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Improvements in problem soluing performance have been achieved
when appropriate strategies are explained, demonstrated, or modeled
for older adults. The present study attempted cognitive training of Raven’s
Progressive Matrices using guided self-discovery, but without directly
providing strategies. Thirty-six older and 36 younger adults were pretested,
underwent training, and were posttested. There were three training con-
ditions: (1) participants were prompted by questioning to attend to all
components of the matrix elements, (2) attentional training was oug-
mented by questioning that prompted the participant to discover the
correct solution, and (3) a practice-only control. There was significant
improvement from pretest to posttest, but it was the same for all three
groups, and there was no significant difference in improvement between
younger and older adults. The study failed to find evidence for successful
cognitive training when strategies must be self-discovered rather than

simply adopted.

Age differences in problem solving are widely observed (Giambra
& Arenberg, 1980; Rabbitt, 1977). The inferior performance of older
adults has led to the use of a variety of training techniques in
attempts to demonstrate that problem solving deficits are modifiable
and susceptible to improvement. There is evidence that experimental
intervention can affect the performance of older adults in problem
solving tasks. This evidence will be reviewed briefly.

Using an immediate verbal feedback training technique, Hornblum
and Overton (1976) improved the performance of older women, who
had failed on a conservation of surface area task, on a similar
measure of surface area conservation, and other concrete operational
tasks. This improvement did not extend to other transfer tasks that
might be considered to tap formal operations abilities. Rebok (1981)
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provided verbal feedback to some but not to other older and middle.
aged adults solving matrix problems. The relevant dimensions (form,
color, number, or position) were ones that had previously been
identified as most or least preferred by the individual. Participants
in both age groups who received feedback improved their perfor.
mance, but only on matrices that incorporated their two individually
most-preferred dimensions as relevant. There were no differences
between feedback and no feedback groups of older adults on
matrices that incorporated as relevant values from one of their
most and one of their least preferred dimensions. Mergler and Hoyer
(1981) found that older adults who were trained in a procedure
that involved (a) watching matrices being constructed, (b) having
them explained, and (c) completing and explaining the matrices
themselves outperformed an untrained group on a task that required
the individual to invent a matrix problem. The benefits of training
did not generalize to solving Raven’s Progressive Matrices problems,
To facilitate the improvement of older participants’ performance
on attribute identification tasks, Sanders and Sanders (1978);
Sanders, Sterns, Smith, and Sanders (1975); and Sanders, Sanders,
Mayes, and Sielski (1976) devised procedures that gradually in-
creased the complexity of concept learning tasks over a series of
problems. It was thought that the sequences would facilitiate
development of solution strategies. For those participants who
had particular difficulty in mastering the effective strategy, strategy
hints and instructions to verbalize their thinking were incorporated
into the training. Sanders et al. (1976) found that the training
and reinforced training groups required fewer trials on the posttest
and that they solved the posttest faster than the practice and control
groups. Sanders and Sanders (1978) found similar results, one year
after training, on a more difficult concept indentification transfer
task. Denney and Denney (1974) utilized two modeling techniques
in an effort to improve older adults’ performance on a twenty-
question problem. In one technique, experimenters modeled ‘“con-
straint-seeking” questions by taking turns with the participant
guessing which one of 42 possible pictures the other had chosen.
In another condition, the experimenter verbalized an appropriate
strategy for formulating ‘“‘constraint-seeking” questions. Improve-
ment was found in both groups in comparison to a practice-only
control group. Further, the authors state that following training,
the elderly performed as well as previously studied middle-aged
women (Denney & Denney, 1973). In another twenty-question
task, Hybertson, Perdue, and Hypertson (1982) found that partici-
pants in three middle-aged to older-aged groups increased the total
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practice-only control group in a study examining training on induec-
tive reasoning problems. Those participants with nonspecific training
or practice showed greater improvement on the transfer tasks than
did participants in cognitive training, anxiety training, or control
groups. Hofland, Willis, and Baltes (1981), using two measures
of figural relations and induction, examined practice effects across
eight retest sessions. Test performance on two figural relations
and induction measures increased significantly across consecutive
retests with no evidence for a performance asympote. Denney
(1980) manipulated the effect of practice by interspersing four
practice sessions using a different set of stimuli, between two pretest
trials and two posttest trials on a twenty question task. In contrast
to the results of Hofland et al. (1981), no significant differences
between the practice and no practice groups were found, indicating
that practice had no effect on the elderly aduilts’ performance.
The results did not differ in her replication of the study. Sanders
et al. (1976) also found no significant difference between groups
who had three additional sessions of practice and groups that had
none on a concept identification task.

The results of practice on similar problems are not unequivocal.
Even in a conservative interpretation, though, they show that for
some groups of individuals and some problems, practice alone can
lead to significant improvement. Further, the problems for which
practice alone has been found to help include complex and difficult
tasks. The conclusion is warranted that the older adults had available
more effective problem-solving strategies than they first exhibited.
At the least, these results emphasize the importance of including
a practice-only control group in training studies as a means of
assessing the differential contribution of intervention techniques.

The improvements seen with practice alone are consistent with
the view that age deficits in problem solving are not due solely to
a loss of basic ability by older adults. If this is so, it should be
possible to achieve even greater gains than those realized from
practice by providing conditions that aid the individual in discovering
the bases of more effective problem-solving strategies without
resorting to training techniques that directly provide strategies
or demonstrate strategy selection. The problems used to test
this hypothesis in the present study were matrices requiring ex-
traction of figural relations. These were selected because they
are difficult and because the underlying relational rules can be
extracted.

One class of figural relations problems in which age differences are
reliably found is Raven’s Progressive Matrices (e.g., Cunningham,
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Clayton, & Overton, 1975; Raven, 1948; Rimoldi & Vander Wpude,
1969). A review of think-aloud protocolsr !:hat we ha(_l prevmusl,y
collected from younger and older indmd_uals solvu.lg Raven’s
problems suggested that older adults often failed to notice re:levant
dimensions on which the elements diffe}'ed, or they noticed a
dimension but failed to realize the relatxonfsh'lp.) among elements
on that dimension. Consistent with this possibility, Rebol't (19§1)
found that older adults did less well at matrix p'roblem§ in w}pch
nonpreferred elements were relevant to the solution. It is plausible
that they failed to attend to the nonpreferred elements. '

The specific aim, then, of the present research was to detenpme

whether the performance of older adults could pe dlffere:ntlally
improved without explicit instruction or modeling, by instead
prompting them to attend to all components of the problem or by
attention training augmented by self-discovery_ of the component
relationships. Discovery as a method of learning has peen §ho?vn
to improve performance. Gagne and Brown (1961), investigating
the effectiveness of three different learning programs, found that,
in comparison to learning by rule and example, young boys vy!xo
were asked to derive formulas for the sum of terms in unfamiliar
number series, and who were guided to discover or who wgre'a.sked
to discover for themselves critical principles, showed .s1gmflf:ant
learning gains. The best performances were by tho§e boysin a gulded
self-discovery group that, in addition to guit.ied dxsqovgry of impor-
tant principles, was provided with systematic practice in the use of
concepts necessary in the solving of new problems. .

Groups of younger participants frequently have not been included
in training studies. The primary focus has been whether or not o%dgr
adults are capable of improving their performance: If they are, it is
argued that the deficits must not be the result of irreversible loss of.
cognitive ability (Denney & Denney, 1974; Hybertson et al., 1982;
Labouvie-Vief & Gonda, 1976; Plemons et al., 1978-; Rebok, 1981;
Willis et al., 1981). In the studies cited, only three have included young
comparison groups (Hybertson et al., 1982; Mergler & Hoyer, 1981;
Rebok, 1981). In two of those studies, older adults_’ performance was
not differentially affected by training, though their absolute perfor-
mance level improved (Hybertson et al., 1982; Reb.ol.(, 19.81.). If.yt.)un-
ger and older adults are equally facilitated by -trau.lmg, it is dlff.lcult
to argue that the training affects processes responsible for age 'dlffer-
ences. Thus, the inclusion of a younger comparison group 1s impor-
tant to test claims that factors such as reduced attention are responsi-
ble for problem solving deficits because they differentially affect
older adults.
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METHOD
Participants

Thirty-six older adults and 36 younger adults participated. The
older adults were recruited from the City of Claremont (CA) Senior
Program. There were 21 women and 15 men, average age 715
years (range, 58-88 years). Four had not completed high school,
10 were high school graduates, and 22 had at least some college,
The average self-rating of health, using a scale from one to ten
where ten was excellent, was 8.4. The younger adults were com.
munity residents. There were 20 women and 16 men with a mean
age of 41.3 years (range, 25-567 years). Six were high school grad.

uates and 30 had at least some college. Their average self-rating
of health was 8.6.

Design and Procedure

Matrix problems in Set B, Set C, and Set D of the Raven’s Progressive
Matrices were analyzed for the underlying rule for solution. The
level of difficulty increases across Set B, Set C, and Set D; in
addition, within each set the solution rule for the matrix problems
generally increases in difficulty over successive problems. Matrices
within a set and with a common underlying rule were grouped
together. From these groups, three subsets of three matrices were
formed for the B, the C, and the D sets. One change was necessary
to accomplish this: Set B, problem 7 was changed to use the rule
for solutions of Set B, problems 8 and 9. The critical features of
each matrix were extracted and the relationships between the
elements and the correct solution described. These were arrived
at first by assessments by the authors individually and then by group
discussion leading to consensus.

A pretest-training-posttest design was used. All participants began
with matrices Set A, problem 1, and Set B, problems 1, 2, and 3 as

practice problems. Using latin squares, sequences of three, three- °

problem subsets—one subset each from B, C, and D Sets— were
formed. The latin square insured that each sequence had one subset
each from B, C, and D problems and one subset from each of three
difficulty levels. After the practice problems each participant com-
pleted a pretest of three subsets, a training program, and, at the
conclusion of fraining, a posttest of another three subsets. After
completing all 31 problems, participants were asked to give their year
of birth, extent of education, and a self-rating of health.

Twelve older and younger adults were assigned to each of three
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ining conditions with the restriction that one person be asIs!ilgl‘:c:‘c?3
tzf‘all three conditions before another dwe:)s assxgn:fi ;31 ;ns'o. I one
iti ici rompte y questio /
condition, participants were P! A i e
mponents of the matrix elet_nen s; in ’ nal
wtraialn;ngow:so augmented by questioning that pro‘mpted th.e. partlc;s
ant to discover the correct solution. The third condition W
tice-only control. - o
: p’i‘?mce problems were administered to each p_artmpargt mdmdt}gll&
During the training problems, participants in the first cond:;lon(i
termed the Attention to Elements group, were prompted to a ;nd
to all of the dimensions of the matrix elements. They were as ee
to describe the elements in detail, and were prompted to gon;mz .
t?\eir examination until all the dimensions had' beex} described. N
o time did the prompting questions name or 1dent1f¥ the elen;c-m.
[go which attention should be directed. For (}alxa.mple,.lf :::e fx‘;:;
i o ** the experim
described some elements as ﬂowefs,. r
p?:rtnpt attempting to elicit a descnptx'on that wpuld mclt_lde
pecognit,ion of the “flower’s” placement in the n.latnx by saym%,
E‘Remember I want you to look carefully at each piece of the p\i’zzlg
and to describe, in as much detail as you can, what you Se:'sajd
this example, it would have been acceptable if thg partlcxpan” é
«All the figures in the first row are shaped like flowers, fanr
recognized the flowers’ unique features, “Eact} flower h:s.t‘ cz:e
petals and the flower in the first drawing ha;h a :u::‘e a;‘lo?er 1m the
i i X through it; the ilo
one in the second drawing has an ) o
i i d it.”’ After completing a descrip
third drawing has a square aroun A
icipant selected a response. icip
of all puzzle features, the participan : A s
iti tention to Elements an
i second condition, termed the: At ¢
llgelzl::ons group, were prompted as in thﬁ ﬁltten&znr:pf;gax:ss
and selected a response. Then, whether the v
%i)(:}r?c,t or not, the individual was promptetcll t_)y qlllfsttl::nri :goiesic?vl;i
i i i her choice.
the relationships that led to his or onse e
i i ici dback as to the correct an 3
incorrect, instead of explicit feet . . e e Tl
i tionships continued un
the prompting to attend to rela o
i i i the response had been 1
vidual discovered and explained why el _ . ‘
ts in the Practice-only
d settled on the correct one. Partl_clpan . -or
i(l}!:mtrol group were given the same instructions for the training
problems as for the pretest problems.

RESULTS

The principal dependent variable was the number of correctlyusolzicz
matrix problems. The independent variables were the age group,
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trainin.g condition, and the trial (pretest, training, and posttest). An
analysis of variance showed that the conditions did not differ at the
pretest in the number of correctly solved matrices, F(2,69) = 1.10
p < .05, w? = .03. There was a significant difference between age:
groups, F(1,70) = 26.28, p < .011, w? = .27. Younger adults solved
more pll'oblems (7.4) than did the older adults (4.9). There was no
mg,eractlon between age group and trial, F(1,70) = 1.12, p < .05
w?= 02 The changes between pretest and posttest scores ars.:
shown in Table 1, older adults gained an average of 1.1 problems
:_md younger adults gained an average of .6 problems. Overall
improvement .from pretest to posttest for all participants for both
groups was significantly greater than zero, t(71) = 3.71, p < .001

The.re. was also significant overall improvement from pretesi
to training, #(71) = 1.81, p < .04. The age groups did not differ
though, F(1,70) = 218, p < .05, w? = .00; the mean change from
pretest to training, shown in Table 1, was .4 problems for older
adtlxglts and .3 problems for younger adults.

xamination of performance within sets on the

posttest on Set B, Set C, and Set D indicated that, fs:e!tf)tth :;2
groups, there was negligible improvement on the more difficult
posttest Set C and Set D problems. Improvement was concentrated
for both age groups on Set B posttest problems. Older adults solved
23.1% more Set B problems on the posttest than on the pretest and
younger adults solved 9.2% more as shown in Table 2.

DISCUSSION

'If successful tra.ining is to be used to support a claim that age deficits
in problem solving are not due to loss of cognitive ability, three tests

. TABLE 1 Correctly Solved Matrix Problems

Pretest Training Posttest
0oud
Attention to 5.25 5.92 6.41
elements and relations
Attention to elements 4.50 5.00 4.92
Control 492 5.17 6.08
Young
Attention to 8.08 8.17 8.25
elements and relations
Attention to elements 6.77 7.42 7.46
Control 1.45 1.50 8.27

B

i
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TABLE 2 Percent Correct

Pretest Posttest Difference

Set B

Old 53.7 76.8 23.1

Young 85.2 949 9.2
Set C

Old 56.4 54.6 -1.8

Young 79.6 82.4 2.8
Set D

oid 54.6 62.0 74

Young 82.4 87.0 4.6

must be met. First, the training must not include direct instruction
or modeling. Individuals could lose the ability to produce effective
problem-solving strategies without losing the ability to mimic effec-
tive behaviors when they are demonstrated. For example, one
can learn a simple algorithm for producing the derivative of a
polynomial, giving the appearance of sophisticated problem solving
without any real understanding of the calculus. Second, the improve-
ments among older adults must be substantially larger than those
among younger adults. It would be possible to argue that equivalent
gains were the result of cognitive facotrs in older adults but non-
cognitive factors in younger adults. A more parsimonious interpreta-
tion, though, is that the same factors account for improvement
in both groups, and, consequently, that those factors cannot account
for observed age differences. Third, if it is asserted that the deficits
are due to failure to use available cognitive resources, the improve-
ments among older adults should be greater for cognitive training
than for practice alone. This is a conservative standard, since it
would exclude problems for which practice elicited the same,
previously unused abilities affected by training. In such instances,
though, the second test of greater improvement in older adults
than in younger adults should provide a clue to the nature of the
improvement. The present study met the first test. It permitted
the other two; both were failed.

On the pretest, younger adults solved significantly more problems
than did older adults. After training or practice on abstract relation
problems, older adults solved 1.1 more problems on the posttest
and younger adults solved 6 more problems. The results, however,
showed no greater improvement among older adults than among
younger ones. Studies by Hybertson et al. (1982) and Rebok (1981)
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that included younger comparison groups also found that, althdugh
the performance by older adults improved after training, younger
adults were equally affected. These findings support the view of
reduced capacity in older adults, but suggest that both younger and
older adults have available unused resources. The fact that improve-
ment by older adults was almost twice that of younger adults
probably occurred because younger adults were near the upper
limits of performance. At the posttest, younger adults were on the
average solving 8.0 problems out of the possible nine problems
whereas older adults were solving only 6.0 problems. The lack of
differential improvement leaves unsubstantiated the hypothesis
that inattention or inefficient strategy selection are among those
factors that account for observed age differences.

Training older individuals to discover the bases of more effective
problem solving did not improve performance; the results failed
to show differentially improved performance with cognitive training
that relied on discovery and that did not provide instructions nor
model strategies. The present study adopted the rule analysis
approach of Plemons et al. (1978) and Willis et al. (1981) in develop-
ing training materials. The relational rules (e.g., size, shape, position)
necessary to solve the figural relation problems were identified
and subsequent training problems that used the most frequently
occurring rules were organized together. The studies differed,
however, in training methods. Plemons et al. (1978) and Willis et al.
(1981) used explicit instruction and modeling techniques, in contrast
to our attempt to prompt individuals to discover for themselves
efficient solution strategies. The results failed to show differentially
improved performance with cognitive training that relied on
discovery and that did not impose instructions nor model strategies.
Self-discovery, however, has been shown in other studies to be an
appropriate method of learning; Gagne & Brown (1961) conclude
that discovery can significantly benefit learning over a rule and
example method in adolescents. It could be contended that the
failure of the present training is the result of its short duration.
Mergler and Hoyer (1981) and Rebok (1981), however, found
significant improvement in matrix problems with only one session
of training indicating that the length of the present study should
be enough for transfer to equivalent problems. The lack of successful
training raises the question of the efficacy of the present design,
but, in light of the above studies, it arguably provided an appropriate
means of demonstrating improved problem solving performance.

The results do confirm findings of improvement with practice
alone on abstract relation problems (Hofland et al., 1981; Labouvie-
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Vief & Gonda, 1976; Plemons et al., 1978; Willis et al., 1981). Older
adults were able to produce more effective problem solving strategies
without the aid of experimenter-imposed prompting. Improvement,
however, was concentrated on the simpler set of B problems. It
seems likely that practice in solving more difficult problems benef.it-
ted performance on simpler ones. The inclusion of gubsets with
similar features may have aided in the extraction of critical elements
and seeing problems with similar rules grouped together could h.ave
enhanced the salience of their cues, resulting in more appropnat.e
strategy selection. The regrouping of Raven’s test items on the basis
of solution rules may have lead to. unexpected improvemer}t by
providing the same opportunities for discovery and practice of simple
concepts for the control group as for the treatment groups; nc?t
regrouping the test items might reduce the chance for systematic
discovery on the part of the control group.

The issue remains that neither guided self-discovery nor practice
reduced or removed age differences between younger and older
adults. Older adults were not differentially facilitated by training
that addressed inattention or inefficient strategy selection. It is
uncertain whether the poorer performance of older adults is due
to their inability to attend to relevant dimensions or to draw
relationships between them. The failure to find either age differences
or differences between treatment conditions leaves unanswered
the question of whether older adults lose cognitive abilities needed
to solve complex problems. A reliable finding that self-discovc_ary
training was successful in producing effective problem-solving
strategies among older adults would resolve the issue. The present
finding that guided self-discovery did not promote effective prob.le.m
solving, instead, it is consistent with the possibility that deficits
may not be simply failure to use available resources. If there
continues to be a conspicuous absence of evidence of successful
cognitive training without direct instruction or modeling, there
will be a strong circumstantial case that age differences are due
to a loss of basic cognitive ability.
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