treatment. Theory and research that.

support this expectation are discussed extensively earlier in this chapter. I

<
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4. THE INFLUENCE OF SELECTED AFFECTIVE VARIABLES ON LEARNING AND‘
RETENTION: THEORY AND RESEARCH

This chapter examines the influence of preference for immediate feedback and
academic self-concept of ability on learning and retentnon of meaningful materlal
Research efforts that examine the interaction of preference for immediate feedback with
the effectiveness of feedback modes are practically nonexistent. It is assumed that there |
is a direct relationship between children's stated preferences and their enjoyment of the
objects in question. The first section of this chapter resorfs to an examination of affect

on learning outcomes.

(4.1 Definition of Affect

‘The term affect has been used at two levels of meaning. At ohe level, affective
experience can be interpreted as brief transitory states such as a pleasant or an unpleesant '
feeling. Activation or arousal has been classified as affect at this level. Stimulus
characteristics such as novel, handy, prompt,.and computer-like, are enough to activate
observable changes in affect, which varies with neuro-physiological changes, whether
tp'/ey’be internal- or external to the organism. But although affect might be viewed as a
mere product of néuro-physiological changes at one level, it seems plausible to see the
-construct as a personality dimension, characterized by a reliable, enduring nature, at
another level of meaning. As a personalrty subsystem, affect might be indegenous to the
living person. Neuro-physiological changes may amplify or attenuate affective states,
causing particular aspects of this personalit)r dimension to predominate for short periods
of time (see Tomkins, 1962). But there might be some degree of stability and learned
patterning that can be useful in understanding and bredicting affective influences, within
identifiable margins of error. Itis at the second of. these levels that affect is seen by
some theorists (Izard, 1963; 1964, for example) to have relevance for an understanding
of sustained, purposive behaviour such as interests and self-concept of academic ability.
‘These- studies indicate that important positive and negative affect may continue for
extensive periods of time wi'thout chanQe in activation.

, An important distinction between preference for immediate feedback and

academic self-concept has to do with the object on which the affect is focused.
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Whereas preference for a feedback mode focuses the affect on features that define the
learning condition, academic self-concept focuses the affect on the material to be
learned. Preference for immediate feedback might be influenced largely by the
individual's perception of the‘amount of fun derivable from features that define the
learning situation, and, as such, is linked to the learning condition rather than to the learning
itself. Se|f_-cbncept of academic abiiity seems to be more closely related to the material
to be learned or remembered. This difference between the two constructs might be
important in understanding why'they influence learning and retention differently. Another
distinction between preference for a feedback mode and academic self-concept miéht be
drawn in terms of the transitory enduring nature of the staté or tra“i't, (which»ever is
relevant). Althouagh preferences s;éem to be characterized by an enduring pefsonality
- attribute, an individual's preference for a given feedback mode might .b:e relatively
transitory compared to his confidence in a subject érea such as mathematics.
Preferences might change with the amount of perceived fun or enjoyment derivable from
the objects in questioﬁ. But level of self-concept seems to be based more on a history
of experiences and events, characterized by a pattern that tends. to maintaJin itself by

influencing the individual’s perception of future events (Secord & Backman, 1976).

4.2 Affect onLearning and ReteniiOn

A -stimulus that captures an individual's attention is alleged to initiate a chain or
sequence of perceptual-cognitivé responses, whether they be overt or covert.
Affective responses triggered, might inglude the subjective experiences of the individual's
history with similar étimuli, or novelties of the situation might be liked or disliked
depending on the difficulties or discomforts they present the individual.. Both affective
‘an,d cognitive systemé are hypothesized to interact in determining the way the individual
sees and feels about the stimulus. But, as researchers such Rosenberg (1963) conclude'z,v
.bit is practical to delineate the cognitive and affective corhponents of the response at both
the theoretical and empirical levels. Thi's section of the chapter proceeds to examine
research that attem;;ts to explain the ih:fluence of affect on the individual's behaviour.

it has been{"prop'osed (izard, 1964; Izard, Wehmer, Livsey, & Jennings, 1965) that

the affective component is the primary motivational variable of learning and the related



outcomes. Cognitive inputs suct'w as clues and strategies may influence learning only by
first altering the affective system. Possible alterations include amplifications or
attenuations of ongoing affect, as well as instigations of competing or c}omplementary
affects. In support of postulations about the positive influences of affect on learning and
retention, research evidencei.has been consistent in the finding of a significant main effect -
on learning outcomes between treatments that differ in terms of affect. (See lzard,
1959, 1960, 1963, 1964, Izard, Wehmer, Livsey & Jennings, 1965; Kleinsmith & Kaplan,
1963; Rosenberg, 1963; Tomkins, 1962.) Typically, the findings indicate that positive

affect is associated with high recall ievels and low recognition thresholds, whereas the

I
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opposite is typical for negative affect. .
"Explanations as to how positive and negative affect functién to enhance and
- suppress learning outcomes still seem incomplete after several decades of researching.
An eafly explanation of tHe enhancing effect of positive affect stems from a Freudian
theory of repression. The theory postulates thét memory stores associated with negative
affect are difficult to retrieve because the ind.ividual’s péyche undertakes protective
measures to shutoff disturbing “experiences from consciousness. As e'arly as 1838
Sharp reported evidence that seems to support the repression hypothesis. His subjects

récalled positive and neutr‘al matefial significantly better than unpleasant material, even -

., though 100.% learning was. ensured at the acduisition' phase of the experiménf. Further

support of this position was vprovided by Worchel (1955). His study showéd that once

7 originally neutral words were associated with negative -affective material, retention of

these experimental associations were poorer than of neutral ass assomatlons Wlth these same

words. Affectlve stimuli used in these studies were not carefully scaled and important
measures such as /earning time and retrieval or response time were not considered. ' It
- is not possible to tell, then, whether subjects took longer to learn and recall stimuli‘
*associated with negative affect than stimuli associated with positive affect. The épparent
enhancmg influence of positive affect could have-been due to a selectlve use of contro/
processes such as attentlon and rehearsal, rather than to processes that are completely
outside the individual's control. '
In a series of five studies, Izard (1859, 1860, 1963) and lzard, Nagler, Randall and

Fox (1965) used a continuous learning trials ‘method to examine the influence of
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differential affect on learning and retention. The method involves taking control subjects
through one learning trial beyond criterion, and comparing the recall scores of
independent groups of experimental subjects with base values obtained from the control
group to derive measures o:f retention. The result of these studies seem to support the
attention-distractor hypothesis, as: opposed to the repression hypothesis. ‘."Stud\v\l
showed both positive and neutral pieture"labele as being learned at about the same rate,
and that the rate of learning was significantly slower for negative affect pictures’than for
neutral and positive pictures. ‘

It seems'pr'emature to conclude that the differential effects of positi\re and
negative affe tg can be explained by the attention-distractor hypothesis until one has
consudered the etfects on learning of posmve affect treatments that are lmplemented as
distractors. One expects learning under neutral affect conditions to be superlor to
learning under positive affect conditions where the affect stimuii are used as distractors.
This hypothesis was examined in Study 1. The study involved two Ievels_‘ of positive
affect, together with a negative affect treatmerwt. Affect pictures were scenes and faces

of people that varied from attractively adorned female figures to badly deformed patients

in hospital. The affect pictures were presented in one side of a cardmaster that remained -

open while cognitive stimuli were presented in the other side of the cardmaster two
secends later. All subjects were instructed to learn the labe-ls of the cognitive stimuli.
As the attention-distractor theory eredicts, Iabejls associated with the sligh‘tlvy positive
affect pi'ctures were Iearned si.gnificantly faster than labels associated with negative and

posmve affect plctures There was no significant difference between learning rate in the

‘ latter two treatments and the correspondnng difference between the two positive affect 7

y
h

' condmons_*wa's ‘statistically srgmﬁcant. Subjects seemed to take time-out from the

learning task to view the positive affect stimuli for a second time. This explaniation

seemed to have been only part of the picture, however, since acquisitiort was not-at its
best in the negative treatment where subjects were least likely to reexamine-the.pictures.
The sub;egt s psyche c_ould have activated a resistance to the intake of the diseased and
badly 'defrormed stimuli, and this resistance could have been transferred to the Iearning of
the labels of these diseased: and badly deformed figures pictured in the other side of the

cardmaster.
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Retention of the labels was contrary to expectation. For the 60 per cent Iearvhing
condition, the negative affect _picturés were associated with a significantly higher recall
score than the positive and slightly positive affect conditions. The trend was‘ similar for
100 per cent learning. The improper scdling of the affect stimuli was 'cited as a possible
source of the contradictory results.

In S'tudyblll, much care was taken to seiect stimuli from four points of the affect

‘e

scale.. The four points were referred to as extreme'pos/t/ve,jmoderate/y posit}'ve,
| moderately negative, and gxtreme negative affept. Positive and negative pictures were
matched for deviation from neutrality, and the cardrﬁaster was used to present the stimuli
such that exposure time and response time could have been studied as iﬁdependént
variables. The two-second exposure condition \_Nasiasé‘cgciated witﬁsign’iﬁgant treatment
difference, with moderately positive affect being s‘ignificantly sup/grior to extréme
positive affect. None of the other mean differences vv_é§ 'si‘g”hiﬁoan{ from zero. The
four-second exposure condition was also associated with a signi.'ficant treatmeﬁt ‘main
effect, p < .05. Extreme positiv'e affect was the worst condition, being s‘ignificantly

poorer than all of the other treatments. Moderately negative affect was associated with

the highest treatment mean, but the difference reached significance only when it was

 compared with extreme positive affect. Thus far, then, the studies provide only partialv

support for the attention-distractor hypothesis.

Study V used a similar deéigh' and the same pictures as Study Ill; but neutral labels

were.used in ‘Study V to separéte the affect pictu'i*'[é';f.rom the cognitive label. The results

’/ 1 ¥y H - . L
" of this study were quite different from those observed in Study I, and._were now

cgnsisteﬁ with findings observed in other -affect inducement studies.. Extreme positive -

affect was now significantly superion to all other treatments, whereas extreme negative

affect was now clearly the worst. ‘The difference between mdderately ‘positive and

moderately negative affect was not significant, but all other mean differences reached

. vst'atistic_al ‘significance. This trend was observed among both the learning and the
retention scores. A comparison. of Study V with Study Ill, then, suggests that the

- attention-distractor hypothesis has relevance for a full understanding of the influence of

.—- il

affect.on learning and retention. The only ,difference betwieen these two studies involved

a spatial separation of cognitive and affective stimuli in an effort to reduce the distracting '

1

e
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influence of > the affect‘ pictures.  This reduction of potential response confusion
produced a dramatic change of results. Extreme positive affect, previously associated
with ‘poorest learning and retention, was now clearly the best condition for both learning
and retention. But ihé distracta\bility,of the affect condition seems to be only part of the
picture. - The clear superiorityJ of: extreme positive affect c.>}ver the more neutral
conditions might be i‘ndicative,of heightened arousal. In the same vein, extreme negative
affect might be detrimental tc; learning becayse it depresses the .lsarner. Although
attention or selectivity might increase directly with arousal level and inversely with
aepression, fluctuations of attention might be mere indications of variability of a more
basic cause of learning. Studies that investigate the relationship of students' enjoyment
~ratings of the learning experiencé with level of learning and retention seem necessary for

a full consideration of counterhypotheses pertaining to the effects of affect on learning

outcomes.

4.2.1 Summarizing
. One wonders whether there are influences of affect that are separate from those
that can be explained by cégnitive variables such as attention and rehearsal. Studies
' conduct‘ed. so far have not addressed this quéstion, largely because of considerable
COnfound'mg (and probably interaction) between cognitive and affective variables.
Designs that consider vfthe_rrelationship between enjoyment ratings and visual attention
measures might heip to overcome this confounding and thus addresé the question of the
separate effects of cognitive and affective variables on learning and retention.

The design undertaken in the present study seems to have the potential of
CQnsidering the separate effects of cognitive and affective variables on lsarning and
-retention. The affective variables (preference for immediate féedback and self-concept
of académic ability) used in this study are less confounded with cognitive measures such
as incidental-learning abinlity and rehearsal proficiency than measures of affect used in the
studies'discussed in this section of the chapter.

Studies that examine the effects of preference for immediate feedback on
performance in academic disciplines are practically nonexistent. In Joseph (1981),

althougn there was a significant preference for immediate feedback, the interaction of the
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students’ preferences with the eff-ectiveness of immediate and' delayed feedback was not
significant at each of ih_ré‘e occasions. A child's preference for a particular type of -
feedback might be influenced largely by the amount of perceived fun derivable from the
feedback condition as well as by the familiarity of the condition to the learner. The
attributes considered by the child seem quite unrelated to the type of skill or material he is
required to Iearr}i. Given a learning situation he likes, the child's increasfed level of
motivation might influence his level of initial learning. But since the characteristics of the
learning situation are unrelated to the-material to be remembered, they might be of little aid
to his rehearsal of the material during the delay intervél. Consequently, his preferenée for
a particular feedback might be of limited assistance to him in his attempts to counteract
the processes of forgetting. It seems likely, then, that the interaction of this measure of
affect with time of feedback on mathematics skill level is not significant. At the same
time, preference for immediate feedback is expected to reflect the students’ enjoyment
or appreciaton of the subject and, consequently, have significant effects on mathematics

achievement level, irrespective of time of feedback.
4.3 The Influence of Academic Self-Concept on Achievement in Mathematics

4.3.1 Definition of Self-Concept

Research efforts in the area of self-concept have been plagued by conceptual and
methodological problems pointed out in Scheirer and Kraut (1979), Shavelson, Hubner and
Stanton (1976) and i/\/yhe 1879). Yet there is some agreement that self- concept is the
person’s perception of himself/herself. The various percepts develop from one's
interpretations of one's experiences with the environment. These interpretations are
gnfluenced particularly by one’s attributions of one's behaviour {Bloom, 1876).

Self-concept theorists (Mead, 1834; Purkey, 1970; Shavelson & Bolus, 1982)
state that people categorize the percepts trhey have of themselves. The self system is
purported to be muitifaceted, with the facets varying as the individual's activities and
experiences. Although multifaceted, the construct is alleged to possess a hierarchy with
perceptions of general behaviour at the base, proceeding to inferences about the self in

subareas such as scholastic achievement. It is on this basis that studies such as Boersma
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and Chapman (1977), BrookoVer, Patterson and Thomas (1964) and Shavelson and Bollus
(1982) inc.lude measures of general self-concept as well as self-concept of academic
~ abilities such as mathematics and reading/ spelling. At each level, the construct is seen to
include botZ descriptive and evaluative elements reflected in statements such as / find
division ﬂm, I 'ama smart kid, | do poorly in school subjects, and / am good at attacking
new words. Lastly, the self-concept is seen to be differentiable from related constructs
- such as achievement and ability (Brookover et al 1964, 1967). Therefore, the construct

is hypothesized to add to the predictability of performance level after variance due to

mathematical ability has been accounted for.

4.3.2 Research on Academic Se‘lf-Concept end Achievement in School
Research efforts have been generally supportive of the definitive characteristics
of self-concept. The body of research that examine’s'the structural relations of this
construct is voluminous. - No attempt is made to dISCUSS this body of research here The
reader is referred to reviews of the relevant literature found in Bloom (1976) Lynch,
Gregen and Noreem Hebelson (1981), Purkey (1970), Shavelson, Hubner and Stanton
(1976), Scheirer and Kraut (1879) and Wyiie (1979). Research evidence reviewed wili be

limited to the influence of self-concept of academic ability on academic achievement.

Several reviews (Bloom, 1976; Purkey, 4970: Scheirer & Kraut, 1879; and
Shavelson, Hubner & Stanton, 1976) have cited evidence that children's feelings and
self-percepts are closely related to learning and performance in school. . The findings
referred to here include correlational data from longitudinal and cross-sectional studies
(Brookover, Thomas & Patterson, 1964; Brookover, Erickson & Joiner, 1967; prs‘,
1869; Reckless, Dinitz & Kay, 1957). ~ With respect to performance in mathemafic§>*the
coefficients tend to be in the region of .30 to .40. For example, Brookover et al ({967)
reported an average correlatioq/(from 4 studies) of 37 among boys and .31 among girls
of junior high school grades, after controlling for ihdividual differences in mathematical
ability. The corresponding correlations reported by Jordon (1981) were .40 and .31
‘among boys ane girls, respectively. But there is an abundance of contradictory results

that question the reliability of the relationship. (See Bettschen, Winne & Wideeh, 1977,
Prendergarst & Binder, 1975: Scheirer & Kraut, 1979, and Shavelson, Hubner, & Stanton,
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1976.) As pointed out by Brookover, .Erickson, and Joiner (1967) and Bloom (1876), the
murkiness of the relationship between academic self-cbncept and achievement seems to
stem- largely from cénceptua!'pr'oblems.d The large number of available self-concept
scales differ in focus on the various aspects of the construct. Frequently used.measures
of self-esteem and general self-concept include few items of academic self-concept, and
focus more on physica>l and social aspects of the self. The poorest and weakest effects
of students’ self-perceptions on level of mathematics achievement have been reported by
studies that use these general measures of self-concept.’ ‘On‘ the other hand, studies that
report strong positive relationships between self-concept and academic achievement
(Brookover et al, 1964; Reckless et al, 1957, 1972; R.ogers et al, 1978; Strang, Smith
and Rogers, 1978; and Boersma, Chapman and Battle,‘ 1879, for example) include
measures of students’ self-perceptions with respect to specific academic subjects such
as mathematics and reading/spelling. Also, low, zero-ordér, positive correlations
between general self-concept and achievement measures were obtained in the latter
studies {Brookover et al, 1964, 1967; Boersma et al, 1979; Jordon, 1981; Rogers et al,
1978; Strang et al, 1978 ); but when the academic dimension of self-concept was
accounted for, the usual low but positive éssociation between general self-concept and
school achievement drops to a position of nonsignificance from zero. It seems
reasonable, then, to expect a positive relationship between students’ self-perceptions of
their ability to do specific academic subjects (such as mathematics) and their per formance
level in these subjects. Acédemic self-concept might function to influence level of
mo_tilvation ané perseverance in school tasks. Students with positive self-perception of
academic ability might invest more effort in completing learning taské, use their errors as
clues rather than as objects of frustration, and derive more fun or enjoyment from doing
the tasks than students of low self-perceptions. | '

Although the evidence indicates some agreement of a positive relationship
between academic self-concept and achievement, support of a causal predominance
between these; two constructs is less clear. Brookover et al (1964, 1967) and Shavelson
and Bolus (1982) concluded that self-concept is causally predominant over level of
achievement; Calsyn and Kenny (1977) reanalyzed data from the studies of Brookover and

his associates, using a cross-lagged panel correlational analysis, and concluded that
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self-concept is an outcome of achievement rather than an intervening variable; and
Shavelson and Stuart (1981) argLJed that causation is probably reciprocal between the two
personality systems. Geherally accepted theoretical models for examining the causal
predominance of concomitant constructs are yet to be formulated. Path analysis models
frequently incorporate 'cc?;relatio'n coefficients from two or.more studies that use
different self-concept scE{;Ies on population g[oups that might differ in important ways.
This inadequacy categorizes as suspect both the correlation matrices involved and the
results reported. Cross-lagged panel correlational analysis (as used by Calsyn & Kenney,
1877) seems to have much potential as an appropriate causal model; but the intervention
programme required between Time 1 and Time 2 makes the approach unattractive to
researchers in searchyof inexpensive models. It takes much time and coordinated effort
to change expectations and conjoint behavioral patterns of all persons that comprise the
social milieu of a large ‘sample of students. Finally, none of these models seemé to allow
adequate tests of the hypothesis that the causal direction between self-concept and
achievement changes at different stages of the individual's psychic development and
experience with the environment.

Laboratory studies that examine the relationship between academic self-concept
and achievement level include prescho‘:ol children (Cicirelli & Westinghouse Learning
Corporation, 1979; Gray, 1974; Gray & Klaus, 1870}, primary grade children (StalAIings,
1875; Stallings & Kaskowitz, 1974; Stebbings, St. Pierre, Proper, Anderson & Cerva,
1977), and junior high school student's (Dinitz & Kay, 1957; Reckless & Dinitz, 1972;
Brookover, Thomas and Patterson, 1964; Brookover, Erickson, and Joiner, 1967).
Studies that include children of elementary grades will be of central focus, since the/
present study also include children at an elementary grade level.

The Folldw Through Planned Variations Project included elementary school! children ‘
from several American states. Stallings and Kask.owitz (1874) evaluated the degree of
implementation of seven model programmes involving 342 classrooms. The degree of
“implementation of a model was judged on the basis of behavioral abservations that
considered materials used, activities followed, and interaction patterns of the classroom
participants. The‘theoretical models differed in emphasis on the development of positive

self-concept within the classroom. At one extreme was the behavioral learning approach
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that emphasized the identification and structured teaching of specific skills, along with the
use of immediate positive reinforcement for strengthening the correct response.
Self-concept chan\ges, if they c&ccur at all, are seen by this model to be a consequence of
success. The contrasting position of the open classroom model stressed the
development of positive self-concept as a necessary prerequisite of improved level of
performance. BN

The results of standardized tests revealed differences among programmé‘
sponsors favouring the behavioral or basig skills models on both academic achievement
and level of self-concept as measured by the Coopersmith Self-Esteem I nventory
(Stebbins et al, 1977),.although preliminary tests showed similar differences only on the
achievement tests in mathematics and reading (Stalling & Kaskowitz, 1974). ‘Thus this
massive study that combined results from several cites séattered across the United States
does not support the assumption of the open classroom education theorist, that the
child’s internal developmental need‘s, including the development of a positive self-concept,
must be the basis for educational prdgress. ‘Contrary to this prediction, the more highly
structured models that approached the behavioral ideology were associated with
improvements in both academic achievement and self-esteem.

One criticism of this project pertains to its deviation from the most sensitive -
model of self-concept, namely, the social comparison model. With respect to
self-concept in the classroom, between class differences might not be significant,
whereas within class dif ferences might be substantial (Joseph, 1975; Rogers et él; 1978,
Strang et al; 1978). Rogers and his associates (for example) found only trivial
between-class differences in self-concept of ability in reading. 'The corresponding*
differences for mathematics reached statistical significance, but only at a low level (p <
.05). Within-class differen_ge\s, on the other hand, were significant at the .01 leve! for
reading and at the .0001 level f\or mathematics. A design that uses class as the unit of
analysis, then, might be incapable of tapping important within-class differences in
self-concept.

The open classroom theorists, ideolized in Follow Through, éssumed a positive
relationship between academic achievement and general self-concept. This agssumption

lacks the consistent support ?f empirical svidence cited earlier in this chapter. The
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results of the project may have been closer to expectation if the open models had
focused on academic self- conc:ept rather than on general self-esteem, since studies that
include both of these self-concept measures (Bloom, 1976; Boersma, Chapman, & Battle,
1878; and 'Broo.kover et al, 1967; for example) have been consistent in showing a
stronger relationship between academié‘"self-csncept and academic achievement than
between general self-concept end achievement. But in spite of the potential worth of
these suggestions for further 'research, it seems unlikely that the persistent failure of
self-concept enhancement studies to produce substan%}al and durable gains is attributable
to faulty methoeology alone. Too many studies, that include a wide variety of models,
have been unsuccessful to uphold the view that important changes were. been masked
“merely by insensitive measeres ;nd inadequate exper'imental designs. & One cannot
conclude, then, that self-concept is a necessary prerequisite of learning. One can state
with greater confidence that self-concept (especially of academic ability) and acl?ievement
are positively related, and the coefficients tend to be highest when performance in
mathematics is the criterion. Based on this observed relationship, it is expected that the

measure of academic self-concept, employed in this study, will account for a significant

portion of the veriance in the retention of mathematics skills.

4.4 Expec_tatio;w of the Interaction of Time of Feedback With Selected Affective
Variables (
Research questions that pertain to this area of the study may be stated as foliows:

1. Does preference for immediate feedback interact significantly with time of
feedback of mathematics test results?

2. Do students who are provided with test results feedback at a time they prefer retain
the feedback better than students whose preferred feedback times are not met?

3. Does academic self-concept interact significantly with time of feedback 'of
mathematics test resuits? '

Preference X time of feedback. } .

Studies such as Kaplan and Pascoe (1977) and Zillmann, Williams, Bryant and ngk'f,

(1980) have reported a significant positive relationship between students' enjoyment

“ratings and level of performance in academic subjects. This finding is cons:stent with the
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vcommomy held view that if young children enjoy what ;(hey are doing, they will pay keen
attention to the task and do it well. But students seem to consider several factore of the
Iearhing condition when they are stating preferences, making a casual link between
preference for time of feedback and long-term retention quite complex. Possible causal
links between these two co_nstlructs is made even more hazy by the tendency for highly\
mathematical students to do better than othe‘r students in their class whether or not their
feedback preferences are met. I | |

The only evidence on the status of the interaction of preference for |mmednate
,feedback with time of feedback (Joseph, 1981) reported nonstgmﬁcant effects (p > .10).
‘Students may be considering several attributes of the feedback modes while they are
deciding on their preferences for time of feedback. Some of these attributes might
include what they consider the'‘usual or cusiomary delay interval, the length of the
feedback delay interval, and what fhey consider a reasonable feedback mode that can be
provided with minimal disruption of the typical classroom time table. 1t would be
“interesting to know whether any of these attributes interact significantly with tibme of
feedback. | \ | | |

informative feedbaclk might be seen to have rewarding\at'tributes by some
individuals, with tasks such as solving mathematics problems (even though the rewarding
influence of feedback seems to be ihseparable from,' its informativeness, Annett, 1969).
Given that delayed feedback promotes‘ better long-term retention than immediate
feedback, students who are intuitively aware of this fact might prefer to know their
reselts at the end of the test or one day after completing the test, rather than while they
are doing the test (i.e., item by item). Children seem to be low in awareness of their
memory c‘:apabilities (Ritter, 1978; Salatas & Flevell,}976; Keﬂey, Scholnick, Travers &
Johnson, 1876); but by fifth grade, students begin to discern many of the si'.cuational,
factors that might influence their ability Vto recall items from a paired-associate learning
task (Bisanz, Vesonder, & Voss, 1978). Therefore, Grade 5 students might begin to
doubt their ability to benefit optimally from item-by-item ie'formative feedback and,
consequently show a shght preference for delaymg the mforma‘uon The more mature

memorlzers are likely to be the ones to duscern which sutuatlonal variables will aid their

memory (Kail, 1979), and thus prefer delayed feedback in contrast to immediate feedback.

+
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But these are also the students who will use their superlor rehearsal ability to process
~|nformat|on qQuickly and, in this way, do better than others in an immediate feedback
situation.  Students who prefer to have the feedback immediately, then, are likely to be
only a subset of ihe high performers. If it is rewarding ‘t‘;\anyone it is the student with
the right answers who will find feedback most rewarding. Th|s_|s,I|ke|y to be the case
‘whether students are provided with item-by-item, end-of-test, or one-day delayed
feedback. It seems.reasonable to assume, also, that the motivational influence of
preference, by itself, .has_trivial effects on students’ ability to organize and integrate
: material_fcr storage, the influence of transitory affective states pertaining more to
associative rather than integrative strategies (Kulhavy, 1977; Hansen, 1874). Therefore,

preference for immediate feedback is ekpected to influence the three feedback

treatments similarly,

Academic self-concept x time of feedback interaction.

Another affective ’concomitant of achnevement is academic self- concept
Research ev:dence (Brookover, Erickson, & Joiner, 1967; Epps, 1969; Reckless & Dinitz,
" 1957 Rogers Smith, & Strang, 1978; Strang, Smith, & Rogers, 1978: for example)
suggest a clear relatlonshlp between measures of academic self- concept and achievement
in-school sub;etcs such as mathematics, reading and- spelling, after individual differences in )
rmathematncal ability has been accounted for. The observed correlatlons of subscales
such as self-concept of abnhty in mathematics nd self-confidence in academic ability with
achievement in mathematics tend to be substa)tial (Boersma, Chapman, and Battle, 1979:
étrang et at: 1978). Although there has been much doubt with-respect to the validity of a
causal link between self-concept and achievement (Calsyn & Kenney, 1877 Scheirer &
Kraut, 1879), the existence of a significant positive relationship betweenAthese variables
has received ‘wide acceptance. On the basis of the trend of a positive relationship
between acdemic self-concept and academicA-achievemenf, the prediction that academic
eelf-concept will account for a significant proportioc of the variance in the methematics
achievement me'asures is expected to find support.

With respect to fhe interaction effects of academic s‘elf-conceplt with time of

feedback, it may be .assumed that students who are confident about fheir academic ability

i
l
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are positive at the ¢- -t or their appr&ch to a mathematics question prepared for their
grade level. The, @ * that they-can do the task and are probably eager to ndeet the
challenge. In attacking the problem, they first eliminate the choices that are obviously
'wrong, and then select from the remaining alternatives the answer that is probably right.
The response they select is the one they place highest in a response hierarchy of the
alternatives presented with the question. If the response ohosen is wrong, highly
confident students may become a bit incensed about having missed the question, but
dismissed this disappointment with an undivided attention to the feedback information,
comparing it with the response hierarchy %eveloped in their minds. Thes_e students
should find the correction of errors and the learning,of the new information easiest in an
immediate feedback situation. The response hierarchy is still in mind when the student .is
required to correct his error. Tied with this response hierarchy are the various reasons
for crediting or discrediting each possible response. Once the correct answer is found,
the student mtegrates the relatuonshups associated with this response and the question into -
a new concept which serves to update her /his relevant propositional logic.

Since the task. of'consulting all relationsnips is easiest when they have recently
been studied, the higher probability of success in an immediate feedback situation should
serve as an edded boost rather than as a frusfration to the confident student. Subsequent
attempts at similar tasks (e.g., on a retention test) are likely to be met with increased zeal
and the fesling that / can do it. In short, the confident student is expected to benefit |
most from immediate informative feedback. |

It may be assumed that students of low confidence in academic abilify approach
the mathematics task in doubt they use associational rather than integrative strategles
(Sternberg, 1971) when selectmg an answer. If they select the right answer, the
association between the question and the answer selacted is confirmed, énd the selection
of this response to the question on a subsequent occasion pecomes even more probable.
When students of low academibc self-confidence select a wrong answer, they search
among the alternatives provided for a second answer and make another association of the
newly selected alternative response with the test question. Little attempt is made to
integrate information ‘pertaining to the various selection of alternative answers into one

concept that include the updated rules for reachmg the right answer. Instead of one
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propositional logic, there are several mémory stores, each involving the test question
connected to one of the alternative answers. In an immediate feedback situation, all
associations are made at roughly the same time, and are thus of similar trace strength.
Competition between these various responses is therefore likely to take place on
subsequent attempts of the test, especially when incorrect response -associations
_re-emerge to the forefront (Kahneman 1973). In the delayed feedback situation, initiai
'incorrect stimulus - response associatibns are quite submerged by the second day when
the correct associations are made. Relationships that led to the selection of the Wrong
response h‘ave faded also, such that they are not distracting to the learner when he is
focusing on the right stimulus response association. Therefore, it is expected that
students of Iowxacademic_;self-concepts will perform best under the c.cznditions of délayed
feedback, whereas immediate ;‘eedback will be the optimal feedback mbde for‘the

confident and highly integrative student.

LI
- .

4.4.1 Expected predictive accuracy of the covariates of retention of mathematics
skill | | 4
Having discussed theory and reséarch on both the information-handling and |
affective variables, the question of how these variables combine to predict méthematics
‘,.skill level can be fruitfully considered. The research questions that afe pertinént to this -

section of the study may be stated as follows:

1. What is the best linear combination of the inforr’nation-héndling and affective
variables that can be used to predict level of retention of mathematics skill? - And,
what is its predictive accurécy? | )

2. Isthe prediction equation for short-term retention of mathematics skill similar to the

~ equation for long-term retention of these skills? I they aré not similar, in what v;/ay

do the parameters change in influence with time?

Theory and research discussed in Chapter Il suggest a clear relatibnship between

rehearesal proficiency and both depth of storage and level of retention. Long-term
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rete- rial is generally assumed to be influenced by level of storage.
Tk arsat proficiency used in this study are expected to be

.. lermretention of mathematics skills.

" The influence of measures of passive atténtion, such as incidental-learning ability,
/ i
seem to be ¢.. 1e confounded with the effects of other informatior&handling variables as
. N\

well as withiiffects of the affect variables. But studies such as Schulman (1:971) and

- Postman ang Fues: 3&77) (that use an i'ncidental-learning paradigm) suggest effects of
o L‘Aic ) )

incidental-learning abslltiyyhiiwat are separate from other infbrmation-handling strategies.
Although research evidence does not suggest a cleaf relationship between measures of
passive attention and long-term retention, there has been much theorizing about the
relgafiohship of attention and acquisition. The haziness lies in the connection between
measures of initial learning and retention. Theories of central processing (Anderson et al,
1971\;.Norman, 1969) have suggested a direct relationship between level of acquisition

and level' of delayed recall. But research has consistently shown that two groups of |
persons can be quite similar on an acquisition test and yet different one week later on a

delayed-retention test of the same material (See Chapter i for the relevant research).

. Research evidence .discussed in Chapter Ill has associated the influence of passive

measures of attention with acquisition but not with long-term retention of fhe material
learned (Nelson & Vinning, 1980, Postman & Kruesi, 1877, and thulman, 1871); whereas
rehearsal proficiency had more to do with level'of storage and, consequently, long—‘term
retention Bjork & Jongeward, 1875; Cuvo, 1975; Darley & Glass, 1980; Nelson & Vining,
1878; Schulman, 1974). On the basis of these %indings, it was expected that
inéidental-learn‘ing‘ability' (a pasive measure of attention) would account for less of the tdtal
variance in the delayed-retention scores than would rehearsal proficiency, and that the
status of these two predictors would be reversed on the short-term retention test.
Research evidence lzard, 1960, 1963, 1964; lzard et al, 1965; Kablén & Pascoe,
1877; Worchel, 1955; Zillmann, et al, 1980) ha§ repérted,a consistent relationship
between treatments of affect and level of pérformance on. cognitive tasks. These
studies have involved a wiae varigty of experimental designs and tasks that include
affective stimuli as well as humor treatments and enjoyment ratings. But indications of a

clear relationship have been less consistent in the few studies that have ~attempfed to
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partial out the influences of information-handling variables from effects of affect. One
reason for the observed inconsistencies could be that affective lnfluences on’ learning and
retention vary from one sample group to another. In the present study it would be
interesting to compare the influences of preference for immediate feedback and
academic self- concept among boys and girls.

Academic self-concept and other confidence related variables are expected to

account for a significant portion of the variance in the achievement measures. Theory

and research discussed in the second section of Chapter IV eupport this expectation.

Although causal relationships between academic self-concept and _mathematics

achievement might be unreliable, studies have consistently reported positive relationships
between these two variables (Brookover, Erickson, & Joiner, 1967; Jordon, 1881;

Rogers, Strang, & Smith, 1978: and Smith et al, 1978. The relationships identitied have

been quite significant after individual differences in ability have been ac.c.ou'nted for.

Other research evidence summarized by Kulhavy {1977) Izard et al (1965) and Rozenberg
(1963) have mdlcated an interaction between affective measures such as confidence, state
anxiety and trart anxiety and long-term retention. Students who are confident in what they
are doing usually talk about their work and readdress aspects of the tasks that presented
them with dlff‘lCUltleS in an earlier trial. These efforts usually serve to recode
relationships and concepts that were wrongly grasped, and'to ensure high performance

on the -long-term retention test.. Therefore, it is expectedqhat academic self-concept

would account for significant portnons of the variance at short- term retentlon and also at -

*

long-term retention. ‘

The.lack of research efforts and theory that map relationships between students’
preference for time 'Qf feedback and their learning and retention of academic skills makes
it difficult to state clear expec’ta'tions of the predictive accuracy of preference variables
used in‘this study. It is generally believed that meeting students’ preferences that pertain
to a learning situation can transfer‘ positive effects to the learntng of the stimuli

themselves. When students feel satisfied, comfortable, or excited about a particular

situation, it is believed that they will be more vigilant and attentive to the stimuli, and thus
‘increase their time on task. The added time spent on the task is likely to result in

increased learning outcomes. But it seems crucial that the conditions that engender the -

"\



69

affect be closely related to the material to be iearned (kaplan & Pascoe, 1977; Zillmann,
Williams, Bryant & Wolf, 1980). It is not clear how closely related thé features of the
motivational object should Be to the stimuli fo be learned. It woulci be'intéresting to know
whet‘he} preference for time of feedback possesses features that are likely to generate

-, affect that will Fesult in improved Iearhihg and retention of an academic skill.



5. METHOD
AN

5.1 The Pobulation and the Sample of Students .
~ The population of the present study was comprised of Grade 5 students in the
~ Public School District of the City of Edmonton. Only students who were considered as
Seing capable of coping in tpe régular class stream were iﬁcluded"in this population.
Students placed in special classes because they were limited in English language were )
exempted from the sample. | |
To select a sample of classes, sc}wools were chosen at random from a complete
list of elementary schaols in the Edmonton Public School District. Principals of schools
wére qQuestioned about possible involvement in the study, and encouraged to discuss the
mbtter with their Grade 5 teacher(s). Each teacher decided whether the students in
her /his class would participate in the study. In cases where the teacher or the school
principal preferred to have the stﬁden’tséxempted, the same pro::edure was followed to
obtain class replacements. |
« Twenty Grade 5 classes weré selected as participants in the study. Two of these
classes were used to pilot the instruments of the study. The remaining 18 classes were
| randomly assigned to one of three treatment groups that were defined by the time of
feedback variable. One treatment group, consisting of six classes,” was labeled
item-by-item feedback, since students in this group obtained immediate feed‘back
regarding their responses to each item of a mathematics achievement test. Th.e second
treatment group was labeled end-of-test feed back sinée par.t.icipants in this group obtained
their test results as soon as they completed the entire test. Participants in the third

group, referred.to as the de/ayed feedback'gr'oup, received their test results one day

after taking the test.

5.2 The Instruments and Administration

'The instrumehts_ used in this study included mathematics achievement tests,
game-like aétiv\ities designed to measure incidental-learning abiiityﬂ and rehearsal
proficiency, and questionnaires that required students to indicate their preferenc‘é\s“fdr\

immaediate feedback on mathematics achievement tests, ﬁawell as their self-perceptions in

i
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school subjects such as mathematics and reading/ spelling. -

5.2.1 The Mathematics Achievement Instrument

Three forms of a mathematics achievement test were used both to measure
pe‘rfvormance level and to serve as a means of instruction through the correction of
students'.errors. The test domain was obtainyed from ‘the Elementary Mathematics
Curriculum Guide (Alberta Education, 1982). Test items were chosen from three areas
of mathematica[ content: concepts, operations, and problem solving skills. Each of these
broad areas was divided ir;to subdomains from which the test items were constructed.
item facets employed include content, item format, operations, and important item
features unique to each area of content. From each subdomain, items were generated in
sets of three with the aid of computer programs. It}am format, operation, and content
were held constant for each set of three itéms, SO that items differed across the
testforms only in terms of the numbers used.

v

5.2.2.Preliminary forms and field testing of the mathematics achievement tests

One hundred and eight test items were constructed by randomly sampling items
from sach row of the item domain (see Appendix.A). These items were collated into
three booklets and distributed to 10 Grade & teachers and two graduate students
specializing in mathematics education at the University of Alberta. Each teacher/
specialist was asked to rate each test item for its relevance to the the Alberta Grade 5
mathematics curriculumeits suitability as a problem for the Grade 5 student in the second
term of the school yea‘?}, and for appropriateness of item format and syntax (related to
decimals and remainders of division problems). Each rater was also required to specify
whether the requisite skills for item solution were mainly conceptual, operational, or
problem solving.. Feedback from the raters was used to improve the definition of thé test
domain, as well as to exclude content that was unlikely to be covered by the second term
of the school year.

~  Sixty items in the mathematics achievement test were -field tested using 44

students in,two classes. Of interest was the ability of each item to discriminate between

“high and low performers and to correlate positively with the total test score. Each item
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was also required to be challenging in terms of level of difficulty for Grade 5 students.
For each test item, the number of student requests for further explanation of what was
required was also noted. Difficult words and confusing phrases were replaced or
clarified on subsequent testforms. Al items selected for the final forms of the
mathematics tests were characterized by positive discrimination indices, positive item with 4

total testscore correlations, and difficulty lgvels between 0.20 and 0.75.

5.2.3 The final testforms

The final testforms were selected so that only the numbers included in an item
differed from one testform to another. The content, format, and other important
features of the test items were as specified in the test blueprint. Each testform included
30 four-option. multiple choice items. (See Appendix B.)

Item analyses of the Occasion 1 responses of participants showed the test items
as being characterized by positive discrimination indices and positive point-biserial -
correlations. One item from Testform 1 and two items from Testform 2 showed
point-biserial correlations that wevre nearly ;ero, and Testform 3 included one item with a
negative point-biserial coefficient that was not significantly different from zero. <These
test items indicated positive relationships with the total test-score on subsequent _
occasions. All other correlations were within the satisfactory range of .20to .60. Also,
the difficulty levels (proportions of students passing the items) were quite satisfactory.
For Tesitform 2, 26 of the 30 difficulty levels were evenly distributed between 0.22 and
0.71; two of thé difficult;l levels of the remaining test items were between .10 and 18
whereas the other two were between .81 and .83. For Testforms 1 and 3, 28 of the 30
difficulty levels were evenly distributed b'e~tween .20 and .75, with the indices for the
ré}\aining two item% on either side of this range. Table 5.1 displays the means and-

standar’d deviations of the three testforms.
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Table 5.1

Means and Standard Deviations of the Initial Responses to the Testforms

Testform = n Mean S.D. S.E. Alpha Kristof-Alpha
Form 1 115 13.381 4.815 449 .752 ----
Form 2 131 13.473 5.033 .440 774
Form 3 113 14.628 4.689 441 .736 ----
Total 359 13.810 4.875% 256 ---- 830

1. Cronbach-alpha measures the internal consistency of a test instrument.

2. Kristof-alpha estimates the similarity of three or more paraliel forms of a test.

The distribution of scores on each testform was approximately normal, ranging from 4 to

27,410 26, and 6 to 25 for Testforms 1, 2, and 3, respectively.

5.2.4 Reliability and equality of the testforms

The mathematics achievement test 'was designed to include tasks from three areas
of mathematics. Therefore, measures of internal consistency were expected to be lower
than those usually obtained from homogeneous instruments. Cronbach alphas of .752,
.774 and .736, were observed for Testforms 1, 2, and 3, respectively. Bagring in mind
the heterégeneous nature of the test, these measures were considered acceptable and
reasonably equal. Test-retest, zero-order correlations obseryed between subgroups of
the sample were also acceptable. The following intercorrelations between the ' three
testforms were obtained using the data from the students (n = 1 13) who wrote Testform
3 flrst o, = .747 ry=.730, and r,;=.725. " d

|
Not only were the observed relationships between the testforms acceptable, they

!

seemed also to be qu:te similar, suggesting that the testforms were of equal reliability. It

was decided on this basis to proceed with further tests of the equality of the three



testforms.

The lack of a control group that responded to all forms of the test befdre
receiving feedback made it d.ifficult to apply Wilks' (1946) multivariate test of Athe equality
of means, variances, and covariances, or Voiaw's (1848) multivariate test of compound
symmstry. Although the variances and covariances of the achievement'measures waere
~expected to be rather stable from Occasion 1 to Occasion 3. the mean scores were
expected.to undergo consnderable changg from one occasion to another. It was decided
to use the Occasion 1 testform Means and to test thenr similarity with the aid of a 1 -way
analysis of variance. Table 5.2 dusplays the ANOVA test of differences between the

-~

testform means at Occasion 1.

Table 5.2

Significance of Differences Between the Testform Means at Occasion 1

Source df =~ Sum Sq. F-ratio Prob.of Sig.

Between Groups 2 110.68 2.3459 .097
, Within Groups 356 8398.44
Total 358 8509.12

Tests of the homogenéity of variances
Bartlett - Box ' F=0.3108 p=.733
Cochrans C= (max var / sum var) = 0.3593 p=.687

As may be noticed from Table 5.2, the observed between-groups F-value of 2.346 is less
than the critical ., F(2, 356) of 3.87, suggesting that differences between the means of
the testforms were not significant at the .05-level. The variances of the testforms were

quite similar; the probability values of a Type 1 error were greater than 10 per cent.
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The means and other data reported in Table 5.1 were used to compute the average
variance (s), average mean (M), average correlation (r), and the variance of the testform

means {v). Wilks'{1946) L

e Was computed to simultaneously test the hypotheses that

all means are equal, all variances are equal, and all covariances are-equal. Estimates of the

intercorrelations between the testforms were obtained from the average correlations

observed among the various sample groups. The observed L, was .7385. (See Table
5.3.) -The value of -N log, Lm,. was 15.768, which was between the ,057(;‘) Land
Cthe le critical values of 12.5916 and 16.8118; this suggested that a second series
of teststwas necessary. ' ‘

The f'ormula used to compute L, may be obtained from Gullicksen (1950) or
Wilks.(1946)ﬁ The observed value of L, was .98235, and of -N log, .98235 was .948.
This value was considerably less than ’th_e 08 >Q4/> and the X;‘?) .criticél values of

9.49 and 13.28, respec

wely, suggesting that all three variances and all three covariances
co '

of the testforms may b idered al.




Table 5.3

Tests of the Equality of Means, Variances, and Covariances of Three

Mathematics Achievement Tests

Source Observed Values - Critical Values df

.05-level .0 1-level

Lowe ; 740 813 739 6
‘Nioge Ly, - . 15.768 12592  16.812 6
Loe | ", oes2 855 803 4
N loge Ly 948 9.494  13.283 a4
NOTE:
1. -NinL,. . anﬁ--NInch are distributed’as chi squares with degrees of freedom

(k/2)k+3) - 3 and (k/2)k+ 1) - 2, respectively, where N is larger than 63 and, k (the

number of testforms) is egual to 3.

—

.y

.

In place of a test of co/mp‘ound sym;nétry,’one may éompare the predictive validities of
the three testforms by looking closely at their relationships with other variables used in
this study. Table 5.5 indicates that the three testforrﬁs show similar rélationships with the
various measures of incidehtal-learning ability, rehearsal, and academic self-cor‘m.cept. On
the basis of the tests of equality of variances and covariénces and the measurés_of internal

consistency and test-retest reliability, the three test forms may be considered parallel. -

'5.2.5 Administration of the mathematics testforms w

A 3M Model 550 Elactronic Té‘;t Scorer was used to provide students in the’

end-of-test feedback and one-day de'léyed feedback groups with the results of their

achievement tests. It was easy for students to score their responses on this machine; the
answer sheet was simply fed through the scorer. The use of the scorer allowed prompt

reporting of the test results. Information provided by the scorer in,clluded a red dash

¥

/
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beside each incorrect answer as well as the total number of questions answered
correctly.

The tests were administered to students in their regular class groups. Figure 5.1
illustrates how the three testforms were used with the eighteen classes over three test

sessions (called occa5|ons)

Figure 5. 1

Interchangeable Use of Mathematics Testforms in 18 Classes Over Three Occasions

OCCASION Occasion 1 Occasion 2. Occasion 3 .
TESTFORM |
. CIJ Cll Cll Cl'ﬁ Cl) CIS
Testform 1 o ' ‘sz‘, Cu Cis. Czs Cn: Cn
Cy. Cu Cys. Cy Cy. Gy
Cll CIS ClZ Cll Cll' Clb
Testform 2. Cis. Cy Cn C, Ci. Cy
C32 C35 Cy C33 CJA/ CJe
__________________________ - - - e "

Cl? C16 CU Cl5 . Clll CH
Testform 3 C,. Cu Ciy. Ci Cy. Cy

A
C33 C36 C.ﬂ CN Clll CJS

NOTE '

1. 'C refers to class being observed. ‘ _

2. 'i'ﬁe first subscript (1 fo 3¥stands for treatment group. .

3. The second subscript (1 to 6) stands for c/ass number (in that _treatrhent group).

In each treatment group, two classes respondeé to Testformg on Occasion 1, two other
classes Eesponded to Testform 2 on OCCasibn 1, and the remaining two classes

responded to Testform 3 on this. occasion. This interchangeable use of the testforms
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was employed also on Occasions 2 and 3.. A different form of the achievement test was
administered to a class on each occasion so that no student took the same testform twice,

A time schedule of the three occasions for each treatment |s displayed in.Figure
5.2. The experimental per:od was nine days long for students in both the item-by-item
feedback and end-of-test feedback groups. and eleven days for students in the one-day
delayed feedback group. From this figure (Figure 5.2) one may note the time when each

instrument was administered to a particular treatment group.

The item-by-item feedback treatment group.

Students in the item-by-item feedback group followed the test instructions as the
investigator read them aloud. To do the test, participants read each question carefully
and worked the sum on rough paper in order to find which one of four Alternative
answers was correct. They then indicated their respon‘se to a test question by shading
one of -the letters, a, b, c or d of the four answer options. To find out the
appropriatenésé of an answer to a tes't item, the student erased the crayon paste beside
the letter which he/she shaded to seé whether an 'r" or a "w" was beneath it. pr;m r
appeared this mducated that the response was correct; a 'w' mdlcated that the response

was wrong. Whenever the partlc:pant selected a wrong answer, he was required to do

the item again, or to search for the right answer. Students in all classes were encouraged

to question the designated correct alternative if they did not understand why it was right

. or wrong). As soon as all of the right answers were found, participants checked their

answer sheets for the total number of questions which were answered correctly on the

first attempt. This involved counting all answer gpaces in which only one of the four

crayon pastes was removed. Participants then wrote this number at the foot of their
answer shests.

All procedures from Occasion 1 were used: again on Occasion 2, hel;i on the
following day. Occasions 1 and 2 involved writing two dtff:erent forms of the
mathematics achievement test. bAt the énd of .Octasion 2, participants were provided

with a verbal summary of common errors made by their class.
_ ' ¢
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The third form of the mathematics achievement test was administered on Occasion
3. Contrary to the procedures followed on the first two occasions, ‘ participants
completed the entire test before scoring their answer sheets with the aid.of the electronic
scorer.
The end-of-test feedback treatment. /

Students in the end-of-test feeback group responded to one of three forms of the
mathematics test on Occasion 1. They followed the test mstructuons on the front page of
the test booklet while the investigator read them aloud. Participants then did two sample
questions and recorded their answers on the sample mark sense answer sheet to ensure
an understanding of how to record their answers on the answer sheet. The students
were then shown how to feed their answer vsheets through the scorer. They were told
that they should verify their answers with the scorer as soon as they were finished all 30
questions. After scoring the responses, each participant was advised to replece the
selected alternative for the incorrect items and to rescore the responses with the aid of
the scorer. Participatlng students repeated this. exercise until they corre.ctly’ answere_d '
each i‘tem. They could eek for assistahce on their second or third attempt at questions
they found difficult. | |

Occasion 2 was held on the following day; Using the same procedures as in’
Occ.asion 1, participants took a different form of the mathematics test,, scored their
responses with the aid of the»soorer, and corrected their incorrect choices as has "been

.y

done the previous day. This procedure was repeated one week later, on Occasion 3;
when participants were required to write the third form of the mathematics test. l

5

The dejlayedffe@edback treatment. | | ‘
. The delayed feedback treatment differed from the end-of-test leedback treatrnent

only with respect to. the time when feedback was prov‘ided Whereas end of-test
‘feedback students were allowed to score their answer sheets lmmedlately after they had

- finished the test, the answer sheets and test booklets for participants in the delayed
feedback group were collected and then redlstrlbuted the followmg day. For Occasions

1 and 2, these students d|d not score their answaer sheets and eorrect their errors until

/?e day. after they had written the mathematlcs test. Unrelated exercises (such as a word
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puzale) were given to students who finished their corrections with time“” to spare The
amount of time students in the one- day delayed feedback group took to correct their
errors was comparable to the tvme taken by students in the end-of-test feedback group.
Occasions 2 and 3 were held one day and one week, respectively, after feedbatk was
issued on the previous occasion. Occasion 2 took the same format as Occasion 1;.but on
OcCasion 3, delayed feedback students wrote the mathematics test and scored their

responses the same day.

5.2.6 The_ Incidental-Learning Ability Scale

- A selective attention task was used to”obtain a measure of the student's
incidental-learning{abiﬁlity. Each stimulus for the orienting task included a familiar animal
(for example: bird, fish, goat,. Iamb lion, monkey, pig or zebra) and a two- digit number
(suchas 28, 36, 38 44 47, 51, 57 or 62) that always appeared with that arimal. The
eaght animals and eight numbers were put together in sixteen p%tures sach of which

contalned an anlmal and a number. In half of the pictures, the number,appeared directly

above an animal and, ih the other half, the number wa‘s directly below the animal. An

- animal was always paired with the same number The puctures were mounted on black and

white slides. Twelve random sequences of six p:ctures comprlsed the twelve-item
orienting task. (See Appendix C.] No animal occurred more than once in a sequence; the
animal appeared above the number in three of the set of six plctures in a sequence and
below the number in the other three pictures. , ) ‘

The orienting task required participants to keep track of the sequence in which the -
" animals and numbers appeared. At the end of the sequence, ohe number was selected
and shown on the screen a second time. Partncnpants were required to circle, on their

answer sheét, the position of the sequence in which this picture had appeared.
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Administration of the scale.
The Student’s Incidental-Learning Ability Scale was administered to all students
in the participating classes after Occasion 2. (See Figure 5.2 for a time schedule of the

administration of all of the instruments.) Instruction® were written on the flrst page of

the answer sheet. The student followed these lnstructlons as the investigator read them

©

aloud. Each participant was also required to do two sample questions. The instructions )

read to the participant may be obtained from Appendix C. )
Each picture in a sequence was exposed for 2 seconds. The criterion picture was
exposed for 15 seconds, during which time the:students indicated their responses. '
incidental Learning. At the end of the‘orienting exercise, each examinee was
asked to recall i) all the numbers and i) the names of all the animals. After answerlng

‘these two questions, each participant was given a list of the eught animals. Each ammal in

the list was paired with a row of four numbers. Two of the numbers in the set were

included in the criterion puctures whereas the other two numbers were not lncluded in the |

L
orlentung exercise which the students had just completed. One of. the four numbers was

- the number that always appeared wath the animal mcluded in the row. From sach row of

four numbers, partncupants were requtred to cnrcle the correct number that always
appeared with the plcture of the animal beside the set of numbers

Scormg ‘Scores obtalned from the orienting phase of the lnstrument included
the total number of posmons of plctures that were correctly ldentrfted The 12 items in

the ornentlng task mdrcated dlfflculty Ievels that varied from .300 to 781 Nine of the

twelve dxfflculty levels were between the narrower range of ;464 and .656. " For the total

..-

group, the result of the 12 item task was a mean of 6.914, a variance of 5. 377 and a

standardized alpha of .534. The item-by-total test score correlations were all positive.

- Central-learning scores correlated significantly with total.digit-span‘ s;;:;ores p < .OOO»_‘I) and

with .mathematics achievement (p < .001). _As expected, central lgarning was

uncorrelated with incidental Iearning of the numbers p=.221).

The mmdental learn:ng tasks correlated posmvely with one another’, as well as with .
mathematlcs achievement. On the other hand, performance on tasks that requured :

.partucxpants to recall the names of animals were uncorrelatedswith performance on ltems (;

/
that involved numbers only. as well with mathematlcs achievement. lnmdental Iearmng

s

e
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'scores for.the total group ranged from O to 13, with a mean of 5.8 and a variance ot
7.435. The item- w1th total test score correlations for the cruc:al items ranged from

]
i

.230 to 424,

5.2.7 The Rehearsal Proficiency Scale R é

Rehearsal proficiency was measured with the aid'oi a digit-span task comprisedot
fifteen sets of seven one-digit numbers. The seven numbers in each set were randoml'y
arranged and recorded, at one-second intervals, on an audio tape; the audio tape was usged

to standardized the instrument.

Administration

" This mstrument was admnnrstered after Occasion 2 to all students in‘the

participating classes: (See Figure 5.2.}) Instructions: prov;ded with the admmustratlon of
the instrument are mcluded in Appendlx D.

The fifteen |tems of this scale had dlfflculty levels ranging from .352 to .832.

E«ght of the dsfflculty Ievels were below .50 whereas the other 7 were between 50 and . |

.832. All items correlated positively with the total score. The dnstrsbutlon of the scores

was close to normal with a mean of 8.20, a varrance of 7.18. . Of the eight |te@s that _

referenced the frrst three serlal»

500, ‘whereas five of the seven it

showed d:ffnculty levels that were greater than 500. This heterogenelty was expected )

The standardized alpha coefficient was 576.

Scoring.

Two scores were extracted from this scale. - The first score was computed from

)

-_the number of correct responses associated with the first three Serial positionsyy- This

l

score was referred to as the individual's prlmacy-rehearsal score. The‘second score

obtained from this scale was the number correct score associated with the 1ast three o

serial, posifions. It may be referred to as the. recenc?rrehearsal proficiency score. " The

’prlmacy and recency scores were posmvely related to eaeh other r= 30) and to the tqtal

score (r = .821 and .784,., respectlvely). They were both posmvely related to vjual

sitions, six had difficulty levels that were less than o

ms that referenced the last three serials posmons‘ ‘
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(Pp>.411). See Table 5.5.
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i

central-learning ability (r = .383 and . 181, respectively), and to mathematics achievement

(r=,258 and .221, respectively). As expected, the recency-rehearsal scores showed a

significant relationship with the incidental learning of numbers (p < .0001), whereas the
- 4

primacy-rehearsal scores were uncorrelated with this measure of incidental-learning ability
<

+

5.2.8 Preference for Time of Feedback )

The student's preference fér time of ¥eedback was measured with the aid of a
questionnaire. In Section A ‘of this instrument, students were. presented with paired
comparisons of different delay-feedback modes. The types of feedback included in the
instrument were: Item-by-item feedback, end-of-test feedback, three-hour delayed
feedback, one-day delayed feedbabk and o‘ne-week delayed feedback. AILposs*bla pairs

{e.g., 1st feedback mode with an feedback mode, 1st with 3rd, 1st wnth 4th, 1st with

5th, 2nd with 3rd, etc.) we're included in the presentatnon

!
!

Administration. S

The preference' for time of bfeedback questio-nnaire was administered to all *
students in the participating classes after Occasioné (See F:gure 5.2) For each paired
companson of two types of feedback the student was required to shade the box besnde
the type of feedback that was closer to his preference. The instructions read tq_ the
partncnpants are included in Appendix E. * )

In Section B of this instrument, participants were required to rank order the five
feedback modes according to their preferences, by putting 1st in the box beside the type
of feedback liked best, 2nd in the box beside the typé of feedback liked second best, and

*

SO on.

Scoring.

A multidimensional, dual scaling technique (see Nishisato, 1980) was used to obtain
scales along which the students’ preferences could be significantly differentiated. Also,
this technique was used to compute scale values for the five feedback modes and scores

for each participant on each of the scales.
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Three scale dimensions were required to account for the different ways in which
participants responded to the Preference for Time of Feedback Scale. For each of the
three scales the pattern of stimuli weights were examined so as to label the scale
according to how it discriminated between the students ratlngs of the five feedback
rnodes. {See Figure 5.3 and Table 5.4 for a graph and a display of the three sets of scale
weights for the five feedback modes.) Scale | seemed to differentiate between
participants in terms of.the time of feedback they considered customary. Tnis scale
accounted for 44.4 per cent of the total variance. The ability of the scale to discriminate
between the subjects was significant, the chi-square (df=360) being as high as 664.56,
and (ETA)? (the maximum correlation ratio, i.e., SSbet._/SStotal) being .422. Scaie |
differentiated between participants in terms of their preferred length of delay of
" feedback. It accounted for 30.9 per cent of the tﬁat variance in the raw scores. Both
the associated chi- square of 447.21 and (ETA)? of .351 were significant suggesting that
the, scale dlfferentlated between the students' preferences. The pattern of stimuli
welghts for the thrid scale does not lend itself ta - easy labeling. One-day delayed
: feedback and item-by- ltem feedback obtamed high positive and low positive weights,
respectively; whereas three-hour delayed feedback and one-week delayed feedback
obtained high-negative-and low-negative weights..b Singe students realiz_ed that it was
possible to provide item-by-item feedback with the aid of a computer, and that ‘a teachér
can complete the hand scoring of aitest by the next day, thhe third scale was seen as
reflecting what the students felt was a feasible or reasonable . tlme for prov'dung test
resufts feedback Therefore, the scale was Iabeled feaS/b///ty Th|s scale was
orthogonal to the other two scales and accounted for an additiongl 13.4 per cent of the
total variance. The assocratec't,chi square of 187.27 and the maximum correlation ratio
(.232). were signjficantly Iarger than zero: this indicated that the scale significantlyv
differentiated between particicants (N = 358) who responded to the questionnaire. The
three scales accounted for a total of 88:7 per cent of the total variance in the raw scores.
The three sets of scale values for the five feedback modes are included in .Table 5.4;
Figure 5.3 illustrates a plot of the scale values for each stimulus in a three dlmen3|onal

space defined by the scales. v

#
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Normalized scale scores with a mean of zero were generated for each participant,
such that a participant ‘was given three scores (one on each of the three scales or
dimensions of reduction). These subject scores were used in the analyses reported in

Chapter 6.

Table 5.4

Weighted Vectors for Hypothesized Feedback Modes on Three Solutions

__________________________________________________________________________________________________________

Feedback Mode/ Solution Soltn | Soltn2 Soltn3
Item-by-Item ' -.503, 468 123
End-of-Test 433 .339 -.017
3-Hour Delayed 292 -.061 - -.338
1-Day Delayed $.300 ., 7 -.344 .352

1-Week Delayed : -522 - -.402 -.120 N







5.2.9 The Academic Self-Concept Scale

the aid of the Student’s

Self-conéept of academic ability was measured wi
Perception of Ability Scale (SPAS) which was designed by\Boersma and Chapman
(1'977). The instrument was designed to scale school-related elf-perceptions of
students in Grades 3 to 6. The scale consists of seventy short statements that students
usually use to describe their. performance at school. Examples of these statémients are: /
always understand everything /| read, All new wo}ds are easy for me to spg/l/, My
teacher thinks | write poor stor/es / am a.smart kid, and / always get everyth/n in
ar/thmet/c right, etc. Being measures of academlc self- concept subscale scores of the
SPAS show, roughly zero correlation with measures of general self-concept (obtained
from instruments such a's the Piers-Harris Ch//dfen’s Se/f-Concept Scale (Piers, 1969)
and., at the same time, demonstrgte good predictability of achievement measures
(Boersma, Chapman, & Maguire, 1979). Pearson correlations among the subscales and
between the sebscales and the full scale suggest that the six subscales of the instrument
are reasonably mdependent of each other, and that they measure a common construct -

--the- Cronbach alpha for the qu scale bemg ashigh-as=G15. =

Administretion

The Student's Perception of Ability Scale was administrated towards the end of
Occasi:éﬁ 2. Each student was provided with a copy of the instrument.  They were asked
to follow the printed instructions while the investigator read them aloud. In brief, the
instrument requires participants to read each statement carefully and to shade one of the
vadjacent spaces, YES or NO, depending on whether or not they think the statement is true.

Students were encouraged to respond to all statements and not to shade both YES and

NO. The students’ responses were scored according to the key provided with purchase

of the instrument, )

Three of‘ the subscales of the SPAS showed substantial positive Pearson
.correlationbwith achievement in mat'hematicsl These subscales were Self-Cdncept of
Ability in Mathematics, Self-Concept of Ability in Reading/ Spelling, and Confidence in
Academic‘ Ab‘i!ity. Scores on the mathematics self-concept .and the reading/ spelling

self-concept subscales obtained from the total sample of 360 Grade 5 students were
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g“very rnegativ'ely skewed, the modal score being the highest :possible score }n both |
}nstances. Scores on the Confudence subscale on the other hand. were reasonably
1ormal in distribution with a mean score of 4.37. " (The hlghest_ possnble score on this
szcale was 10.0.) Therefore, the Confidence subscale was considered as a covariate
in analyses reported in Chapter 6. Correlatnons between this measure of affect and other

: variables included in the study may be obtamed from Table 5.5.

5.3 Criterion Valiaity of the Instfuments
This section presents the i tercorrelations betweenkvarlables included in the data
- set of the present study. The data set’ mcludes three measures of mathematncs
achlevement primacy-rehearsal, recency-rehearsal, incidental Iearnmg of numbers two
subscales of the Students Perception of Abmty Scale, and three dimensions of preference
for immediate feedback. The intercorrelations of these variables are displayed in Table
| ,
5.5. It was expected that each variable would correlate signifiaantly with the mathematics
achiq%vementemeasures. . '
B wExcept_for--*--the—— reiaﬁonshtp—-befweeﬁ~—mcrdentahlearmng“ ability -—and——
primacy-rehearsal, “where the relationship was expected to- -be-—about- zero,
inforfnation-handling variables correlated more highly wit;w one another than with the
affeative varjables. ' Recency-rehearsal correlated significantly with incidental-learning
ability (r = .16) and with academic self-confidence (r = .13). The co}'responding
correlations r = .01, andr = .07) ‘fc‘>r' primacyrehearsal proficiency were not significant at,
the .05-level. But the cbrrelation@‘f pﬁmacywehearsal wfth mathematics achievement
. Ir = .28) was not.legs than correlation of recency-rehearsal with mathematics achievement

4

(r = .26). Thi} pattern of correlations was expected.

t
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Table 5.5
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Pearson Correlations Between Mathematics Achievement and Information-Handling

" and Affective Variables

Variables Mth1

Mth2 Mth3 ILA Pmcy Rncy M.sc Cdne

Pril Prf2 Pri3

.07,°

Math1 * 1.000 .71, .71, .16, .26, .22, 26, .23 10, -4,

Math2 ~ ¥1, 1.00 .és1 .21, .26, .15, .30, .24, .09, .08, -.17,

Math3 71, .68, 1.00 21, 29, 26, .37, 26, .11, .14, -.13,

ILANM 18, .21, .21, 1.00 .01; .16, .15, .04, .11, -.03, -.04,

Prmcy 26, .26, .29, 01, 1.00 .30, .10, Y07, .04, .03, -.10,

Rency .22, .15, .26, .16, .30, 1.00 .19, .13, 20, -.01, -.10,

Msc' ° .26, .30, .37, 15, .10, .17. 1.00 41, .02, .09, .00,

Cnfdnce .23, .24, .26, .04, .07, .13, .41, 1.00 .04, .05, -13,

Pristt, .06, .09, .11, .11, .04, .20, .02, .04, 1.00 .11, -21,
N —--Prfsl2 .10, ,.08, .14, -03, .03, -01, .08, 05, .11, 1.00 -.14,

" NOTE

1., means significant b_‘eyond the .0001 level, e *

2., means significant beyond the .001 level,

3., means significant beyond the .01  level,

4., means significant beyond the .05  level, .

5. 5 means not significant at the .05 | tevel. ’

. o .

\‘\ ¢
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6. THE RESULTS

it may be remembered that tHis study was undertaken to explore the findings
suggesting that delayed feedback of test information‘ is superior to immediatj\‘ehf‘eedback in
influencingﬁthe retention of meaningful material. The study investigaféd-
1. the relevance of the delay-retention\effect for the I‘e‘arning of mathematics skils,
2. the interaction of selected informatiéq-handling vgriables with the effects of time of
feedback on mathematics achievement,
3. the ir;teraction of selected affectixe variables with time of feedback on mathematics
achievement, and |
4.  the best linear combinations of the information-handling and affe?:tive variables for
explaining both learning and retention of fnatherhatscs skills. |
Three treatment groups were included in the study. These treatments were
referred tb as: /tem-by-item feedback (/-by-/], end-of-test feedback (E-O-TJ, and one-day
delayed /eedback (DELAYED). A total of 18 classes of Grade 5 students wer randomily
assigned to the three treatment groups; so that six classes, includlﬁg both males and

N+ .
temales. were in each treatment group. o

6.1 Considerations of External Validity

‘Concerns regardiﬁg the external validity‘ of the study led to investigations of the
interaction of treatment effects with the sex of participants as well as with spec’ial
features of their class groups. Analyses that pertain to these consideratrions are
included in the first four tables in this chapter. \ R |

Tablle 6.1 displays the means and standard deviations of males and females in each
treatment group. To test the sex x treatment interaction and the sex main effects,
orthogonal transformations of the mathematics achievement scores on the three
occasions were used as three dependent variables In a 2-waylmultivariate analysis ' of
variance. The three feedback treatments and the students’ sex (males, females) were

used as the between subjects factors of this analysis. Table 6.2 presents a summary of

the analysis of variance.



Table 6.1

‘
th

'» Mathematics Achievement Means and S.D.'s of Males and Females in Each Treatment

Feedback Group Occasion 1 Occasion 2 Occasion 3
: e

~

item-by-Item fdbk N Mean S.D. Mean S.D.* Mean SD. -

Males 52 14.7 5.0 ©18.9 54 17.0 5.7.
Females 68 13.1 3.9 17.7 5.2 15.6 5.2
End-Of-Test fdbk « '

Males 57 13.3 5.3 16.3 7.1 15.3 " 6.9
Females 63 148 5.1 15.9 5.9 16.6 6.4
DELAYED fdbk - - o ’

‘ N g , 4 p
Males - 57 ‘131 5.1 . 16.9 6.2 17.9 6.5
i,
Females 62 13.8 4.8 16.8_ 5.1 . 18.3 5.7
-~ %

NOTE: meaning of frequently used abreviations.

1. l;by-ll = jtem-by-item feedback;

2. EOT = End-of-test fee@back |
3. - DELAYED = one-day delayed feedback; ),/
4. fdbk = feedback; | |
5. 0, Occasn- \ = Qccasion; j [

6. T.trt,ortrtmnt = treatment. J
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. Table 6.2

ANOVA of Treatment x Sex x Occasion Effects on Level of Mathematics Skill.

e et e een

Source of Variation SS daf MS  F Prob. .

Treatment 131.350 2 . 66.675 0.862  .423.

Sex 699 1 0.699 0.008  .924

Trtmnt x Sex  ~ \, 248435 2 124.387 1.633 197 ©

Sbjcts Within Grps 26886.435 353 76.166

e e | S

BETWEEN OCCASIONS K

OCCASION / . 2332.22 2 1166.118  126.704  .000

Trt x Occasion 506.60 4 126.650 . 13.761  .000

Se* x Occasion .. - 28.38 2 14.187 1.542 215

Tr‘tmm x Sex x Occsn 49.21 4 12.302 1.337  .255

Occ x SubjWthn C. 6497.60 706 , 9.203 e
) .

It may be observed from Table 6.2 that the treatment x sex, sex x occasion, and
treatment x sex x occasion interactions are all not significant.  This suggests that
‘treatments had similar effects on both males and females. Consequehtly, the sex

stratification variable was removed from subsequent analyses of variance. N>
v

r

6.1.1 The inferactjon of class vm'i.ables with the treatments
The six cléssés in each freatment gr'oup were categoriied according to the reiative
positions of the class means on the mathematics achievement test. This categorization

~was used as a fixed factor in a 2-way (class x treatment) multivariate analysis of variance
on the transformed mathematics scores for tDe three occasions. The means and standard
deviations for high and IoW classes are displayed in Table 6.3, and the analysis of variance

in Table 6.4.
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Table 6.3
Means and S.D.'s of Classes Categorized as High or Low in Mathematics Skill -
e e . ‘.
Occasion 1 Occasion2 - -Occasion 3
N R 3 -

I-by-| fdbk N Means - S.D. Means S.D. - Means S.D.

Low Class 65 . 1235 311 17.26 541 t 1523 5.06(
High Class 55  15.56 5.19‘ 19.35 500 1729 577
E-O-T fdbk | N

Low Class - 69 1254 477 14.26 , 4.66 1364 545
High Class 51 1825 502 1859 6.64 19.12 6.83

DELAYED #dbk
LowClass 71 1213 456 1593 561 17.08 599
HighClass 48 1550 +4.86 1842 541 1969 596
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FARNNS Table 6.4 ‘

/ . . . .
"

A ~
ANOVA-of The Class x Time of Feedback Effects on Mathematics Skill Level

T e e e e e e e e e e e e e e e e ——— e ———

Source of Variation” SsS _df S | F Prob.
Treatment 13135 2 66.67 0961 .384
Class Level :, 2797.00 1 2797.00 40923 000
Treatment x Class , 212.17 2 106.29 }.5563 f 213
\Treatment Within Grps 12412674 353 68.35 .
OCCASIONS: (Within Subjects Effects | . . /‘
Otcasion ; 2332217 2 1166.11  126.867 - .000
Treatment x Occsn 506.60 4;‘ [ 126.65° 13.779 .000
Class x Occasion 1153 2 576 0.627 = .535
Thmnt x class x Occsn - 74.41 4 18.60  2.024  .089
Qc\c x subj wthn class 6489724 706 g/1 9 ',
. .~

T e e e e e e e e 4 e e e e i 4 e = e e = A e 8 4 ok A e e o e A o o o e o i e e

Table 6.4 indiéqtes tha‘?‘;he class X treatment x occas/én, class x occasion, and
class x treatment interactions wéré alt not significant. This suggests that the significant
treatment x occasion interaction effects were pervasive over class levels defined by
performance in mathematics. Other class related differ_e.ncés (such as whether classes
were taught by sé;boql principals or by regular class teachers, or whéhervciasses were
taught by male or female teachers) proved not to be significant. Therefore, it was

, decided to abandon the design that uses class as the _fmit of analysisin favour of a more
polwerfull design that uses subjects as the uriit of analysis. The latter design allows Iar’ger

degrees of freedom and, consequently, moré reliable conclusions. O



6.2 The Effects of Time of Feedback

The inf-luence of time of feedback on rbathematics skill level was investigated with
the aid of a 2-Way analysis of variance repeated measures design. - Time of fee.dback was
considered a fixed factor with three levels, whe.re‘as occasions :/kas considered as the ’
. repeated measures factor of three levels. (The score distributions met the assumptions
required for a clear interpretation of the ANOVA model. See Chapter 5.) The means
and standard devuatnons are‘ displayed in Table 6.5, and the analysis of varlance 13
summarized in Table 6.6. _

The mathematics achievement nteans for the three treaf%fvgebt 'group's weresimilar
at Occasion 1 {F(2, 366) = .497, p= 609] The summary of the analysns of variance
d:splayed in Table 6.6.shows the main effects of these treatments (the time of feedback /
factor) as being similar . Hver the three ~occas|ons; the observed F-value of 0.861 is less
than both critical limits { ;F(1, 2) = 18.51 ang the Box _95E(2‘, 4)=6.94 } The treatmerit x
occasion interaction was significant (p < .0001). This suggests that the feedback
treatments had different effects on the retention of mathematics skill.

An examination of differences between the within ceH means shows item-by;i‘fem
feedback as being superior to both-end-of-test feedback and one-day delayed féedback
on short- term (one day) retention: Scheffe multiple comparisons showing F-observed (2,
1068) values of 3.070 and 2.849 for the Occasion, 2 (- B and the (I - [E + D)/2i
mathematlcs achuevement mean scores These F-values were significant at the .0 1-level
“and .05-level, respec'uvely. The DELAY_ED minus E-O37 mean difference was not
significant at the .10-level. Significant differences were also .observed betwben the
mean scores at Occasion 3. On this occasion, the mean score for the one- day delayed
feedback dgroup was S|gn|f|cantly higher than the end of-test feedback group mean (p <
.01) and the item-by-item feedback group mean (p < 05) Scl:effe multlple comparlsons
F(2, 1068) were 2.837 and 3.138 for the (DELAYED minus I-by-l) and (DELAYED mlnus '
E-O-T) feedback mean differences. Thts finding confirms previbus conc|u5|ons that
one-day delayed feedback is superior to item-by-item and end-of:.test feedback bn- the
LTR of meaningful material (Sturges, 1972a). The difference between the mean scores )

for item-by-item feedback and end-of-test feedback was not significant at the 0. 1-level.

The significantly higher LTR mean score for the delayed feedback treatment (than for

[



r

' 1
‘item-by~item and #hd-of-test feedback treatments) suggests that the DRE has relevance
for the learning of mathematics skills.

Table 6.5

ot ,
Means and Standard Deviations of Mathematics for the Treatment Groups

.........................................................................................................

" Treatment Occasion 1 Occasion2  Occasion 3
. Y .
Mean SD. . Mean SD Mean SD. - n
by-lfdok 138 45 182 5.3 16.17 55 120
E-O-T fdbk 14.1 5.2 16.1 6.4 15.87 6.6 - 120
~ DELAYED fdbk 135 5.0 « 169 5.8 18.13 - 6.1 119
....................... ..‘.. e e i e e e e e e S e e B e e e 2 1 e o 8 e e e e
Total 13.8 4.9 17.1- 5.8 16.75 6.2 359
: -
Table 6.6
» . .
ANOVA of Time of Fesdback on Level of Performance in Mathematics
Source of Variation Ss | df Ms - - F Prob.

=

BETWEEN SUBJECTS  27267.38 358
Treatrient effects 131.21 2 - 65.60 0.861 424

Subj Within Grps 27136.00 356 76.23

WITHIN SUBJECTS 9414.00 718 v

Occasion effects 2335.51 2 1167.76 126.450 .000

Trtmnt x Occsn 507.06 4 126.76  13.727 .000 ’
: » ‘

Occsn x subjwthngrps  6575.25 712 . 9.24

| . S
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Table 6.7

Scheffe Multiple Comparisons of Differences Between the Treatment Means

at Occasions 2 and 3

Group Contrast Difference F Sig.
Occasion 2
I-E ’ : 2.117 3.070 i
I-D 1.284 1.860 NS
I-(E+D)/2 1.702 2.8490 *
E-D 0.833 . 1.206 NS
Occasion 3
D-I - 1989 2.837 _ #
D-E 2.167 3.138 . HH '
NOTE N A
1. .01-level critical F12, 1068) = 3.040 ~
2 .05-level critical F(2, 1068) = 2.449"
3 .10-level critical F(2, 1068) = 2.145
4. |1 means item-by-item feedback treatment group
5 E . means end-of-test feedback treatment group
6

D means one-day delayed feedback treatment group.
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6.3 Interaction of Time of Feedback with Selected Information-Handling Variables
Two scores were derived from the digit-span task to measure rehearsal
proficiency. One score summarized participants’ recall performance on items that

sampled initial serial positions, and as such were referred to as the primacy-rehearsal

score. The recency-rehearsal score described the participant's recall pérformance on

items that referenced final serial positions. Both scores were seen as measures of
rehearsal proficiency since the participant was required to rehearse all gigits presented
before any positi.en was referenced. Primacy rehearsal involved ‘retrieving recently
processed items from storage, whereas recency rehearsal was seen to involve holding or
recycling bits of information. Both measures of rehearsal proficiency were expected to
influence achievement in_mathematics as well as to interact significantly with time of

feedback. They involve active mental processing and are theorized to ;influence depth or

[
t

i

breadth of etorage. , B |
Incidental-learning ability was seen as a relatively passive measure of cognitive
mediation, since the critical tearning to.ok place while participants were acti{/ely engaged in
a distracting orienting task. This orienting task occupied the learner in a continuous
rehearsal task, such that learning of the crucial stimuli took place et a nonrehearsing level.
Therefore, incidenta'ly;learning ability was expected to have a similar influence on learning
and retention, and, consequently, not to interact significantly with timfof feedback.
Several analyses of covariance were used to measure the interaction of each
information-handiing variable with the effectiveness of the feedback modes. (The score
distributions met the assumptions required for clear interpretations of the analysis of
covariance model. . See Chapter 5.) The analyses are summarized in Tables 6.8 to 6.9.
Table 6.8 indieates that the primacy-rehearsal regression estimates for the three
feedback treatments were similar on Occasion 2\ (p > .‘10),. although the regression
coefficient (0.43) for Item-by-ltem feedback seemed quite different from the other two

regression estimates. (1.15 for End-of-Test and 1.11 for Delayed feedback). The

“ estimates were most similar on Occasion 3, where the coefficients were expected to be

significantly different. ~ The hypothesis of a significant interaction between

_ primacy-rehearsal proficiency -and time of feedback was thereforegrejected. Primacy

rehearsal ability showed a significant effect upon mathBmatics skill level {p <.00001), on
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both the short-term and the long-term retention scores. But these effects were similar
for students in all three treatment groups, suggesting that the effects of time of feedback
. \ ) * .

on mathematics performance does not interact with primacy-rehearsal ability. Several

chapter.

Table 6.8

Primacy-Rehearsal x Time of Feedback Interaction on Level of Mathematics Skill

..........................................................................................................

Sourcé/Feedback} byl - End-of-Test Delayed
Primacy rehearsal (Mean) 3.867 '3.983 3.546
| _ Occasidp 2, |
Math achievement (Mean) 18.216 16.100 16.933
Variance {wthn gp) . 20.188 41.48B6 | 3 1 .826
Regression constant | 16.548 11514 13.012
Regression estimate 0.432 1.151 1.106
Regression homogeneity test F(2, 353)= 1.971; p=.1410
Primacy rehearsal effect F(1, 353) = 29.892; p = .0000
Occasion 3 ’

Math achievement (mean) - 16.175 15.976 . 18.134
Variance (Wthn grp) 29.944 43.965 37.152

\ Regression constant 11.748 . 12.044  14.637
Regression estimate 1.145 . 0.985 7 0.986
ﬁegression homogeneity test F(2, 3563} = 0.095; p=.9100

Primacy rehearsal effect - F(1, 355) = 36.683; p =.0000
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The interaction of recency-rehearsal with time of feedback on mith

matics
skill level is sum_ma}ized in Table 6.8. As with primacy-rehearsal, recency-rehearsal
indicated similar regression coefficients for the three treatment groups on Gccasion 1

(p > .329). The three coefficients wére similar on Occasion 2 (p > .10). However, by
Occasion 3, the three regression estimates were significantly different at the .05-lével,
suggesting that recency-rehearsal proficiency interacted significantly with time of
feedback.\ The regression estimate was smallest (0.38) for delayea feedback, and
similarly steep (1.12 and 1.52) for the item-by-item and end-of-test feedback modes.
This finding sug;ests that whereas high and low recency-rehearsal students profited from
delayed feedback, only highly proficient récency-rehearsal" students benefited /from‘
item-by-item‘and end-of-test feedback. Figures 6.2 and 6.3 display graphs of the

interactions for short-term and long-term retention.



Recency-Rehearsal x Time of Feedback Interaction on Level of Mathematics Skills

Table 6.9

-103

Source/Feedback Item-By-Item End-Of-Test Delayed

Recency-rehearsal (mean) 4.017 4.450 4.378
Occasion 2

Math achievement (mean) 18.216 16. 100 16.933

Variance (within grp) 28.188 41.486 31.826

Regression constant 17.701 11.479 13.835.

Regression estimate 0.128 ©1.038 0.708

Regression homogeneity test

Receny-rehearsal effect

Fi2,353)= 1.878; p = .1544

F(1, 355) = 9.654; p = .0020

_________________________________________________________________________________________________________

Math achievement (mean)-
Variance (within grp)
Regression constant
Regression estimate
Regression homogeneity.test

Recency-rehearsal effect

Occasion 3
16.175 15.967
29.944 43.965
11.374 9.218
1.195 1516

18.134
37.152
16.455

0.383

F(2, 353)=2.944; p =.0540

F(1, 355) = 25.689; p = .0000

-l
T
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P
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Recency-Rehearsal x Time of Feedback Interaction on Short-Term Retention
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Figure 6_3
Recency-Rehearsal x Time of Feedback Interaction on Long-term Retention
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The interaction of incidental-learning ability with time of feedback. The
;ir\\teraction of fncidental-learning ability viith time of feedback was not significant. On
ea?h\oﬁasion, the regression estimates for the three treatment groups were quite similar
(p > .10), suggesting that the interaction of this measure of attention with time of
fee‘iback was not significant. (The regression coefficients for the treatment groups on"
both short-term and long-term retention are reported in Table 6.10). This finding

supports the hypothesis of nonsignificant interaction effects of time of feedback and

incidental-learning ability on mathematics skill level.

\

Table 6.10

3

Incidental-Learning Ability x Time of Feedback Interaction on Mathematics Skills Jevel

Source/Feedback ' [tem-by-ltem End-of-Test Delayed
Incidental-Learning.(mean) 5.733 5.500 | 6.034
- | | Occasion 2 ?
Math achievement (mean)  18.216 16100 16.933
Variance (withn grp) . 28.188 $1 486 - 31.826
Regression constant 16.018 12.246 14.774
Regression estimate .383 .701 .358
Regression homogeneity test F(2, 353)= 0.794; p=.4530 |
Incidental-Learning effect F(1, 355) = 15.499; p=.0001%,
Occasion 3
Math achievement (mean) ' ) | 16.175 1 15.967 18.134
Variance (withn grp) 29.844 43.965 37.152
Regression constant 13.178 12.469 16.369
'Regression estimate 523 634 298
‘Regressien homogeneity test F(2, 353)= 0.508; p=.6024

n
Incidental-Learning effect - H1,355)=15.324; p = .0001
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6.4 The Interaction of Selected Affective Variables with Time of Feedback
- This section examines'.’the interaction of selected affective variables, with time of
feedback on mathematics skill "'Ievel.‘ The chosen variables of affect include preference
of time of feedback and confidence in academic ability. Theory and research th;at directly
examine the interaction of preference of time of feedback with the time of feedback of
mathematics test results are practically nonexistent. Therefore, it is difficult to state with
confidence any clear expéctationé of these interactions. The literature, reviewed in
y Chapter 4, suggests that transitory, affective state‘s induced by the presence of affective
stimuli influence both learning and retention (seeizard, 1865). But the oﬁly study that
directly examines the interaction of students’ preferences with time of feedback (Joseph,
1881) reports nonsignificant effects which were d‘iffic'ult to explain, since another
measure of affect (academic self-concept) showed significant interaction effects for the

same sample of students. ' -
Pertaining to the'efects of meeting students’ preference for time of feedb_ack' the
- commonly held view is that students stand_to benefit more from é Iearniné sitlJation that
meets there preference than from one that-is confrary to their wishes. This view predicts
significant interaction effects between satisfying students’ preferences and time cof
feedback. Confidence in aca*emic ability, in contrast to preference for immediate
feedbagk, relates directly to the matefial to be learned, rather than to the learning
condition,.and as such was expected to directly influence the Igar’ning of the material.
Besides, students who were of high aéademic self-confidence, or who were happy about
therr performancek in school, seemed more likely than others to talk about the test
questions and to réhearse or readdress the méthematics problems during the retention
interval. Therefore, confidence in academic ability was expected to be significantly -
associated with different within treatment regression estirﬁateé on the Occasion 3

measures of mafhematics achievement.

Tests of the interaction effects of preference for immediate feedback with time
of feedback involved segeral analyses of variance and covariané:e.. Two of the
preferencg scales were used as covariates of mathematics achievement at Occasions 2

afd 3. Table 6.11 summarizes results that pertain to the first dimension of the

preference scale; the pattern of stimuli weights that define this scale seems to reflect the
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students’ feelings about feedback modes that are generally being uséd in class.
Therefore, the scale was labeled what /s customary. This dimension loaded positively on
end-of-test, one-day delayed, and three-hc\gur ‘delayed faedback {(with no significant
differences between ‘these s'cale values), and loaded ﬁegatively on item-by-item and
one-week delayed feedback. This dimension accounfed for 44.7 per cent of the variance
in the preferénce responses and correlated .08 with mathematics achievement.

. Table .11

Within Treatment RegressionkEstimates of Preference of Time Feedback: Scale |

Source/Feedback ’ Item-by-item End-of-Test Delayed

Preference (mean) ' .090 .084 .162
" Occasion 2 |
Mathematics Achievement 18.217 16.042 16.933
Regression Constant 18.100 13.834 17.018
Regression Estimate 1.298 23.589l -0.848
Regression Homogeneity Test F(2,352)=3.216; p=.0410
Preference Effects F(1, 354)=3.314; p =.0695
Treatment Effects F(1,354) = 4.418» p = 0127
A Occasion 3 ¥
Mathematics Achievement 16.175 15.908 18. 134
Regression Constant 15.487 14.064 - 18.319
'Regression Estimate 7.667 -, 19..700 - -1.814
Regression Homogeneity Test - F(2, 352) = 1.844;. p =.1601
_ Preference Effects _ F(1, 354) = 3.478; p=.0630

Treatment Effects F(1, 354) = 4.406; p=.0129
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The test of homogeneity of the within cell regression estimates shows the three
coefficients as being similar at Occasion 3 [F(2, 352) = 1.844: (e > .10)], suggesting no"
significant interaction betweén prefefrence for time of feedback and time of feedback on
level of mathematics skill. The corresponding regression estimates were, however,
significantly different at Occasion 2 {F(2, 352) = 3.216; p < .05}, ever; though they were
not significantly different at Occasioén 1 {F(2, 352)'= 2.671; p > .05}. _This finding
s‘uggests that the principal' component of the students’ preferences “for iﬁme‘diate
feedback interacted significantly with tHevinfluence of the feedback treatments on ‘t.l.we
short-term retention of mathematics skill. However, these interaction effects were not
significant one week later on the long-term retention test. The relatively steep regression
estimate  associated with erﬂd-of-test' f‘eedback is indicative of a higher
preférence/niathematics achievement relationship for this treatment group than for the
other treatment groups, :since the three groups were of similar variance (p=.222) on the
Occasion 2 criterien scores as well as on tﬁe preference scores. — o

The second dimension .of the students’ preferences reflected the attribute of
Ieng‘ih of delay of feedback. Item-by-item feedback had the highes"t positive scale score,
whereas one-week delayed feedback was at the extreme negati\)e pole. This component
aceOunted for 30.9 per cent of the total variance in the students’ expressed preferences;
and it had a correlation.of’ .10 with mathematics achievement. The within cell @Bgression
‘ éstimates associated with this-dimension of the students' preferences were similar on all
three occasions. The observed F(2, 352) values were 1.355 (o> .10) on Occasioh 2, and‘
1.448 (p > .10) on Occasion 3. This finvding of no significant interection is consistent
with the results of Joseph (1981). As expected, Valso, the influence of the Ienéth of 'delay .
dimension of the students’ 'preference showed highly significant effects on mathematics
achievement at Occasion 3 {F(1, 354) = 8.634; p < .01}, although these effects were not
significant on earlier occasions. The sugmflcant effects of this dimension of preference
on mathematncs achievement is consistent with the tlme of feedback effects on long-term

retention reported earlier.



The effects on STR and LTR of having feedback preferences satisfied.
From each of the three treatment groups, studen(tawho preferred to have their’
test results either after each item, at the end of tha test, ol one day after taking the test

TR B
were categorized intp two groups: students who got their preferences satisfied were put

) into one'group, whereas students whose preferences were not met fell into the other
group. Using the 293 students who preferred to have their test-results feedback at
either of these three times, a two-way ANOVA was conducted on the mathematics
achievement scores for each of the Occasions 2 and 3. Both factors (treatment and
preference satisfaction) were considered as being fixed. The means and standard
deviations for each preference ‘group are displayed in Table 6.12, and the analysis of
variance results are reported in Table 6.. 13.

The results indicated low interaction effects between preference satisfaction and
time of feedback for short term retention of mathematics skm {F(2, 283) = 2.318; p =
.10}, and hlghlelgnuflcant interaction effects for long-term retentnon {F(2, 283) = b. 557;
P< Ot} On both occasions, all of the interaction occurred between the end- of-testsand
delayed feedback groups: [{F(1, 283) = 4.541; p < .05} for short-term retention, and {/EH»
293) = 11.114; p < .001} for long-term retentuon]. An examination of the Occasion 2
cell means showed the‘t whereas end-of-test feedback students whose preferences were
not satisfied performed poorly relative to end-of- test feedback students whose
preferences were satisfied, these two preference met groups. for the delayed feedback
treatment were characterized by similar levels of performance in mathematics. This

pattern of cell means was even more pronounced at Occasion 3. |

The preference main effect was significant at both Occasron 2 {F(1,293) = 6.442;
p < .01} and Occasion 3 {F(1, 283) = 3.886; p < 05 }.- On® both of these occasions,
students whose preférences were met outperformed those students whose preferences

‘were ndt sdtisfied; but the difference in performance seemed less ‘remarkable” at

- long-term retention than at short-term retention. /



Table

6.12

Means and SDs of Students Who Got Thair Feedback Preferences Met

__________________________

T

________________________________________________

TOTAL

Occasion 2 Occasion 3
Treatment N Mean S.D. Mean S.D.
Item-by-Item fdbk 94
Pref.Met 16 18.56 5.89 1494 552
Pref.Not.Met 78  18.03 553 16.21 5.39
 End-of-TestFdbK 104
Pref.Met 50 18.36 6.88 18.50 6.84
Pref.Not.Met 54 1456 5.66 14.09 5.80
Delayed fdbk 101
Pref .Mt 25 1744 693 18.20 6.45
Pref.Not.Met 76 17.03 5.26 18.65 5.85
299 16.93 6.15 16.78 6.13
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The Effects on STR and LTR of Meeting Students’ Preference for Time of Feedback

Source of Variation SS df MS F Prob.
" Occasion 2: (Short-Term Retention)

Treatment " 1485593 2 74.296  2.150  .118
T -D) 44.644 1 44.644  1.292 - 257
T2(E - D) 103.949 1 103.949 3.008 .084

Pref.Met 222.617 1 222.617  6.442  .012

Treatment x Pref.Met 160.191 2.  80.095 2.318 .100
T1 x Pref ‘ 3.287 1 3.287 0.095 .758
T2 X Pref " 156.904 1 156.904 4541 034

Within Cells 10124.847 293 34.556

Occasion 3: (Long-Term Retention)

Treatment 396.917 _ 2  198.459  5.624  .004

"Ti-D) 322.106 1 322.106  9.127  .003
T2(E - D) | 74.812 1 74812 2120 .14

Pref.met 137.148 1 137.148 3.886  .050

Treatment x Pref.Met 392.216 2 196.108  5.557  .004 .
T1xPref - 0.000 i 0.000  0.000  .999
T2 x Pref 392.216 1 392216 11.114 001"

Within Cells 10340.100 293 35.290

T L L LT LT L T T Py T iyt
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Academic self-confidence x time of feedback interaction on mathematics skill level.

Three subscale measures of SPAS were considered in the selection of -a useful
academicyself-concept measure. Two of these subsé:ales, Self-concept of Ability in
Math?mat/cs and Se/f-Concept of Ability in Reading/Spelling, produced, scores that

‘ wereh‘ﬁighly skewed. In both of these subscales, the highest scqre was associated with
the highest frequency. Scores on the Confidence subscale were distributed normally
between 0 and 10 with a mean of 4.37. On the basis of the distribution of its scores and
of its relationship With the achievement measures fog the Grade 5 students studied, the
Confidence subscale was used as a covariate in analyses described in this secton.

The interaction of confidence in academic ability with time of feedback was
inves‘tigated with tHé aid of cgvariance analyses. Table 6.14 displays the regression

estimates for each treatment group on the short-term and long-term retention scores

taken at Occasions 2 and 3.
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Table 6.14

The Interaction of Confidence in Academic Ability with Time of Feedback on Mathematics

Source / Feedback ltem-by-Item  End-of-Test  Delayed
Confidence (mean) 4.47 4.26 4.32
Occasion 2 - |
Mathematics achievement (mean) 18.22 16.10 16.93
~ Variance (within group) 28.19 41.49 31.83
Regression constant 16.10 10.46 15.36
Regression estimate 0.47 1.33 ~0.36
Regression homegeneity test F(2, 353)= 3.898: p =.0212
Confidence effect 'F(1, 356) = 20.779; p = .0000
Occasion 3
Mathematics achievement 16.17 15.97 18.13
Variance (Within group) 29;94 43.97 37.15
Regression c.onstant 12.98 | 8.72 - 17.13
Regression estimate v 0.72 - 1.47 0.23
Regression homogeneity teet F(2, 353)= 5.198; p = .0061
Confidence effect F(1, 355) = 23.807; p=.0000

————w e ————— ———— . e e e e e e o e e o e e e e o e B e o e e

The within- treatment regress:on estimates assocnated with the interaction of
confneence in academic ability with time of feedback were as expected The coefﬂcnents
obtained on Occasion 2 (0.474, 1.325, and 0.358) were significantly different at the
.05-level, suggesting that confidence in school subjects influences short-term retention
of mathematics skills. The regression estimates for the three feedback groups were

more dissimilar by Occasion 3; they were significantly different at the .0 1- level
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Fiqure 6.4

Academic Self-Confidence x Time of Feedback Interaction on Short-Term

Retention of Mathematics Skills
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Fiqure 6.5

Academic Self-Confidence x Time of Feedback Interaction on Long-Term

Retention of Mathematics Skills

116

Item-by-Item fdbk

—— « — End-Of-Test fdbk
— — — — DELAYED fdbk

2 4 6 8
ACADEMIC SELF-CONFIDENCE

10



117

This finding suggests that conﬁdence in academic ability mteracted s;gmflcantly with the
mfluence of the feedback treatments on the long-term retentnon of mathematics skill.
F:gure 6.5 displays a graph of the interaction. The flattest regression line was associated
with delayed feedback, suggesting that the effect of this feedback mode on the retention

" of mathematics skill was similar for studenits at opposite ends of the confidence scale.

This was not the case for item-by-item and end-of-test feedback where the regression:y

L%

lines were relatively steep, suggesting that students of greatest confidence in academic

ability benefited most from end-of-test and item-by-item feedback treatments, in contrast

to one-day delayed feedback. The latter feedback mode, on the other hand, sesmed
better than the immediate feedback treatments for. students of low aéademic

e

self-confidence.

6.5 Predicting Short-Term and Long-Term Retention of Mathematics Skill

This section examines . the predictive accuracy of combinations’ . of

information-handling and motivational variables on the short-term and long-term retention

of mathematics skills. The students’ mathematics achievement scores at Occasion 2 and
" Occasion 3 were uséd as measures of short-term retention and long-term retention,
resvp;ectivel_y, in stepwise regression analyses. The independent variables of the
regressibn equations }ncludéd incidental-learning ability, primacy-rehearsal proficiency,
recency-rehearsal proficiency, confidence in academié ability, and the three aspects of
the students’ preference for time of feedback. The students’ mathematibs achievement
scores at Occasion 1 were included in these equations t o account for variability due to
previous knowledge in'mathematics. In this way', mathematics achievement at Occasion 1
was used to partial out variance due to individual differences in mathematics from the
short-term retention and long-term retention measures of mathematics skill level.
Separate analyses were made for each sex wit;\in each treatment group, since significant

treatment effects on the criterion were Qbsérved at Occasion 2 and Occasion 3 and boys

and girls were expected to differ on the affective variables.
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6.5.1 Predictive equations of STR and LTR of mathematics skill among girls

Short-term retention. '

For girls within each treatment group, the regression analyses that pertain to
short-term retention of mathematics skill are displayed in Tables 6.15 and 6.16. It may be
| observed from these tables that, once individual differences in mathematics were

accounted for, the most predictive variables of mathematics skill level were: confidence in
academic ability for the end-of-test feedback group {_E('1, 58) = 6.992; p = .01} and
preference of time of feedback for the delayed feedback group {F(1, 59) = 12.462; p < |
.001}. In the item-by-item feedback group, the F-ratios for confidence in academlc ability
{F(1, 59) = 2. 426, p > .10} and preference of time of feedback {F(1, 59) = 3.024; p <
.10} were both relatively large, although they were not significant at the .05-level.
Information-handling variables were less pvredictive than the affective variables, and only in
one instance did a measure of rehearsal {primacy rehearsal: F(1, 58) = 5.537"; p < .05}
emerge as a significant predictor of girls' short-term retention of’ mathematics skill.
Since the trend was‘identifiable in all treatment groups, the STR results for the pooled
sample of girls are reported in Table 6.17. The pred'iction equation for the entire sample
of girls shows the affeetive varuables preference for time of feedback and confidence in
~academic ability, as the predlctors of short-term retention of mathematics skill that were

significant at the .05-level.
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Table 8.15
_Selected Predictors of STR of Mathematics Skills Among Girls Treated With E-O-T
' Feedback
Predictor B SE.ofB  BETA F  Prob.
Math1 0.744 0.099 .636 56.169 .000
Confidence 0.641 0.242 221 6.812 011
Primacy 0.601 0.255 172 5.537 .022
Constant -0.637 1.505 0.179 674

_______________________________________________________________________________________________________

Incid. Learning
Preference. 1
Preference.3
Preference.2
Recency

0.182 0.168  .082 1171 284
5942 6.932 .068  0.735  .395
-2.806 4.300 -.050  0.426 517
-0.695 4.225 -.013  0.027 870
0.015 0.345 .004  0.002 .965

R=.857, R.735, F8, 53)=18:353;p <.0001
. Change-in-F(4, 53) = 0.726. p = .607.

Selected Predictors of STR of Mathematics Skills Among Girls Treated With

Delayed Feedback

Predictor B S.E.ofB BETA F | Prob. .
Math 1 0.773 0.085 .728 = 83.456 . .000
Preference.3 -7.726 2.993 . -.206 6.662 .012
Constant 6.319 1.240 25 968 .000

R-— .806, R?=.649, F(2 59) 54.547;p<.0001.

Incid. Learning
Preference.2
Confidence
Primacy
Recency:
Preference: 1

-0.1 19 0.177 -.054 0.456 .503
-5.208 4466 -.107  1.360 .248
0.013 0.242 -.004 - 0.003 .958
0.321 0.229 21 2.000 163
+'-0.205 0.252 -.071 0.666 418
- 9.623 7.379. .120  1.701 .188

R=.821, R*=.674, F(8 53 = 13.695; p<.0001
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Table 6.17

Selected Predictors of Short-Term Retention of Mathematics Skills Among Girls

Predictor B SEofB BETA  F Probbity
.

Math 1 0.729, 0.062 .623 138.218  .0000
Preference.3 -7.461 2.382 -.1B68 9.811 .0020
Confidence 0.440 0.150- ,155 8.588  .0038
Constant  4.866 0.950 - 26.237  .0000 .

=731 R'=.534 S.E.=3.743. F(3, 188)=71.752

Primacy 0.319 0.169  .102 3.533 .0610
Recency -0.210 0.191  -.061 1.212 2742
Incid.Learning ~0.048 0.107  .022 0.190  .6636
Preference.2 -0.067 2.407 -.001 0.001  .8979
Preference. -0.420 4.261 -.005 0.010  .8217

R=.738; R:=.545;S.E. =3.749. F(8, 183)=27.345; p = .0000;
Change-in-F(5, 183) = .861; p = .5085.
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Lohg-term retention of mathem%tic; skill. °
For girls within each treétrﬁgnt groUp, the results that pertain to Ion:q-term
retention of mathematics skill are displayed in«Tableé 6.18 and 6.19. As expected,
rehearsal proficiency was a significant predictor in each treafr;went group;
primacy-rehearsal proficiency was significant for the item-by-item feedback group {F(1,
63)=11.772;, p <*.001 i whe;eas recency rehearsal was inclyded in the equation; for the
end-of-test feedback group {F(1, 58) = 4.482; p < .05} and the one-day‘delaygq feedback
group {F(1, 53) = 3.078; p < .10}. Confidence in academic ability was also a significant
predictof of girls’ long-term retention of mathematics skill for the item-by-item feedback
group {F(1, 83) = 8.825; p < .01} and for the end-of-test feedback group {F(1, 58) =
7.316; p < .01}; but it was not significant for the delayed feedback group {F(1, 53] =
11.048;p> .10}, -
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Table 6.18

Selgcted Predictors of Long-Term Retention of Mathematics Skills Among Girls

Treated With Item-By-Item Feedback

Predictor B S.E.ofB BETA F Prob:
Math 1 0.775 .0.109 582 50.705  .000
Primacy 0.8938° 0.274 .28 11.772 001
Confidence 0.675 0.227 .24 8.825 004
Preference.2 7.360 +3.192 .18 5.318 024
. Constant -1.243 1.837 0.458 501
= .77Q, R*=.529, F(4,663)=22.916
Preference.3 0.341 4615 .007 0.005 941
Preference. ] -0.653 6.720 -.010 0.009 .923
Incid. tearning 0.147 0.189 .078 0.758 387
- Recency 0.387 0.340 .118 1.296 .260

e —— e ————

R=.780, R*=.608, F(8,59)=11426;p<.0001
Change-in-F(4, 59) = 0.587; p = .688

» Table 6.19
Selected Predictors of LTR of Mathematics Skills Among Girls Treated With E-O-T
"~ Feedback '
Predictor B SEofB BETA  F Prob.
Math1 0.700 0.128 552 30.055 .000
Confidence 0.813 0.301 - .258 7.316 - .008
Recency 0.776 0.366 .180 4.482 .039
Constant -1.028 2.039 0264 816
=.795, R'=.631, F(3,58)=33. 108; p <.0007

Incid. Learning 0.800 0.214 .033 0.141 .708
Preference.3 -1.385 5.446  -.023 0.065 .800
Preference.2 2.301 5.352 .039 0.185 669

- Preference. 1 1.164 8.780 012 . 0.018 . .895
Primacy 0.236 .062 0.430 = 515

0.360

=.798, R'=.638, F(B,53}=11.681;p<.0001
Change-in-F(5, 53) = .198; p =.962
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The, results pertaining to long-term retention of mathematics skills for the pooled

sample of girls are reported in Table 6.20. The same trend of results was clearly

demonstrated in the pooled sample of girls.

Selected Predictors of Long-Term Retention Of Mathematics Skills Among Girls

Predictor B SEof B BETA F . Probblty
Math 1 0.795 0.069 .629 132.371  .0000 .
Primacy 0.453 0.176 .134 - 6615  .0109
Confidence - 0.371 0.163 121 5.228 . .0238
Constant 2265 1.102 4.228  .0411

R=.727, 'R*=.529, S.E.=4.063, |
Change in F(2, 188) = 6.239; p = .002 F(3, 188) = 70.386.

Preference. 1 4.419 4583 053 0.930  .3362
Preference.2 3.806 2‘.589 .078 2.777 .1330
Incidental Lrnng 0.205 0.115 .091  3.139  .0781
Preference.3 -0.369 2.697 -.007 0.019 .89?‘4
Recency 0.131 0.205 .036 - 0.744 .3894

R=.741, R'=.548, R*-adj.=.529, S.E.=4.043.
Change of F(5, 183) = 1.569; p =.1710; F(8, 183) = 27.774: p = .0000
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6.5.2 Predictors of retention of mathematics skills arﬁong boys
Short-term retention o.f mathematics skills

For boys in each treatment group, the results did not consistently support the
expectation that incidental-learning abiiity pertains to acquisition or short-term retention
and rehearsal proficiency to long-term' retention of mathematics skills.  Although -
inc'idental-learniﬁg ability was a sig_vn"i'vficant predictor of short-term retention of
mathematics for boys treated with d__el‘éyed fesdback {E(‘L 53)=12.462;p < 001}, it wés :
not significant for -boys treated \/Niﬁ‘w item-by-item feedba;:k {F(1,42)=2.729;p = .i06},.
nor for boys treated with end‘:.d‘f-test feedback {F(1, 48) = 0.482; p > .10}.
Long-terﬁ reteﬁtion of mathematics skills. ‘ '

_ Primacy rehearsal was- a‘ signif‘icant% predictor pf Iohg-term ‘retention of
“mathematics skills for boys treated with item-by-item feedback { F(1, 48) = 5.764; p <,
.05}: but it was not significant for boys treated with end-of-fest fegdback {_F_(], 48) =
0.011; p > .10} nor delayed fAeédbéck {f_(1, 48) :‘O.‘331; p > .10}. Similarly, rece’ncy
rehearsal was not predictive of the boys’ .Iong-termv retention of mathematics skills, Also,
no identifiable pattern of ‘significance was observed for the affective variables. -
Therefore, the proposition that rehearsal proficiency is predictiVe of long-term retention

of meaningful material among boys was not consistently supported.

6.6 Summary and Discussion of the Findinés .

- The findings of the présent study regarding feedback of test information on
achievement support the hypothesis that one-day delayed feedback is more effective than
item-by-item or end-of-test feedback for long-term retention of mathematiés skills. This.
. finding is coﬁsiStent with results reported by several other studies'(Sturges, 19723,
1972b,5 More, 1969; Peeck & Tillema, 1979), that delayed fee,dba.ck is genefally superior
to immediéte feedback on the long-term 'retentibn of meaningful material.  The present
findings extend the realm of the delay-retehtion effect to the learning of
curriculum-related mathématics skills by children in Grade 5. | |

<The finding of a delay-retention effect with respect to the Iearning of mathematics

skills is contrary to that of an earlier study (White, 1968) that used multiple-choice

o
LI
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mathematics items with Grade 5 children. Whereas the results of the present study
suggest that delayed feedback is superior to immediate feedbac;k modes, White {1968)
reported that immediéfé/f;é;iback students outperformed delayed \féedt_g’gck:students.
The finding of the present study is in closer agreement with the emergingAt:rer‘i\d of results
on DRE with other types of meaningful material.

Differences betweep these results and those of White (1968) could have stefimed
from two sources. Firstly, White used a feedback delay interval of seventy-two hours
rather than the commonly used interval of twenty-four hours. The length of the delay of
.feedba‘c':k seems to be crucial since More (1969) suggests that the delayAintervaI‘ for
optimal retention is somewhere betwseen three hours and twenty-four h'ours. More
reported that ningty-six hours delayed feedback was ineffective compared to one-day
delayed feedback. Secondly, Whites' immediate feedback treatment encouraged
cheating; this aspect clouds the. validity of his findings. The possibility that the
particibants in his study chea:ed was discussed extensively by White. The fact that
participants of this stddy Worked on their own, in test-like conditions during their first
attempt at each testform, may have made the results of the present study less fraught
with interpretive problems. Mention should be mz;de of Joseph (1981) who also
investigated the relevance of DRE for the learning of mathematics. skill, and, like the
present study, reported a significant treatment x time interaction. In Joseph's study,
however, the treatment groups were significantly different on Occasion 1 and remained
so on Occasion 3. A plot of the cell means indicated paraliel graphs for the immediate
(end-of-test) and de,lay\ed feedback groups. Unfortunately, the existence-of initial group
differences on Occasion 1 makes any interpretation of the treatment effects djfficult. In
the pr‘esent study, the comparability of the treatmqht groups allows clearer interpretation

of the effects of time of feedback on long-term retention of mathematics skill. -

6.6.1 Differences between Item-by-lfem and End-of-Test feedback treatments

The finding of no significant difference between the performance levels of
end;of-test and item-by-item feedback groups on long-term retention was contrary to
results reportéd by Sturges (1878). Two competing explanations may be provided for

the present results. One is that differences between item-by-item and end-of-test
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feedback are entirely trivial (and unreliable). Two previous studies (Sturges, 1972a; and
Sturges, 1978) included both item-by-item and end-of-test feedback treatments, but their
relative effects were contrasted in only the latter study. Further research might be
required to assess the reliability of the difference between the effectiveness of these
two types of feedback. ' .

An alternative explanation of the finding of no difference between the achievement
scores of the two groups is that item-by-item and end-of-test feedback treatments are
indeed d|fferent in effectiveness and that the present finding is a result of other lmportant
differences that characterized the two Iearnmg condmons One probable important,
difference pertains to the extent to which the treatment conditions employed in the
present study facilitate the use of cognitive strategies. The investigator observed the
tendency of students in the item-by-item feedbaqk group to erase check marks they made
beside incorrect alternativeé, and to retrace check rharks they. made beside correct
answer options, sé as to let the correct answefs stand out from the wrong ones. Yet,
when these students were required to ially their wrong responses "to the test, they
included all wrong response alternatives“that were selected. A similar stratfgy used by
some students in the item-by-item feedbackv group involved shading all referenced "w's
and leaving the 'r"s exposed. These strategles could not have been used effectlvely by
students in the end of test and delayed feedback treatments.

A seemingly important difference between the item-by-item and the end-of-test
feedback treatments pertains to the extent to ;/vhich the treatments allowed easy access
to the test questions. Whereas stﬁdents in the item-by-item feedback treatment looked
back and forth from the answer sheet to the test questions, end-of-test feedback
students tended to look at wrohg responses made on earlier attempts to answer the test
“item, and to use these errors as the prime source of information for the new response.
The latter strategy seems to allow relatively little understanding qs?to why an énswer is
correct or incorrect. Sincé letters associated with the correct answers changéd
randomly from one téstform to another, the comparing of answer sheets strategy was
less effective for high pérformance on subsequent occasions than the back and forth
eye-movements typical of item-by-item feedback students. The fact that item-by-item

feedback students did better on the short-term retention test written on Occasion 2 is
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consistent with the second alternative explanation. .

The indication that different treatments allowed students to use different
strategies on Occasions 1 and 2 is also consistent with the superiority of item-by-item
feedback over end-of-test and one-day delayed feedback for short-term retention. The
higher achievement scores on the short-term retention test, then, cou(ld be attributable to
differences in the use of strategies the treatments allow rather than to differences in time
of feedback. In sum, thtz item-by-item feedback condition (in which students use one
answér sheet for both the initial attempt and the correction of errors) séems to allow the
use of more efficient recoding st?ategies. than do other learning conditions where more
than answer sheets are referenéed while correcting wrong test responses. Strategies
used in greater frequency by fhe item-by-item feedback group include back and forth
éye-méveménts from the wrong responses to the test items, and the tactile and visual cue
of making bold all correct selections. End-of-test _and one-day‘ delayed feedback
students, unlike item-by-iterﬁ feedback students, were excited by the total score and the
size of the total-score gains. The total score could not serve as a distractbr to
item-by-item feedback students since they were allowed to consider the total score only
after they had found the right answer to all thirty questions. Differences between the
feedback treatments on the short-term retention test, then, may be explainable by
treatment differences that are unrelated to time of feedback.

6.6.2 The interaction of selected information-handling and affective variables with
time of feedback

.Findings of the present study discussed in this séctioﬁ may'.be summarized as
follows:

1. Recency-rehearsal proficiency interacted sig;wificantly with time of feedback on level
of mathematics skill, whereas incidental-learning ability and primacy—réhearsal
proficiency did not interact s'ignificantly with time of feedback.

2. Cbnfidence in academic ability was associated with within-treatment regression
‘estimates that wers significantly‘ different on both short-term and long-term
retention of mathematics skills. F’réference'for time of feedback, on the other

hand, did not interact significantly with time of feedback.

;
/
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3.  Students whose feedback preferences We?e met outperformed students whose
feedback preferences were not met. Also the combined effect of meeting
students’ feedback preferences with that of time of feedback was significant
especially on the long-term retention of mathematlcs skills.

In all mstances where significant differences were observed, ne- day delayed feedback

was assocnated with relatuvely flat regression estimates; this suggests that delaying

feedback for one day might help to counteract processes that serve normally to delimit
the perfomance level of students who are tow in the abilitfes in question. But delaying
feedback for one day might also prevent highly confident students from using very

- efficient coding strategies that seem to foster high-leveli, long-term retention of

5
meaningful material.

Why recency-rehearsal and not other information-handling variables?

An answer to this question relies heavily on distinctions commonly made between
recency-rehearsal and other information-handling strategies. Distinctions are clearest
betw_een recency-reheareal and ihcidental-learning ability. As‘ a rehearsal process,
recency-rehearsal involves active recital of to;ce-remembered material,‘ with the intent to
store or hold the various bits ovf. informetion in memory. Whether covert or overt, the "
definitive characteristic of rehea}sal, then, lies in the individual's intent to store or keep
the to-be-remembered material in mind, and his execution of a systema{ic, repetition
strategy to accomplish this end. With respect to incidental-learning ability, the student is
unaware that the material will be tested. Since he is fully engaged in an orienting task
while the to-be-tested material is reduntantly expoeed, the learning of this crucial material
takes place at a nonrehearsing or incidental level. Therefore, incidental-learning involves
passive attention compared to the active repetition and recoding cf information in a
rehearsal learning situation. ~ i : / | .

The finding of a significant recency-rehearsal x time of feedback interaction and,
at the same time, nonsignificant /ncidenta'/;/.eem'/'ng X time of feedback interaction might
be reflecting an important difference between feedback learning conditions.  This
difference pertains to the extent to which the feedback conditions allow active

processing of items to be remembered. The feedback treatments might not differ
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| remarkably in the extent to which they aliow participants to acquire and store the
information at a peripheral level. Where errors have recently been made, it might be
necessary to hold the corrections for new pieces of information) in mind for a while in
order to ensure high level, long-term retention of the corrections. Therefore, a critical
difference between immediate and delayed feedback learning conditions might be the
extent to which .they allow the Iear‘ner to rehearse and thus'actively process the material to
be remembered, rather than merely seeing or hearing the new information. This viewis
consistent with.learning theories proposed by Thorndike, Paviov, and Hull (see H|Igard§
Bower, 1983) that reinforced repetltion strengthens the memory trace, as well as with
Anderson’'s and Bbwer’s (1874) theory of propositional encoding. The latter position is
consitent with recent extensions of information processing theory that the active learner
can represent recently learned mformat|on to humself ‘that the propositional form xs
updated with each new presentation, and that a recent presentatlon might include
mformatuon gone unnoticed in earlier presentations.

All counter ‘hypotheses with respect to the different interaction e-ffeci of
‘primacy- and recency-rehearsal with time of feedback cannot be eliminated at this stage
of the research. In explaining these findings, one of two alternative positions might be
taken. The first position argues that the findings of a significant time of feedback x
recency-rehearsal prof/i/ency interaction and of nonsignificant time of feedback x
primacy-rehearsal interaction is valid and reliable. For support, the position resorts to
distinctions made betweeﬁ these types of rehearsal in theory. Récency- and
primacy-rehearsal are frequently referred to as Typé I 'and Type Il rehearsal (Craik &
Lockhart, 1972; Rundus, 1977; Nelson, 1977; Woodward, Bjork, & Jongeward, 1973).
Type | rehearsal is used to maintain information in short-term memory, and is measured
best by perform;mce in the last serial positions of a digit-span task (Ornstein, 1977 1978:
‘Rundus, 1971; 1977). Type Il rehearsal (also called coding rehearéal by Rundus, 1977)
(résu!ts when the individual intends to transfer the material to long-term storage. The
learner usually performs more extensive analyses of the stimulus material when using Type
Il rehearsal. Such egtehsive analysis might involve s;ys;tematically linking digits together |
e.g. by order, and Tn three-then-four, telephone-number-like patterns). This type of

rehearsal proficiency is measured adequately by pérformance in the primacy serial
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positions of a digit-span task (Bisanz, 1982: Ornstein, 1977: 1978) ’

Researchers (such as Woodward, Bjork, & Jongeward, 1973, 1975) have shown
that both typés of rehearsal promote long-term storage of meaningful material, but that
Type | rehearsal is more effective for high performance on recognition tests whereas
Type |l rehearsal is better when the retentioh test involves recall. Other important
distinctions made by Das (1982), Rundus (1977), and Ornstein {1978) state that \.Nhereas.
recency rehearsal requires a search of working memory for the appropriate response,
primacy-rehearsal proficiency involves' retrieving bits of information that have been
recently stored in long-term memory. The former involves the ability to hold bits of
information in mind, whereas primacy-rehearsal resorts to the use of efficient search
operations for high performance.

The significant time of feedback x recency-rehearsal and the nonsignificant time of
feedback x primacy-rehearsal proficiency may' now be interpreted in the light of these
distinctions.  The findings discussed here seem fo suggest that immedibate and delayed
feedback learning conditions differ more with respect to oppoftunities of holding the -
crucial relationships or stimuli in mind than with respect to opportunities for retrieving
these bits of information, once they are stored. Individual differences in ability to search
memory and to hoid information in mind might be both critical for high performance on a
long-term retention test, but only the latter ability might be able to differentiate clearly
between tHe performance of students provided with immediate feedback and students
provided with delayed feedback. Where feedback is provided immediately, high
performance on a long-term retention test might require that information be heid in mind
for awhile until new relationships are adequately integrated with related material already in
storage. This, indeed, is the position of Anderson's and Bower's (1974) propoéitional
encoding theory. Individuals presumably form propositions about to-be-remembered
material; and, especially where errors have recently been made, time is revquireho
adequately update the propositional form after each presentation of new material. This
Interpretation is inconsistent with the view of Kail and Hagen (1979) and Rundus (197 1)
that rehearsal improver long-term reténtion merely because it provides the individual with
retrieval practice. On the other hand, it is consistent with Ornstein's and Aviano's {1877)

view that it is the size of the rehearsal set that is critical for good long-term retention.
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These researchers partialled out rehearsal set-size from rehearsal frequency scores and
found that the previously very significant relationship between: rehearsal frequency and .
level of Iong-terr? retention had reduced to near zero. Rehearsal set-size, then, might be
the critical variable. Individuals who are proficient at holding information in mind might
normally link more bits of information together such that the task of handling or holding
‘the information is made easier.

An alternative explanation of a significant recency-rehearsal x time of feedback
interaction and yet a nonsignificant primacy-rehearsal x time of feedback interaction is that.
,jindividual differences in ability to search memory for recently stored material can account
for much of the variance of long-term retention of meaningful material, irrespective of
time of feedback. Consistent with this view is the finding of the present study that
.. primacy-rehearsal is the significant predictor of long-term retention of mathematics skills
among girls after individual differepces in :nat_her’hatical ability have been removed. The.
important question is whether higﬂi,level long-term retention under one type of feedback
condition requires more of a par“ticular\type of rehearsal ability than do other feedback
learning cohditions; in other worde, whether immediate-feedback learning conditions limit
the use of a type of rehearsal that is critical for high level long-term retention. 1t is
possible that even though retrieval of recently stored informatien infiuences performance
on a Iohg-ferm 7retention test, none of the feedba‘ck treatments really prevented\ students
from retrieving information they had iearned; mediatory cognitive pFocesses may take
place on what was learned anytime during the retention interval. More critical for high
level long-term retention seems to be how much informe:(ion was teken in or really
understood when the feedback was presented. This is indicative of the finding of similar
within treatment regression estimates for | primacy-rehearsal, and heterogeneous
-regression estimates for recency-rehearsal proficiency. Confirmation of this finding is
necessary before the alternative hypothesis of trivial  interaction .between
primacy-rehearsal proficiency and time of feedback should be credited. More sensitive
measures of rehearsal proficiency might reveal different interaction effects. Subsequent
studies mlght include measures of rehearsal obtained from longer delays between the end

of a sequence of numbers and the probe of a particular serial posmon
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Interaction of affective variables witr; time of feedback on mathematics skill level
The present study reports a significant effect of confidence in academic ability x
time of feedback interaction on level of mathematics skill, and, at the same time.
nonsignificant interactions between fime of feedback and the dimensions of preference
for immediate feedback. The pattern of the within cell regression estimates for the
confidence x time of feedback interaction indicates that whereas students at the various
levels of confidence benefited when feedback was delayed, it was largely the highly
confident student who benefited when feedback was provided immediately. Th:s was the
case espemally on the megsures of long-term retention where the regression estrmates (of -
0.715, 1.468, and 0.233 for the item-by-item, end-of-test and one~day delayed feedback
groups, respectively) were significantly different atthe .O1-level. The finding of a flat
regression line for delayed feedback students and relatively steep regression lines for
immediate feedback treatments is consistent with the résults of Joseph (1881), that
another subscale of academic self-concept interacted significantly with time of feedback
on level of performance in mathematics. (The findings of the earliér study could not have
been repliéated more closely here, sinée self-perceptions of ability in reading/ spelling
were all very high in this sample of students. By Grade 5, most students seem to become
less concerned about their abi!ity to read rélative to how they felt about themselves when
they were at earlier grade levels.) b
% An important difference between immediate and delayed feedback modes might be
the extent to which the students involve their self;concept of academic abijlity while
studying the feedback information. The disordinal interaction suggests that students who
are high in academic self-confidence learn and retain best from immediate feedback
conditions. } | |
.Th.e occurrence of lower performance levels for highly confident students treated
with delayed feedback than highly confident students treated w1th item-by-item feedback
(whereas' the opposite is true for low-confidence students) supports the interpretation
that high- and low-confidence students dtffer in their approach to mathematlcs tasks.
Highly confident students might be. attemptmg to keep in mind the various relationships
between several of the answer options and the item stem and, consequently, function best

in an immediate feedback situation where all of these relationships have recently been . -
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studied. The task of recalling all of these relationships when the right answ%r is reported
m-ight be more difficult in a delayed feedback situation than in an item-by-item feedback
condition.  Low-confidence students, on the other hand, might wish to ignore
relationships that lead to wrong answers and study those that are directly related to the
correct responsé lafter the right answer is known), and might do this best when the
relationships that lead to 'wrong answers are forgotten. Their memory stores would
include relationships that tell why the correct answer is x rather than both why the correct
answer /s x as wel/l as w/xy it is not y. The lower performance levels for highly
confident students treated with delayed feedback than for similarly confident students
treated with item-by-item feedback might be reflecting limitations of ébility to include both
types of relationships in the propos.itional logic of concepts necessary for réaching the
right answers when test-results feedback is delayed.

'Preference_for time of feedback. The effect of the interaction of the student's
preference with time of feedback on long-term retention was not significant for each
dimension of the preference scale; but significant interactions were observed at
short-term retention for Scale 2 and at Occasion 1 for Scale 3. The pattern of results
obtained here does not lend itself to simple theoretical explanation.

The students considered three attributes of the feedback modes in making their
preferencesg Two of these attributes seemed (from an exammatuon of the pattern of.
stimuli weights on each solution or dlmensmn) to be: the usual/unusual nature or feasibility
of the time of feedback, and the length of the feedback delay interval. These attributes
seem quite différent from the components of academic self-perceptions. Differences
between the interactions observed for preference for time of feedback and for academic
self-confidence can be easily explained in terms of the unique attributes of each
construct.

On both the short-term retention and long-term retention tests, deg_( effects were
observed for having one's preference satisfied: and the combined effects of the
preference satisfaction and time of feedback factors were significant especially on the
Iong;term retention of mathematics skills. The interaction effects of the preference
satisfaction and time of feedback factors were most remarkable between the end-of-test

and one-day delayed feedback groups. Indeed, ~‘the difference in mathematics

-
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performance between these two treatment groups was carried by the preference-met
factor. In other words, whereas it did M9t matter whether or not students treated with
delayed feedback got their ’p’references satisfied, end-of-test feedback students whose
preferences were not met performed po‘orly compared to those whose preferences
were satisfied: The effects of pr%‘erence satisfaction and the interaction of time of
feedback x preference satisfaction were not confounded with mathematical ability since,
at Occasion 1, the groups were similar (p > .10) on both the treatment and the preference

satisfaction factors as well gs on their interaction effects.

6.6.3 The regression analyses

For girls within each treatment group, the regression analyses revealed a
consistent trend. The affective variables of preference for time of feedback and
confidence .in academic ability were significant predictors of short-term retention of
mathematics skills, after controlling for individual differences in mathematical ability. In
the end-of-test feedback group, rehearsal proficiency Was also predictii/e of short-term
retention, ‘but its influence was superceeded by the students’ self;confidencei The
affective and information-handling variables were reversed in their predictability of
long-term retention of mathematics skiils, rehearsal now being more heavily weighted than
academic self-confidence. These findings support the 'propo‘sition that rehearsal’
proficiency has relevance for an understanding of long-term retention of meaningful
material, and reliance on an information-processing framework for explaining the delay
retention effect. But contributions of variables of affect to the predictive accuracy of
the regression equations weie ‘reliable even after variance attributable to
information-handling variables had been accounted for. This finding suggests that any -
adequate explanation of learning and retention of mathematics skills among girls should
include the' influence of parameters of affect in addition to ‘information-handling or
cognitive variables. | '

For boys, the results were not clear lnc:idental Iearnin; ability was significant (p <
001) for predicting short-term retention of mathematics skill in the delayed feedback

group, and primacy rehearsal was significant (p < .05) in the prediction equation of

A | : .
long-term retention for boys treated with item-by-item feedback. But the results in other
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instances did not strongly support the proposition that inéidental-learning ability is
predictive of short-term retention, whereas rehearsal pertains to long-term retentio.n.
The limited number of boys in each treatment group may have been one reason for the
finding of unreliable regression coefficients, The standardized regression c'oefficiénts
frequently approached significance and were relatively large. But individual dif ferences in
nwthenmﬁca[ ability accountea for most of the variance in the various regression ;

eqguations,
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7. CONCLUSIONS AND IMPLICATIONS
The corc usions should be of interest to educationists concerned with matching
test item fee

¢

the learning

parameters with test item response characteristics in order to optimize

etention of mathematics skills. One caution is that the study involved
Grade 5 stucd = the Edmonton Public School District} who may- h.ave been in the
process of cd®elop:- 3 their proficiency w1th rehearsal strategies. For students who are
more mature i - less mature) rehearsers, the interaction of rehearsal proficiency with time
.of‘ feedback might be quite different. Therefore, the findings are limited to Grade 5
students. Replications of the study at other grade levels are required before the results

can be justifiably applied to children in other age groups.

7.0.1 The relevance of DRE for the learning of mathematics.

In examining the relevance of the delay-retention effect (DRE) for the learning and

retention of g@gtics skills, the results showed three feedback treatments

(item-by-item : hnc-of-test feedbaoi(, and one-day delayed feedback) as being
associated w"‘ mean profiles over the experimental period of 10 day:s.
,‘s found to be superior to éﬁd—of—test and one-day delayed
‘}next day) retention, whereas one-"day‘ delayed feedback was
rrhan other types of feedback for fong-term (seven -day) retention.
ftcantly hlgher long-term retention of mathematncs skilis for one- day
| ' than for item- by-item and for end-of-test feedback supports the
3 e delay-retention effect has relevance for the Iearning and retention of
mathematics: s It should be remembered that the criterion pertained to partlcnpants
ability to re ‘ .) athematics skills which they had grasped (or understood) Tsst items
used,.;on Occa‘ ! 1 were not re-presented; rather, on Occasions 2 and 3, participants
were requirec Jirespond to test items that were parallél to the initial ones. 'Thereforé,
" the finding of the superiority of delayed feedback over immediate feedback seems to

have relevance for the retentlon of knowledge - previously "grasped. Slgmfroant

dif ferences obserwllid here may be more attributable to the influence of affective than of

cognitive p}arame fice all students were allowed to rework questions done wrongly

~ until they did th'“correctly. The more dramatic interaction observed betwsen time of

e

3 >
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feedback with the affective variables (academic self-confidence and preterence
satisfaction) than with the cognitive variables (incidental-learning ability, p“rimacy rehearsal,
and recency rehearsal) is consistent with an interpretation that credits the influence of
extra-cognitive parameters on the retention of mathematics skills. The fact that delayed
feedback students did better than others on Occasion 3, even though this was not the case
on earlier occasions, makes inadequate ir)terpretations of the delay-retention effect that
assumes a purely linear relationship bet.ween acquisition and retention of meaningful
material. | |

- The superiority ?f item;by-item feedback over end-of-test feedback for
short-term retention of mathematics skills was thought to result from the use o.f additional
strategies that this treatment encouraged‘students to use in the item-by-item feedback
group. Some of these strategies included: erasing wrong seiections’,_ retracing right
answers, and back-and-forth eye movements‘?between the answer sheet and the question
booklet. The transfer of short—teim retention gains from Octasion 2 to Occasion 3 was

not enough to offset the superiority of one-day delayed feedback in influencing long-term

retention.

7.0.2 The interaction of information-hendling and affective variables with time of
feedback on level of mathematics skills.

Effects of the interaction of. the treatments with information- -handling and
affective variables were investigated. One  information-handiing variable
.(mcrdentai learning abiiity) was seen as a measure of alertness or passive attention the
others (primacy rehearsal and recency rehearsal) involved much student. effor% and
concentration.  Primacy rehearsal involved retrieving information that. was- recently
stored, whereas recen.cy rehearesal involved the ability ‘to hold bits of in’formation in mind.
Recency rehearsal /nteracted S/gn/f/cant/y with the effectlveness of the treatments on

long-term retention of mathematics sk// /s although this was not the case on two ear//er

“ occasions. Other imformation-handling variables - [incidental-tearning ab/'//'ty and

primacy rehear‘s‘a/} did not interact significant!y withthe three treatments. It seems,
then, that holding the material in mind for a while is necessary for high level long-term

retention, espemally when the information is to be: used to correct errors made

1)



. , | 138

previously. Although both ability to retrieve information just after it is stored and
incidental-learning ability might be important for high level long-term retention, these
information-handiing strategies showed similar significant relationships with all treatment

groups. Therefore, they do not differentially effect immediate and delayed feedback

The affective variables.

Confidence in academic ability interacted significantly With'the feedback
treatments at Occasion 2 and also on the long-term retention of mathematics skills
(measured on Occasion 3). With respect to long-term retention, end-of-test feedback
seémed best for students\73 out of 359) in the highest self-confidence éategory, whereas
feedback delayed for one day promotééf the best long-term retention among_-stL)dents of
/ow or average confidence. In the end-'of-test feedback Iea&ning condition, confident
students might be using a hierarchy of response alternatives to éss‘ist them in.correcting
their errors, particularly since the hierarchy ahd the varibus relationships betweén each
answer option and the question stem seem to be still clear in their minds. Confident
students might be using these relatio.nships to adequately update their propositional logic
of those concepts which are necessary to find the right answers. Thus, they retain
corrections of test results feedback better in an iter_n-by-item feedback situation, where
the various relavtions have been 'recentlyvstudied, than in a delayed feedback situation
where some of these relationships may'hz;ve been forgotten when the right answers were
presented. Students of low academic self-confidence seem to find the mass of available
infofmatvion distracting (Hansen, 1974), and, consequently’, do better in a d‘e.alvayed feedbéék
situation where much of this information is 'f‘o_rgotten.‘ ‘The present finding of a significant
| ihteraction between ac\ademic self:confidence and time of feedback on Ie\)el‘ of
mathematics  skill 4is consistent  with  Kulhavy's (1977) iinformation-processing-;
-con'ceptualization of how Iearnin‘g‘ takes place undgf various feedback conditions, as w’ell
as with Hansen's (1974) repért of relationships befween trait anxiety and long-term
.r"etention of curriculum material. | A

The “finding of ’significantv interaction between time of feedback and both
fecency-rehfaarsal proficiency and confidence in academic ability suggests that.the three

feedback conditions differ in the extent to which they facilitate the use of strategies
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commonly used by students who are high in recency-rehearsal pre’ficiency and confidence
in academic ability. Recency rehearsal has been theorized to reflect short-term memory
capacity; and a consistent relafionship has been identified between sho@t-term memory
capacity and long-term storage (Este‘: 1982). But it is not clear how students who are
high in short-term memory capacity differ from students of low short-term memory in the
_ uéé of coding strategies. Thlis issue seems to merit further research. Once these
differences are identified, interest might be dlrected to the trammg of students who are

deficient in short term memory capacity.

7.0.3 Predicting retention of mathematics skills. .

The affective variahies were more important for girls than boys. Once individual
differenceS"in mathematieal ability were accpunted for, the girls’ preference for time of
feedback and confidence in their academic abilities were the significant predictors of
short-term retention - of mathematics skills; for long-term retention, the significant
parameters were rehearsal proficiency and confidence in academic ability.

Although the findihgs .of‘ significapt interactions with the test results feedback
" treatments support KulhaVy‘s (1977) proposition that confident students enhance their
performance level by taking advantage of their superior short-term rr\\‘é\mory capacity.
This explanation seems to be only part of the p‘icture. Especially among girls, confidence
in academic ability seems to account for portions of the variance in mathematics
achievement that are separate from variance accounted for by cc%gnitive variables such as
rehearsal-proficiency and incidental-learning ability. This finding seems to merit further'
research effort. A research paradigm that incorporates the possibility of loss of

mformahon through repression and interference along with the mformatron processmg

framework might prove to be useful in subsequent research efforts.
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7.1 Suggestions For Further Research

The results of the investigation indicated a number of parts that future research

might fruitfully undertake:

1.

The finding of sighificar/mt preference satisfaction x time of feédback interaction on
mathematics skill level séems to have much potential for classroom épplication, and
as such, merits further investigative e%fort. Very little research has examined the
influence of students’  feedback preferences on the}r”" performance level.
Therefore, confirmation of the findings of the present study seems to be the next
logical step. One needs to survey the relevance of the results for other subject
areas and with other population groups before the reliability‘of the findings can be

properly estima‘ted.'

©ne is curious to know how the present findings of significant interactions of time

of feedback with information-handling variables and confidence in academic ability

apply to young children who have not begun to use rehearsal strategies

‘spontaneously.  An examination of the interaction of time of feedback with

information-handiing strategies used by young children might provide useful
information here. Critical information-handling strategies for young children might
include eye movements and components selection ability.

N | _
The significant interactions of time of feedback of mathematics test results with
recency-rehearsal proficiency and also with the affective variables of confidence in
academic ability and preference satisfaction might be indicating important

considerations for the matching of test-item.feedback parameters with test-item

" response characteristics. Experimental efforts might further investigate the pay

off, in terms of improved long-term retention, of meeting students’ feedback

preferences, as well as of placing high-confidence and low-confidence students in

. L . . : L
learning conditions that seem to promise greatest rewards for effort.

Enhancing variables of affect, such as self-confidence and preference for time of

‘feedback, seem to promise improvements in mathematics performance level among

girls. For girls’ short-term retention of mathematics skills, the.critical affective
variables were preference for time of feedback of test results and confio@ce in

academic ability; and for long-term retention (which is usually the educational goal),

\
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effort might be best spent enhancing primacy-rehearsal ability and confidence in
academic ability. This finding seems to-merit further research. Subsequent
research efforts might be experiméntal in nature, or they might seek confirmation of
the finding in other age groups. Also, one is curious to know whether variableé of
affect such as confidence in academic ability and preference for time of feedback is
predictive of mathematics skill level in other samples of girls.

Proponents of information-processing models of learning might. be interested in
reconsidering the‘ finding that confidence in academic abilify éignific ntly contributed
to the prediction of mathematics ‘s'kill level after variance due to rehearsal
proficiency had been accounted for. Attempts to replicate this finding might
include informafion-handling variauble's not included in the present study.
Alt‘ern\atively, a researc“:ih péradigm that credits theories about the repression’ of
storage associated with n‘egative affect might survey the long-term retention of

information of varying relationships with measures of participants' self-confidence.
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APPENDIX A: THE BLUE PRINT OF THE MATHEMATICS ACHIEVEMENT TESTS

The domain of the achievement test includes mathematical concepts, operations and
problem solving skills taught at the Grade 4 and early Grade 5 levels in the public schools
of Edmonton. The important features of the blue print of the test are speci‘fied in the

following description of the test domain.

7.1 Frequently Used Abreviations
H(C,) - horizontal, canonical arrangement -
indicates that the problem shouid be presented as follows:

632+4=__, 632-4=__, 632X4=__ 632 4=

H{ Nc) - horizontal, noncanonical arrangement -

indicates that the problem should be presented as foliows:

__+4=632, -4=632, ___ X4=8632, ___ 4=632
or 4+ =632, 632-_ =4, 4X__ =632, 632 =4
V(C,) - vertical, canonical arrangement -

indicates that the problem should be presented as follows:

632 632 632 4)632 \
+400 -400 X 4
V{.Nc) .- veritcal, noncanonical arangement

indicates that the problem will be presented as follows:

400 632 158
- R N
632 400 632
F find, find the missing element (e.g. the missing number)

[ identify, (e.g., which one, in which one, select)

R round, requiring the rounding of rational numbers (e.g. numerical answers to
the nearest whole number, tenth, or hundredth.

E write whole numbers or rational numbers in expanded notation or vice versa.

“Q
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7.2 Description of the Test Domain

\

Content

numbers to 8.899

. Simple geometric

figures

Locating points;

Dividends to 999

place value 99.9
to 89998.9
Place value
.001t0 .09
Zero and identity

Simple fractions such

'as1/2, 1/5, 3/4.

Op. Format

E words/
numbers

| sketches

I graph

F H(C)

I Words H

| Words H

I HC)

I numeric

| Graphic

R numeric

- V[,Ng)

X HIC,)
H(C, )
HIC, )

+  V(,Nc)

- HIC,)

+ HIC,)

X+- H(C,)

X HC,)

- Story

X- Story

X+ Story

Decimals: tenths
and hundredths
.011t099.99

Minuend to S 893
Product to 9 999
Dividends to 999
Dividends to 999
Sum to 89989.99 -

Important Features Replacement Scheme

» multiples of 10
excluded
similarities and
differences:
1st quadrant. -
equivalent quotients
Iéss than or larger
than
hundredths and
thousandths
four operations

largest/smaliest

transformations:
numbers to words.
vary number of sides
and size of angles.
Well known plaées.
Multiples of 10 only.
Adding 1, 10 or 100.

fractions to
decimals

1-digit numbers
same numerator or

same denominator

10 columns per figure Shade whole squares

10 squares per column

to the nearest whole given numbers or answers

number/ tenth
With regroup‘ing
With carrying
-Without remainders
With remainders

Three addends

Minuend to 99 999.99 With regrouping

Sum to 98.99

Sum to 999

product to 999.89 ’
Minuend to S 899

‘Product to 999

Product to 999 -

With regrouping

of simple‘operations

Two-digit multipliers
1-digit divisors

1-digit divisors

4 to 6 digit numbers .

Sum to mutlt. of 100

Three terms

X with + or -, 2 terms 1-digit factors

mult. of 10 product 1-digit, whole nmbr multiplier

1-step, regrouping
2-step, regrouping

2-step, 1 mult. of 10

Involving a known workman

. - y‘ »
involving common objects

Involving common activity

157
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Story
Story
Story
Story
Story
Story

Dividend to 999

Selective Comparsn 1-step, 1 redundancy Frequently used objects

158

1-step, 1-digit divisor Involving common objects 1

Product to 99999.9? 1-digit multiplier

Geometric sequence Given mult. + one term Provide previous term

Short Grocery bill
Short grocery bill

‘Making change $2to $10 Two terms

Payments, $2 to $5

Currency

Three terms

—_
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MATHEMATICS ACHIEVEMENT TEST

RS

'GRADE 5
EQORM 1
NAME :
ScHooL : [\) ,
SEx: ~ GRADE : AcE : ,
| YEARS  MONTHS
DATE: .

CuTHBERT H. JOSEPH

. THE UNIVERSITY OF ALBERTA
., EDMONTON, ALBERTA
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1\ DIRECTIONS
This exercise includes 30 mathemat«cs questions selected from math content you have
been taught already. You should find the exercise mterestmg and useful,

FOUR (4) different ansWers are pr0vxdéd for each guestion. CHOOSE THE ONE
ANSWER THAT YOU THINK IS CORRECT. ON THE ANSWER SHEET, FIND THE ROW THAT
HAS THE SAME NUMBER AS THE QUESTION. Then, use your pencil to SHADE THE
- ANSWER SPACE (a b ¢ or di THAT MATCHES THE ANSWER YOU HAVE CHOSEN.

Here are two sample quesnons. The first one 1s answered for you.

SAMPLE QUESTIONS
ANSWER SHEET FOR SAMPLE QUESTIONS
- Ay e o
1. Harry has 1 apple. Bob has 2 apples. How many | 2LRECTIONS ] T F il
) e use #2 PENCIL 31 sdims (L2 :ﬁ: e
.apples do Harry and Bob have aftogether ? - _ ) o =
pp ‘ Y _ g A 4 ® EXAMPLE - 2 cas e TINT o-THNEe i
al 2 U, 3 lﬂi) 5o ST -PHIE o SHEE T
ol . 3 . ] ® ERASE COMPLETELY 4_{:8?: Ee3 rt.: "rﬁl :ﬁ:
‘ ’ ' TO CHANGE §rar b oo ot B
c) 4 ’ ‘ 1 6 @ D oo ok e
‘d) 5 ' 0 M 7@ b o b B
‘ - ‘ E ' m 8 13- IS o 8 e ;::d: -e-
0 0 —
- IR o o e

The correct answer is "3"; that is choice b. Therefore, b, in the flrst row of the

ANSWER SHE:T for the SAMPLE QUESTIONS  is shaded to show this.

2. ADD 2
a2
- b 3
cl 4
d) 5

SHADE ¢ IN ROW 2 of the ANSWER SHEET for_ the: SAMPLE QUESTIONS to show
tha; 4 is the correct answer of SAMPLE QUESTION #2.



8.372 “ead as

£0)

al
b) i 372 tenths

dl and 372 thousandths.

8

c) 8 and 372 hundredths
8

' Here are four figures in mathematics.
the others
al Kite
b). Rectangle
c) Square

d) Triangle.

/

Which one of the following answers inlcudes the

correct co-ordinates for both HOME and SCHOOL ?

a)  HOME (3,2); SCHOOL (8,5)
b)  HOME (3.2); SCHOOL (56!
¢l HOME (2.3); SCHOOL (6,5)
di HOME (2,3]: SCHOOL (5.6)

Which one of the followiﬁg 1s equal to
al 800 : 300

b) 900 : 30

¢ 900:3

dl~ 80:300

1" .:zands  and 3\& ones

Select the figure that 1s most different from

O = N W

9:37?

-Select the number thatis 1 largé\r thah 888.3

a 89881,
b} 1 000.0
c) 1 000.9

d - 119899

SCHOO

S O

HOME

1.

2 .

3 4 5 6

7




10..

6
£
N 7
TG
FA
*
3
N
8.
8.
7o,
\— .;'
S
ond
I {(/, ~
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Which one of the following numbers 1s equal to 46/ 1000 ?

al 46 000
b) 0.46
c) 0.046 \
. . . AN °
d - 0.00046 ’

In which one of the followingis ? - greater than zero?

a  9-9=> o '
bl 9X0=?
cl 0:g="

di None of these.

”

In which one of the following sets of fractionsis  1/6 the largest fraction?

a 1/3, 1/4, 1/5. 1/6;

" b 1/3, 1/6, 1/8, 1/712;

cl /6, 1/8, 1/10. 1712

d 5/6. 4/6, 3/6, 1/6; ' . _—
Write the decimal that tells what part of the square =
is shaded: t
a 32.0 . = ‘
b 32 o
c) 0.32 | < : 4 1" 1
d) 0.23 iied W x .
Which one of the following numbers is closestto 1 ?
a) 1.8 A | - ‘
bl 1.37
c) 0.85
d) 0.7
/ R



= following numbers is closestto 0.14 X 8?2

12. (Find the missing number )

13. Multiply 3467 X 58
a. 201088

b) " 45071
c) 27 736

d) None of these.

14, Divide 9)4 590

a) 51.
b 50
c) 510
g 5010

15. DMde 7)5 882

a) 84r 2
b} . 840r2
c 84.2

d) 840.2



-\
.

16.

17.

18.

18.

20.

Find the missing addend (number! of the following addition sum

275473
67.21

+22290

3384.93
al 562.98
bl 563.09 '
o 6206.87.
dl  None of these.

Subtract 883.88 from 9000.00

a  B111.21
b 811011
c) 1192f
d) 110.11

3

“ADD the following numbers:  0.735 + 0.47 + 16.1

<

al 843
b} 0.943 = ‘
o 17.205

d) 17.305

151 X 3 +'151x2; ?

a) 302 X5
bl 453-302
c) 755
Y
.d) None of these.
Multiply 52.38X5

a) 26.19 _ b) - 261.9
o. 2619 . ; d) None of these.




21. A postman has 374 mals to deliver. 388 of the.mails are Christmas cards. If all

the other mails are letters. then how many letters does the postman have to deliver?

Bl

al 472 letters
> S ) 324 letters )
: \ ¢) 286 letters i

letters

13 rows of chairs with 9 chairs In sach row. FOUR chairs were

fassroom. How many chairs remained?

e

23. eters per minyte. for 3 minutes. Then, he walks anothet 100

eters.did Harry runand walk altoether ?

a) 155  meters

bl 165 meters

<L

c) 265 meters . -

.dl 4865 meters

,._24T Linda filled 7 boxes \_Nitﬁ 1064 apples. If all the boxes are of the same size,",

¢

' then how many épples did she pack in each box?

a - 109 apples
b) 150 apples
c) 152 apples -

d 7448 apples o

i~
“?r‘,{i
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25, In Mary's handbag are 1 pen WITHOUT ink and 3 other pens WITH ink. How many

26.

27.

\

pens must Mary take out of her handbag before she can be sure that she has a pen

with thk?

a) 1 pen

b) 2 pens
e} 3 pens

d) 4 pens

Tickets for the FLAMES vs FLIERS hockey game were sold at $5.00 each. 9 460
people bought tickets for the game. How much money was coliected?

2 547 300.00 | _ /

bl $47000.00 \

ci $45 300.00

d) s 1892.00 - | .

Tommy's father doubles Tommy's monthly allowance everytime Tommy has a

birthday. 'Tommy s now 8 years old, and his monthly allowance is $50.00. How old

was Tommy when his monthly allowance was $25.00 ?

a) 4 vyearsold

b) 5 vyearsold

c 6 years old
7

d years old
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GROCERIES

" .
5 |
@ $1.50 % $0.75
ki |

€1.25
CampbeH LSTD' Popcorn Hamburqer Milk
’ O ~
Pop Crispy Crunch " Eggs (1 dozen)

Potato Chips $0.40

28. Bob is buying 1 Hamburger and 1 milk from a $5.00 bill. How much change should

he get back ?

a) $2.75

bl $2.50 ’
o 225

d  $2.00

29, Jane is buying 1 Popcorn, 1 Pop. and 3 packages of Chrispy Crunch. How much

should she pay?

a) $1.30
b) $1.75
c) $§2.20
4 $2.30

30. Olivia is buying 2 bags of Potato Chips, 2 Campbell Soups, and 1 dozen Eggs. How

much should she pay?

a) $4.85
b) $4.30
c) $3.60

d) $3.05



MATHEMNATICS ACHIEVEMENT TEST

«/ﬁ’ﬁ DE 2

o

FORM 2
NAME :
ScHooL:
DaTE:
SEX:  GRADE: AGE :

—
YEARS  MONTHS

~ CuthserT H. JosePH

THE UNIVERSITY OF ALBERTA
EDMONTON, ALBERTA,
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2. DIRECTIONS
This exercise includes 30 mathematics questions selected from math content you have
already been taught. You shouid find the exercise interesting and useful.
FOUR different answers are provided for each question. CHOOSE THE ONE
ANSWER THAT YOU THINK 1S CORRECT; ON THE ANSWER SHEET. FIND THE ROW THAT
HAS THE SAME NUMBER AS THE QUESTION. Then. USE PENCIL TO SHADE THE ANSWER

SPACE (a, b, ¢, or d) THAT MATCHES THE ANSWER YOU HAVE CHOSEN:\

Here are two sample questions. The first.question ts answered for you.

ANSWER SHEET FOR SAMPLE QUESTIONS

SAMPLE QUESTIONS I 'A\ T
: : DIRECT : T F PART
1. Harry has 1 apple. Bob has 2 apples. How many DIRECTIONS —
les do Harry and Bob have altogether? euse® penci | 1R bl
a n a e r o3 4 3 e 3 < 2 < o
pples do Harry a ob have altogethe o EXAKPLE 9 can b o g f_
al 2 3 b e G, ie J:a: b cCcr @ :.S.
4 ca: b oo ok ce:
b) 3 @ ERASE COMPLETELY —
' TO CHANGE 5:2:: b oo o3 e
c) 4 T]G I RS o SHEEE SRR o 3 _e_
¢ I 0 SRS CEIIET o & -5-
@ 5 mlea | ®
8 - TR L TS o SHEEE )

0

q =5 Sy

The correct answer is choice b. Therefore. b, in the first row of the ANSWER

SHEET for the SAMPLE QUESTIONS . is shaded to show this.

"

2. ADD 2

+2
al 2
b) 3 //
e a |
:id) 5 |

|

/
| /

The correct answer is "4". Therefore, SHADE ¢ in ROW 2 of the ANSWER SHEET
for the SAMPLE QUESTIONS to show that "4" is the corract answer to SAMPLE
QUESTION #2.
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8.479 is read as.

a) 8 thousands and 478 ones

bi 8 and 4789 tenths

cl 8 and 479 hundredths

Cd) 8 and 479 thousandths

Look closely at each of the following figures. and then select the figure that is most
. . ¥

like a square.
a  Kite ‘ — ’
b) ‘paralle‘jpgram it / ”~ : | ‘\
: 0 | parallelogram pentagon Fhombus
c) pentagon _ ' o .
d) rhombus 7
Which one of the following answers includes the 7
correct co-ordinates for both HOME and SCHOOL? b : x-‘
. _ HO : .
a  HOME (2,5}, SCHOOL (3.6 5 % T
. 4 e
b HOME (2.5); SCHOOL (6.3
o ’ ©-3 ; scjool
c) HOME (5.2). SCHOOL (3.6)
T 2
di  HOME (5,2}, SCHOOL (6.3)
“ 1 ‘ -
| : o] ]
. Which one of the following is equalto 8%2 ? ‘12 3 4 5 6 7
3l 800200 ! '
b) 800¢ 20
‘¢), - 800:2 -
d . 802

| Select the number thatis 1 larger than 9998.9:
.alt. 9999.91
bl , -10000.0

cl 10 000.9
d - 1898858



Which one of the following numbers is equal to

al 37 000

b) 0.37 .

c) - 0.037

d 0.00037

In which one of the following numbersis ?  greater than zero?

ai g-8=7
bl 8X0=?
©  0%g=?

gl None of these.

In which one of the following sets of fractions is
al /4. 1/6, 1/8. 1/12;

b 1,58, 19 S1a00 12,

c) 174, T"5,\ 1/6, 1/8.

d) 7/8, 5/8, 3/8. 1/8

172

37/1000°7?

1/8 the largest fracticn?

£

Write the decima! that tells what part of the sqaure

ts shaded. \ \\
. ’ iy 1y i

a) 68 FIA B Bl
bk 6.8 bRy P

. . G
ct 086 1
di 0.68 L

o

Which one of the following numbers is closestto 17

a) ’ 1.8
bl 1.25
c).. 0.88

d) 0.7



11.  Which one of the following numbers is closestto 0.13 X8 ?

a) ]
bl 2
c) 12
d 120

. 12, 27564
22222

682

a 28246
b 27882
o) 26982
d 26882

13. Muluply 3570 X 46

al 164220
:b) 35700
c) 21420

dl None of these

14, DIVIDE 816327

al 73
bl 703
sc) 730
£ _ - d 7030
N
15. 7)6 862 #
al 930 r2 -
b) 9812
¢ 980.2

dl 98.2

v
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16.

17.

18.

©18.

20.

Find the missing addend (number) of the following sum:

258352 -
£4.02

3277.75 |
a) 640.21 b ©740.21
0. 263754 d) 5.915.29

Subtract 19 000.99 from 20 000.00 .

a) 1999.11 .
bl *1899.01
c) §93.01
d 93.01

ADD the following numbers:” 0.463+ 0.39+ 14.2=___

al 0.644
b) 0.895
c) 15.053
d 644.0

140X 3 + 140X2=_2
a  280XS5 )
bl 420 - 280

c 700

d 'None of'these

Multiply 26.15 X 8
al 20.92 o b) 209.2
c 2092 d None of these.

174
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23.

24,
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A postman has 367 mails to deliver. 89 of the mails are Christmas cards. If all the

other mails are letters, then how many letters does the postman have to dsliver?

a 456
b) 322
¢ 288.

d 278

~

A~

A classroom has 14 rows of chairs. with 8 chairs in each row. FIVE chairs were

removed from the classroom. How many chairs remained?

a 27
bl 107
o 112
di 117

Mary runs 300 meters to the swimming pool. Then she swims for 10 minutes at the

rate of 14 meters per minute. How many meters did Mary run and swim altogether?

a 160 meters ' _ ©
bl 314 meters
c) 440 meters

d) 1 700 meters

Carmen is packing 18 848 sardines in 8 boxes of the same size. How many sardines

" must she pack in each box?

- al 216
bl 2306
c) 2 356

dl 150 784



- 27.

25.

26.

bl $138456.00 ' o ‘

.
i3

w ,; 176

*
¢ -

Kathy has 10 WHITE socks and 20 RED socks in 3 drawer..&ow %any socks must
she take out of th'ga drawer before she can be sure that she has TWO socks of the

SAME COLOUR ?

b) a | %
c) 5 | z | {:}

For the Eskimos vs Rough Riders fcj>otball game. 17 357 tckets were sold. If
each ticket was sold at $8.00_each, then how much money was collected?

al  S138856.00 o -

c) . £136456.00
d $2.169.62.

The number of bacteria on a piece of meat.doubles in number every hour. It takes
12 hours for a piecg of meat to be completely tovered with bacteria. How long

does it take a piece of meat to be half covered with bateria?

al 6 hours
b) 8 hours - E ‘ : ' .
c) 10 hours )

d 11 hours.
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GROCERIESfam? $1.40
Popcorn Hamburger
$1.30
Potato Chips $0.50  -Tispy Crunch ggs (1 dozen)
28. Bob is buying 1 Hamburger and 1 Milk from a $5.00 biH'; How much change should
he get back?
al $§3.80
b)  $2.80 :
S 52.20
d $2.00 ° s
29. Jane is buying 1 Popcorn, 1 Pop. and 3 packages of Crispy Crunch. How much
should she pay? |
a 5160
by $2.15
o $2.70 o | L
¥ ; '
~d .83.25
30. Olivia is buying 2 bags of Potato Chips, 2 Campbell Soups, and 1 dozen Eggs. How
. LI :
much should she pay?
3 .83.45
bl $4.10 : -
o $4.95
d. $5.60
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3. DIRECTIONS: Form3
This exercise includes 30 r‘nathemanc.s questions selected from math content you have
been taughf already. Ydu sh0uvid find the exercise ‘ir{teresiing and useful.
FOUR (4] different answers are provided for each :uegtion. CHOOSE THE ONE
ANSWER YOU THINK 1S CORREE:T. ON THE ANSWER SHEET. FIND THE ROW THAT HAS ~ ~

THE SANEE NUMBER AS THE QUESTION. Then, use pencil to SHADE THE ANSWER SPACE
(2. b ¢ or d) THAT MATCHES THE ANSWER YOU HAVE CHOSEN. L

Here are two sample questions. - The first one is answered for you.

. . N \\\ .
' . ANSWER SHEET FOR SAMPLE QUESTIONS
SAMPLE QUESTIONS: ANSKER SHEED HY QUESTIONS
‘ . o . T
1. Harry has 1 apple. Bob has 2 apples. How many DIRECTIONS® | T F PAF%—
. ' . . ' B o ] can el oo ot c®
apples do Harry and Bob have altogether? | : :iiMiL::ENC“ |2 an b oo o el
al I 2 i “,_ _ e b g e 3 ca:: cb‘ ey ek tf.
. a:: D Lo o ve
b 3. ® ERASE COMPLETELY 42 —
. . ’ . : . TO CHANGE , 5 g b ol gy ve
C) 4 ' S .nﬁ :aZJ‘ [$o 3! (_ﬂ:: ok 1‘_-13-
d 5 D 1mm 7 sa zb:: (:(;:; o ey
% m 8 an b [T 1-5
b\

The correct answer ns "3 that is choice b. Therefore, b in the first row of the

ANSWER SHEET for the SAMPLE QUESTIONS,-is shaded to show th:s

2. ADD 2
+2 . 2,
a 2 °
bl 3
. | L ¥
d 5
2
SHADE ¢ in ROW 2 of the ANSWER SHEET for the SAMPLE QUESTIONS to show
that 4" is the corract answer of SAMPLE QUESTION #2. | "

“\_ \’\” ) ‘ : 179 . ) ' : L ~'
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5.836 1sread as:

(o)

a) ‘5th0usands and 836 ones

b) 5 and- B36 tenths

c) 5 and 836 hundredths . o 7
d 5 and 836 thousan‘dths’ é
Look carefully at the sides of each bf these figures. Select the figure i.r\at is most. _
different from all the other figures: | | ' -
"~ al Kite - S
b)’  Pentagon |
¢)  Rectangle ——-—‘"“"
d) Square t
Which one of the folloyving answers includes the 6’. n ]
‘ »éorn"ec't co-ordinates for bf?—tﬁ HOME and: SCHOOL ; ot
al  MOME(2,4); SCHOOL(1.6) s B .
‘bl HOME (2.4; ‘scHooL 6,17 - TR '
c)  HOME (4,2); - SCHOOL (1,6) 2 .
d) HOME.(4,2);{ SCHOOL (6, 1) | ﬁHOO"
o | 0TI 3 a5 g 7
Which one of the following is equalto 1027 .
' 1000:2 000 |
bl  1000:200 . o | o “
¢ . 100020 e ' MR
g  1000:2 S L e
. : : | . ‘S
Select the number'_that‘js‘ 1 larger than- 7 999.9 ‘ o
799991 T B

bl 8000.0 o o o
¢  8000.8 |
~d 89998 -
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Which one of the following numbers is equalto 6971000 7

al . 83000 » ’ !

b) 959;;

¢l 00683 4

d) 0.00069 A '

In which one of the following s ? greater than zero?

a) 4-4=7 .
by 4X0=7 ‘ N
cl- 0:4=7

d None of these.

in which one of the foliqwing sets of fractions s 1/5 the largehst fraction?
o 1/2. 1/3. 14 15 - |
b 173 145 117, 1/9;

¢ 1/20, 1/15, 1/10. 1/5;

d | 4/;’5, 3/5, 2/%5, 1/5; |

Write the decimal that tells what part of the square
is shaded: '
. K 2
a) " 57\0 R g B .' ) ‘1 L‘ 8
: . it b

b) v 57 : o Sl :‘4 U -
‘ “, ¥ ‘

c) 0.75 “ ANK

d 0.57 . Y ']

<

Which one of the following numbers:is closest to 10?

a) 10.7
b) 10.43
c) 89.68

d) 8.6 L)



11,

13.

14.

- 15.

‘Which one of the following numbers is closest to
a) 1
b) 2
c) 10
d 100

43 254 (Find the missing number)
222272 |

783

a) 44 037
b 43 471
o 42571 v
d 42471

Mutiply 6735 X 64

a 431040
b) 67 350
¢ 26 940

L
d None of these.

A}

DIVIDE 878240

a 13 .
b) 103

c) 130

4 1030

————
DIVIDE 8)5 124

a) 640r 4
bl 64rd » o

¢ 6404

4 603

0.15X 7?

182



16.

17.

8.

18.

20.

Find the missing addend (number) of the following sum:

3671.39

74.21

410351
al 357.91
b) 358.91
o 3728.01
4 7849.11

N\

Subtract 13899.99 from 14 000.00

,a 2111
bl 1¥i
cl 1’111‘»».0.1,
d 100.01

ADD the foliowing numbers: 0.397 + 0.28+ 13.8

al 0563
b) 0.825
o) 14.477
o 563

;

160X 3 + 160X2=_2

PRSSLARS.

3

a) 320X5
b} 480 - 320
c) 800

-

©od) None bf these.

Multiply ~ 13.45 X 8
al 10.76 b) 107.6
c 1076 dl None of these.

183
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22..

23.

24.

184

A postman has 354 mails to deliver. 96 of the mails are Christmas cards. If all

the other mails are letters, then how many letters does the postman have 10 deliver?
al 450 letters
b) 342 letters .
c) 268 . letters

v

g1 - 258 letiers

A classroom has 16 rows of chairs with 7 chairs in each row. FOUR challrs were

removed from. the classroom. How many chairs remained’?

a) 27 chairs
by 108 chays S . :
c) 112 “chairs

dl 116 chairs

Megan sprints around the 250 meter track 3 times, and then she walks around the

same track ONCE. How many meters did Megan run and walk altogether?

i

a) 1250 meters : L

i

bl 1000 meters \
c 750 meters

d 500 meters

Ron must drive 2 812 kilometers to his new home. He has 8 days to get there.

How many kilometers must he drive each day’to get to his new home just on time?

a) 351 kilomefers
b) ‘364 kilome_ters
c 3 604 kilometers .

d) 23 296 Kilometers : y

.



25,

26.

27.

185
e , ,

f on have 10 BLUE marbles and 20 RED marbles in 2 bag. how many marbles must
you take out of the bag before you can be sure that you have two marbles of the

same colour?

al 3 marbles
b 4 marbles
cl 5 marbles
d) A marbles

The Edmonton Oilers and the New York islanders reached the finals in thla 1983
hockey season. * 23 403 persons bought tickets for one of the games. If the cost
of each ticket was $7.00. then how much money was collected for this game?

a) $163821.00

b)  $143821.00 : -

c) 14182.1.00‘

d) $3343.29

Susan's clothing allowance doubles every time Susan has a b:rthday Suéan is Now

12 years old. and her clothlng allowance is $100.00 dollars How 'o|d was Susan.

when her clothing allowance was $50.007

al 6 vyears
b) 9 years -
cl 10 vyears old

d 11 vyearsold
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A O
GROCERI‘:S ¢ ,f 61 25
51.30 @
Campbe11 Soup Popcorn .. Hamburger

50.45‘
Pop

Crispy Crunch <~ Eggs (1 dozen)

—

28 Bob is buying 1 Hamburger and 1 Milk from 2 $5.00 bill. How much change should

he get pback? - L
8 $3.00 » |
b 5290 | | S
cl - $2.10

d $2.00

%

29. Jane'is buying 1 Popcorn, 1 Crispy Crunch. and 3 Pops. Mow much should she pay?

e g.s140 R .
b) $1.85 -
c) $2.30 i
b) ¢« $4.20

§Q. Olivia is buying 2 bags of Potato Chips; 2 Campbell Soups. and 1 dozen Eggs.
. T _ .

much should she pay? ' &4 "

4590

a

b) &34.70 '

c) . $4.25° | | 3
d) $2.95 - /

N,

J B
How



APPENDIX C: THE INCIDENTAL-LEARNING ABILITY SCALE

%

187



THE STUDENT'S ATTENTION SCALE |

(ANSWER SHEET) -
NAVE - B/6 - CGRADE:
SCHOOL : DATE OF BIRTH: S
. > month year

2%
\‘ ,

You are about to take part in aimemary game that children your age

DIRECTIONS:

seem to enjoy. -

You will be shown a few series of pictures.. KEEP TRACK OF THE
SEQUENCE IN WHICH THE ANIMALS AND THE NUMBERS APPEAR, since you will

be asked WHICH POSITION IN THE SERIES A PARTICULAR ANIMAL APPEARS. .

The Rules of the Gare:

Let us learn the rules of the game by doing 23 fow SAMPLE EZERCISES.

1. Look carefullv at the set of nictures below:
~ e \a
z 7 T & o
3 ( (v ¢

s
t

\ \4\:;’3.%(9 %‘?E;«"{’

One of them 15 selected:

;

: o | L o «ﬁ*/“‘?"‘/ i(c
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1

ON THE ANSWz~ S-tET F - THE SAMPLE ITEMS CIRCLE THE NUMBER 1st, 2nd,
or 3rd that correctly describes the pos1t10n of this picture in the

ceries. DO THIS NOW.. You should have circled gﬁg, since the FOX is

the_second picture in the series.

&

A
2. Let us do the second practice exancle. Four pictures are in this
Lo . ’ -~ ' J
series, as you can see below:

—

ey

Nomrs

\_t

Try to do this exarple u1th0ut ny help Dﬁ 1T NOW, on tne sample sheet.

"{ou should have circled 3rd, since the tree is the third picture in the

series.

L]

© 3. " The pictures in the game will be shown On s]wdns\“11§ nevt sample

’exerc1se i1lustrates how @ sepies of sllde; will look.

Ready || 099  HorsE
e | FOX | Doq

You should circ]e 4th here, cince QWL is in the fourth pictufe.

Now, ve yill play the game using the slide srojecter to show the pictures.

SIY SLICIS are in each series. You should civcle 1st, 2nd, 3rd, 4th, 5th, or 6th,

depending on the position of the‘pictureréelected from that series.



Bf SURE TO PAY ATTENTION TO THE SEQUEHCE IN

1. .1st

2. 1st
3. Ist

SET

J o s 1T 10N

2nd
2nd
2nd

ASLTRTSHEET FO THE SAMPLE ITENS

2nd,

2nd,

*2nd,

. E.' . \ls} .‘

F.

1st,

end,

»

Znd,

2nd,

ard.

3rd
er

4th.
4th.

ANSNER SHEET

s,

(Intentiana} Learning)

3rd,
,3rd,'
3rd
3rd,
»
3rd,

3rd,

¢

4th,

4th,

4th,

L "\\
4th,

NOW. YOU ARE ABOUT TO START SET "G".

5th,

" 5th, .

5th,

5th,

5th,

’Nau:'

G
sth.
6th.
6th.
6th.

6th.

WHICH THE ANIMALS APPEAR. -

.

¢

-190

am—

7

PENCILS DOWN:
PENCILS DOWN!
PENCILS DOWH!
PEHCILS DOWN!
PENCILS - DOWN:

PEMCILS DOWN.

£

ARE YOU INDICATIHG‘YOUR‘ANSWERS'ALRIGHT?

2nd,

‘ an,

/

G. 1st,
"H. Ist,
I. ‘ lsi,
J. 1st,
K. 1st,
L. Ist,

2nd,

2nd,
2nd,

2nd,

{ ™ .
NIre

3rd,
érd,
_ 3rd,
‘3rd.
3r§:

L]

/

5th,

5th,

5th,

5th,

. 5th,

« 5th,

bth.
6th.
6th.
6th.

6th.

{

PENCILS DOWN:

PENCILS DOHNY
PENCTLS "DOWN.
PENCILS DOMN!

PENCILS DOWN.
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-

THE STUDENT'S ATTENTION SCALE

(Incidental-Learning Ability),

. . . -
SHEET ONE , 'y

; oo

1. ™ Each slide had a number. d a_ picture of an animal. WRITE ALL THE

NUMBERS'SHONN IN THE PICTURES, IN ANY ORDER. Put a ‘comma after each
: ’ ) X } :
number. Write only those numbers you can recall by yourself. {

.
Al 29 28 TT

—

-
i
. - £

A N £ &

> On the lines below, WRITE THE NAMES OF ALL THE ANIMALS IN THE PICTURES
YOU JUST SAW. In order to play the game fairly, YOU SHOULD WRITE ONLY

.THOSE NAMES YOU CAN REMEMBER WITHOUT LOOKING AT ANYONE ELSE'S PAPER!

Ll

" LOAT, FANEB, JZon MONKEY QLG FT5H
ZERER

o S - o
Did You uput tus  lest ! Cye;] "'Lﬁo] ,

PLEASE GIVE THIS SHEET TO YOUR TEACHER BEFORE YOU RECEIVE THE NEXT ONE!



THE STUDENT'S ATTENTION SCALE

(Incidental-Learning Abi]ity)

SHEET TWO

}

192

 NAME:

Here afe the names of all the animals that were}shown on the slides. They

are in alphabet1ca1 .order. Beside each animal is a set of numbers.

AV

it. For each set of,numbers, CIRCLE THE NUMBER THAT ALNAYS APPEARED ﬁITH THE

ANTMAL BESIDE IT.
-

DUCK

o FISH
GOAT
LR
QQNKEY‘

PIG
SHEEP
7EBRA

(58,

g61,

(51,7

(62,

(64,

: (63,

57,

’

-

51,

58,
54,
38,

.g/) 36.

36, ‘Il')/

((:) 57, 36, 26.5

(51, 1") 28,

. PLEASE WRITE YOUR NAME ON THIS SHEET AMS4.

Each set
n B

of numbers includes’ the ONE number that always appeared with the an1ma1 beside

.
//
.,/,/
o

I HOPE YOU ENJOYED THIS EXERCISE. YOU WILL GET YOUR RESULTS TOMORROW.

r——

)
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THE STUDENT'S REHEARSAL .PROFICTENCY SCALE

(ANSWER SHEET) -
v ‘

NAME : e ' | SEX: GRADE :

SCHOOL ; L DATE BF BIRTH: Year .- Month
' t oy . :

DIRECTIONS:

We are going to do a short memory exercise. This is how it segins:

I will read a 1list of numbgrs which you will try to remember. Nt{eh I am

finished with each set of numbers, I wi]]Vrepeat one of the numbers a °
second time. You will be asked to remember where this number occurred in
the set of numbers. Was it the Ist, 2nd, 3rd, 4th, 5th, 6th, or 7th

-

numbervin\the 'set? You must'indicate the correct position by CIRCLING

.-

the appropriate number on the answer sheet.

Let us do two sample exercises.

SAMPLE EXERCISES: |
1. [f I»“were to 33y the numbers: 3 7 4 and then ask you in what

-

position the number 7 occurred, YOU WOULD CIRCLE 2nd, because 7

i

PAGE.

2. Now, if I were to say the numbers 33 5 9 g and then ask you in

what position the number 2 occurred, YOU WOULD CIRCLE,4th.

-

is the second number in this“set. DO THIS ON THE ANSWER SHEET ON THIS

- ———

A ,
ANSWER SHEET FOR SAMPLE ITEMS % ’
| . { |
1. 1st, 2nd, 3rd. ‘_
2. 1st, . 2nd, 3rd, 4th.‘ o . C# wﬁk

(TURN OVER)

19 8¢



The number

s in this game will be presented on an audio tape, LISTEN

CAREFULLY! Be sure to USE THE ANSWER SHEET BELOW to indicate your answers.

ANSWER SHEET

P 0 S 1 TIO H

SET

A, Ist, 2nd, 3rd, 4th, 5th,  6th, 7th.
B. 1st 2nd, 3rd, 4th, 5th, 6th,  7th.
¢’ . ist, 2d,  3rd,  4th,  5th,  6th, - 7th.
D. 1st,  2nd, 3rd, 4th, 5th, 6th, 7th.
. Ist, 2nd, Ird, ath, 5th, 6th, 7th.

CHECK TO SEE IF YOU HAVE JUST RESPONDED TO SET "E". THE NEXT SET IS "F".
| L |

F.o- 1st, 2nd, 3rd, ©  A4th, 5th, 6th, 7th.
G. 1st, 2nd, ird, ath, 5th, 6th, 7th.
H. . st,  2nd, 3rd, ath,  5th, 6th,  7th.

he \st,  2nd,  3rd,  4th, 5th,  6th,  7th.
J. Ist, 2nd, 3rd, ath, Sth, 6th, 7th.
L. | Ist, 2nd, - 3rd, ath, 5th, 6th, 7th.
L. st 2nd, 3rd, ath, Sth, 6th, 7th.
Mo Ist, | end, o 3rd, At sth,  6th,  Tth.
« st oend,  3nd, 4t Sthy Gthy T
0. Ist, 2nd, 3rd, ath, Sth, 6th, 7th.
/OU SHOULD HAVE JUST RESPONDED TO SET "0". THE NEXT SET'IS "P'.

P. - 1st, 2nd, 3rd; 4th, 5th, 6th, 7th. .
G. Ist, 2nd, 3rd, 4th, S5th, 6th, 7th.
R, Ist, 2nd, 3rd, 4th,  5th, 6th, 7th.
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/ THE STUDENT'S PREFERENCE FOR IMMEDIATE FEEDBACK SCALE
{

NAME : ‘ Bul: GRADE:

SCHOOL: . L BIRTHDATE : ' . )
: month year %

IMAGINE yourself with the opportunity to go to school 1in
several different\countries. The teachers in each of these
countries differ with respect to when they give studeﬁts their
teét rasults.. We will refer to these imaginary coantries as

COUNTRY A, COUNTRY B, COUNTRY C, and sO on. FOR EACH COUNTRY,

SHADE ONE OF THE BOXES to indicate how you would like to have.

your test results reported, if you were going to school in that

country. i
;‘!
/

1. In COUNTRY A, students are told whether their. answer was

correct or incorrect elther

g : : '
IMMEDIATELY AFTER DOING EACH TEST QUESTION, -

or ' i IMMEDIATELY AFTER FINISHING TgE'ENTIRE TEST.
. fﬁ
/
2. In COUNTRY B, students are told whether their answer was

correct or incorrect either

i | IMMEDIATELY AFTER DOING EACH TEST QUESTION,

or | THREE HOURS AFTER finishing the test.

V! s TR



3. In COUNTRY

correct or

N
or ’

4. In COUNTRY

C, students -are told whether their answer was

incorrect either '

. : :
IMMEDIATELY AFTER DOING EACH TEST QUESTION,

THE NEXT DAY.

D, students are told whether their answer was

correct or incorrect either r

A\
N

A
or | )
5. In COUNTRY

correct or

)

6. In COUNTRY

correct or

or
\

7. In COUNTRY
correct or

o? ]

—
.

IMMEDIATELY AFTER DOING EACH TEST QUESTION,

ONE WEEK AFTER finishing the test.

E, students are told whether their answer was

incorrect either

IMMEDIATELY AFTER FINISHING THE ENTIRE. TEST,

THREE HOURS AFTER -finishing the test.

F, ,students are told whether their answer was

incorrect either

IMMEDIATELY AFTER FINISHING»THE ENTIRE TEST,

X

THE NEXT DAY.

G, students are told whether their answer was

incorrect either

IMMEDIATELY AFTER FINISHING THE ENTIRE TEST,

ONE WEEK AFTER finishing the test.
! _ . (

198



10.

T or

In COUNTRY

correct or

—
I
";_____ .

or w

In COUNTRY

correct or

-

In COUNTRY

correct or

L

or

H, students are told whether their answer was

incorrect either

THREE HOURS AFTER finishing the test,

THE NEXT.DAY.

I, students are told whether thelr answer was

incorrect either {

THREE HOURS AFTER finishing “the test,

ONE WEEK AFTER finishing the test.

J, students are told whether thelr answer was .

{
i

incorrect eithe ’

THE NEXT DAY

ONE WEEK AFTER/ finishing the test.
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\

THE STUDENT'S PREFERENCE FOR IMMEDIATE FEEDBACK SCALE

(SECTION B) |

3

Use the numbers 1lst, Zhd, 3rd, 4th, and 5th to indicate

how you would prefer to be told how well you did on a mathem;tics 'L

test. WRITE lst IN THE BOX BESIDE THE ONE YOU LIKE BEST, 2nd

IN THE BOX BESIDE THE ONE YOU LIKE SECOND BEST, and Sb on.
¢

I : l IMMEDIATELY AFTER DOING EACH TEST QUESTION;.

1

l | IMMEDIATELY AFTER FINISHING THE ENTIRE TEST;

(7 THREE HOURS AFTER FINISHING THE TEST; :

THE NEXT DAY;

ONE WEEK AFTER FINISHING THE TEST.

4

L] :
DID YOU REMEMBER TO WRITE YOUR NAME, SCHOOL, AND GRAQE ON THE

FRONT PAGE OF THIS TEST BOOKLET?

HOPE YOU HAD FaN DOING THIS EXERCISE .
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