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Training the Elderly on the Ability Factors of Spatial
Orientation and Inductive Reasoning

Sherry L. Willis and K. Warner Schaie
Pennsylvania State University

We examined the effects of cognitive training with eiderly participants from the Seattie Longitudinal
Study. Subjects were classified as having remained stable or having declined over the previous 14-
year interval on each of two primary abilities, spatial orientation and inductive reasoning. Subjects
who had declined on one of these abilities received training on that ability; subjects who had declined
on both abilitics or who had remained stable on both were randomly assigned to the spatial orienta-
tion or inductive reasoning training programs. Training outcomes were examined within an ability-
measurement framework with empirically determined factorial structure. Significant training
effects, at the level of the latent ability constructs, occurred for both spatial orientation and inductive
reasoning. These effects were general, in that no significant interactions with decline status or gender
were found. Thus, training interventions were effective both in remediating cognitive decline on the
target abilities and in improving the performance of stable subjects.

A consistent finding of longitudinal studies is that there are
wide individual differences in the patterns of intellectual ability
change in later adulthood (Schaie, 1983; Willis & Baltes, 1980).
Although findings from a number of longitudinal studies indi-
cate that the onset of ability decline occurs normatively in the
middle to late 60s, there is considerable variability in timing
and breadth of decline (Jarvik & Bank, 1983; Siegler, 1983).
The more common pattern is that decline is selective, rather
than pervasive, particularly in early old age {Schaie, 1984). Indi-
viduals typically show statistically reliable decrement on a par-
ticular subset of abilities, although their performance remains
stable on other abilities. Although selective decline is the more
common change pattern for the young-old, there are a number
of tndividuals who show no statistically reliable ability
decline—a few exhibiting a pattern of stability even into their
80s. Conversely, there are individuals for whom, even in their
60s, there is pervasive rather than differential decline, typically
associated with health-related problems.

Given these wide individual differences in ability changes,
cognitive training effects may indicate either remediation of
decrement or improved performance for stable individuals, be-
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yond that previously demonstrated. Both types of training out-
come (i.e., remediation, new performance levels) are of theoret-
ical and practical interest in the study of cognitive aging. How-
ever, longitudinal data on subjects’ ability functioning is
required to differentiate the two types of effects.

The purpose of this study is to examine the effectiveness of
cognitive training with participants from a longitudinal re-
search program. Individual profiles of ability change were de-
fined for the primary abilities of spatial orientation and induc-
tive reasoning. These abilities were chosen as the focus of train-
ing because they had been identified in previous research to
exhibit early patterns of normative decline (Schaie, 1983).

Our study was guided by a number of methodological consid-
erations: First, training efects were examined at the latent con-
struct level (i.e., ability factors). Normative decline in intellec-
tual functioning is construed to have occurred at the construct
level (Schaie & Hertzog, 1985); thus, it becomes critical to dem-
onstrate that training effects are not test specific but have oc-
curred at the construct level (Birren, Cunningham, & Yama-
moto, 1983).

To show that training efects have indeed occurred for an abil-
ity construct, it is necessary to examine those effects in the con-
text of a measurement framework for which the structural rela-
tionships have been empirically defined. The convergent and
divergent validity of the training paradigm, moreover, must be
demonstrated by showing that training efects occurred exclu-
sively for the targeted abilities, and did not result from a general-
ized training phenomenon that extended to the entire measure-
ment system. Finally, it is important to ascertain that there was
stability in the measurement framework across pre- and post-
test occasions. Training could affect the structural relationships
among the abilities in the measurement framework, as well as
result in quantitative change. Interpretation of the nature of the
training effects would be somewhat ambiguous if structural
change had occurred from pre- to posttest.

61— 229
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Method

Subjects

Subjects were 229 older adults {132 women, 97 men) from the Seattle
metropolitan arca, who had been participants in the Seattle Longitudi-
nal Study (SLS) since 1970 or carlier {Schaie, 1983). All of the subjects
were members, or had been members, of the Group Health Cooperative
of Puget Sound, a health maintenance organization. Mean age of the
total sample was 72.8 years {range = 64-95; SD = 6.41). Mean educa-
tional level was 13.9 years (range = 6~20; SD = 2.98). There were nosex
differences in age or educational level. Mean income level was $19,879
(range = $1,000-533,000; SD = $8,520). All of the subjects were com-
munity dwelling, and most of the subjects were Caucasian. Prior to initi-
ation of the study, each subject’s physician was contacted and asked
to indicate whether the subject suffered any known physical or mental
disabilities that would interfere with participation in the study; subjects
so identified were not included in the study.

Design and Procedure

Classification of subjects. Subjects’ test performances on the Thur
stone {1948) Primary Mental Abilitics (PMA) reasoning and space mea-
sures were classified as having remained stable, or as having declined,
over the prior 14-year interval involving three data points {1970, 1977,
and 1984-pretest). The statistical criterion for the definition of decline
was one standard error of measurement or greater over the entire 14~
year period (reasoning = 4 points, space = 6 points). Subjects were first
classified by defining a 1 standard error of measurcment (SEM) confi-
dence interval about their observed 1970 score {cf. Dudek, 1979). if
their 1977 score {ell below this interval, they were provisionally consid-
ered to have declined, otherwise, to be stable. Next, their 1984~pretest
score was considered. Decline subjects who in 1984 returned to within
the confidence interval about their 1970 score were then reclassified as
stables. Stable subjects whose 1984-pretest score dropped toa 1 = SEM
interval below their 1977 score were reclassified as decliners.

There were 107 subjects (46.7% of the sample) classificd as having
remained stable on both ability measures; 35 (15%) had declined on
reasoning, but not on space; 37 (16%) had declined on space, but not
on reasoning; and 50 (21.8%) had declined on both measures. As would
be expected, stabie subjects {M = 70.9 years; SD = 5.35) were somewhat
younger than decline subjects (M = 74.4 years; SD = 6.84; p < .001).
Although the mean age differed, note that a wide age range occurred for
both stabies (range = 64-85 years) and decliners (6495 years). Decline
and stabie subjects did not differ significantly on educational level or
income.

Given the classification procedure aiready described, there was the
possibility of statistical regression cffects occuring, such that 1970 high
scorers would have been erroneously classified to the decline group, and
the low scorers to the stabie group. To examine for possible regregsion
effects, a time-reversed control analysis was performed (cf. Baltes, Nes-
selroade, Schaie, & Labouvie, 1972; Campbeil & Staniey, 1966). This
analysis did not support the presence of substantial regression effects
that would increase the classification error rate above that specified by
the chosen confidence interval (Schaic & Willis, 1986).

Procedure.  Subjects were assigned to either inductive reasoning or
spatial orientation training programs, based on their performance sta-
tus {1970-1984). Subjects who had declined on reasoning, but not on
space, or vice versa, were assigned to the training program for the ability

exhibiting decline. Subjects who had remained stable on both abilities .

or had shown decline on both abilitics were randomly assigned to one
of the training programs. Spatial orientation training subjects included
51 stables (28 women; 23 men) and 67 decliners (38 women; 29 men).
The average 14-year change for the spatiai-orientation training group
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was 0.60 for stables and 11.36 for decliners. Inductive-reasoning train-
ing subjects included 56 stabies (31 women; 25 men) and 55 decliners
{35 women; 20 men). The average 14-year change for the inductive-rea-
soning training group was 0.23 for stables and 6.78 for decliners.

Stable subjects in spatial orientation training were significantly youn-
ger {p <.03) and better educated (p < .05) than were decliners. Stable
subjects in inductive-reasoning training were also significantly younger
{p < .001) than decliners, but decliners were significantly better edu-
cated (p < .01) than stables. There was no difference in income for sub~
jects assigned to cither training program.

All of the subjects had previously participated in the Seattle Longitu-
dinal Study (SLS) and were informed via a series of letters that a new
phase of the study was beginning. Subjects who indicated an interest in
participating were visited in their homes by a staf member. The purpose
of the home visit was to discuss details of the study and to answer ques-
tions, to assess sensory handicaps that might interfere with participa-
tion, and to determine whether the home was a suitable place for con-
ducting the training sessions.

The study involved a pretest—treatment—posttest control group de-
sign. The inductive reasoning training group served as a treatment con-
trol for the spatial orientation training group, and vice versa. Subjects
were administered a broad psychometric ability battery in two pretest
sessions (2 & hr per session). Based on their prior longitudinal perfor
mance plus their pretest scores, subjects were assigned to either the in-
ductive reasoning or the spatial orientation training program. Training
began within 1 week of pretest and involved five 1-hour individually
conducted training sessions. The training sessions were conducted
within a 2-week period. The majority of subjects were trained in their
homes. Two middle-aged trainers, with prior educational experience in
working with adults, served as trainers. Subjects were randomly as-
signed to the trainers within pragmatic constraints, such that each
trainer trained approximately equal numbers of stable and decline sub-
jects in cach training program. Subjects were assessed within 1 week of
training on a posttest battery that involved the same measures that were
administered at pretest. They were paid 8100 for participating in the
study.

Measures

The pre—~posttest battery involved psychometric measures represent-
ing five primary mental abilities, including the PMA measures (Thur-
stone, 1948), administered at previous SLS assessments. Each ability
was represented by three to four marker measures. The pre—posttest
ability battery is shown in Table 1. Marker measures for spatial orienta-
tion and inductive reasoning abilities are discussed in more detail later
in the article, inasmuch as these abilities were the target of training, and
training cffects were predicted for these abilities.

Spatial oricntation. Spacial orientation was assessed by four mea-
sures. Three of the tests (PMA Space, Object Rotation, and Alphanu-
meric Rotation) are muitiple response measures of two-dimensional
mental rotation ability. The subject is shown a mode! line drawing and
asked to identify which of six choices shows the model drawn in differ-
ent spatial orientations. There are two or three correct responses possi-
ble for cach test item. The Object Rotation test {Schaie, 1985) and the
alphanumeric test { Willis & Schaie, 1983) were constructed so that the
angie of rotation in each answer choice is identical with the angle used
in the PMA Space test (Thurstone, 1948). The three tests vary in item
content. Stimuli for the PMA test are abstract figures; the Object Rota-
tion test involves drawings of familiar objects; and the Alphanumeric
test contains letters and numbers. The [ourth test, Cube Comparisons
{Ekstrom, Prench, Harman, & Derman, 1976), assesses mental rotation
in threcdimensional space.

Inductive reasoping. Inductive reasoning ability was assessed by
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Table 1
Mental Abilities Measurement Battery
Primary ability Test Source
Inductive reasoning PMA Reasoning Thurstone, 1948
- ADEPT Letter Series (Form A) Blieszner, Willis, & Baltes, 1981

Word Series Schaie, 1985
Number Series Ekstrom, French, Harman, & Derman, 1976

Spatial orientation PMA Space Thurstone, 1948

. Object Rotation Schaic, 1985

Alphanumeric Rotation Willis & Schaie, 1983
Cube Comparison Ekstrom et al., 1976

Perceptual speed Finding A’s Ekstrom et al., 1976
Number Comparison Ekstrom ct al., 1976
Identical Pictures Ekstrom et al., 1976

Numeric PMA Number Thurstone, 1948
Addition Ekstrom et al,, 1976
Subtraction & Multiplication Ekstrom et al., 1976

Verbal PMA Verbal Thurstone, 1948
Vocabulary I1 Ekstrom et al., 1976
Vocabulary IV Ekstrom et ai., 1976

Note. PMA = Primary Mental Abilities; ADEPT = Aduit Development and Enrichment Project.

four measures. The PMA reasoning measure (Thurstone, 1948) assesses
inductive reasoning ability via letter series problems. The subject is
shown a series of [etters and must select the next letterin the series from
five letter choices. The Adult Development and Enrichment Project
{ADEPT) Letter Series test (Blieszner, Willis, & Baltes, 1981) also con-
tains letter series problems; however, some of the problems involve pat-
tern-description rules other than those found on the PMA measure (see
Kotovsky & Simon, 1973, for discussion of pattern description rules).
The Word Serics test (Schaie, 1985) parallels the PMA measure in that
the same pattern-description rule is used for each item; however, the test
stimuli are days of the week or months of the year, rather than letters.
The Number Series test (Ekstrom et al., 1976) involves series of num-
bers rather than letters, and involves different types of pattern-descrip~
tion rules involving mathematical computations. The PMA Spatial Ori-
entation and Reasoning tests were administered at previous SLS mea-
surement points, and thus provide the most direct assessment of
training improvement and remediation.

Training Programs

The focus of the training was on facilitating the subject’s use of efec
tive cognitive strategies identified in previous research on the respective
abilities. A content task analysis was conducted on the two PMA mea-
sures representing these abilities, to identify relevant cognitive strate-
gies.

Inductive reasoning. For cach item of the PMA Reasoning test, the
pattern-description rulels) used in problem solution were identified.
Four major types of pattern-description rules {identity, next, skips, and
backward next) were identified and focused on in training. These pat-
tern-description rules are similar to those discussed previously in the
litcrature (Holzman, Pellegrino, & Glaser, 1982; Kotovsky & Simon,
1973). Practice problems and exercises were developed, based on these
pattern-description rules. Practice probiems often involved content
other than letters, so that the applicability of these rules to other content
arcas could be explored. For example, patterns of musical notes and

travel schedules were devised based on these rules, and subjects were to -

identify the next note or destination in the series. No training problems
were identical in content to test jtems. Subjects were taught through
modeling, feedback, and practice procedures to identify these pattern
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description rules. Three strategies for identif: ying the patterns were em-

- phasized in training: visual scanning of the serics, saying the series aloud

in order to hear the letter pattern, and underlining repeated letters oc-
curing throughout the series. Once a hypothesis regarding the pattern
type was generated, subjects were then taught to mark repetitions of the
pattern within the series, and thus to determine the next letter required
to fit the pattern rule.

Spatial oricotation. A content task analysis of the PMA space test
was conducted to identify the angle of rotation for each answer choice.
Practice problems were developed to represent the angle rotations iden-
tified in the task analysis (45, 90, 135, and 180°). Cognitive strategies
to facilitate mental rotation, which were focused on in training, in-
cluded (a) development of concrete terms for various angles, (b) practice
with manual rotation of figures prior to mental rotation, {c) practice
with rotation of drawings of concrete, familiar objects prior to introduc-
tion of abstract figures, (d)subjcct-gcncratcd names {or abstract figures,
and (e) having the subject focus on two or more features of the figure
during rotation. These cognitive strategies had been identified in prior
descriptive rescarch on mental rotation ability {Cooper & Shepard,
1973; Egan, 1981; Kail, Pellegrino, & Carter, 1980).

Results

Results of the study are reported in two parts. First, struc-
tural analyses of the measurement battery at pre- and posttest
are described. Second, analyses of training effects at the level of
ability factor scores are reported.

Structural Analyses of Measurement Battery

The structure of the latent ability constructs represented in
the measurement battery was determined at pretest, prior to
onset of training, on a total sample of 401 elderly subjects. Table
2 provides the intercorrelations among the observed measures;
pretest correlations are below and posttest correlations are
above the diagonal. Table 3 gives the raw score means for the
Induction and Spatial Orientation tests at pre- and posttest, for
stable and decline subjects within each of the training groups.
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Note. Values below the diagonal are for the pretest; velucs above the diagonal are for the posttest. MA = Primary Mental Abilitics.

An EFAP analysis was performed to determine the number
of factors required for an optimal fit of the battery. Examination
of the eigen values, chi squares, and Tucker-Lewis criteria sug-
gested that a minimum of five factors was required. This finding
fit well with our conceptual model. We consequently examined
the factor structure of the pretest ability battery via confirma-
tory factor analyses, using LISREL V (Joreskog & Sorbom, 1981).
As part of this analysis, we tested the equivalence of factor struc-
ture for stable and unstable, and male and female, subgroups.
An acceptable five-factor model, y%243, N = 401) = 463.17,
representing the hypothesized PMA factors (spatial orientation,
inductive reasoning, perceptual speed, numeric, verbal) was ob-
tained (Table 4). The accepted model holds factor loadings and
factor intercorrelations invariant across groups. Relaxing these
constraints did not yield any significant improvement in fit.

Factor regression weights for tests loading on the spatial ori-
entation factor were PMA space = .260, Object Rotation =
.393, alphanumeric = .287, and Cube Comparison = .060. Fac-
tor regression weights for inductive reasoning were PMA rea-
soning = .378, ADEPT Letter Series = .213, Word Series = .298,
and Number Series = .111. Factor regression weights for per
ceptual speed were finding A’s = 099, Number Comparison =
.219, Identical Pictures = .317,and PMA Verbal = .356. Factor
weights for numeric were PMA number = .286, Addition =
.447, Subtraction and Multiplication = .220, and Number
Comparison = .047. Factor weights for verbal were PMA
Verbal = .086, Vocabulary 11, .317; and Vocabulary 1V, .597.

To address the issue of pre—posttest structural stability in the
measurement battery, an isolated stability model that con-
strained factor loadings and factor correlations across pre- and
posttest occasions was tested for the spatial orientation and in-

" ductive reasoning training groups, separately. This model could

be improved on slightly by relaxing the constraint on the factor
loading for the Object Rotation test within the spatial orienta-
tion training group, and for the Word Series test within the in-
ductive reasoning training group (reasoning: y[440, N =
111] = 621.09; space: (440, N = 111] = 747.25). Further re-
laxations of constraints across test occasions did not yield any
significant improvement in fit. Factor regression weights com-
puted on the pretest and on the relaxed factor loadings at post-
test did not differ significantly. Consequently, we elected to em-
ploy the pretest regression weights for computing factor scores
because these weights are likely to be more stable, having been
derived from a larger data set (see also Schaie, Willis, Hertzog,
& Schulenberg, 1985). Factor scores were computed for each of
the five abilities by standardizing the raw scores (M = 50; SD =
10) to the pretest base and then multiplying the standardized
scores by their respective pretest regression weights.

Training Analyses of Factor Scores

To examine training effects at the factor level, a 2 {training:
inductive reasoning, spatial orientation) X 2 (status: stable, de-
cline) X 2 (gender) X 2 (occasion: pre, post) analysis of variance
{ANOVA) with repeated measures was performed separately for
each of the five ability factor scores (inductive reasoning, spatial
orientation, perceptual speed, numeric, verbal). Table 5 shows
the mean squares and F ratios for the main effects and interac-
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Table 3
Raw Score Means for Inductive Reasoning and Spatial Orientation Measures for Stable and Decline Subjects at Pre- and Posttest
Training group
Inductive reasoning Spatial orientation
Stable Decline Stable Decline
(n=56) (n=54) {n=51) (n=67)
Measure . Pre Post Pre Post Pre Post Pre Post
Inductive reasoning
PMA reasoning 13.68 17.29 9.51 14.46 14.24 1553 10.73 12.16
Letter series 8.68 11.21 7.38 9.51 8.69 9.79 6.35 127
Word series 15.73 18.03 12.92 15.24 15.21 17.04 11.92 13.13
Number series 4.80 5.72 4.68 475 4.60 5.88 393 4.49
Spatial orientation
PMA space 19.02 21.93 14.41 16.87 17.69 22.10 8.66 16.57
- Object rotation 3259 37.64 2418 30.04 31.86 36.83 22.49 29.20
Alphanumeric 36.15 40.88 30.10 33.34 37.29 41.56 28.04 33.65
Cube comparison 16.38 16.82 14.10 14.09 14.27 15.26 13.24 14.04

Note. PMA = Primary Mental Abilities.

tions for each of the five ability factors. To evaluate training
_results, it is necessary to examine the interactions of training
and occasion effects. The Training X Occasion interactions for

Table 4
Five-Factor Model, with Factor Loadings and Intercorrelations
Factor
Variabie 1 2 3 4 5
Test ) Loadings
PMA Reasoning 921
ADEPT Letter Scries 864
Word Serics 9500
Number Serics 757
PMA Space 829
Object Rotation .883
Alphanumeric 844
Cube comparison 474
Finding A’s 545
Number Comparison 592 273
Identical Pictures 819
PMA Number 910
Addition 941 .
Subtraction-Multiplication .885
PMA Verbal Meaning 698 320
Vocabulary I1 870
Vocabulary IV 929
Pactor Intercorrelation
1. Inductive reasoning -
2 Spatial orientation 681 -
3. Perceptual speed 822 735 —_
4. Numeric 692 512 695 -
5. Verbal 593 305 401 454 -

Note. All factor loadings are significant, p <.05. PMA = Primary Men-
tal Abilities. ADEPT = Aduit Development & Enrichment Project.
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induction (p < .001) and for spatial orientation (p < .05) were
significant. Post hoc analyses indicated significantly greater
gain{p < .05) for the training group than for the control group
on both abilities. None of the three-way or fourway interactions
involving training and occasion were significant, indicating that
the magnitude of training effects did not differ significantly
across pretraining status or gender. Note that the Training X
Occasion interactions were significant only for those two abili-
ties that were the targets of training. There was a significant
occasion main effect for ail measures, indicating significant re-
test effects across pre—posttest occasions for both groups. Table
6 shows the factorscore means for the five abilities at pre- and
posttest by training group.

Figure 1 presents mean pre—posttest factor gain scores for
the five ability factors for both inductive reasoning and spatial
orientation training groups; as hypothesized, significant differ-
ences between the two training groups occur only for the spe-
cific abilities on which they were trained.

The decliners in each training group included both subjects
who had declined only on the ability trained and subjects who
had declined on both abilities. To examine whether there were
differential training gains for these two groups of decliners, one-
way ANOVAs on the spatial orientation and inductive reasoning
factor gain scores were conducted. There were no significant
differences in factor gain scores for the two groups of decliners
for cither spatial orientation {p < .53) or inductive reasoning
{p<.88).

To determine the proportion of subjects exhibiting reliable
pre- and posttest improvement, the same criterion as for defin-
ing decline (i.c., a change score = 1 SEM) was used to define
reliable training gain. The proportion of subjects in the induc-
tive reasoning training group showing a pre—posttest gain
score = 1 SEM on the ability trained were stables, 66%, declin-
ers, 74.5%, and total, 70.5%. For the spatial-orientation training
group the proportions were stables, 47.1%, decliners, 62.7%,
and total, 55.9%.
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Tabie 6
Mean Factor Scores at Pre- and Posttest
Training group
Inductive reasoning Spatial Orientation

Ability factor Pretest Posttest Pretest Posttest
Inductive reasoning 50.25 55.49* 49.87 52.37
Spatial orientation 51.23 54.38 49.23 53.71*
Perceptual speed 50.40 5291 49.32 5193
Numeric 51.22 52.75 48.42 50.12
Verbal 51.57 52.27 49.06 49.94

Note. Standardized to M = 50 and SD = 10 on a sample of 401 subjects.
* Pre—posttest gain significantly greater for training group, p <.05.

Significant main effects and interaction terms, which were
not directly related to training effects, follow for each of the five
ability factors. For inductive reasoning, there were significant
main effects for status (p < .001), gender (p < .03), and occasion
{p < .001). The status and gender main effects reflect the lower
scores across occasions for decliners and men, respectively. The
occasion main effect represents retest effects occuring for both
groups. For spatial orientation, there were significant main
effects for status {p < .001), gender (p < .01), and occasion (p <
.001). The status and gender main effects reflect the lower scores
of the decliners and women, respectively, across occasions.
There was a significant Training X Gender interaction (p <.04),
indicating that summed across pre—posttest occasions, the per-
formance of women trained on spatial orientation was signifi-
cantly above that for control women trained on inductive rea-
soning, but this did not occur for men trained on spatial orien-
tation, when they were compared with control men trained on
inductive reasoning. For perceptual speed, there were signifi-
cant main effects for status (p < .001), gender (p < .001), and
occasion (p < .001). The status and gender main effects reflect
higher scores for stables and women, respectively. There was
also a significant Training X Gender interaction (p < .003), indi-
cating that summed across pre—posttest occasions the perfor
mance of women trained on spatial orientation was significantly
above that for control women trained on inductive reasoning.
For numeric, there were significant status {p < .002) and occa-
sion {p < .001) main effects. The status main effect indicated
superior performance by the stables. For verbal, there was a sig-
nificant occasion main effect (p <.001), and asignificant Train-
ing X Status interaction (p < .01), indicating that across occa*
sions, the performance of reasoning decliners was superior to
that of space decliners.

Discussion

In this study we examined cognitive intervention effects
within the context of a longitudinal study. Longitudinal re-
search has indicated that early ability decline for most older

adults is selective, often ability specific, rather than global or -

catastrophic. Moreover, there are wide individual differences in
the specific abilities showing decline (Schaie, 1984). The initial
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phase of this study, which involved the classification of individ-
uals with regard to decline status on two primary abilities, pro-
vides further support for the variability in patterns of cognitive
functioning in later aduithood. Almost one half (46%) of the
subjects exhibited no statistically reliable decline on either
space or reasoning ability, studied over the previous 14-year pe-
riod. Because the age of most of our subjects in 1970 was no
older than early 60s, it is unlikely that many of the stabie sub-
jects had experienced significant decline prior to the base point
in our classification procedure. Almost one third of the subjects
(31%) showed decline on one of the abilities, but not on the
other. Less than one fourth (22%) of the subjects showed decline
on both space and reasoning. The wide variability in patterns
of change is noteworthy, given that both of the abilities studied
involve abstract reasoning on speeded measures and would thus
be expected to exhibit normative decline based on the widely
accepted classical pattern of cognitive aging (Botwinick, 1977).

Although the pre—posttest training gain was equivalent for
both stable and decline subjects, the groups obviously differed
in baseline at pretest. Consequently, the effects of training re-
sulted in moving the decliners closer to their previous level of
performance, while raising the performance of the stables be-
yond previously exhibited levels. Thus, training effects have
qualitatively different implications for the two groups. Differ
entiation of these two kinds of effects requires the availability
of longitudinal data.

Note that for almost one half of the subjects, there was no
significant decline on either of the abilities studied, suggesting
that for many of the elderly cognitive subjects, intervention
efforts should focus on improving stable levels of functioning,
rather than on remediation of decline. Given current cohort
differences in ability performance level, many older adults may
be disadvantaged when compared with younger age/cohorts,
even though they showed no significant ability decline. Thus,
intervention efforts may be useful in improving the perfor
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Figure 1. Pre-and posttest training gains in T-score pointsfor the induc-
tive reasoning and spatial orientation training groups on the five ability
factors.
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mance of stable subjects, as well as in remediation efforts for
those who have declined (Willis, 1985).

Significant training effects were demonstrated for both induc-
tive-reasoning and spatial-orientation abilities. Three aspects of
these findings merit further discussion: First, the finding of sig-
nificant effects at the factorial level demonstrates that training
is not limited to “teaching the test,” but results in gain at the
latent construct level. Training gains, as measured by specific
observable tests, represent a confound of the variance common
to the latent construct and the variance that is unique to that
specific measurement instrument. However, it is change in the
common variance, that is of primary interest. To assess such
change, therefore, it is necessary to examine training gains at
the factorial level, as was done in this study. For this purpose, it
was essential to ascertain first that there is stability in the mea-
surement framework from pretest to posttest, to assure that
pre—posttest training gains are assessed within the same mea-
surement structure. Stability of the measurement model across
occasions was demonstrated.

A second major question focused on the differential effec-
tiveness of training for remediating cognitive decline versus the
attainment of enhanced performance levels in those elderly sub-
jects showing no previous decline. Significant training effects
were found for both decline and stable subjects. This finding is
important because it suggests that cognitive training is effective
not only in the remediation of decline, but also in improving
the performance level of subjects showing no prior decline.

Third, training effects were found to be ability-specific. Note
in Figure 1 that training efects were significant only for the
ability factor targeted for training; significant training effects
did not occur for the other abilities (perceptual speed, numeric,
and verbal). Demonstration of ability-specific efects requires
two conditions: first, that training effects be shown for the target
abilities, and second, that no training effects be shown for other
abilities not trained on. Both conditions were met. If training
effects had occurred for abilities other than those trained, it
could be argued that the effects occured as a result of increased
test sophistication or increased response speed that could affect
multiple abilities, rather than just the abilities trained.

Results of this study show that training eforts were efective
in significantly improving the performance of a substantial
number of older adults who had declined on the ability trained.
For 40% of the decliners, training actually resulted in remedia-
tion to their 1970 performance level, 14 years previously
(Schaie & Willis, 1986). Such reversal efects were demon-
strated for both primary abilities, spatial orientation and induc-
tive reasoning. Training procedures were also effective in'en-
hancing the performance of those older persons who had re-
mained stable on the target abilities; 66% of the stable inductive-
reasoning and 47% of the stable spatial-orientation trainees
showed significant pre~posttest improvement. Thus, for elderly
subjects with known inteliectual histories, it appears feasible to
develop individual profiles of ability change and to target cogni~
tive intervention eforts specifically to the needs of the individ-
ual, whether there is remediation of loss or increasing perfor-
mance to a level not previously demonstrated.

Note that subjects in this study were community-dwelling el-

derly who had been screened by their physician for serious phys-
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ical or mental impairment. We do not wish to suggest, there-
fore, that the methods used in this study would be equally effec-
tive with subjects suffering severe neurophysiological cognitive
impairment. The decline observed in our community-dwelling
subjects, however, may have been associated with disuse or ex-
periential changes in the environment that often occur in old
age, rather than because of adverse physiological changes. The
educational training procedures used in this study, therefore,
may be particularly appropriate for the broad segment of the
¢lderly population who are without significant neurological im-
pairment.
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