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Introduction

[he purpose of this studv was to examine the effects of cognitive training Wikh
an eldariy samol cted from the BSeattle Llonpitudimal Stuedy (Schaie, 1983},
Previous cognitive training research with the elderlvy focusing on a variety of
cognitive abilities (sep MWillis., 19B5. for a review) had indicated significant
nerforsance improvement as a function of traiming. However, prior cognitivae
training ressarch has not examined the specific mnature of the training effects.
That  is, past work does not inform us as to what specific components of cognitive
performance demonstrated training effects. For example, fraining effects may occur
solely due ta an increase in the number of items attempted with no improvement in
dccuracy of performance. Altermatively, training effects may reflect an inerease in
accuracy as demonstrated by a post=intervention increase in correct responses and/or
4 decrease in commission errors. GOne of the objectivess of this  study, to he
reported in this paper, was to examine more specifically the nmature of training
i mprovenent.

=

Subiects

Subjects (N = 215) were elderly participants (M = 72.8 vears; Range = &4-98: ED
b.%1} trom the Segattle Longitudinal Studv. Thers were 97 men and 132 women. Mean
ggducational level was 13.%9 wvears (Range = &6-20; 50 = Z2.98). Hean family incone
level was #$19.877 (Range = $1000-533.0003 50 = $3,.520). There were no significant
sexf differences im ape, family incone, or edocational level. All subipcts wWere
community-dwelling and had been participants of the Seattle Longitudinal Studyw since
19/0, Thev had been aseecsed at least twice prior to the present study.and were
compunity dwelling. Prior fo initiation of the study., sach sobject’s physician was
contacted and asked Ep indicate whether the potential swbiect su¥fered any  know
physical - or meatal disabilities Ehat would interfere with participation in the
gtudy: subjects co identified were not included.

Procedure

participate. Home visits ware mnade ta further explain the study. fporoximately 902
of the eligible longitudinal subjects agreed to participate. Given the considerable
time reguired of sach participant. subjects were paid %5 per hour.

ects were initially contacted via & series of letters and asked to
N

The study idnvalved & -pretest=treatment-posttest design. Subijects received a
five-hour pretest battery involving multiple mpasures of seven primary abilities,
subjects were assigned to one of two training programs, Space Training (M = 118} or
Inductive Reasoning Training (N = 111}, based on their prior lomngitudinal
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perfarnance an these two abilities. Sobjects were assigned o Ehe abilifvy on which
they had shaown reliable decline over the previous 14 vear period. Subiscts showinn
no decline on ®ither abilitv were assigned randomly to one of the training prograns.
Jub jects exhibiting decline om both abilities were also randomlv assioned to one of
the training proarams.

Both the Space and Reasoning training programs invalved 5 one-hour EFsining
seEsions. The +focus of the traininpg sessions was on facilitating subiscts’ use of
cognitive strateqgies shown in previous research to be associated with space orF

ity

reasonino ahi 3

A content analysis of the PHA Space Test identified angles of rotation for the

angWer choilces. Practice problems were then developed to rapresent Ehe anale
rotations i1dentified in the task analysis. Training focused on #aciiitatino mental
rotation by helping subjects (1) to develop concrete terss for various angels: (2)
to practice with manual rotation of figures prior to mental rotations {3} practice
rotation of drawings of concrete, familiar objects: {(4) Rhave subjects gemerate mames
for abstract figures; and (3) to teach pubjects to focus on two or more features of
Ehe tigpre during rotation. These sere similar to strategies previously  identified
in descriptive ra=parch ©Bn @mental rotation abilitv (cf. Cooper & Shepard. 1973
Epan, 19H1: Kail, Pellegrino, &% Carter, 1980}.

Far Heasoning, pattern description rules wsed in probles solution were
1fentitfied, Thase again follow stratepies discussed ipn the literature [(Kotoveky &
Sipon, 1973: Holzman, Pelleorino, & Glaser, 19821, and inelude the concepke of

identity, next item. skips, and backward nexkt item. Fractice probless also involwved
cantent other than letters, Eo that applicabilitv o# the rules to other content
could beezplored. For exasple. patterne of musical notés and travel schedules were
devised based aon thess rulos, Btrategies that were encouraged includ wisual
scanning of the series, sayving the series aloud to hear the letter pattern. and
wanderlining repeated lettere accurring thouwghout the series.

ihe five training sessions Were conducted individually in the subject’s hope by
3 trainer. Subjects were taughk throuah aocdeling. t+eddback amd mractice
procedures. Following the training sessions,. subjects were posttested pm the same
tive hour battery as at pretest.

Resul ts

Findings are reported here only for the Thurstone PMA Spatial Reasoning test
afnod the PHA Reasoning test (Thurstone, 194Bki these are the two measures pn which
prior longitudinal data a&re availahle. Far esach seasure four scores per subjects
were deriveds Corrsel {Mumber of correct responses). Commission (Mumber of incorrect
resoonsesh, Oaits {Mumber of correct choices not marked within the pool of itess

attenpted!), Attespts (Total nusber of responses for items attempted). In Figure 1,
the raw score points for these four score coeponents are shown for the Reasoning
training and Space training aroups at pretest (PR} and posttest (PR). The GSpace

training group served as  the conkrol (CHT) for assessments of Reasoning fraining
effecte, and vwice versa.
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For Reasonino traiming. no sionificant difference
tontrol groups on  the four coeponent scores were found at pretest. For the Space
training, at pretest the control group was found to have significantlv more correct
reponses  ip < .01}, significantly fewer comamission errors fp ¢ .004), and
significantly fewer omits {(p ¢ .02): there wers no significant group differsnces in
the number of itens attespted. The superior performance of the control grous at
pretest is due to the sreater number of subjects in  the Space training orFoup
classified as decliners at pretest.

s between the training and

Fosttest coaparisons of trainimg and control groups indicated significant

treatnent affects for both abilities. The FReasoning training oroup denonckrated
gignificantly. more correct answers kp f .02) at posttest when compared with the
control and sionificantly fewer commission errors (g 4 001D, ihere wWere no

siqntficant oroup differences on omite or total nusber of items attemptad.

Mith regard to the Space training analyses, it should be recalled that at
pretest the control oroup demonstrated significantly more correct responses  and
gignificantly fewer commission errors. At posttest there were np differences

fetwaen khe Space training and conktrol groups on CcorFrFect responses, cCoOmmission
Brrors, Or DORiIiS, There was A signiticant imcrease for both aroups im number of
items attempted. This finding reflects significant ogains for the experiaental
0roun. fhat is, a significantly greater iAcerease in correct responses and 3

gigniticantly gpreater reduction in comeission and amission Brrors.

Some  difficulty arises, howevwer, in the interpretation of pre=posttast
cosparison +far kthe Gthree cosponent sScores (i.®., corrects. commissions, omits)
because of the imcrease in the total number of iteas attempted at postbpst far  both
training 3and control groups.  What needs to be done. Eherefore. is to examine the
relative pffects of trainming adjusted for the increased number of attempted itesms
that aight result from practice and/or training. We approached thie gquestion by
cosputing net component scores that took into account the increased response rate.
Ihat is, we computed the component scores that would be expected solely om the basis
of increased attempts and subtracted the expected values frosm the ohserved posttest
conponent scores %o vield net component gain scores. These are shown in Figure 2.
Mote that for both Reasoning and Space traiming ogroups there were nekt increasss  in
musber of Ccorrect responses and net decreases inm the number of comzission errors
significantly greater than for the control group.

Ji1scussion

The data just presented suppart previous +Findings that cognitive training
nrocedures can be applied sucesesfully Eo i1mprove the performance of older adults on
specifically targeted mental abilities. In the past there have beasn AN
contentions, however, that the improvement observed might be accounted for simply by
showing that practice on target-relevant activities will spesd wup the subjects’
response  and thereby improve performance. Alternatively it has been argued that
training technigues say improve performance by inducing subjects to become less
cautious and be wmore willing to guess; thersby once again increasing response
rates.
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The present study bv analvring components of training gain oerseits  sceaedhat
pore ditferentiated interences that can shed light om thesge {esues. -First of all,

W@ Bhow that the pattern of componential chanoes differ across abilitias. That 18,
we can show that the training procedures do increasa the nuaber of subjects’
responses on Space but not on Reasoning. Hence it must ke concluded - that the
speed-up hvpothesis for training oain is guite ability-specific. Secondly. our data

80w that a possible decrease in cautiousness is ales ability-specificy again
response omissions decreased sianificantiy only for Space hut not for Reasoning.
The latter interpretation must be further hedoed by our findings with rerepard to
net accuracy scores. Since increased numsbker of responses will confound retesk amd
training effects, it seemed appropriate to obtain net accuracy scores by conputing
tha differences between observed and expected component wvalues when nusber of
attempts was controlled for. Under these circumstances it became clear that the

effects . for both training conditions involwed increases in cearrect ressnsnsses and
decreases in commiscion errors that were significantly oreater that those shawn +$or
the controls. On the other hand there were no changes in omission errors that epuld

be atfributed to training effects.
Conclusions

A propram of individual conpitive training for both Inductive Reasoning and
Space abilities, resulted in a sionificant performance gains. Examination of the
conponents of this asine showed that it cowld be attributed pricarilv to am increase
Lfi responNse  acCUrdcy. The increased accuracy is reflected both by an increase in
torrect responses and the decrease in commission erFars At posttest, Conseguent 1y,
the results of this study serve to rebut past eriticises of cognitive traiming
ctudies Ehat inply that frainino ozins are due aprisarily to isterventions  that
increase subjects’ epeed of performance. In fack, it was found in the present study
Emat speed of response Was enhanced only for the Space training oroup while accuracy
was improven for both aroups.
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