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I. Introduction

Over the last decade, research studying age-related differences in complex
problem-solving performance has seen an increase (Charness, 1981a,b,1982,
1983; Denney & Palmer, 1981; Denney, Pearce, & Palmer, 1982; Hartley, 1989).
These studies have important applied and theoretical motivations. From an ap-
plied perspective, knowing whether societies are wise to entrust their older
members with some of their most important problem-solving responsibilities is
important, given the large amount of literature showing age-related declines in the
basic abilities believed to underlie decision making. May societies work against
the common good by allowing older adults to occupy positions of responsibility,
or do the findings of widespread declines of basic cognitive abilities in laboratory
studies lack external generalizability to the everyday world of human cognitive
tasks? Clearly, either conclusion, if supported by complex problem-solving re-
search, will have important implications.

From a theoretical perspective, understanding how older adults could main-
tain competent, complex, cognitive performance in the face of declines in basic
cognitive abilities is important, if indeed they are able to do so. Does the heavy
research focus on basic abilities overestimate their importance in many human
cognitive tasks? Is the quality of one’s performance in many complex cognitive
tasks primarily dependent on knowledge of the domain, rather than on basic
cognitive abilities such as attention, memory, or information processing speed?
Studies of age-related differences in complex problem solving could provide
some important theoretical insights into the probable impact of aging on cogni-
tive performance.
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Researchers studying age-related differences in problem .solvmg ha\fe.emgg?-
sized the quality of problem solutions. The worlf of Cornelius and CabPl (1987)
exemplifies this outcome approach. These investigators constructed an lnvent(ler
to assess the response modes that people rept?rtcd they ‘wou]d use to solve
problems in a variety of everyday situations. Sbub‘]acts of various ages were te]slted
to see if they would report (1) taking overt action ‘to solvff prqblerns, (2) i;]tc .e;c—
tually analyzing problems, (3) attempting to av01d‘ the 51tluat10n, or (4) ~m-yin§
that a problem exists. The investigators found that {ncreasmg age was asmi;a (©
with improvements in the response modes that gubjects r_epgrted they would use
when confronted with everyday problem situ.atlons. ThlS: %me of research pro-
vides some evidence to support society’s trust in older de.cmon makers and Isome
insight into how modes of problem solving may vary w1§h age, but te]lsbus very
little about the adult development of processes that'undt‘erlle perform:fmce ecause
it does not examine the substance of problem solving (i.e., the specific S(}ll:lthI'lS
people would propose and the cognitive processes that lead to those solutions).

In contrast, the work of Arenberg (1974), chamess (1981a,b,1983) ﬁlnd Har;—
ley and Anderson (1983a,b) pays more attention to the process undeflymg ]Er(; -
lem solving, but still emphasizes the quality of outcomes. Arenbe}'g $ wt;(?r t, (t:);
example, has examined age-related differences in tasks thathreql.?lre subjec hs
decide which of a set of foods composing hypothetical meals is poisonous. These
studies show that older adults perform more poorly than young.adults, as mea-
sured by the number of errors they make and the? number of trials to solut}:on.
However, the two major processing demands of this laboratory task (and o‘f i 95:
used by others) are, we believe, atypical of many everyday problem so v.m,_i,
tasks. First, tasks such as these require subjects to use one ((:,:r a fetw) lf)glc;
decision rules to generate a solution (the rule of dec}uctwe elimination, in t.e

case of Arenberg’s work). Second, they require sub.Ject.s to encode and retalg
novel episodic information (e.g., which food combinations lead to death an

i ival). N
Wh'lli::ist(::;:gg clr)aws on research in cxpcrt. problem af,olving and cogmtivlc psyr;
chology to propose a mental model-based 1ntcrpretat19n of problem sosvmg 1S
complex, informationally rich, and ill-defined doman‘ls {G;ntncr '& t‘cvincé
1983). Legal judication, financial planning, 'and medical d1agnos.15f are t('rn_
examples of domains in which people are required to solve complex informa 1(; _
rich problems. Problems in these domains are cor:nplex beFause, to generate a solu
tion, an individual often is required to integrate 1nf0nngt10r} fmjom dozeps, or e\jeE
hundreds, of variables. Problem solving in these domains is informationally ncd
because one’s knowledge of the domain specifies what vajlables are relevan]t an
how to interrelate those variables to arrive at a SOlL!thl’L hpally, probler.n‘ so vuflg
within these domain is ill defined because the situguon-spec?ﬁ‘c chara(.:termttgs ol a
particular problem may play an important role in fictcrmmmg which varlal.:: es
should be considered and how they can be combined to arrive at a solution.

We have chosen personal financial planning for study because it presents
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problems faced by all adults in American society. We will have more to say about
the complex, informationally rich, and ill-defined aspects of financial planning
problems later. Within the context of our theoretical framework, we offer an
explanation of the paradoxical relationship between an age-related decline in
basic cognitive processing resources and some empirical evidence for age-related
improvement in real-world problem-solving performance. Two investigations of
age-related differences in the way in which individuals solve complex financial
planning problems are reported as support for our theoretical position,

A. Theoretical Framework

The theoretical framework that has guided our studies suggests that past
research has neglected some important features of the complex cognitive perfor-
mance people exhibit in real-world situations. The major tenet of our theoretical
framework is that most complex problem solving is guided by a person’s mental
model of the problem area. Further, we propose that people solving complex
problems in the real world bring established mental models to the problem
situation. A mental model is a person’s conceptual understanding of (1) the
relevant variables to consider in solving a particular problem and (2) how these
variables are interrelated. We believe that mental models develop gradually
through exposure to a problem domain. This exposure may include formal or
informal study or attempts to solve a few problems in the topic domain (cf.
Gentner & Stevens, 1983; Hershey, Walsh, Read, & Chulef, 1990).

Our theoretical framework leads to the prediction that increasing experience
with a problem domain should lead to more efficient problem-solving processes
and higher quality solutions. If age is associated with increasing experience in a
problem area, then age also should be associated with increasing problem-
solving efficiency and higher quality solutions, that is, older, more experienced
people should have better developed mental models than younger, less experi-
enced adults. Further, people who are inexperienced in a problem area should
have to invest cognitive effort to develop a mental model of the problem space,
Thus, we predict that older subjects, who are likely to be more familiar with the
financial planning problem domain we have chosen for study, should show more
efficient information selection and search profiles than younger, less experienced
subjects. Further, we predict that older adults should produce higher quality
solutions to these financial problems.

Our general theoretical framework presupposes that adult development is
associated with increasing knowledge in a variety of problem-solving domains,
and that this acquired knowledge is responsible for most of the variability seen in
everyday reasoning situations. Further, although we believe basic abilities such
as working memory and attention are critical for the successful acquisition of
information from the environment, we believe their contribution to everyday

performance becomes less important as an individual gains problem-solving
experience within a domain.
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Charness (1981a,b,1983) provides supporting evidence for tl.le hypothgsis that
knowledge associated with expertise can remove agt?-relatecl differences in cog-l
nitive performance. He found that old adultsl continued to perform probl?lm(;
solving tasks in chess and bridge as well as thfﬂll‘ younger coul?terparts (matc ed
in rated expertise), despite measurable declines in many 81.mple task-relate
memories. This investigation seeks to extend our understanding (.Jf age-related
differences in the use of knowledge in a complex pfoblcm—sol\‘ung task, and
represents a special effort to focus on age-related differences in Fhe type‘ of
information that is selected to solve complex problems, and how that information
is used to reach a solution.

B. Task Selection

Some studies have demonstrated that task selection has a profound effect on
the information search and selection strategies of problem snl.vers. Tl?e complg‘x—
ity, novelty, and structure of tasks all have been show.n to 1mpac.t mfonnat.loln
search. Cognitively complex tasks elicit problem-solving strategies that 1mn1i
mize search, thereby emphasizing efficiency (Huber, 1980; ngne, 197?). Nove
tasks eliminate the subject’s knowledge from playing a role in generatmg solu-
tions (Charness, 1982). Well-structured tasks leave little room f.or the sugj‘ect to
apply problem-solving strategies they‘ have developed on thelr.owr.] .(. 1motr]1,
1973; Voss, Tyler, & Yengo, 1983). Since the goa? of this study 1§ eliciting the
individuals’ unique mental model for problem solvmg. and examining how these
attributes are related to age, we chose a task that 1s.sufﬁc1cntly complex to
encourage search efficiency, sufficiently familiar that prior kr.lowlcd.ge and expe-
rience of the subject, contribute to the solution, and sufficiently ill defined to
allow subjects the opportunity to apply their own mental models of the problem

domain.

II. Study 1

The first study examines differences in the information search s..trategies' of
young, middle-aged, and old adults on a complex personal financial pl.annlnlg
problem. This study re-examines data reported by Hershey et .al‘ (1990). in their
study of problem-solving differences between expert an.d novwe.ﬁnanmal plan-
ners. One-third of the data is new, using subjects not included in the Hershey
study. The major difference, however, is that subjects have been grouped by age
rather than by expertise in this study.

A. Method

Our task required subjects to decide whether a hypothetical couple should
open an Individual Retirement Account (IRA). The IRA task was chqsen bgcausc
it meets the criteria described and because it can be analyzed logically into a

22 Mental Models and Complex Problem Solving 557

prescriptive sequence of “proper” steps. A task analysis was carried out to
identify the conceptual elements required to reach a solution. A pilot study (N =
12) queried subjects about the variables they considered important to deciding
whether to open an IRA account. Their reports were combined with guidance
from retirement planning literature and used to design the IRA problem.

The task analysis identified three higher-order issues that should be addressed
when deciding whether or not to open an IRA account. One should first consider
if a need exists for additional retirement funds (NEED). Second, if a need exists,
one should determine if an IRA account is a suitable investment vehicle (AC-
COUNT). Finally, the affordability of an IRA account should be considered
(APFORDABILITY}. A complete consideration of any one of these factors
requires calculating the interplay between a number of variables. For example,
projecting a person’s retirement need requires that we know their annual ex-
penses in retirement, how many years they will have to meet those expenses, and
what their retirement income will be. We also must factor in the influence of
inflation on their various income streams and their expenses to arrive at a plausi-
ble approximation of their future need in retirement. A thorough analysis of the
IRA problem revealed 43 variables related to the problem solution. The variables
for each factor (NEED, ACCOUNT, and AFFORDABILITY) have been ar-
ranged into the three hierarchical structures shown in Figures 1, 2, and 3.

1. Subjects

A group of 16 men and 5 women varying in age from 23 to 73 years served as
participants.! Subjects were recruited to ensure that the sample included a wide
range of age and expertise. Approximately half the subjects were chosen because
they were experienced financial planners. To address the issue of whether age
differences occur in problem-solving abilities, the continuous range of ages was
divided into three groups of 7 subjects (young: M = 28, s = 5.3: middle aged: M
=d4,5=34;andold: M = 62 5 = L1 Previously, we examined differences
in the problem-solving processes of expert and novice financial planners using 14
subjects from this same pool of 21 individuals (Hershey et al., 1990). The expert
and novice subgroups were formed using subject scores on a measure of financial
knowledge, in combination with their occupational histories. Participation was
voluntary and no one was paid for their time. All subjects appeared to be highly
motivated and interested in the task. The educational background was compara-
ble across the three age groups; the young, middle-aged, and old groups have an
average of 14.6, 17.3, and 17.4 years of education, respectively.

'This research effort began in 1985 with the plan of carrying out a replication subject sampling
design. We planned to sample 21 more subjects after the initial data collection. This plan was
motivated by the explorative nature of our research—we were not sure if we could develop methods
to analyze our subjects’ “on-line” performance. By the time we had developed the PSPM approach
and coded the data on our first 21 subjects, the U.S. tax laws had changed. The new laws governing
IRAs made it impossible to use our [RA decision task with an additional 21 subjects.
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Expected age at :

retirement (EAR) Taxes on social

security income (TSS)

FIGURE 1

Retirement need hierarchy. Variables and concepts related to the issue of the
Jones' additional financial need in retirement. Variables and cor.ccpts were
generated through a logical task analysis of the Individual Retirement ,f;cl
count problem. Abbreviations in parentheses are used in the process tracing
maps of Figures 3, 4, and 5:

2. Documenting Expertise ‘ N

After finishing the experimental problem-solving taslk, partimpantsAcomplé:t;d
a 26-item questionnaire measuring knowledge of reprcr.nen.t planning and fi-
nance. This financial knowledge test served as our objective index of expertise.

. Materials . o .
d A complete set of plausible values for all 43 variables identified in the task

analysis was constructed to create a realistic scenario involving a h§fpc:ﬁuatrll(:z'lr
couple. Both the name of the variable and the selected value were pml:te;l ?:ard
x 6" index cards; the name of the variable was t.yped on the bgck §1de W) ; 62 an(.i
Separate cards were printed for each of the variables shown in F1gures ; t, o
3. A large information board was used to hold the cards that subjects requeste:

solve the problem.
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Saving at time
[~ of reurement (RS)

| Annual retirement

Jones' need in expenses (ARE)

__ Will the IRA provide retirement (N) | Net annual retirement
sufficient income? (S) income (NRI)

Value of IRA at

Is the IRA account the age of retirement | il;)nggt;rdc;gy!ﬁ;s in
an appropriate  —| ) reurement (EYR)
investment vehicle?
(AC) —

Current age (AG)
Flexibility (liquidity) — Number of years —

L of an IRA investment untile retirement L %‘:—gﬂ;ﬁ? eAah)
F (YTR)
FIGURE 2

Account hierarchy. Variables and concepts related to the issue of the ade-
quacy of an Individual Retirement Account as an investment vehicle for the
Jones couple. Variables and concepts were generated through a logical task
analysis of the Individual Retirement Account problem. Abbreviations in
parentheses are used in the process tracing maps of Figures 3, 4, and 5.

4. Procedure

Subjects were informed that the purpose of the study was to investigate the
thought processes people use to make complex real-world decisions. They were
told their answers would not be scored as right or wrong. Instead, they were told
the purpose of our research was to examine the step-by-step processes used to
reach the decision. Further, they were instructed that the experimental session
would be conducted in two phases. In the first phase, they were asked to specify
the information they thought was necessary to reach a decision. In the second
phase, they were required to use that information to decide how much money the
hypothetical couple should contribute to an IRA account. At the start of the first
phase, subjects were asked to read the following instructions and scenario:

Described below is a decision facing a young working couple.
Please place yourself in their situation and describe what things you
would consider and the detailed information you would need to know
in order to solve the problem.

Bill and Sally Jones met 10 years ago as college students and have
been happily married for 8 years. Bill is 32 years old and has been
working for 6 years as an electrical engineer. Sally is 33 years old
and works full-time as a university professor. They are both happy
with their jobs which they hold at large and financially secure institu-
tions. They have a good income, and earn equal annual salaries. Bill
and Sally have one child, and live in a pleasant home they purchased
2 years ago. The whole family enjoys excellent health.
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Securities (SV)
Capital
[ assets (CA) Home equity Gross income (GI)
(HE)
Federal taxes (FT)
Tax advantage Marginal tax
— provided by IRA rate (MTR) State taxes (ST)
Affordability of (TA)
the IR A account Net Social security taxes
(AF) income (SST)
(NT)
Housing (HS)
HousinEs)
L §urp]us Transportation (TR)
income (ST) Current Ckilﬂémg ((EL)C)
Child care
RPN Medical expenses (ME)
(CE) Life insurance
Entertainment |
Child's educatdon (ED)
I
FIGURE 3

Affordability hierarchy. Variables and concepts related to the issue of the

affordability of the Individual Retirement Account for the Jones .coufp:;.
Variables and concepts were generated through a hl)g?cal tflSk analysis o‘ e
Individual Retirement Account problem. Abbreviations in parentheses are

used in the process tracing maps of Figures 3, 4, and 5.

Bill and Sally have recently seen a numbf:r.of advcrtllsemcnts:%
banks and brokerage firms about their Individual Retirement = :::h
counts (IRAs). They are wondering whether they should open :,Sid_
an account. If you were Bill or Sally, what' factors wogld you cont.
er in order to solve this problem? Please h‘st the spcc1ﬁc’1nf0rm§ 1ﬁn
you would want to know if you were going to help Bill and Sally

make this decision.

Subjects were asked to list verbally and in writing the infortr:.lation thti); }\{u\(:zlr(i
isi i t for a variable was ambiguous,
need to reach a decision. If their reques ‘ s e
i i information being requested. Our conceptual
further queried to clarify the 1n g S e
i i haustive to anticipate virtually a
analysis proved sufficiently ex ant S e
j leted listing relevant variables, they
subjects requested. After they comp B e
i aiti his concluded the first phase of p
seated in a waiting room. T e e e
i i j in the waiting room, the experimenter p
session. While the subject was in t : . ; it
i he information board in a random arrang
requested variable cards on t r B R .
ble names were Visible. p
lv the back of the cards and the variat :
g:lg calculator, some paper, and a pencil were p}accq on the table. The subject
returned to the room and read the following instructions:
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On the board in front of you are the variables you have named as
important in deciding whether or not Bill and Sally should open an
IRA. On the other side of each card is a value to help you make that
decision.

You may only look at one card at a time, and cards must be
replaced on the information board with only the title showing. If at
any time you would like information about a variable that does not
appear on the board, just tell the experimenter and he will provide
you with an additional card(s). If you would like to use the calcula-
tor, pencil or paper, please feel free to do so.

Subjects were told they could view cards as often and as long as they wished.
There was no time limit on the decision process. Subjects were instructed to con-
tinually “think aloud™ in their effort to make a decision so that an audio recording
of the decision process could be made. A tape recorder was started and the subjects
were asked to begin. Subjects were reminded to think aloud if they fell silent for
more than a few seconds. The second phase of the session ended when the
subject had determined whether or not the couple should open an IRA account.
After completion of the task, the financial expertise questionnaire was adminis-
tered. Finally, subjects were debriefed and thanked for their cooperation.

5. Assessing Decision Qualiry

In Study 1, the accuracy of subject decisions was measured by comparing
their recommended investment in an IRA with the objectively correct amount
specified by our conceptual model. The correct amount was determined by
combining the 43 variables for the IRA problem to arrive at a specific investment
amount, given the retirement need of Bill and Sally Jones, limits on contributions
to an IRA, and their ability to afford a contribution. The measure of decision
quality was the absolute value of the deviation of the subject’s recommended
investment from the correct amount (which was $4000). Thus, recommended
investments that were either too large or too small were treated equally, and were
not allowed to offset one another in the group mean to create a potentially
misleading average solution quality.

B. Results and Discussion

1. Domain Specific Knowledge and Decision Quality

The percentage of questions answered correctly on the financial knowledge
test was found to increase with age (means of 43.9, 52.1, and 55.7 for the young,
middle-aged, and old, respectively). However, the mean differences were not
statistically significant [F (2,18) = 1.13; n.s.].

Moreover, the accuracy of the subjects’ solutions to the IRA problem were
not found to change as a function of age. The average absolute deviation
of each groups’ solution from the correct amount was $1714.30, $285.70, and
$1742.90 for the young, middle-aged, and old, respectively. Although the solu-
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te than those of the young
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FIGURE 4

The Problem Solving Process Map (PSPM) of 4 young adult whose performance is representative of

the average of the young group. The three hierarchies—need, account, and affor

fr

dability (ordered
om top to bottom) are fepresented in the conceptual model of the problem found i Figures 1, 2, and
3. Shaded areas in the hierarchies represent different information “branches” in the conceptual model,
The beginning of the subject’s solution path is labeled “START™; the directional arrows show the
successive sequence of variables they considered to arrive at a solution, IRA account information
variables: G, general information about IRAs; INT, interest rates; PEN, penalties for early with-
drawal; AGE, age-related account policies; DTH, distribution of funds in the event of death; M/M,
minimum and maximum deposits. See Figures |, 2, and 3 for nodal abbreviations.
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and an arrow was drawn to the subsequent node considered. We judged a node to
be “activated” once the variable was removed from the information board and a
calculation or qualitative assessment of the parameter was made. For example,
accessing the Current Expenses card and subtracting this amount from the Net
Income value was judged to be a computation sufficient to activate the current
expenses node. Likewise, if a subject viewed the Gross Retirement Income card
and commented, “$8000 isn’t going to be enough to live on during retirement,”
that node would be activated since a qualitative assessment had been made.
Merely explaining how a problem should be solved, or describing the importance
of a particular piece of information without viewing the parameter was not
sufficient to activate a node. In the analyses reported here, we distinguish be-
tween “total steps” and “unique nodes” used to reach a decision. Unique nodes
are the number of different pieces of information used to reach a decision where-
as total steps are equal to unique nodes plus the number of recursions (repetitive
considerations of the same piece of information).

If a node was activated more than once during the decision making process,
second and third arrows emanating from the node were distinguished from the
original (first) path from the node in that subject’s PSPM. (These recursions are
indicated in the PSPMs by numbers embedded in the arrows interconnecting the
conceptual nodes.) No particular node was considered more than five times by a
subject (i.e., four recursions).

Figure 7A presents the group data of our young, middle-aged, and old sub-
jects on our dependent measures of information processing. Newman—Keuls
procedures were used to assess differences between groups when an F test was
significant. The results of these comparisons are shown in Figure 7A for each
dependent measure.

The results for age comparisons will be contrasted with the differences report-
ed by Hershey et al. (1990) as a function of expertise.? We believe these expertise
analyses provide a valuable framework in which to view the age differences. The
expertise comparisons use the data of the seven most expert and the seven least
expert subjects, as described earlier. Figure 7B presents the results of these
analyses.

The most striking age-related trend in PSPMs is that the decision paths of
older adults are more goal directed than those of young adults. (Figures 4, 5, and
6 are actual PSPMs for young, middle-aged and old subjects, respectively. These
PSPMs were selected for display because they are representative of the “average”
for each group.) One way to quantify goal directedness is simply to count the
number of times subjects reconsidered the same information (recursions). On
average, the seven old adults, made .7 recursions, compared with 1.6 for the
middle-aged group and 5.4 for the young group. This difference was statistical-
ly significant [F (2, 18) = 4.12; p < .05]. Figure 7A shows individual compari-
sons between groups using Newman—Keuls contrasts. The differences between
the young and middle-aged and the young and old groups were statistically

5] Ij:_

I [ M ﬂEchI'ﬁ'l'F:O’H.—;l_:.

i

e
FIGURE 5
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(A) Differences in the problem solving processes used by young, middle-aged, and old adults to solve
the IRA problem. The three age groups were created by resorting the expert and novice subjects
studied by age by Hershey et al. (1990) and adding an additional seven subjects not included in
that report. The letters below the bars indicate the results of Newman—Keuls comparisons. Groups
showing different letters beneath the bars are significantly different from one another (p < .05). (B)
Differences in the problem solving processes used by experts and novices to solve the IRA problem.
The expert and novice groups are composed of the seven most and the seven least knowledgeable
subjects, respectively, from the pool of 21 sampled in this research (*, p < .05; ** p < .01
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significant. The difference between the old and middle-aged groups was not
statistically significant.?

Age-related differences in the total number of steps used to reach a decision
were found also. On average, old and middle-aged adults completed the task in
significantly fewer steps than young adults [7.9, 5.0, and 17.3 steps, respec-
tively; F (2, 18) = 6.41; p < .01; see Figure 7A for individual comparisons]. In
addition, young adults required over twice as much time as middle-aged and old
adults to solve the problem, requiring an average of 20.6, 9.2, and 12 minutes,
respectively. However, because of the large variability within each age group,
these mean differences were not found to be statistically significant [F (2, 18) =
1.94; n.s.].

Another analysis was conducted to determine if age was associated with
differences in the total number of unique nodes activated in reaching a decision
(i.e., total steps minus recursions). The young, middle-aged, and old groups
used an average of 11.9, 3.4, and 7.1 unique nodes to reach a decision; this
difference was statistically significant [F (2, 18) = 6.74; p < .01]. Contrasts
indicated that the difference between the young and middle-aged group was
statistically significant; however, differences between the old group and the other
two groups were not (see Figure 7A). Thus, middle-aged adults used fewer
variables more efficiently to arrive at quicker solutions than did young adults.
The old adults performance was intermediate to the performance of the other two
age groups.

The pattern of differences found when these subjects were grouped into ex-
perts and novices is strikingly similar to that seen as a function of age. Figure 7B
shows comparisons of the seven most and seven least knowledgeable subjects
from our sample. The experts made fewer recursions, used fewer total steps, and
took less time than novices to arrive at a solution. Although not significant, the

experts also used fewer unique nodes, on average, then the novices. Although
these comparisons are confounded by the modest association of age and expertise
in this small sample, they do offer some useful information. The finding that
three young, two middle-aged, and two old “novices” are less goal directed and
efficient in their information search than three middle-aged and four old “‘ex-
perts” suggests that expertise (knowledge about the problem domain as repre-
sented in a subject’s mental model of personal financial planning) may be a more

important determinant of these performance characteristics than age. Since the

data of Study 1 were inadequate to resolve this issue, Study 2 (described subse-

quently) was designed to address it directly.

3The count of recursions for each subject was based on their reinspection of information cards.
Subjects were allowed to use paper and pencil to keep notes. Possibly, some subjects consulted their
notes, thus masking recursions to data that were not counted and could not be counted given our
experimental procedure and arrangements. However, we doubt this happened with much frequency.
Few subjects recorded the values of data cards, since they could look at them again if needed. The

notes that were taken were sketchy and poorly organized.
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each of the age groups sampled.

k were constructed to
e of greater interest to

A. Method

(named for the federal tax section that regulates them). In most ways, the deci-
sions about participating in an employer-sponsored 401K plan are identical to the
IRA decision used in the first experiment. A conceptual task analysis identified
the same three higher-order issues outlined for the IRA problem (see Figures 1,
2, and 3). The main differences between the task are in the ACCOUNT hierarchy
(Figure 2) and include differences in the legal limits of how much an individual
can contribute to the plan on an annual basis, as well as the possibility of
employer contributions. Switching tasks from the IRA to the 401K problem was

necessitated by the 1986 tax law that dramatically complicated the nature of the
IRA decision.

1. Design

Two factors were crossed in a between-subjects experimental design. Three
different groups (young, old, and expert) solved five different problems in which
the life situation of the hypothetical person varied. A random start with rotation

counterbalancing technique was used to assign subjects to the five different 401K
problems,

2. Subjects

The two age groups in this study were composed of 14 young subjects (7 men, 7
women; average age of 19 years; average education of 14 years) and 18 old
subjects (10 men, § women; average age of 69 years; average education of 16
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idea of what these variables were and how they were interrelated. We constructed
a complete hypothetical profile for each of the five scenarios, yielding 73 vari-
ables that were available to subjects in their efforts to solve the problems. The
name of the variable and the selected value were printed on 4” X 6” index cards;
only the name of the variable was typed on the back side of the card.

4. Procedure

The procedure followed in Study 2 was almost identical to that used in the first
study. In summary, the major features were a two-phase task in which subjects
(1) specified the information they thought was necessary to reach a decision and
(2) used that information to decide if the person(s) in the 401K scenario should
open an account. The information subjects requested (printed on index cards)
was placed on an information board in a random arrangement. Subjects were
encouraged to ask for additional information that might come to mind during the
second phase. They also were told they could look at cards repeatedly, but could
turn over only one card at a time. No time limit was placed on either phase of the
task; the experimental session did not end until the subject reached a decision
about whether an investment should be made and how much money (if any)
should be contributed. Finally, subjects took a 32-item financial knowledge test.
This test measured their information about current financial trends, tax issues,
social security, employer pension plans, and 401K plan characteristics.

5. Assessing Decision Quality

As in Study 1, the accuracy of subject decisions was measured using the
absolute value of the deviation of their recommended 401K investment from the
correct solution. The “correct solution™ for each of the five scenarios was deter-
mined by combining the 73 variables for each problem to arrive at a specific
investment amount. This amount was based on (1) the retirement need of the
person(s), (2) the characteristics of the employer’s 401K plan, and (3) the target
employee’s ability to afford an investment. The complexity of these calculations
for each of the five problems necessitated the validation of these criteria by
having three senior financial planners from a “big-eight” accounting firm study
all 73 variables for each of the five problems. All three consultants arrived at the
same “correct” answer for four of the five problems; two of the three agreed on a
correct answer for the fifth problem. These values were uses as the criterion
against which subject solutions were evaluated.

B. Results and Discussion

The dependent variables for Study 2 were measured in the same fashion
described for the first study. Written records of each subject’s step-by-step deci-
sion process were used to create individual PSPMs. The PSPMs were con-
structed from an abbreviated template of our conceptual analysis of the 401K
problem and, for the most part, resembled the PSPMs for the IRA problem
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shown in Figures 4, 5, and 6 (except for major modifications of the ACCOUNT
hierarchy and minor modifications of the NEED and AFFORDABILITY hier-
archies, noted previously).

First, we carried out a series of 2 (age group) X 5 (problem scenario) analyses
of variance (ANOVAs) to test whether age differences found on the various
dependent measures in the first study might be explained by an interaction of
subjects’ own life situation and the situation of the hypothetical couple described
in the scenario. To test this hypothesis, the two-way interactions of age group X
problem scenario were examined across all our dependent measures. None of
these interactions was found to be statistically significant for the seven dependent
measures of problem-solving processes nor for our measure of decision quality
(F values ranged from .3 to 1.6, but five of the seven fell within the range of .92
to 1.3). We also examined the main effects of problem scenario. None of the
main effects approached statistical significance (F values ranged from .4 to 1.8
for the seven tests). Because the different 401K scenarios had no effect on any of
our dependent measures and did not interact with age, we were able to collapse
our data across scenarios in the discussion that follows.

1. Domain Specific Knowledge and Decision Quality

The young, old, and expert group levels of financial knowledge differed from
one another as measured by the 32-item test described earlier (scores of 39, 49,
and 74% for young, old, and expert groups, respectively). Consistent with our
argument that aging is associated with increasing knowledge about financial
planning, a planned comparison showed that the old group knew more about
financial planning than the young group [z (26) = 3.08; p < .01]. A second
contrast between the old and expert groups showed that this difference was also
statistically significant [r (25) = 9.80; p < .01].

The accuracy of the young, old, and expert group solutions on the 401K
problems also differed from one another (absolute errors of $4892, $3344, and
$1033, respectively). Based on the findings of the Hershey et al. (1990) study,
we had hypothesized that greater knowledge of financial planning would be
associated with higher quality solutions. In fact, experts were found to make
more accurate financial decisions than the young [t (14) = 2.88; p < .05] and old
groups [t (15) = 2.57; p < .05], thereby supporting this hypothesis. Although
the old adults were, on average, $1547 closer to the correct answer than the
young, this differencg was not found to be statistically significant [z (23) = .98;
n.s.].

The pattern of outcomes of the financial knowledge and decision accuracy
measures, considered together, provide support for two conclusions. First, high-
er levels of financial knowledge (i.e., richer, more elaborate mental models of
financial planning) are associated with more accurate solutions to the complex
401K investment problems. Second, a sample of healthy, well-educated, older
adults knows more about financial problem solving and provides more accurate,

Mean score on variable
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variables that the various groups used to solve our financial problems, a few
more thoughts on the general pattern of results seen in Figure 8 will be offered.
The following discussion pertains only to the small mean differences shown in
Figure 8, having already acknowledged that these differences are not statistically
significant. In contrast to Study I, experts in Study 2 used as much information
or more than the young and old to reach their problem solutions (as seen in their
larger mean number of primary variables, secondary variables, and unique mod-
els). However, as was the case in Study |, the experts appeared to be slightly
more efficient than the young and old. They made fewer recursions, used fewer
total steps, and solved the problems in less time than the young and old groups.

We think the differences seen among the information processes used by the
expert and old groups of Studies 1 and 2 are probably the result of the different
problems used. In Study 1, we presented much relevant information about the
life situation of the target persons in the IRA problem description. In Study 2,
only a brief description of the targets was given. Therefore, in Study 2, subjects
specifically had to request information that was provided as part of the problem
description in Study 1. A second important difference between the two tasks was
that the IRA problem offered fewer and simpler possibilities for saving than the
401K problems. Federal regulations stipulated that the maximum amount any
couple could invest annually in an IRA account was $4000. In contrast, for the
401K problems, contributions could range from $0 to $7500 and, in any given
scenario, the ceiling on contributions to the plan might be limited by a federal
regulation, the employer’s contributory limits, the worker’s wages, or the
amount of the employer’s matching contribution. Thus, even the most knowl-
edgeable subjects had to request a good deal of information about the specifics of
a target person’s 401K plan to make an informed investment decision. We think
these differences in the problems forced the older subjects and experts of Study 2
to request more information than their counterparts had requested in Study 1.

3. Information Use Patterns

Figures 9, 10, and 11 show the information-use patterns of the young, old,
and expert groups on the 401K problems. The figures are each abbreviated
representations of the complete conceptual model of the 401K problem we devel-
oped for this research. In this sense, they are structurally identical to the PSPMs
shown in Figures 4-6. However, Figures 9—11 do not reproduce the sequence of
variables considered, by an individual subject, as was the case for the PSPMs, but
show the percentage of subjects within a group that used each variable. A visual
comparison of the young and old shows much similarity and few differences. The
differences are primarily in the Account Characteristics hierarchy in the center of
Figures 9 and 10. Specifically, more older subjects than younger subjects consid-
ered the total value (V) of the 401K investment at retirement. A visual compari-
son of the information-use patterns of the experts with those of the young and old
groups shows greater differences. As a group, the experts considered more of the
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variables in the Account Characteristics hicrarch’y shown in the middle of Fi gurt;i
11. Not only did they consider more of these var}ables, but a larger Eerfgntag: (;
expert subjects considered these variables, rel:{t;ve to the.yo‘ung and 0 gro ;; ti

Our interpretation of the import of these Fhﬂ“crenccs in information-use pho
terns relates back to differences in ﬁnanm?.l knowledge. The experts, W 8
showed the highest measured level of financial knowledge, Ishowed morat:' c:ljto
sistency in the variables on which they focused. Thcy also paid more attentio e
the Account Characteristics hierarchy. Thus, relative to the other two groups, e
experts paid more attention to the future value gf 401K accounts In ;mv.lr‘lfues
their recommended investment. The old group, in turn, attendeq tot es: iss :
more than the young, and also produced more accurate solutions. T u;, 1\1\!
believe one reason the old and expert subj.ccts were able to produce 1,g tf'::
quality decisions than the young was that their greater knqwledge (better ma,n] dc
models of financial planning) led them to pay more attention to the future valu
of the 401K account, given various investment amounts.

IV. General Discﬁssion

We began this chapter with a speculative discussion of wh)f societies co‘:t]ulu;i
to entrust their older members with important problem-sol\rlpg regp;‘msx ili (;ur
when many basic cognitive abilities are well known to dclc.lmc wkltd age:r;dS 5
argument was that performance on real-world problem—fsolvmg tas s’ epe s
much on one’s mental model about the problem Flomam as on one s c;:ﬁm 1t0
resources. Individual mental models specify what information to use an ow o
combine the information to reach a solution. The further point in our grgun::k '
was that mental models of complex problems, such as ﬁnar.1c1al plfmn.mg, <
years to acquire; therefore, one might expect age to bf’ associated with improv:

-solving performance. '
pmgglr:'e?ll—Ingl;:sent a conceptual model of the relevant. information to s;lolvz
the retirement savings problems we presented to our subjects. Our hy%ot c.3151d
was that financial planning experts and older adul{.s would have more eta:il zlat
mental models of these problems than novice ﬁ.nanmal planners and young ﬂati u s[
and would, therefore, solve these problems in a more thorough anfdse: da.:!.:nl
fashion. This hypothesis was borne out only partially by the rc?sult.s oh tudie o
and 2. The experts and older adults were somewhat more efficient in t elrvuse -
information to solve financial planning proplerps. They mafie fewer rec%r}i.lon:lso
reconsider previously considered information in both Studlc‘s 1 and 2. bicyms 4
were able to request more of the information they needeq to solve the proble e
the outset in Study 1, compared with the young and novice groups who reque -
more secondary variables while attempting to solve the problems. H()wever{,j]mS
old adults and experts were not found to be more thorough than the young a
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and novices in their selection and use of problem information. In Study 1, the
middle-aged, old adults, and experts used only half as much information as the
young individuals and novices to reach their solutions. In Study 2, the young,
old, and expert groups considered approximately equal amounts of information.
Therefore, these mixed findings do not support the hypothesis that older adults
and experts carry out a more thorough search of the problem space.

The most unexpected finding in both Studies 1 and 2 was how little informa-
tion the typical subject used to reach a solution. Of the 21 subjects in Study 1, 14
considered 7 or fewer variables from the pool of 43 our conceptual model
suggested as potentially relevant to a solution. A similar proportion of subjects in
Study 2 considered 9 or fewer variables from the pool of 73 in our conceptual
model of the 401K problem. We might have predicted this result if we had paid
more attention to the relevance of research by Miller (1956) and Simon et al.
(1954) to our own work. Miller (1956) first extolled the virtues of the “magical”
number seven (plus or minus two) as a statement of human limitations in process-
ing information. The research by Simon et al. (1954) found that adults con-
fronted with complex information-rich problems simplify and economize in their
decision processes or, to use Simon's term, they “satisfice.” Collectively, the
research of Miller (1956) and Simon et al. (1954) and the results of Studies 1 and
2 suggest that adults faced with complex financial planning problems may satis-
fice by considering seven or fewer variables to avoid exceeding their cognitive
resources, although they have unlimited time and external hard-copy memory to
support their problem-solving efforts.

An interesting developmental question is how satisficing occurs. We think that

people unfamiliar with complex problems, such as the IRA and 401K tasks,
initially must carry out a more exhaustive and exploratory analysis of the poten-
tially relevant variables to build a mental model of the task. The logic behind this
argument assumes that a “satisficing” problem solver intentionally selects a small
subset of important variables to attend to. However, knowing which variables are
important, and the optimal sequence in which to consider them, requires experi-
ence. Two sources of evidence provide support for this speculation. In Study 1, 5
of the 7 subjects who considered eight or more variables came from our youngest
age group. Further, when the 7 expert and 7 novices from our pool of 21 subjects
are grouped for analysis (Hershey et al., 1990) a statistically significant negative
relationship is found between expertise and the number of variables
considered—experts considered an average of 5.6 variables, compared with 9.4
for novices.

This discussion leads directly to the idea that one’s mental model of a problem
domain will determine, to a large extent, the quality of the solution produced. If
an individual’s cognitive limitations and proclivity to satisfice limit the number
of variables considered in reaching a solution, knowing which are the most
relevant variables to a solution becomes critical. The knowledge and solution
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quality data from Study 2 support this idea. Thosc.e data. sho.w that older gdu]ts and
experts who knew more about financial planning did, indeed, provide more
accurate solutions than young adults who had significantly less knowledge. Also,
the information density plots (see Figures 9—11) show that the old adults and
experts used somewhat different variables than the young to so.l\:fc the prol:';lems‘
Further, the old and expert groups provided better quality decisions, desp1tel the
fact that they considered no more information than the young to .reach a solution .

In summary, we think the findings of this stm}y, considered in the copte?(t of
the ecology of complex real-world problem Sﬂl\ilﬂg, offers some useful insights
into society’s trust of older adults to decide important matters. "ithe current
findings suggest that adults confronted with complex prol:tlems c0n.51der only a
small subset of the variables potentially relevant to a solution, possibly !:x:cause
of cognitive limitations that all humans share. Further, the problem-so%vmg c.lata
seem to indicate that older adults and experts consider a small sc?t of vana'bles ina
more linear and efficient fashion than do young adults or novices. We interpret
these findings as evidence for the hypothesis that problem s‘0¥vmg in complex
domains is guided by an individual’s mental model, a cognitive ‘strucFure .that
specifies which variables to consider in a particular prqblcm solving situation.
Further, we speculate that mental models develop over time as a result of learn-
ing about, and solving problems in, a particular problem domain. .

This analysis suggests that older adults, who are probably more experienced
with many real-world problem areas than young aclu}lts, are likely to be better
qualified to solve problems in their areas of expertise because .(1) they have
developed mental models to direct their decision processes efﬁcwntly. and (2)
their mental models are likely to include variables that are better predictors of
problem solutions. Further, we speculate that the ecology of the modern human
world combines with a picture of complex problem solving that emerges from
our research to suggest that age typically should be associated with improve-
ments in real-world decision performance. Specifically, we propose‘that most
adults devote their professional, intellectual, and social 11.\»'3.3 to relatively con-
strained and consistent interest areas. These patterns c.f living should produce
increasingly efficient mental models for problem solving, that is, %{nowlc’dge
structures that specify the few important variables that must be considered in a
particular problem-solving situation. '

Many questions are raised by our research for which we current}y l.wve no
answers. Although we have speculated that mental models develop “_uth increas-
ing exposure to a content area, and that the typical mode pf adult existence is to
attend to consistent content areas across the life-span, direct empmcal sppport
for these hypotheses awaits future research. Further, we have contpputed little or
nothing to understanding the relationship between age and the ability to acquire
mental models for complex problem. Walsh and Hershey (1990) rep01l'ted. that
young adults (who supposedly have better attention, memory, or fluid 1nt:31-
ligence abilities than older adults) seem better able than old adults to acquire
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complex mental models. Although we wish to stress that this chapter does not
address the question of age-related differences in the development of mental
models, we also wish to be clear that this one is not the only question that a
cognitive psychology of aging should address. We believe our research makes an
important contribution by suggesting why age-related decrements in many basic

cognitive processes may not translate into decrements in everyday complex
problem-solving performance.
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