
On testing the face validity of planning/problem-solving
tasks in a normal population

K. L. KAFER and M. HUNTER
Department of Psychology, University of Newcastle, NSW 2308, Australia

(Received September 22, 1995; Accepted March 22, 1996)

Abstract

Clinically, tests of executive functions tend to be chosen on face validity. If such tests are to be used to evaluate a
clinical population, their ability to measure executive functions should be reliably demonstrated in a normal
population. In order to investigate the reliability of such tests, a sample of 130 normal adults (74 women, 56 men)
ages 17 to 55 years were administered 4 tests purporting to measure planning/problem-solving: the Tower of
London Test, the Six Element Test, the Twenty Questions Test, and the Rey Complex Figure Test. A structural
equation modeling approach provided by the LISREL 8 program was used to evaluate three models hypothesized to
explain the relationship among the test variables and the latent construct of planning/problem-solving. An adequate
model was unable to be estimated, thus raising questions about the meaning of the latent construct
planning/problem-solving and the psychometric structure of the Tower of London Test. (JINS, 1997, 3, 108–119.)
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INTRODUCTION

The notion that the disorganization of behavior that follows
a frontal lobe lesion represents a deficit of the ability to plan,
program and verify one’s activity (Luria, 1973) has been
applied in explaining the difficulties exhibited by patients
with frontal lobe injuries (Vilkki & Holst, 1991). Also, it
has been suggested that such patients may perform nor-
mally on neuropsychological tests yet display marked def-
icits in the performance of everyday life activities (Shallice
& Burgess, 1991).

In 1986 Baddeley coined the term “dysexecutive syndrome”
for a class of disorders involving higher level cognitive dys-
function (Morris et al., 1990). Executive functioning, as de-
scribed by Lezak, involves “those capabilities that enable a
person to engage in independent, purposive, self-serving be-
havior successfully” (Lezak, 1983, p. 28). Specific execu-
tive functions include planning, checking, monitoring, testing,
evaluating, and revising. They entail the ability to mobilize,
allocate, and coordinate cognitive resources in order to solve
problems, achieve goals and manage daily activities (Wong,
1985; Zec et al., 1992). The importance of these functions to
everyday living means that the rehabilitation of executive

functioning is crucial for a patient’s postinjury reintegration
into normal social and community living (Sohlberg & Ma-
teer, 1989). It follows that it would be useful to develop valid
and reliable measures with predictive power to measure ex-
ecutive functions.

Unfortunately, measures of these functions have not been
able to differentiate between various aspects of executive
functioning in a clear and reliable manner (Vilkki & Holst,
1991). Clinicians have tended to choose tests for their face
validity, rather than for their psychometric properties
(Pusakulich, 1992), and some tests purporting to measure
executive functions lack adequate (or even any) normative
or control data. If such tests are to be used to evaluate clin-
ical populations reliably, then their ability to measure exec-
utive functions should be demonstrated in normal
populations.

Therefore, the present study attempts to examine the psy-
chometric properties and relationships among four tests pur-
porting to measure the underlying construct of planning/
problem-solving. The tests are: (1) the Tower of London Test
(Shallice, 1982), (2) the Six Element Test (Shallice & Bur-
gess, 1991), (3) the Twenty Questions Test (Mosher &
Hornsby, 1966), and (4) the Complex Figure Test (Rey,
1941).

The Tower of London Test was designed by Shallice (1982)
to investigate the planning abilities of patients with frontal lobe
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damage. The results of Shallice’s study indicated that pa-
tients with anterior lesions made significantly more errors in
completing the task than a group consisting of patients with
posterior brain lesions and a group of normal controls. Shal-
lice’s control group comprised only 20 participants, and as a
consequence offered only a limited estimation of the variance
of the test in the normal population. Face validity implies that
the Tower of London measures planning/problem-solving,
since the subject has to perform the task in a limited number
of moves, and hence has to work out how to solve the prob-
lem before attempting the solution. In addition, the task has
been used in a number of clinical studies that have assumed
that it is a measure of planning (Morris et al., 1990; Owen
et al., 1990; Levin et al., 1991). However, the test has not been
extensively investigated psychometrically in either clinical or
normal populations.

The Six Element Test was designed by Shallice and Bur-
gess (1991). They first used this test with 3 patients who
had sustained traumatic brain injuries involving prefrontal
structures. These data were assessed in a qualitative manner
by Shallice and Burgess (1991), who suggested that the pa-
tients had more trouble with the task than 10 normal control
participants. The Twenty Questions Test (Mosher & Hornsby,
1966) measures problem-solving and planning behavior in
situations similar to those encountered in everyday life. The
task follows the pattern of the well known party game, and
has been adapted for experimental use with normal young
children and adults, as well as detoxified long-term alco-
holics and survivors of severe closed head injury (Mosher
& Hornsby, 1966; Denny, 1973; Denny & Connors, 1974;
Laine & Butters, 1982; Klouda & Cooper, 1990).

The Complex Figure Test of Rey (1941) was originally
designed to evaluate memory but because of its complexity
it has proved useful in evaluating the skills of planning, or-
ganizing, and assembling complex visual information (Good-
glass & Kaplan, 1979; Binder, 1982; Klicpera, 1983; Waber
& Holmes, 1986; Heinrichs & Bury, 1991).

METHOD

Research Participants

A sample of 130 neurologically normal individuals ages 17
to 55 years participated in this experiment. They were re-
cruited from the student body of the University of Newcas-
tle, New South Wales, Australia and from the local population
of Newcastle. The sample comprised 56 men (M age 5 25
years, SD 5 7 years) and 74 women (M age 5 26 years, 9
months; SD 5 9 years), including 12 left-handers and 118
right-handers. The age group recruited, that of young adults,
was selected in order to be comparable to head-injured pop-
ulations, which show an age profile with a peak incidence
in the young adult age group (Tate, 1989). All participants
were screened during a comprehensive history taking to ex-
clude people with a history of head injury and neurological
disorder of the central nervous system.

Materials and Procedures

Eight neuropsychological tests of memory, attention, se-
quencing and planning/problem-solving were administered
during a 2- to 3-hr test session. This report focuses on data
from the following tasks: (1) the Tower of London Test (Shal-
lice, 1982), (2) the Six Element Test (Shallice & Burgess,
1991); (3) the Twenty Questions Test (Mosher & Hornsby,
1966), and (4) the Complex Figure Test (Rey, 1941).

The Tower of London Test (Shallice, 1982) requires a sub-
ject to rearrange colored beads on upright rods in order to
achieve a given target configuration in a limited number of
moves (Morris et al., 1990). Test material for the Tower of
London Test consists of three rods of differing heights con-
nected to a base. Three colored beads (red, green, and blue)
can be threaded onto the rods. In addition to the original
three-rod design, a modified version in which there are four
beads (red, green, blue, and yellow) and four rods was also
used. The rules of the task were the same as those described
by Shallice (1982); however participants were given unlim-
ited time to solve each problem. Two subsets of eight prob-
lems were devised, each containing 4 levels of difficulty
(3-, 4-, 5-, and 6-move levels of difficulty) with two trials
for each level of difficulty for each apparatus type (three or
four rods). On the first set of trials for each apparatus type,
subjects were instructed merely to solve the problems in the
minimum number of moves. On the second set of trials, sub-
jects were first required to inform the experimenter of the
minimum number of moves they needed to solve the prob-
lem, and then proceed to demonstrate the solution. This cre-
ated a no-cue and a cue condition, respectively. It was
assumed that requiring subjects to plan out their solution
before making the first move would increase their accuracy
by reducing trial-and-error moves, a result found by Alhum-
Heath and di-Vesta (1986), using the Tower of Hanoi.

The Tower of London also provides measures of the rate
of information processing by using a procedure devised by
Van Zomeren (1981). Each problem was divided into two
components: planning (or decision) time, and solution (or
movement) time. Planning time is measured in seconds from
the end of initial viewing of the problem until the first bead
clears a rod. Solution time is measured from when the first
bead clears a rod until completion of the response as con-
firmed by the subject.

The following measures were collated from each condi-
tion and trial of the Tower of London Test: (1) the mean
number of moves to solution, (2) the mean number of moves
above the minimum, (3) the number of rule breaks, (4) plan-
ning time, and (5) movement time. For the cued condition
an additional measure was included: the discrepancy be-
tween the reported and the actual number of moves re-
quired.

The Six Element Test was designed by Shallice and Bur-
gess (1991) to reflect the type of planning and decision-
making inherent in everyday life. The test requires subjects
to organize their behavior over time in order to carry out six
open-ended tasks within 15 min. The six tasks are divided
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into two sets of three: (1) dictating routes of journeys, (2)
carrying out arithmetic problems, and (3) writing down the
names of approximately 100 pictures of objects. To com-
plete the task successfully, participants need to divide their
time evenly between the tasks, to complete as much as pos-
sible of every task, and to adhere to a rule that states that
they should not do two tasks of the same type one after the
other. Test variables for this task consist of: (1) the number
of subtasks attempted, (2) the maximum time on any sub-
task, (3) the number of task changes, (4) the number of rule
breaks, and (5) an overall score measuring the number of
task changes divided by the number of subtasks tackled.

The Twenty Questions Test was designed by Mosher &
Hornsby (1966) to measure problem solving and planning
behavior in situations similar to those encountered in ev-
eryday life. For this task subjects are required to ask ques-
tions of the experimenter in order to determine what subject,
in this case an animal; the experimenter is thinking of. The
experimenter can only respond “yes” or “no,” and the ob-
ject of the test is to guess the animal with the fewest num-
ber of questions. The questions are classified as follows (see
Klouda & Cooper, 1990): as (1) constraint-seeking (CS):
general questions designed to eliminate many possibilities
(e.g., “Is it a mammal?”); (2) hypothesis scanning (HS): spe-
cific questions or guesses (e.g., “Is it a cat?”); and (3) pseudo-
constraint-seeking (PC): questions phrased like a constraint-
seeking question but actually referring to only one animal
(e.g., “Does it bark?”). Each participant was given two ver-
sions of the game, and the solutions were chicken and ele-
phant. If the participant failed to solve the task within 20
questions, the game continued until it was either solved cor-
rectly, or the participant requested that it be discontinued.
For scoring purposes, the number and type of question were
scored for the first five questions only, since some subjects
guessed correctly within five questions (Klouda & Cooper,
1990). In addition an overall score was calculated, taking
into account the number of questions asked in both trials,
and whether or not the participant solved the problem.

The Complex Figure Test (Rey, 1941) requires test-
takers to copy the complex figure, and then without warn-
ing reproduce it from memory at a later stage. Although
originally devised as a measure of memory, it has also proved
useful in evaluating the skills of planning and organization.
Shorr et al., (1992) developed a scoring system to quantify
the use of organized strategy for copying the numerous sub-
elements and isomorphic features from the same perceptual
category. For this scoring procedure the figure is divided
into subunits, and each subunit is divided into junctions
where breaks in drawing can occur. The scoring system used
in the present study was the same as that described by Shorr
et al. (1992). Shorr et al. tested their scoring procedure on a
mixed group of 50 neuropsychiatric patients, and found that
the perceptual cluster score in the copy condition was a bet-
ter indicator of memory performance than the traditional Tay-
lor copy score (Taylor, 1959). However, Shorr et al. (1992)
did not use a normal control group in their study, and hence
there is no indication of the meaning of the score for a nor-

mal population. Only the copy score was used in this study,
since the interest was in planning rather than memory.

RESULTS

Inspection of the frequency distributions of the variables
showed markedly nonnormal distributions for all four tests.
Means, standard deviations and ranges are reported in
Table 1 and Table 2. Therefore the variables were normal-
ized by transform procedures using the (SPSS Inc., 1983)
normal command.

Initially, one-way analyses of variance were performed
on all test variables in order to identify any effect of gender.
For Game 1 of the Twenty Questions Test a main effect for
gender emerged for the number of constraint-seeking ques-
tions asked [F(1,126) 5 5.87, p , .05]. Men (Transformed
M 5 1.67, Raw M 5 4.6964) were found to have asked
more constraint-seeking questions than women (Trans-
formed M 5 2.63, Raw M 5 4.64). This result was not
replicated in Game 2 where both men (Transformed M 5
2.2750, Raw M 5 4.79) and women (Transformed M 5
2.0127, Raw M 5 4.71) asked fewer constraint-seeking
questions. On the Complex Figure Test, it was found that
female participants (Transformed M 5 1.17, Raw M 5
17.62) scored significantly higher than men (Transformed
M 5 25.01, Raw M 5 17.02) on the Shorr cluster score
[F(1,126) 5 4.50, p , .05], which suggests that the women
used a better organized strategy than men when copying the
figure.

Repeated measures analyses of variance (2 3 2 3 4 3 2)
were conducted on the Tower of London Test data in order

Table 1. Means, standard deviations, and range for variables from
the Six Element Test, the Twenty Questions Test, and the Complex
Figure Test

Variable M SD Range

Six Element
No. Subtasks 5.34 1.01 2–6
Max Time (s) 272.4 125.8 84–826
No. Changes 6.13 3.02 1–23
Rule Breaks 0.27 0.72 0–4
Overall score 1.11 0.46 0.5–3.8

20 Questions
Mean No. Asked 14.52 8.41 5–56
Mean % CS 94.15 12.52 0–100
Mean % HS 4.62 10.27 0–60
Mean % PC 1.23 7.92 0–100
Total score 1.62 0.60 0–2

Complex Figure Test
Copy time (s) 135.2 52.7 43–331
Taylor score 35.6 0.81 32–36
Shorr ratio 0.87 0.15 0.25–1

CS 5 constraint-seeking questions, HS 5 hypothesis scanning questions,
PC 5 pseudo-constraint-seeking questions.
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to examine the effects of gender, cue condition, levels of
problem difficulty, and apparatus type (three or four rods)
on the performance of this test. A main effect for difficulty
was found for planning time [F(3,378) 5 3.39, p , .05].
Post hoc analyses failed to reveal any significant differ-
ences among the means; however, a trend was observed in
which participants took greater planning time (Transformed
M 5 .573, Raw M 5 89.1) for problems requiring a mini-
mum of six moves to solution than problems requiring five-
move solutions (Transformed M 5 24.79, Raw M 5 59.1).
No main effect for cue condition was found, which indi-
cated that asking participants to plan their solution prior to
making the first move did not influence performance. For
the variable measuring the discrepancy between the re-
ported number of moves to solve and the actual number of
moves needed for solution in the cue condition, a three-way
interaction between sex, difficulty and type of apparatus was
found [F(3,378) 5 2.94, p , .05]. Post hoc analyses re-

vealed that when using the three-rod apparatus, women
(Transformed M 5 .90, Raw M 5 2.60) had a significantly
greater discrepancy than men (Transformed M 5 2.33, Raw
M 5 1.83) on problems of six-move difficulty. It was also
found that on the three-rod apparatus with problems of six-
move difficulty, women (Transformed M 5 .90, Raw M 5
2.60) demonstrated a greater discrepancy than men for both
the four-rod apparatus with problems of three-move diffi-
culty (Transformed M 5 2.06, Raw M 5 .13) and for the
three-rod apparatus with problems of four-move difficulty
(Transformed M 5 .20, Raw M 5 .63). However, the greater
discrepancy shown by women in these interactions was not
shown overall, since a direct comparison of male and fe-
male discrepancy scores was not significant [F(1,126) 5
1.33, p 5 .251].

The structural equation modeling procedures reported be-
low employed the LISREL 8 routines of Jöreskog and Sör-
bom (Jöreskog & Sörbom, 1993). All LISREL models were

Table 2. Means, standard deviations, and range for Tower of London variables

Level
Mean no.
of moves

Mean above
minimum

Planning
time (s)

Movement
time (s) Rule breaks

3-Rod apparatus
3 Moves

M 3.19 0.19 5.40 5.53 0.01
SD 0.40 0.40 2.21 1.94 0.07
Range 3–6 0–3 2–13 3–13 0–0.5

4 Moves
M 5.79 1.79 9.52 14.52 0.01
SD 1.88 1.88 5.18 9.80 0.07
Range 4–14 0–10 2–30 4–52 0–0.5

5 Moves
M 6.95 1.95 15.80 19.28 0.01
SD 1.59 1.60 11.56 14.12 0.08
Range 5–14 0–9 4–65 7–100 0–0.75

6 Moves
M 8.24 2.25 26.97 23.11 0.03
SD 1.69 1.71 18.05 11.27 0.20
Range 6–14 0–8.5 4–79 8–62 0–2

4-Rod apparatus
3 Moves

M 3.11 0.11 4.44 5.0 0.0
SD 0.27 0.27 1.70 1.43 0.2
Range 3–4.5 0–1.5 2–12 3–14 0–0.25

4 Moves
M 4.18 0.18 6.04 6.67 0.0
SD 0.37 0.37 3.27 1.52 0.02
Range 4–6 0–2 2–34 4–14 0–0.25

5 Moves
M 5.77 0.77 13.76 11.82 0.0
SD 0.66 0.66 8.46 3.99 0.02
Range 5–8 0–3 3–65 6–34 0–0.25

6 Moves
M 6.37 0.37 17.57 12.83 0.01
SD 0.39 0.39 11.24 4.01 0.04
Range 6–7.5 0–1.5 4–70 7–32 0–0.25
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estimated by analyzing a matrix of product–moment corre-
lations using Maximum Likelihood estimation (MLE). The
maximum likelihood estimates are obtained by means of an
iterative procedure that minimizes a particular fit function
by successively improving the parameter estimates (Jöreskog
& Sörbom, 1993). The sample size here was too small to
use the generally weighted least squares estimation (WLS)
with an asymptotic correlation matrix to control for the ef-
fects of skewed and kurtotic distributions. It must be noted
that possible violations of the assumptions of normality may
occur despite efforts to create more normal distributions by
transforming the data to normalized variables.

The data were analyzed in two steps. First, variables were
selected from each test to reflect the most intuitively appro-
priate measures of the latent variable Planning/Problem-
Solving. One variable was chosen from each test for the Six
Element Test, the Twenty Questions Test, and the Complex
Figure Test. The measures were the Six Element overall
score, the Twenty Questions overall score, and for the Com-
plex Figure task, the Shorr et al. ratio score. Summary sta-
tistics for these variables are shown in Table 3.

From the 88 Tower of London variables, 8 were chosen
as the ones that intuitively seemed most likely to be sensi-
tive to planning/problem-solving. These were planning time
and mean number of moves above the minimum for the three-
rod and four-rod apparatus across both cue and no-cue con-
ditions at the six-move level of difficulty (Table 3). A
one-factor congeneric model of these variables was tested
to determine whether these Tower of London variables re-
flected one underlying construct, the latent variable Planning/
Problem-Solving. This model failed to meet the admissibility
criteria, indicating that some of the parameter estimates were
unacceptable. This failure to confirm the admissibility of
the designated measures was unexpected, since these vari-
ables were chosen as ones that would be the most sensitive

to the construct of planning/problem-solving. In view of this
unexpected finding with confirmatory approaches, it was de-
cided to perform an exploratory factor analysis on the re-
sults in order to see if any pattern of parameter estimates
could be identified. A principal components analysis with
oblique rotation was performed on the eight selected Tower
of London variables. Four factors with eigenvalues greater
than 1 were extracted, accounting for 59.7% of the variance
(Table 4).

The first factor, accounting for 18% of the variance, had pri-
mary factor loadings from two variables. Both were from the
four-rod apparatus in the no-cue condition; one measuring
planning time, and the other, mean number of moves above
minimum. The second factor accounted for 15.3% of the vari-
ance and had primary loadings from two variables, both for
the cued condition, but one for the three-rod apparatus and the
other for the four-rod apparatus. The last two factors ac-
counted for 13.9% and 12.5% of the variance, respectively.
The third factor had loadings from three variables: two mean
number of moves above minimum, and one planning time vari-
able from different cue conditions and apparatus types. The
final factor showed loadings from one variable: mean num-
ber of moves above minimum for the three-rod apparatus at
the six-move level of difficulty in the cue condition. The re-
sults of the principal components analysis revealed no con-
sistent or easily interpretable pattern of loadings. There was
a scattering of planning time and mean number of moves above
minimum variables for different cue conditions and appara-
tus types across factors. Since no consistent pattern of factor
loadings could be identified from the eight chosen variables,
it was decided to explore all the other Tower of London vari-
ables in an attempt to identify other variables that might pro-
vide a more reliable measure of planning. Hence, a second
principal components analysis was conducted on all 88 Tower
of London test variables. Thirty-five factors with eigenval-

Table 3. Means and standard deviations for transformed
variables in LISREL analysis

Variable M SD

6 Element overall .032 1.33
20 Questions overall 21.31 21.14
RCF Shorr ratio .101 .86
Tower of London

Planning time
No-cue/3-rod 2.36 17.1
Cue/3-rod 2.53 41.2
No-cue/4-rod 2.47 7.5
Cue/4-rod 6.55 33.3

Mean moves above minimum
No-cue/3-rod 2.64 2.02
Cue/3-rod .13 3.6
No-cue/4-rod .08 1.1
Cue/4-rod .02 1.1

Table 4. Factor analysis for eight selected Tower of
London variables

Variable Factor 1 Factor 2 Factor 3 Factor 4

X1 2.724
X2 .704
X3 2.782
X4 .710
X5 .781
X6 2.576
X7 .470
X8 .925
Eigenvalue 1.44 1.22 1.11 1.00
% of variance 18.0 15.3 13.9 12.5

All Tower of London variables are for the 6-move level of difficulty and
are identified as follows: Planning time: X1 5 4-rod, no-cue; X3 5 4-rod,
cue; X4 5 3-rod, cue; X6 5 3-rod, no-cue. Mean moves above minimum:
X2 5 4-rod, no-cue; X5 5 4-rod, cue; X7 5 3-rod, no-cue; X8 5 3-rod,
cue.
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ues greater than 1 were extracted. The first factor had an ei-
genvalue of 3.55 and accounted for 4% of the variance.

The variables loading onto Factor 1 showed no consis-
tent pattern of influence with variables measuring different
scores, different cue conditions and different apparatus types.
The conclusion from these Tower of London Test results is
that these data show such a large degree of variance that no
underlying structure of responses emerges. Certainly, the par-
tial correlations do not reveal the simple latent variable struc-
ture of a single construct, Planning/Problem-Solving, which
had been hypothesized. In addition, it must be noted that a
35-factor solution involving 130 participants does not meet
the minimal standards for an acceptable subject-to-variable
ratio (Francis, 1988).

The second step in the structural equation modeling in-
volved an investigation of the relationships between the test
variables from the four tests of Planning/Problem-Solving
and the underlying structure of latent variables using the

LISREL measurement model. In order to include the Tower
of London measures in light of the PCA results, it was de-
cided to revert to the initially intuitively selected measures;
hence all the eight Tower of London variables initially se-
lected were included. The reason for including these vari-
ables was that they possibly could show relationships with
measures from the other tests even though they showed no
consistent pattern of relationships themselves.

The first hypothesis to be tested using the LISREL 8 pro-
gram was that Planning is a unidimensional construct un-
derlying the four tests and their associated variables
(Figure 1). In Figure 1 the Tower of London variables are
represented as Variables x1 to x8, while the variables from
the CFT, the Twenty Questions Test, and the Six Element
Test are Variables x9, x10, and x11, respectively.

The initial model did not fit the data well. Although the
x2/df ratio was less than 2.00, the other indices of admissi-
bility were not within the acceptable limits.

Fig. 1. Initial one-factor model of Planning/Problem-Solving. Test variables are as follows: Tower of London, planning time, X2 5
3-rod, no-cue; X4 5 3-rod, cue; X6 5 3-rod, no-cue; X8 5 4-rod, cue; mean no. moves above minimum, X1 5 3-rod, no-cue; X3 5
3-rod, cue; X5 5 4-rod, no-cue; X7 5 4-rod, cue; X9 5 Complex Figure Test Shorr ratio score; X10 5 Twenty Questions overall score;
X11 5 Six Element overall score.
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If the goodness-of-fit of a model is inadequate, then var-
ious indices can be used to help detect the source of misfit.
These include squared multiple correlations (R2), T values,
standard errors, and modification indices (MI; Byrne, 1989).
In general reestimation of a model should not be attempted,
since the objective is to confirm a set of hypothesized rela-
tionships, rather than to explore a set of possible factor load-
ings. However for this initial model many of the R2 values
for the Tower of London variables were very low, and ranged
from .01 to .24. This suggested that some of the indicators
used in the model were not accurately measuring Planning/
Problem-Solving. In addition, the previously established un-
reliability of the Tower of London variables also indicated
that model reestimation would be appropriate in this case.
Thus the initial model was reestimated four times, each time
removing Tower of London variables with unacceptably low
R2 values.

This final one-factor model contained seven observed vari-
ables; four from the Tower of London (x1 to x4) and one
from each of the remaining three tests (x5, x6, and x7). This
model is shown in Figure 2.

All goodness-of-fit measures except the Bentler and Bon-
nett Normed Index indicated that this model was an accept-
able fit to the observed data (Bentler & Bonnett, 1980).
However, examination of the R2 values revealed low scores
ranging from .01 to .36. Furthermore, the two overall mea-
sures from the Six Element Test and the Twenty Questions
Test did not have significant T values. It was therefore con-
cluded that these models did not adequately represent the
observed data.

The second hypothesis was that Planning/Problem-
Solving is not a single construct but, a two-factor con-
struct, with the Tower of London measuring a different
aspect of planning from the other three tests (Figure 3). In
Figure 3 the Tower of London variables are represented as
x1 to x8, and the CFT, the Twenty Questions Test, and the
Six Element Test are represented as x9, x10 and x11,
respectively.

This model failed to adhere to all of the goodness-of-fit
indices. Examination of the T values for the variables re-
vealed that only one of the variables was significant in the
model: the overall score for the Twenty Questions Test (x10).
The standard errors for some of the Tower of London vari-
ables were unacceptably large, although the standard errors
associated with the other test variables were acceptable.

Based on these results no further attempts were made to
reestimate the model. Jöreskog and Sörbom (1993) suggest
that any model that gives unreasonable results should be
eliminated from further consideration.

The final hypothesis tested was that Planning/Problem-
Solving is a four-factor construct with each test measuring
a different aspect of the construct and loading on separate
underlying latent variables (Figure 4). In Figure 4 the Tower
of London variables are labelled as x1 to x8, and the vari-
ables from the CFT, the Twenty Questions Test and the Six
Element Test are labelled as x9, x10, and x11, respectively.

This model also failed to meet the goodness-of-fit crite-
ria. Furthermore examination of T values revealed that none
of the variables were significant variables to the model. How-
ever, the standard errors for the variables were acceptable.

Fig. 2. Final one-factor model of Planning/Problem-Solving. Test variables are as follows: Tower of London, planning time, X2 5
3-rod, cue; mean no. moves above minimum, X1 5 3-rod, no-cue; X3 5 4-rod, no-cue; X4 5 4-rod, cue; X5 5 Complex Figure Test
Shorr ratio score; X6 5 Twenty Questions overall score; X7 5 Six Element overall score.
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The correlations between the four latent constructs were
also not significant (Table 5). This implies that the four tests
are measuring different, unrelated constructs. Moreover, the
overall poor fit of the model further implies that the rela-

tionships are more complicated and structured differently
from the pattern of relationships that was hypothesized.

None of the models proposed to explain the structure of
the construct Planning/Problem-Solving in relation to the
four tests fitted the observed data in an acceptable way.

DISCUSSION

This study examined the psychometric properties and
relationships among the Tower of London Test, the Twenty
Questions Test, the Six Element Test and the Complex Fig-
ure Test. The results of the present study raise a number of
important issues that require comment. In particular, the dif-
ficulty of measuring the construct planning/problem-solving
and the problems of the psychometric structure of the Tower
of London Test need to be addressed.

The LISREL structural equation modeling approach has
been used widely in the area of personality research, and in

Fig. 3. Two-factor model of Planning/Problem-Solving. Test variables are as follows: Tower of London, planning time, X2 5 3-rod,
no-cue; X4 5 3-rod, cue; X6 5 3-rod, no-cue; X8 5 4-rod, cue; mean moves above minimum, X1 5 3-rod, no-cue; X3 5 3-rod, cue;
X5 5 4-rod, no-cue; X7 5 4-rod, cue; X9 5 Complex Figure Test Shorr ratio score; X10 5 Twenty Questions overall score; X11 5 Six
Element overall score.

Table 5. T values and standard errors (SE) for associations be-
tween latent variables

Latent
variable Tower CFT 20 Q’s 6 Element

Tower —
CFT .77 (.06) —
20 Q’s 2.77 (.06) 2.86 (.09) —
6 Element 2.65 (.02) 1.93 (.09) 1.03 (.09) —

Tower 5 Tower of London Test, CFT 5 Complex Figure Test, 20 Q’s 5
Twenty Questions Test, 6 Element 5 Six Element Test.
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the analysis of questionnaire data. Although the techniques
of structural equation modeling have been known for sev-
eral years, they have not been used to investigate neuropsy-
chological concepts.

The results of this study revealed that an adequate model
for the construct Planning/Problem-Solving could not be es-
timated. None of the hypothesized models were consistent
with the observed data. This raises issues concerning the
validity of the concept of planning/problem-solving. Four
possible explanations for this result are proposed: (1) the
tests chosen did not measure Planning/Problem-Solving, (2)
the test measures chosen were not sensitive to planning, (3)
the sample size in the study was too small to use a structural
equation modeling approach appropriately, or (4) Planning/
Problem-Solving as a construct is so complex that none of
the tests accurately or validly measure it.

First, the face validity of these tests, which leads to their
wide clinical use, suggests that they do measure some as-

pect of planning/problem-solving. In addition, research has
shown that they are sensitive to dysfunction of frontal ex-
ecutive abilities in clinical populations, even though sam-
ple sizes in these studies usually have been small (Shallice,
1982; Owen et al., 1990; Shallice & Burgess, 1991). So per-
haps it is the case that these tests are only sensitive to
planning/problem-solving abilities in clinical populations,
and not in neurologically normal populations. These tests
simply may not be sensitive enough to detect variations in
performances that are narrowly distributed in normal sub-
jects. This could be particularly true for the Twenty Ques-
tions Test, where 94% of questions asked were constraint-
seeking questions. However, the absence of ceiling effects
for the Tower of London Test, particularly for the three-rod
apparatus, implies that, even in normal subjects, planning
and problem-solving capabilities are required. Further-
more, it could be proposed that the exclusion of partici-
pants over the age of 55 years from the study may have

Fig. 4. Four-factor model of Planning/Problem-Solving. Test variables are as follows: Tower of London, planning time, X2 5 3-rod,
no-cue; X4 5 3-rod, cue; X6 5 3-rod, no-cue; X8 5 4-rod, cue; mean moves above minimum, X1 5 3-rod, no-cue; X3 5 3-rod, cue;
X5 5 4-rod, no-cue; X7 5 4-rod, cue; X9 5 Complex Figure Test Shorr ratio score; X10 5 Twenty Questions overall score; X11 5 Six
Element overall score.
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further restricted the variations in executive performance
evident in the normal population. This is a possibility; how-
ever, the inclusion of older individuals also creates meth-
odological problems such as age-related decline on
visuospatial and memory abilities. Ideally, future research
would benefit from examining tests of executive functions
in a clinical population of patients with identified executive
dysfunction. However there are no standardized quantita-
tive means of identifying patients with executive dysfunc-
tion. In addition, not all patients with frontal lobe damage
have poor executive functions, and this may be a factor con-
tributing to the lack of conclusive findings concerning ex-
ecutive functions and frontal lobe damage.

Second, it could be proposed that the measures chosen
from each test to represent planning/problem-solving were
not the most sensitive to planning/problem-solving. The
Tower of London measures of planning reported in the lit-
erature are not consistent. However, studies by Ponsford and
Kinsella (1992) and Owen et al. (1990) have both found
planning time and the mean number of moves to be sensi-
tive to frontal brain damage. Previous research on the Six
Element Test has been purely qualitative, and while differ-
ences were observed between head injured patients and nor-
mal controls, these differences did not indicate which of the
measures were most sensitive to planning. As a conse-
quence, the current study used a composite score, taking
into account the number of task changes and the number of
tasks tackled. This appeared intuitively to be the most likely
measure to be sensitive to planning based on face validity.
Similarly, for the Twenty Questions Test a composite over-
all score was used that took into account both the number of
questions asked and the ability to solve each problem. Gold-
stein and Levin (1991) found that head injured patients re-
quired more questions than normal controls to guess an item
on a pictorial version of the task. So again, the choice of
measure seemed reasonable and defensible, based on face
validity and reported use with clinical populations. For the
Complex Figure Test, previous research has shown the Shorr
et al. (1992) scoring system to be more sensitive than the
traditional Taylor score. It could be argued that this score
reflects visuospatial learning rather than planning/problem-
solving, although this would seem unlikely on the basis of
the results of Shorr et al. (1992). The scoring technique de-
veloped by Shorr et al. (1992) measures the way a person
constructs the figure in terms of perceptual subelements. In
contrast, the Taylor score only measures the presence or ab-
sence of various lines. It is more likely that the Taylor score
is indicative of visuospatial learning, whereas the Shorr
et al. score is more indicative of some form of planning or
organization. Nevertheless, the measures were chosen on
the basis of previous research and face validity, and yet none
of the models provided a good fit to these data.

Third, regarding sample size, five LISREL 8 indices were
used in this study to assess the acceptability of estimated
models. Of these five indices, two were independent of sam-
ple size: the Goodness-of-Fit Index (GFI), and the Adjusted
Goodness-of-Fit Index (AGFI; Byrne, 1989; Jöreskog & Sör-

bom, 1993). The GFI indicates the relative amount of vari-
ance and covariance jointly explained by the model. The
AGFI is a similar measure, however it takes into account
the degrees of freedom in the model. Both indices range
from 0 to 1, with a value closer to 1 representing a good fit
(Byrne, 1989). An AGFI of greater than or equal to .94 was
used in this study to indicate an acceptable fit between the
model and the data. This value is recommended by Byrne
(1989); however, no single value is standardly reported in
the literature. In addition, the LISREL results concerning
the Tower of London were replicated through factor analy-
ses. It must be admitted that a smaller-than-ideal sample size
may have affected the results, but the relatively conserva-
tive use of the fit indices effectively counters this problem.

Finally, it could be suggested that planning/problem-
solving is such a complex construct that it is not easily mea-
sured by any one test. If this is the case then planning/
problem-solving might be better measured by breaking it
down into subelements such as motor planning, logical se-
quencing and goal-orienting behavior. If these subelements
all measure an aspect of the same higher-order construct,
one would expect them to be correlated. In the current study
not only was it found that the observed data could not be
adequately explained with a four-factor model (that is, one
factor for each test), but in addition, the four factors were
not significantly correlated. These findings imply that the
relationships between the test measures and their underly-
ing construct or constructs is far more complicated and struc-
tured differently from the patterns of relationships that had
been hypothesized. If this is the case, then serious recon-
sideration must be given to the continued use of these tests
as estimates of planning and problem-solving deficits in clin-
ical populations.

Although the Tower of London Test is widely used as a
clinical measure of frontal executive deficits, it was found
here to neither reliably nor accurately measure planning/
problem-solving. If the Tower of London test fails to mea-
sure planning/problem-solving then what does it measure?
Thirty-five factors were extracted in a factor analysis with
no consistent or easily interpretable pattern of results. If this
test is not validly and accurately measuring anything mean-
ingful within a normal population, it begs the question as to
what clinicians are measuring when they administer the test
to a brain-injured client. It could be argued that the test is
appropriate for a brain injured population but not a normal
population. Such an argument might be possible if a ceiling
effect were observed in the normal population. However,
the test does allow for different levels of difficulty, and the
measures chosen for analysis here show levels of variabil-
ity that deny the possibility of a ceiling effect.

These results found in our normal adult population con-
trast with the findings of Levin et al. (1991) in a sample of
normal children ages 7 to 15 years. They found the Tower
of London sensitive to developmental changes in children.
In particular, children between 13 and 15 years of age solved
more problems on the first trial and required fewer trials to
solve the test than children ages 7 and 8 years. Moreover, in
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a principal components analysis with variables from the
Tower of London, Wisconsin Card Sorting Test (Grant &
Berg, 1948), verbal fluency (Benton & Hamsher, 1976), de-
sign fluency (Jones-Gotman & Milner, 1977), California Ver-
bal Learning Test–Children’s Version (CVLT; Delis et al.,
1986), the Twenty Questions Test (Denny & Denny, 1973),
and the Go-No Go task (Drewe, 1975), the Tower of Lon-
don was found to load on a separate factor. The Twenty Ques-
tions Test was found to load on another factor with variables
from the CVLT and verbal fluency. Again then, the Tower
of London Test seems not to correlate highly with other so-
called planning tests, and the cross-sectional design and small
sample sizes make generalization of their results difficult,
as the authors acknowledge. Obviously more research is re-
quired on the Tower of London Test in both normal samples
and brain-injured subjects in order to resolve its apparent
lack of validity.

While previous research has assumed that various neuro-
psychological tests accurately and validly measure execu-
tive functions, the results of our study imply that this is not
the case. Indeed we would argue that until further work is
carried out on the design and norming of such tests, clini-
cians should be circumspect in their use and interpretation
of the Tower of London Test and other tests purported to
measure executive functions.
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