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13 Benefits of graphic design expertise
in old age: compensatory effects of a
graphical lexicon?

Ulman Lindenberger, Yvonne Brehmer, Reinhold Kliegl
and Paul B. Baltes

The research of Lindenberger, Brehmer, Kliegl and Baltes into the cognitive
decline-compensating effects of expertise is based on the difference berween
fluid and crystallized intelligence. While fluid intelligence measures such as
speed and capacity are more biologically determined and thus decline with
age, crystallized intelligence measures encompass culture-based skills and fac-
tual knowledge, and are more resilient to ageing-induced decline. Would the
graphic expertise of professional older designers protect them against cognitive
decline compared to young designers and two age- and intelligence-matched
control groups? This was tested in a training study using the Method of Loci
where visualization and tmagery is essential, as recall of words is cued by
previously associated landmarks. As expected, graphic designers showed bet-
ter performance on spatial tests than controls, but this was even more pro-
nounced in the older group, where the designers had consistently higher scores
than their age peers. While older graphic designers could not match the perfor-
mance of the young groups, they did fare berter than their age-matched controls
tn the post-training Method of Loci memory assessment. It is concluded that
although graphic expertise could not entirely compensate for the biologically
determined reduction in fluid intelligence, there was a positive effect on episodic
memory.

COGNITIVE functioning in later periods of the adult lifespan is character-
ized by a dynamic interdependence between knowledge-related incre-
ments and senescent declines. To capture this interdependence, two-
component models of cognition separate a biology-based component
from a culture-based component of intellectual functioning (e.g. Baltes,
1987; Cattell, 1971). According to Baltes (1987), the ‘mechanics’ of cog-
nition reflect the speed, accuracy and coordination of elementary cogni-
tive processes, such as processing speed, inhibition, attention, memory
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capacity and reasoning. The efficacy of this component shows a mono-
tone decrease during adulthood and early old age, and an accelerated
decline in old age, probably because of aging-related changes in the
brain. In contrast, the cognitive pragmatics reflect biographically acquired
culture-based skills and factual knowledge, such as verbal fluency or men-
tal arithmetic. Performance on tasks assessing this component remains
invariant or even increases further with age during adulthood. In con-
trast to the mechanics of cognition, this component is more resilient
to the effects of brain aging (Baltes, 1987; Li, Lindenberger, Hommel,
Aschersleben, Prinz and Baltes, 2004).

Within the pragmatics, normative bodies of knowledge that are taught
in school and relevant for all members of society, such as verbal knowl-
edge and number facility, can be set apart from more specialized bodies of
knowledge reflecting professional expertise or other less invariant aspects
of a person’s biography. Research in the domains of cognitive aging and
expertise has emphasized the influence of these non-normative or idiosyn-
cratic forms of pragmatic knowledge to between-person (interindivid-
ual) differences and within-person (intraindividual) changes in cognitive
functioning. Age-comparative studies with individuals differing in their
levels of expertise have been conducted in such diverse domains as type-
writing (Bosman, 1993; Salthouse, 1984), chess (Charness, 1981, 1989;
Jastrzembski, Charness and Vasyukova, 2006), Go playing (Masunaga
and Horn, 2001), air-traffic control and piloting (Morrow and Leirer,
1997; Morrow ez al., 2003), Mastermind (Maylor, 1994), crossword-
puzzle solving (Rabbitt, 1993), management skills (Walsh and Hershey,
1993), piano playing (Krampe, Engbert and Kliegl, 2001; Krampe and
Ericsson, 1996) and visual identification (Viggiano, Righi and Galli,
2006). In addition to questions regarding the causes and origins of expert
knowledge and expert performance in specific domains of functioning,
two issues have attracted the interest of developmental researchers: (a)
Do individual differences in person-specific pragmatic and expert knowl-
edge influence the developmental pathway of the mechanics of cogni-
tion (Krampe and Ericsson, 1996; Salthouse, 1991)? (b) To what extent
does biographically acquired knowledge compensate for declines in the
mechanics of cognition in old age (Bosman and Charness, 1996; for
review, see Krampe, 2002; Krampe and Baltes, 2003)?

In this chapter, we report and further analyse and interpret results
from an age-comparative memory training study that investigated graphic
design expertise in relation to episodic memory performance (Linden-
berger, Kliegl and Baltes, 1992). Lindenberger et al. (1992) investi-
gated younger and older expert graphic designers’ serial word recall
after instruction and training in the use of an imagery-based mnemonic
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strategy, the Method of Loci. This strategy involves the use of a highly
familiar ordered sequence of locations (i.e. a mental map) as a cogni-
tive structure for encoding and retrieving new information (cf. Bower,
1970; Kliegl, Smith and Baltes, 1989). To-be-encoded items are suc-
cessively linked with locations from the mental map through the use of
visual imagery. At recall, the ordered locations are mentally revisited,
and the visualized items are retrieved and decoded if necessary. Evidence
from different lines of research suggests that the effective use of visual
imagery is a critical component in memory functioning with the Method
of Loci (e.g. Baddeley and Lieberman, 1980; Kliegl, Smith and Baltes,
1990; Logie, 1986; Richardson, 1985). In comparison to the original
report provided by Lindenberger er al. (1992), we will take a closer look
at two covariates administered in the original study, a subtest of the Tor-
rance Tests of Creative Thinking: Thinking Creatively with Pictures (Tor-
rance, 1966a, 1966b) and the Card Rotation Test from the ETS battery
(Ekstrom, French and Harman, 1976). We will argue that the Torrance
test of visual creativity was well suited to capture central aspects of graphic
designers’ expert knowledge of graphical forms, and will speculate about
the compensatory function of this knowledge in old graphic designers.

During the past three decades, several studies have investigated lifespan
gradients in the cognitive mechanics of episodic memory with a testing-
the-limits approach to instruction and training of the Method of Loci
(Baltes and Kliegl, 1992; Brehmer, Li, Miiller, Oertzen and Linden-
berger, 2007; Kliegl, Smith and Baltes, 1986, 1989; Lindenberger and
Baltes, 1995; Lindenberger et al., 1992; Stigsdotter Neely and Biackman,
1993; Verhaeghen and Marcoen, 1996). From a developmental perspec-
tive, the testing-the-limits procedure aims at ‘compressing’ time by pro-
viding a high density of experience and arranging for an improved mea-
surement context in order to identify an individual’s latent potential in a
particular domain of functioning. Typically, individuals of different ages
are first given instructions for a performance-enhancing memory strat-
egy that they were not familiar with beforehand. After large' arpoums of
training and practice, interindividual differences in upper 11m1t§ of per-
formance (developmental reserve capacity) can be estimated with some
confidence. )

With respect to episodic memory, testing-the-limits studies have shown
(a) that cognitively healthy younger and older adults (at l.east up to
their 80s) can improve their performance relative to a no-instruction
baseline; and (b) that performance gains and maximum performgnce
levels decrease substantially with advancing adult age (Baltes and Kliegl,
1992; Brehmer ez al., 2007; Kliegl et al., 1989, 1990; Rose and Yesav?ge,
1983; Singer, Lindenberger and Baltes, 2003; Thompson and Kliegl,



264 U. Lindenberger, Y. Brehmer, R. Kliegl, P B. Baltes

1991). Because negative adult age differences were magnified after train-
ing, Kliegl e al. (1989) concluded that the effects of cognitive aging may
be more clearly identifiable at performance conditions near the upper
limits of reserve capacity, or cognitive plasticity, than at baseline perfor-
mance conditions (Baltes and Kiliegl, 1992).

The Lindenberger et al. (1992) study, which is summarized and fur-
ther interpreted in the present report, combined the testing-the-limits
paradigm with research on the relation between professional expertise and
adult age changes in cognitive functioning. To this end, the authors inves-
tigated older adults with a high amount of task-relevant pre-experimental
practice, knowledge and ability (‘talent’) in order to investigate whether
the combination of professional expertise and talent is able to mitigate or
even eliminate negative adult age differences in upper limits of episodic
memory performance (Baltes and Kliegl, 1992; Kliegl et al., 1989).

Assuming that visual imagery is a critical component in memory func-

tioning with the Method of Loci, Lindenberger et al. searched for a pro-
fession that places a high emphasis on the generation of visual images
in the context of verbal material. The profession of graphic design was
deemed to meet this requirement. Graphic designers working as freelance
artists create posters, art catalogues, and advertisements in newspapers
and news magazines, as well as other kinds of pictorial representations.
They communicate pictorial representations both verbally and visually,
and are experts in integrating desired information into their design. Fre-
quently, they need to create easily detectable and recognizable pictograms
that tie concepts and emotional states to the target product. It appeared
plausible to assume that the kind of creative visual imagery needed to
achieve expert levels of performance in this type of professional activity
would facilitate the acquisition and use of an imagery-based mnemonic
strategy such as the Method of Loci.
_ In summary, the goal of the study of Lindenberger ez al. (1992) was to
investigate whether a group of older experts with lifelong experience in the
production of visual images on the basis of verbal material would be able
to reach the level of performance of younger adults with or without similar
task-relevant experience. To investigate this question, age and expertise
were examined at two levels in a fully crossed quasi-experimental design
(.e. younger adults versus older adults, and experts versus normal ‘con-
trol’ individuals). In addition to memory functioning with the Method of
Loci, standard marker tests of spatial visualization and visual creativity
were conducted to support the legitimacy of the contrast between experts
and controls.

Th.e inferential limitations related to the quasi-experimental design
of this study should be noted at the outset. A possible superiority of
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expert graphic designers over ‘control’ individuals may reflect profes-
sional expertise, superior ability or an interaction of the two (e.g. ‘nur-
tured nature’). That is, it may reflect the accumulation of task-relevant
experience and its coordination into a body of factual and procedural
knowledge that can be brought to bear upon the task, but it may also
reflect initial differences in talent or task-relevant ‘abilities’, or, in the
case of older graphic designers, the fortunate biographical constellation
of individuals who have been dwelling on their strengths throughout their
professional lives. The latter effects may have been further accentuated
by selective survival in the profession, as only people with certain tal-
ents may have been able to stay active in this highly demanding job into
old age. Clearly, the present study cannot resolve these interpretational
ambiguities.

Six older graphic designers (ages 64-81, M = 69.9 years), six normal
older control adults (ages 64-80, M = 70.5 years), six younger graphic
design students (ages 22-24, M = 23.0 years) and six normal younger
control students (ages 21-24, M = 22.6 years) participated in the experi-
ment, with three women and three men in each of the four groups. Except
for two older graphic designers and two older normal participants with
nine years of schooling, all research participants had completed approx-
imately thirteen years of schooling. At the time of testing, all younger
participants were undergraduates at Berlin universities. Those not
specializing in graphic design were studying at other departments of
the Free University of Berlin. Of the six younger graphic designers, five
were at the end of their second year at the graphic design department
of the Berlin School of Arts (Fachbereich Visuelle Kommunikation der
Hochschule der Kiinste Berlin). The sixth participant had just completed
her degree as a graphic designer at another Berlin graphic design school
(Berufsfachschule fiir Fotografie, Grafik und Mode). All six older graphic
designers were ‘experts’ in the sense that they had been, or continued to
be, highly successful professionals. At the time of testing, five designers
were still active in their fields; for more information, see Lindenberger
et al. (1992).

Location-word pairs were used to assess episodic memory perfor-
mance. The same set of twenty well-known Berlin landmarks served as
location cues for all participants. The sequence of locgtions v.vas geo-
graphically meaningful and corresponded to a fictitious mgl}tseqngl tour.
A city map and photographs of the landmarks were used in training. A
total of nine different non-overlapping twenty-item noun lists were used
as to-be-learned words. The nouns of these lists had an imag.ery rat-
ing above 6.00 on a 7-point scale according to the norms pfo‘wded _by
Baschek, Bredenkamp, Ohrle and Wippich (1977; see also Paivio, Yuille
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and Madigan, 1968). To avoid effects related to cohort, care was taken
that the nouns were neither ‘dated’ nor ‘modern’.

In contrast with most other studies with the Method of Loci, recall was
cued presenting the landmarks in the same serial order as at encoding.
It was assumed that graphic designers had large amounts of professional
experience in generating visual images on the basis of verbal material, but
not in retrieving these images without the help of external cues. There-
fore, the provision of such cues was expected to maximize the beneficial
effects of graphic design expertise on serial word recall with the Method
of Loci. Within groups, half of the participants received the sequence of
Berlin landmarks in reverse order. For the entire duration of the experi-
ment, it was ensured that a given landmark-noun combination was never
presented more than once to a participant to avoid repetition effects.

Training programme

Participants were scheduled to participate in twenty-one sessions lasting
from 60 to 90 minutes each. Sessions were administered on different days,
with a minimum of one day between sessions and a maximum generally
not exceeding four days.

Assessment of covariates (Sessions 1 and 2). Psychometric assessment
served two main purposes: (a) to test the expectation that graphic
designers would perform above the level of normal control adults on
measures of criterion-relevant intellectual abilities (visual creativity and
spatial visualization); (b) to check whether graphic designers and controls
were comparable in general (i.e. not directly expertise-related) aspects of
intelligence. In the first session, the ‘Parallel Lines’ subtest of the Torrance
Test of Creative Thinking: Thinking Creatively with Pictures was admin-
istered (Torrance, 1966a, 1966b; for a recent review, see Kim, 2006).
The second session started with tests from the Hamburg-Wechsler Intel-
ligence Test for Adults in the following order: Forward Digit Span, Back-
ward Digit Span, Vocabulary, and Digit Symbol Substitution (Wechsler,
1964). Thereafter, two tests of spatial visualization, Card Rotation and
Surface Development, were given (Ekstrom ez al., 1976).

Instruction in the Method of Loci (Session 3). At the beginning of Ses-
sion 3, participants were introduced in derail to the Method of Loci. First,
they were told about the historical origins of the method. Then, the func-
tioning of the method was explained to them using concrete examples.
The generation of interactive visual images between landmark cues and
to-be-learned words was highlighted as the critical feature of the method.
Graphic designers were asked to recollect aspects of their work perfor-
mance that involved different forms of interactive visual imagery, and it
was suggested to them that they consider the acquisition of the Method
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of Loci as a task that is related to their professional expertise. Other
participants were asked to think of situations in which they used interac-
tive visual imagery. They were told that they were expected to engage in
this kind of activity in the following sessions. Next, all participants were
given a form with the twenty Berlin landmarks in experimental sequence
(which served as memory loci in the later sessions) and were told about
their function in the Method of Loci. The experimenter provided a city
map of Berlin, and participants were asked to locate the landmarks on
the map in correct order.

Traiming assessment (Sessions 4-9). Five different lists of high-imagery
nouns (i.e. twenty to-be-learned words each) were administered in each
session. Within sessions, each of the five lists appeared only once. Two
different presentation times (the time available to form an interactive
image, linking the location cue and the to-be-learned word) were used
during training (i.e. 4.5 s and 7.5 s per word). After the recall phase,
the tutor commented on the participant’s performance, and made sug-
gestions for further improvement. For instance, the tutor stressed the
importance of creating interactive visual images that combined landmark
and noun information, and encouraged the participant to concentrate
(‘zoom in’) on those aspects or details of a location that the participant
considered to be most imageable.

Post-training assessment (Sessions 10~21). In each session, four different
twenty-item noun lists were presented at one of three different presen-
tation times (i.e. 7.5, 4.5 or 1.5 s per word). During the twelve sessions
of post-training assessment, each combination of word lists and presen-
tation times was administered four times (for details, see Lindenberger
etal, 1992).

Results are provided in three sections. First, group differences in psy-
chometric tests are reported. Second, data from the training sessions
(sessions 4-9) are examined to check whether participants in all groups
profited from training and were able to use the mnemonic technique
under easy task conditions. Third, post-training group differences in post-
training assessment (sessions 10-21) are analysed to investigate whether
older graphic designers were able to reach the performance levell of
younger participants. We focus our presentation of results on expertise-

related results.

Graphic fluency and Card Rotation expertise effects

Table 13.1 displays the means and standard deviations as »Yell as r.ele—
vant statistical tests for the psychometric measures. In line with findings
of large-scale normative studies of cognitive aging (cf. Salthouse, 1982



(49961 ‘€996 [ “dUBLIO] ‘JO) UONBIOGR[d pue AN[IqIxay ‘Aouany Jo suoisuaunp JuLiods 3yl jo
saisodwod pagdamun (O = (IS ‘06 = W ') pawojsueal- | 241 1uasa1dal 2Insesws 1313e] Y1 UO $3100§ 1531 AIANBIID) [BNSIA 3dURLIO] Y3 10§ 1dIoxd
SAUNSEIW {[B 10] Pa110odal 218 $2100s MEY “P[OQ UL AIB [3AI] GO Y] 1e JuedyIuBis san[ep "0Z‘ 1 = SJp ‘sanjea J [[e J0] {9 = N ‘sdnois-38e noj [[e U] "a10N

ANV 8¢°0 29°¢ 0l €9 80 9 v L9 80 29 uedg n31q premyoeq
+0°0 6870 8L°6 80 <9 01 €9 Al 8L 80 SL uedg u3i(q premioq
o ¢l £9°0 8L £'¢9 08 €L 0L L'L9 1'e €oL A1e[nqesop
£C0 80°0 1S°1T 99 [ %4 V6 L'Ly '8 909 e 0°09 uonnnsqng [oquiAg 1S
$1521 42SY23
8t 9L°6 v1°8¢ vel z°0S '8 st 66 889 9'¢l S'¥9 uoneioy pred
<o £9°LT +vT°6S <9 8¢l e be 0'¢ L9t 18 4 81 wdwdolaas(g ddeung
st'0 £6°07 90°0 [ €86 vy {444 '8 9°¢S 0's Ledy A11A1B31D) [ENSIA 3IUBLIQL
1591 JUDQA)IA-UOLIBILAT)
asnzadxa x a8y asnaadx;y By as wW das wW as wW as wW $1S3],
sanjea .| s1audisag [onuo) sroudisag [onuo)
sinpe J3p[O sinpe 18unox

1uautadxa (7661) "D 12 49540quUIPULT Y1 Ul PaSSISSD SAADLDA0I Y1 40f SINIDQ o] PUD SUOUDIAIP PADPUDIS SUDIY 1°¢ T QL



Benefits of graphic design expertise in old age 269

Li et al., 2004) younger adults had higher scores than older adults on
indicators of the mechanics of cognition (i.e. Digit Symbol Substitution,
Forward Digit Span, and marginally also for Backward Digit Symbol
Span), and on both tests of spatial visualization. As expected, negative
adult age differences were absent for the marker test of the pragmatics (i.e.
Vocabulary). The absence of significant age differences in the Torrance
Visual Creativity Test contrasts with earlier studies that report adult age
differences in creative performance favouring the young (Alpaugh and
Birren, 1977; Ruth and Birren, 1985).

Of particular interest is the investigation of possible expertise effects in
criterion-relevant and more general measures of intellectual functioning.
Graphic designers scored significantly higher on the two tests of spatial
visualization and the Torrance Visual Creativity Test than control partici-
pants. With the exception of Card Rotation in younger participants, group
differences between graphic designers and control participants were also
significant when tested within age-groups. No significant effects of exper-
tise were found on the Wechsler tests. The presence of differences between
experts and control participants on the criterion-relevant ability markers,
together with the absence of such differences on other measures of intel-
lectual ability, was consistent with our expectations.

The inspection of raw data from the ‘Parallel Lines’ subtest of the
Torrance Tests of Creativity is especially instructive, as expertise effects
were particularly pronounced for this test, whereas age effects were not
reliable. Participants were asked to provide as many different meanings
to two parallel lines as possible, either by adding detail, giving the lines
a verbal title, or both. The participant with the highest score, and whose
test sheet is reproduced in Figure 13.1, was an older graphic designer, and
three of the four best-performing individuals were older graphic designers
(see Figure 13.2). Possible mechanisms that may explain older graphic
designers’ remarkable levels of graphical fluency will be addressed in the
discussion.

For the other criterion-relevant test, Card Rotation, we observed main
effects of age (higher performance in younger adults compared to older
adults) and expertise (higher performance of graphic designers compared
to normal controls). Interestingly, the Age x Expertise interaction was
also reliable, reflecting larger expertise effects among older adults than
among younger adults (see Figure 13.3). Though a firm inference is ren-
dered impossible by the cross-sectional nature of the data, this pattern
of findings is consistent with the claim that professional expertise may
attenuate age-related decline in those aspects of the mechanics that are
presumably closely related to professionally relevant skills.
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Figure 13.1 The performance of one older graphic designer in the Par-
allel Lines subtest of the Torrance Test of Creative Thinking: Thinking
Creativity with Pictures, Form A (Torrance, 1966a, 1966b). The par-
ticipant obtained the highest score on this test (see Figure 13.2).
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Figure 13.2 Performance of the Torrance Visual Creativity Test as a
function of age-group and expertise. Scores represent T-transformed
unweighted composites of the scoring dimensions of fluency, flexibility,
originality and elaboration (cf. Torrance, 1966a, 1966b). Each dot refers

to one participant.

Acquisition of mnemonic skill

Participants in all groups improved their performance in the course of the
seven training sessions. Time did not interact with age-group or expertise,
indicating that gains in recall performance did not differ across groups.
Average performance levels across the training phase showed that younger
control participants (M = 17.6, SD = 1.4), younger graphic designers
(M = 17.4, SD = 1.0) and older graphic designers (M = 12.3, SD = 2.0)
were profiting from the use of the mnemonic strategy because their per-
formance levels after training were clearly above the range of performance
in cued serial word recall generally found in adults without instruction
and training in a memory skill. The situation is somewhat less clear in
the case of the older control participants, who recalled on average 6.3
words (SD = 3.0) in correct serial position. This level of performance is
somewhat higher than the level observed in older samples under similar
task conditions but without imagery instructions (cf. Kliegl et al., 1989;
Treat and Reese, 1976). For instance, Kliegl ez al. (1989) found that a
comparable sample of older adults recalled about 4 out of 30 words prior
to mnemonic instructions under very similar task conditions.
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Figure 13.3 Performance of the Card Rotations Test from the ETS asa
function of age-group and expertise. Each dot refers to one participant.

Group differences in cued recall

We now turn to the question whether older graphic designers were able
to reach the level of recall performance of younger adults. Data from
the twelve post-training sessions were used to address this question.
Figure 13.4 shows the average performance in post-training assessment
for each of the twenty-four research participants. Cronbach’s alpha for
this score, which was based on forty-eight trials (12 sessions x 4 lists each
session), was .99 in the total sample, .95 in younger control participants,
.93 in younger graphic designers, .98 in older control participants, and
.87 in older graphic designers.

Younger participants recalled more words in correct serial position
than older participants, and graphic designers recalled more words cor-
rectly than control subjects. The interaction was not significant. In
follow-up r-tests, it was found that older graphic designers performed
above the level of older control participants, but below the level of
younger control participants; see Table 13.2. The difference between

younger graphic designers and younger control participants was not
significant.
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Figure 13.4 Performance during the test phase of mnemonic train-
ing as a function of age-group and expertise. Each dot refers to one

participant.

An inspection of the data shown in Figure 13.4 reveals that none of
the older graphic designers was able to reach the level of performance of
younger adults. This perfect separation is highly unlikely by chance, p =
(1/18!) x (12! x 6!) =5.39~%. The highest-scoring older graphic designer
remembered an average of 11.1 words in correct serial position, whereas
the lowest-scoring younger subject remembered 11.3 words. Note, how-
ever, that the four older adults with the best scores were graphic designers
(see Figure 13.4). Also, though the corresponding interaction was not
reliable, it seems that the performance of younger experts and younger
control subjects was much more intermixed than the performance of
older experts and older control subjects.’

Two further results deserve to be mentioned. First, the pattern of group
differences was stable throughout post-training assessment. The stabil-
ity of individual differences within and across groups (indexed by the
high internal consistencies reported earlier) and the absence of group-
by-session interactions in post-training assessment render it unlikely that
additional exposure to the Method of Loci would have allowed older
graphic designers or older adults in general to reach the level of cued
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serial word recall displayed by younger adults. Second, the authors com-
pared older graphic designers with older control adults to investigate
whether group differences in recall performance difference were related
to individual differences in criterion-relevant tests of visual creativity and
spatial visualization. Statistical control for differences in visual creativity
or spatial visualization turned out to eliminate group differences in cued
serial recall between the two groups completely. This finding supports the
hypothesis that the recall advantage of older graphic designers over older
normal adults was related to the visual image generation component of
the Method of Loci.

Revisiting the two-component model: disentangling
expertise effects on the mechanics and pragmatics
of cognition

This study explored relations between adult age, professional expertise
and skilled memory performance after instruction and training in an
imagery-based mnemonic skill. Concluding, we would like to summa-
rize the main findings of this study, and point to open questions that
need to be addressed in future work.

The main finding from the Lindenberger et al. (1992) study is that
age-related declines in upper limits of episodic memory performance dur-
ing adulthood are not easily altered by task-relevant lifelong experience.
The choice of graphic designers as the expert group in the Lindenberger
etal. (1992) study was based on evidence suggesting that interactive visual
imagery is an important mediator affecting memory functioning using the
Method of Loci (Baddeley and Lieberman, 1980; Richardson, 1985).
Of course, we cannot exclude that a different group of older experts
would have reached higher levels of mnemonic skill. For example, older
professional mnemonists may show more substantial expertise—relatgd
experiential benefits in episodic memory performance than qlder graphic
designers. In the former case, however, the domain of expertise would pe
almost identical to the criterion task, so the scope of the assessed expertise
effect would be very narrow. . _

On a more positive note, graphic designers, and especially older graphic
designers, showed higher levels of performance than a'ge-ma_tched cont.rol
participants on tasks assumed to benefit from graphxc design expertise,
and they reached higher levels of skilled episo.dlc memory performance
using an imagery-based memory skill than their same-aged peers. Over-
all, graphic designers appear to be better able to produce and transform
visual representations than their age-matched control participants. On
the Card Rotation and Surface Development tests from the ETS, older
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graphic designers did not show the typical very low levels of performance
commonly observed in this domain of performance among older adults
(e.g. Jenkins, Myerson, Joerding and Hale, 2000). On the Parallel Lines
subtest of the Torrance, differences between graphic designers and con-
trol participants were substantial, and age-based differences were not
reliable.

Given the selective advantages of graphic designers over control
participants, one may wonder how these differences map onto the two-
component model of lifespan cognition introduced before. Unfortu-
nately, the cross-sectional nature of the data and the lack of process
models for the target tasks (cf. Krampe, Engbert and Kliegl, 2001;
Krampe and Ericsson, 1996) does not permit an unambiguous attribu-
tion of expertise-related differences to the mechanics or the pragmatics
of cognition. Nevertheless, we would like to offer some speculations and
suggestions for further research.

In principle, two scenarios are possible. According to the first, the
advantageous performance profile of older graphic designers reflects,
to some extent, experience-induced alterations in the mechanics of
cognition. In our judgement, the performance of older graphic designers
on the Card Rotation test is most amenable to this kind of interpretation.
The constant need to image and spatially transform visual representations
in working memory may have helped graphic designers to attenuate some
of the normative losses in mental rotation abilities. Recent neuroimaging
findings of structural changes of the brain as a function of visuo-spatial
experience suggest that such experience-dependent modulations of the
mechanics of cognition may in fact be possible (cf. Draganski ez al., 2004;
Maguire et al., 2000).

According to the second scenario, older graphic designers have
acquired a rich body of factual and procedural knowledge that attenu-
ates the adverse consequences of mechanic decline in expertise-relevant
functional domains without altering the course of this decline itself. In
addition to episodic memory performance itself, older graphic designers’
impressively high levels of performance on the Parallel Lines subtest of
the Torrance is consistent with this interpretation. Specifically, we would
like to propose that graphic designers have acquired a ‘lexicon’ of graph-
ical forms to express and promote concepts and ideas, and have stored
this repertoire of concept—form associations in long-term memory. Thus,
when working on the Torrance test, graphic designers had less need to
create such associations on the spot than control participants because
instead they were able to retrieve such associations from long-term mem-

ory (see also Patterson and Erzinclioglu, this volume, for the opposite
extreme).
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Whereas the first scenario emphasizes the experience-dependent mal-
leability of mechanic decline, the second scenario emphasizes the com-
pensatory function of pragmatic knowledge. It is likely that the two
options co-exist and interact with each other and with maturational and
senescent changes in the course of lifespan development (e.g. Linden-
berger, Li and Bickman, 2006; Li and Lindenberger, 2002). Future
studies need to identify the mechanisms through which experience alters
mechanic declines, attenuates their consequences, or both. The present
results suggest that the experience-dependent modulation of visuo-spatial
skills offers a fertile testing ground for investigating this issue.

NOTE

1. Given that older and younger participants differed in Digit Symbol Substitu-
tion performance, one may argue that the observed age differences reflected the
use of speeded encoding conditions throughout the post-training assessment
(i.e. 1.5, 4.5 and 7.5 s/word). However, based on further analyses reported by
Lindenberger ez al. (1992), this explanation seems unlikely, as age differences
did not decrease with longer encoding times.
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