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Performance on the Twenty Questions task has been assumed to be deficient in those with fron-
tal lobe damage, although few studies have specifically examined this. In the present study, 88
participants with frontal lobe epileptic dysfunction were assessed on this task, as were 57 partici-
pants with temporal lobe epileptic disturbance and 28 participants with no evidence of any neu-
rological damage. Results indicated that those with either left or bifrontal lobe damage were
more impaired on several indexes of test performance. Analysis also revealed that participants
with orbitofrontal damage were impaired on the measure of “first guess” as compared to groups
with damage to other regions of the prefrontal cortex (p 

 

,

 

 .05). Overall, the results support the
utility of the Twenty Questions task in assessing frontal lobe damage and may suggest that qual-
itatively different deficits may be recorded depending on the region of frontal lobe dysfunction.
© 1999 National Academy of Neuropsychology. Published by Elsevier Science Ltd

 

The role of the frontal lobes in higher level cognitive activity has been recognised for
many years (e.g., Boller & Grafman, 1994; Nauta, 1971; Stuss & Benson, 1986). In partic-
ular, the importance of these regions in executive skills has been reported (Levin, Eisen-
berg, & Benton, 1991; Stuss, Eskes, & Foster, 1994). Numerous studies have reported on
the role of the frontal lobes in formation of strategies, rule following, flexibility, and
evaluation of outcome. Deficits in any one of these have been assumed to be responsible
for the characteristic impairments in “problem solving” or “executive skills” reported to
follow frontal lobe dysfunction (Benton, 1994; Fuster, 1989; Stuss & Benson, 1986).

Numerous measures have been devised to demonstrate impairment following dam-
age to the frontal lobes, and hence reflecting deficits in executive skills (Anderson, 1994;
Parker & Crawford, 1992; Stuss et al., 1994). However, the neuropsychological assess-
ment of these deficits has proved problematic both from an experimental and a clinical
perspective (Anderson, 1994; Stuss et al., 1994; Wang, 1987). Consequently, there are
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few, if any, reliable measures of frontal dysfunction (Parker & Crawford, 1992). This dif-
ficulty in detecting neuropsychological sequelae of frontal lobe damage has been docu-
mented frequently and may have its origins in the poor methodology employed in previ-
ous studies and the wide range of cognitive skills that can be disrupted following frontal
dysfunction (Stuss & Benson, 1986; Wang, 1987).

One task that has shown impairment following frontal lobe dysfunction is the Twenty
Questions task, although the evidence supplied has been rather scanty. This task is a
variant on the old parlour game and requires the participant to guess an animal the in-
vestigator has in mind. The number and type of questions asked are recorded. Mosher
and Hornsby (1966) first used this procedure with normal children and suggested that
the task taps the way in which participants organise their knowledge of the world. In es-
sence, the task demands the participant to arrange hierarchical categories and use ap-
propriate strategies to search the semantic store, using feedback provided by the exam-
iner. Difficulties in these areas may be a consequence of frontal lobe dysfunction.

Neuropsychological studies with the Twenty Questions task have been undertaken
with participants for whom the cortical area most likely to be affected is the frontal re-
gion: for example, alcoholics (Laine & Butters, 1982), autistic individuals (Minshew, Sie-
gel, Goldstein, & Weldy, 1994), patients with motor neurone disease (Neary &
Snowden, 1991), and those with diffuse head injury (Goldstein & Levin, 1991). These
studies have reported impairments in these participant groups, and hence it may be in-
ferred that the test is sensitive to frontal lobe dysfunction. Although this evidence seems
compelling and suggests that the frontal lobes do have a role in the successful comple-
tion of the Twenty Questions task, it is perhaps surprising that few studies have at-
tempted to investigate specifically the performance on this task in participants with
clearly demarcated frontal lobe lesions.

One such study has been undertaken, however, with the results indicating that those
participants with frontal lesions performed in a deficient manner in contrast to normal
controls (Klouda & Cooper, 1990). However, this study contained only 5 participants
with cortical damage, 3 participants with left frontal damage, and 2 participants with bi-
lateral damage. Furthermore, the control group consisted of participants with no neuro-
logical damage. These methodological weaknesses reduced the value of the study in two
important ways. First, it was impossible to determine whether the impairment noted was
a consequence of specific frontal lobe damage or simply a result of cortical damage per
se. Furthermore, it was impossible for the authors to make any definitive claim regard-
ing either lateralisation or the localisation of dysfunction within the frontal region that
may most impair performance.

This latter problem is unfortunate, because the Twenty Questions task reveals a num-
ber of indexes of performance that may be differentially affected by the location of the
lesions within the prefrontal cortex. The task itself requires a number of cognitive pro-
cesses: reflection on the nature of the task, the adoption of an appropriate strategy, and
using feedback appropriately. The most efficient strategy is one in which large numbers
of options are eliminated by a series of successive questions. Hence, the participant must
initially formulate categories and then arrange these hierarchically (Klouda & Cooper,
1990). Thus, a great deal of planning and cognitive formulation are required. Con-
versely, alternate strategies may involve simple guessing or asking questions that do not
reduce at all, or only minimally, the number of options available. Finally, the participant
must use feedback from responses to previous questions to modify future strategy and
ultimately decide when to suggest an appropriate answer.

It is suggested that participants with frontal lobe lesions may be impaired in any, or
all, of these different cognitive steps. For example, Shallice (1988) argued for the impor-
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tance of, specifically the left, frontal regions in the planning, adoption of appropriate
strategies, and in the evaluation of feedback for task completion. Similarly, numerous
recent studies employing measures such as the Tower of London task (e.g., Morris,
Ahmed, Syed, & Toone, 1993; Owen, Downes, Sahakian, Polkey, & Robbins, 1990) can
be interpreted as demonstrating the importance of the frontal regions in such cognitive
processes. In terms of dysfunction within the frontal regions, it is suggested by some in-
vestigators that the dorsolateral regions be implicated in those processes described (Mil-
ner & Petrides, 1984; Shallice & Burgess, 1991). In contrast, the orbitofrontal region is
thought to be associated with reduced impulse control (Crowe, 1992; Duffy & Campbell,
1994; Fuster, 1989; Luria, 1966; Malloy & Duffy, 1992; Stuss et al., 1983). Consequently,
it may be suggested that dysfunction in this region will result in different deficits as com-
pared to participants with dorsolateral lesions. In terms of the Twenty Questions task,
dysfunction within the dorsolateral region may result in the adoption of inappropriate
strategies, poor planning, and/or incorrect use of feedback. In contrast, orbitofrontal le-
sions may result in reduced impulse control; hence, participants may proceed without
the appropriate formulation of strategies (i.e., impaired inhibitory control; Fuster, 1989).

Specifically, therefore, the aims of this study were twofold: (a) to assess the perfor-
mance of participants with frontal lobe dysfunction on the Twenty Questions task as
compared to both a normal and a neurologically damaged group and (b) to examine if
dysfunction within the frontal lobes resulted in qualitatively different performance defi-
cits on the measures drawn from this task. Overall, it was hoped that the study would be
able to offer some preliminary observations on the clinical utility of the Twenty Ques-
tions task in detecting frontal lobe dysfunction while also being able to provide addi-
tional evidence on the deficits associated with dysfunction within specific regions of the
frontal lobes.

 

METHOD

 

Participants

 

Participants with cortical damage were selected over a 30-month period and consisted
of patients attending a National Centre for Epilepsy who had clearly defined cortical
dysfunction limited to one unilateral cortical region. All participants had epilepsy.

Eighty-eight participants with frontal lobe dysfunction were assessed (42 with left
frontal dysfunction, 32 with right frontal dysfunction, and 14 with bifrontal lobe dam-
age). Fifty-seven participants with temporal lobe dysfunction were also assessed to act as
controls (31 with left hemisphere dysfunction and 26 with right hemisphere dysfunction).
Participants were classified according to electroencephalogram (EEG) monitoring, sei-
zure semiology, and cortical imaging. Primarily, the participants were classified on the
basis of cortical imaging. However, of the frontal lobe participants, 15 had no identifi-
able abnormalities on magnetic resonance imaging scanning and were, therefore, classi-
fied on the basis of the congruence of EEG monitoring and recorded seizure behaviour.
In this way, participants were only assigned to specific groups if the seizure semiology
and EEG recordings were consistent. Those in whom there was incongruence were not
entered into the study. Of the temporal lobe participants, only 7 were classified on the
basis of EEG monitoring and seizure behaviour (see Upton & Thompson, 1996a,
1996b). In addition to the patient sample described, 28 participants with no history of
any neurological or psychiatric dysfunction were also recruited.

The lateralised frontal lobe groups were further divided, dependent on the frontal re-
gion affected (see Table 1; the bifrontal lobe group had extensive damage that precluded
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their inclusion into the categories outlined). In this conceptualisation 

 

extensive

 

 refers to
damage not confined to one frontal area. However, it does not refer to damage extended
outside of the frontal regions.

There were no significant sex, age, educational, or occupational differences between
the participant groups. Similarly, there was no significant difference in terms of basic ep-
ilepsy characteristics (e.g., duration of disorder, seizure type and frequency, number or
type of medication, or aetiology of disorder) for the patient groups (see Table 2).

There was no difference between the groups in terms of Wechsler Adult Intelligence
Scale–Revised Full-Scale IQ, Verbal IQ, Performance IQ (abbreviated version of War-
rington, James, & Maciejewski, 1986), or National Adult Reading Test IQ (Nelson,
1982; see Table 2: for all one-way analyses of variance [ANOVAs], 

 

p

 

 

 

.

 

 .05). Similarly,
when comparisons involving the aetiology of the frontal lobe group were investigated
via a two-way Localisation (left frontal, right frontal, bifrontal) 

 

3

 

 Aetiology (head in-
jury, dysplasia, tumour, vascular, viral, unknown) ANOVA, no significant main effect
for aetiology, or an interaction with this factor, emerged on the background measures of
general intellectual ability (all 

 

p

 

 

 

.

 

 .05). Similarly, this occurred when the aetiology was
collapsed to investigate lesional versus nonlesional individuals, that is, a two-way
ANOVA of Localisation (left frontal, right frontal, bifrontal) 

 

3

 

 Lesion (present, ab-
sent), with 

 

p

 

 

 

.

 

 .05 for all ANOVAs.

 

Materials

 

The Twenty Questions task (Klouda & Cooper, 1990) requires the participant to
guess the name of an animal (chicken) that the examiner has in mind. There are two ver-
sions of the task: closed, in which the participant is presented with a limited array of ob-
jects from which to select a response, or open, in which the participant is not presented
with an array of items and is free to choose from the entire category of animals. The lat-
ter version was employed in this study. The instructions given to the participant were
similar to those suggested by Denney and Denney (1973), and the necessity of guessing
the animal in the minimum number of trials was stressed. The examiner responded
“Yes” or “No” to questions from the participant. All questions asked by the participant
were recorded verbatim and classified into one of three types:

1.

 

Constraint

 

: Questions of this type are the most effective search question. These
types of question narrow the field by as much as half, by eliminating a series of dif-
ferent types of animals (e.g., “Does it have four legs?” or “Does it live in water?”).

 

TABLE 1
Areas of Dysfunction According to 

Electroencephalogram, Magnetic Resonance 
Imaging, and Seizure Semiology

 

Area Left Frontal Right Frontal

Dorsolateral 17 13
Mesial 7 4
Orbitofrontal 5 5
Motor/premotor 5 5
Extensive 8 5
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2.

 

Pseudoconstraint

 

: Questions of this variety are a less effective search strategy. Al-
though they appear to be constraining, they only apply to one particular type of
animal (e.g., “Does it have a trunk?” or “Does it bark?”).

3.

 

Hypothesis scanning

 

: This is a less effective search strategy and basically involves
guessing with no previous basis for such a guess (e.g., “Is it a dog?” or “Is it a
cat?”).

The number of each type of question was recorded. Apart from the number of different
types of question asked, two other indexes of performance were recorded: (a) the num-
ber of questions needed to arrive at the correct response (maximum: 20) and (b) the num-
ber of questions asked before the first guess (presumed to be a measure of impulsivity).

 

TABLE 2
Basic Demographic and Clinical Characteristics of Participant Groups

 

Variable
Left

Frontal
Right

Frontal
Left

Temporal
Right

Temporal Bifrontal Normal

Gender
Male 19 19 12 15 8 10
Female 23 13 18 11 6 18

Age (years)
Mean 28.5

(8.76)
29.41
(6.90)

26.71
(7.56)

30.65
(8.32)

31.45
(9.89)

27.27
(8.65)

Range 16–61 17–53 17–48 18–46 16–58 19–42
IQ measures: WAIS-R abbreviated version

Verbal IQ 94.71
(11.20)

93.42
(11.41)

91.40
(8.25)

90.66
(12.51)

88.78
(14.86)

—

Performance IQ 93.35
(12.50)

89.85
(12.83)

91.88
(13.14)

94.19
(16.95)

89.92
(17.23)

—

Full-Scale IQ 94.00
(11.88)

91.38
(11.34)

89.00
(9.89)

92.13
(14.02)

87.31
(16.17)

—

NART IQ 92.23
(13.00)

94.15
(12.46)

93.90
(12.55)

95.28
(8.72)

96.03
(18.09)

96.55
(6.73)

Duration of epilepsy (years)
Mean 18.94

(8.02)
15.57
(6.98)

18.05
(7.35)

21.25
(13.81)

20.78
(14.64)

—

Range 3–40 2–26 9–31 1–45 1–33 —
Age at onset (years)

Mean 9.30
(7.09)

11.10
(9.72)

10.16
(5.05)

9.04
(5.91)

8.75
(8.08)

—

Range 1–40 3–47 2–22 1–24 1–40 —
Aetiology

Head injury 8 8 4 1 5 —
Dysplasia 12 14 1 2 3 —
Tumour 5 8 1 5 3 —
Vascular 3 2 0 2 1 —
Viral 0 0 3 0 0 —
Unknown 14 1 0 5 2 —
Hippocampal sclerosis — — 22 11 — —

Medication regimen
Monotherapy 5 1 5 5 2 —
Polytherapy 37 31 26 21 12 —

History of status epilepticus
Two or more episodes 4 3 2 2 3 —
One or zero episodes 38 29 29 24 11 —

Frequency of seizures
Daily or greater 22 16 15 7 8 —
Weekly 13 12 13 8 6 —
Monthly or less 7 4 3 1 0 —

 

Note

 

. Numbers in parentheses are standard deviations. WAIS-R 

 

5

 

 Wechsler Adult Intelligence Scale-Revised.
NART 

 

5

 

 National Adult Reading Test.
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The Twenty Questions task, which took approximately 5 min to administer, was part
of a larger battery of measures for the cortically damaged groups (see Upton & Thomp-
son, 1996a, 1996b). In contrast, the control group participants were volunteers recruited
for this particular study and only completed the National Adult Reading Test IQ mea-
sure and the Twenty Questions task itself.

 

Analyses

 

Initially, simple one-way ANOVA (with the groups being bifrontal, left frontal, right
frontal, left temporal, right temporal, normal control) was undertaken to document if
any differences between the groups existed. Post hoc Scheffé tests were undertaken to il-
luminate any significant findings that may have emerged.

As far as the analysis of impairment within the frontal group was concerned, a series
of two-way ANOVAs, with the factors being Lateralisation (left, right) and Localisation
(dorsolateral, orbitofrontal, motor/premotor, mesial, and extensive) was conducted with
post hoc Scheffé tests.

 

RESULTS

 

Group Differences

 

The total number of questions asked on the task (see Figure 1) significantly differed
between the participant groups, 

 

F

 

(5, 127) 

 

5

 

 15.99, 

 

p

 

 

 

,

 

 .001, with post hoc Scheffé tests
revealing the bifrontal lobe group to require more questions (

 

M

 

 

 

5

 

 17.32, 

 

SD

 

 

 

5

 

 0.95)
than the normal control group (

 

M

 

 

 

5

 

 10.14, 

 

SD

 

 

 

5

 

 3.24), the left temporal lobe group (

 

M

 

 

 

5

 

10.52, 

 

SD

 

 

 

5

 

 2.75), the right frontal lobe group (

 

M

 

 

 

5

 

 11.37, 

 

SD

 

 

 

5

 

 3.97), and the right
temporal lobe group (

 

M

 

 

 

5

 

 12.36, 

 

SD

 

 

 

5

 

 3.86). Furthermore, the left frontal lobe group
(

 

M

 

 

 

5

 

 14.63, 

 

SD

 

 

 

5

 

 3.45) asked more questions than did the normal control group, the left
temporal lobe group, and the right frontal lobe group.

The number of hypothesis-scanning questions also significantly differed between the
groups, 

 

F

 

(5, 172) 

 

5

 

 25.32, 

 

p

 

 

 

,

 

 .00001. Post hoc Scheffé tests revealed that the bifrontal

FIGURE 1. Total number of questions asked by individual participant groups.
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lobe group asked more of this type of question (

 

M

 

 

 

5

 

 11.82, 

 

SD

 

 

 

5

 

 1.53) than did the left
temporal lobe group (

 

M

 

 

 

5

 

 3.71, 

 

SD

 

 

 

5

 

 2.60), the right temporal lobe group (

 

M

 

 

 

5

 

 5.29,

 

SD

 

 

 

5

 

 4.22), the left frontal lobe group (

 

M

 

 

 

5

 

 5.37, 

 

SD

 

 

 

5

 

 3.55), the right frontal lobe
group (

 

M

 

 

 

5

 

 4.66, 

 

SD

 

 

 

5

 

 2.75), and the normal control group (

 

M

 

 

 

5

 

 1.51, 

 

SD

 

 

 

5

 

 1.79). Fur-
thermore, the normal control group asked significantly less of this type of question than
any of the other groups (see Figure 2).

The number of psuedo-constraint-seeking questions (see Figure 3) also significantly
differed between the participant groups, 

 

F

 

(5, 172) 

 

5

 

 14.11, 

 

p

 

 

 

,

 

 .001, with post hoc
Scheffé tests suggesting that the left frontal lobe group asked more of these questions
(

 

M

 

 

 

5

 

 2.17, 

 

SD

 

 

 

5

 

 1.60) than did the normal control group (M 5 0.29, SD 5 0.60), the
right frontal lobe group (M 5 0.88, SD 5 0.60), the right temporal lobe group (M 5 1.04,
SD 5 0.75), and the left temporal lobe group (M 5 1.16, SD 5 0.86). Furthermore, the
normal control group asked less of this type of question than did the left temporal lobe
group and the bifrontal lobe group (M 5 1.64, SD 5 0.50).

FIGURE 2. Number of hypothesis-scanning questions asked by the individual participant groups.

FIGURE 3. Number of pseudoconstraint questions asked by individual participant groups.
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There was a significant difference in the number of constraint-seeking questions
asked (see Figure 4) by the participant groups, F(5, 167) 5 7.287, p , .001. Post hoc
Scheffé tests revealed that the normal control group asked more of this type of question
(M 5 7.36, SD 5 2.29) than either the bifrontal group (M 5 3.75, SD 5 1.17) or the right
frontal lobe group (M 5 5.56, SD 5 1.52). Furthermore, there was also a significant dif-
ference between the bifrontal group, which asked less of these questions, and the left
frontal lobe group (M 5 6.68, SD 5 2.26) or the normal control group.

The final measure drawn from the task, that of first guess, did not significantly differ
among the participant groups, F(5, 172) 5 1.88, p 5 .099.

Performance of Frontal Lobe Groups

For the second analysis examining the performance of the different frontal lobe
groups on the task, a series of two-way ANOVAs was conducted. The results are pre-
sented in Table 3. Only one of the indexes, the measure of first guess, revealed a signifi-
can result. On this measure, there was no interaction effect; however, there was a main
effect for lateralisation, F(1, 73) 5 4.385, p 5 .04, and for localisation, F(4, 73) 5 3.169, p 5
.019. For the main effect for lateralisation, it is evident that the right frontal group (M 5
5.30, SD 5 2.49) was more impaired (i.e., asked the question earlier) on the task than
was the left frontal group (M 5 6.17, SD 5 2.33).

Concerning the main effect for frontal region, again it is apparent that the orbitofron-
tal group was the most impaired. When the groups were collapsed across lateralisation,
and post hoc multiple comparisons (Scheffé multiple range test, p 5 .05) were under-
taken, the results suggested that the orbitofrontal group (M 5 3.75, SD 5 2.04) was
more impaired than the extensive group (M 5 7.00, SD 5 3.20), the motor/premotor
group (M 5 6.21, SD 5 1.63), and the mesial group (M 5 5.70, SD 5 2.04) but not the
dorsolateral group (M 5 5.65, SD 5 1.52).

Clinical Differences

To examine the performance of the Twenty Questions measure from a more clinical
perspective, a cutoff figure was derived from the normal group. Although there are nu-

FIGURE 4. Number of constraint-seeking questions asked by individual participant groups.
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merous ways of computing this, and a number of indexes of performance that could have
been used for this purpose (e.g., Griner, Mayewski, Mushlin, & Greenland, 1981), in this
study the mean of total questions asked (11 SD) was employed. Hence, the cutoff score
was 13 questions. If the number of questions required to guess the animals was equal to
or greater than 13, then this was marked as abnormal.

This cutoff score was then applied to all of the groups, and the proportion fitting into
either the “normal” category (i.e., less than 13 questions required) or the “abnormal”
category (i.e., more than 13 questions required) was computed. A chi-square procedure
was then performed on the resultant data (see Table 4).

This demonstrated a significant difference between the groups (x2 5 67.33, df 5 5,
p , .00001). In particular, it should be noted that all bifrontal participants were classi-
fied as abnormal, as were most (73.81%) left frontal lobe participants. In contrast, most
of those in the normal group (78.57%), the right frontal lobe group (87.50%), the left
temporal lobe group (87.09%), and the right temporal lobe group (73.07%) were classi-
fied within the normal category.

Specificity and sensitivity values were calculated from the figures in Table 4. In terms
of a measure of cortical dysfunction, the cutoff score revealed a specificity of 78.57%,
with a sensitivity to lesions (irrespective of site) of 41.37%. However, the cutoff score is
recommended as a measure of bifrontal/left frontal cortical dysfunction. When such a
categorisation was performed with the patient sample alone, the analysis revealed a
specificity of 83.14% and a sensitivity of 80.37%. A summary of all the analyses per-
formed in this investigation is provided in Table 5.

TABLE 3
Frontal Group’s Performance on Various Measures Drawn From Task

Lateralisation Region
Constraint

Seeking
Hypothesis
Scanning Pseudoconstraint

Total Number
of Questions First Guess

Left Dorsolateral 7.32 (2.15) 4.21 (2.47) 1.91 (1.26) 13.97 (3.86) 6.05 (1.25)
Orbitofrontal 6.50 (1.89) 6.64 (1.95) 2.29 (1.79) 16.00 (3.06) 3.93 (3.00)
Mesial 6.10 (2.45) 3.70 (2.00) 2.50 (3.63) 12.50 (2.27) 5.70 (0.76)
Motor/premotor 6.60 (1.75) 7.00 (5.46) 3.10 (1.00) 16.90 (3.69) 5.93 (2.21)
Extensive 5.88 (1.39) 6.75 (2.11) 1.81 (0.76) 14.75 (2.50) 6.67 (2.89)

Right Dorsolateral 5.19 (1.25) 4.85 (2.94) 0.54 (0.31) 10.85 (3.85) 4.69 (1.72)
Orbitofrontal 4.63 (1.47) 4.00 (1.59) 0.75 (0.50) 9.50 (2.01) 3.50 (1.00)
Mesial 5.90 (2.05) 4.30 (2.06) 1.00 (1.37) 11.40 (3.13) 5.14 (2.36)
Motor/premotor 5.80 (1.83) 4.90 (1.34) 1.30 (1.91) 12.40 (3.45) 4.80 (2.19)
Extensive 6.70 (2.96) 4.80 (2.94) 1.20 (0.34) 13.20 (3.97) 6.50 (3.43)

Note. Data are expressed as mean (standard deviation).

TABLE 4
Classification of Participant Groups According to Cutoff Score

Group
“Normal” Performance:

,13 Questions Required (%)
“Abnormal” Performance:

,13 Questions Required (%)

Left temporal 27 (87.09) 4 (12.91)
Right temporal 19 (73.07) 7 (26.93)
Left frontal 11 (26.19) 31 (73.81)
Right frontal 28 (87.50) 4 (12.50)
Bifrontal 0 (0) 14 (100)
Normal 22 (78.57) 6 (21.43)
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DISCUSSION

This study set out to examine the performance of participants with differing cortical
damage on the Twenty Questions task. Specifically, it attempted to answer the question
whether the performance of a group of participants with frontal lobe damage was defi-
cient in comparison to either a group with temporal lobe dysfunction or normal controls.
Furthermore, the study sought to investigate if the various measures derived from the
task would be differentially affected depending on the area of frontal lobe dysfunction.
To a large extent, these objectives were fulfilled (see Table 5 for a summary of results).

The total number of questions required to obtain the answer correctly was greater in
both the left frontal and the bifrontal lobe groups, as compared to the temporal lobe
group and the normal controls. Klouda and Cooper (1990) reported that patients with
frontal lobe lesions performed poorly in comparison to a normal control group. How-
ever, unlike the present study, their results said nothing regarding the lateralisation of
frontal lobe dysfunction that caused maximal impairment on the task (presumably a
consequence of the large lesions suffered by their participants and the small sample) or
the comparability of performance to a group with other areas of cortical dysfunction.
Hence, this study suggests that the Twenty Questions task may be considered an effi-
cient measure of frontal lobe dysfunction, specifically for either left or bifrontal lobe
damage. Furthermore, the cutoff score derived did appear to offer the possibility of us-
ing the total number of questions as a clinical indicator of either left frontal or bifrontal
lobe damage. The specificity and sensitivity scores obtained were more than adequate
and better than those obtained with, for example, the modified Wisconsin Card Sorting
Test (Nelson, 1976; van den Broek, Bradshaw, & Szabadi, 1993).

Klouda and Cooper (1990) suggested that frontal lobe dysfunction leads to an ineffec-
tive search strategy that results in the use of less efficacious question types, such as hy-
pothesis scanning and pseudoconstraints. This pattern of results was also noted in this in-
vestigation. That is, the bifrontal lobe participants tended to use the hypothesis-scanning
questions more frequently than did the other localisation groups and the normal control
group. It is noteworthy, however, that the normal control group asked less of the ineffi-
cient hypothesis-scanning questions than did any of the patient groups. It appears from

TABLE 5
Summary of Results From Various Indexes of Performance

Test Variable Summary

Total number of questions Bifrontal lobe group impaired in contrast to other 
groups. Left frontal lobe group impaired in contrast 
to normal control group. Cutoff score of 13 
questions may be able to differentiate bifrontal and 
left frontal from normal controls and other 
cortically damaged patients.

Number of hypothesis-scanning 
questions

Bifrontal lobe group impaired in contrast to all other 
groups. However, in contrast to normal control 
group, all patient groups were impaired.

Number of pseudoconstraint 
questions

More of these question types were asked by the left 
frontal group compared to all groups other than the 
bifrontal group.

Number of constraint-seeking 
questions

All frontal lobe groups asked less of these efficacious 
questions than normal control group.

First-guess measure Orbitofrontal lobe group was specifically impaired on 
this measure.
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the results of this investigation, therefore, that any cortical damage may result in an im-
pairment in this regard.

In summary the results suggest that the bifrontal lobe group was the most impaired
on the task, but there was also significant impairment in the left frontal lobe group in
comparison to both the temporal lobe and the normal control group. However, this is
not to say that the performance of the temporal lobe groups is consistent with normal
performance. There was some evidence that cortical damage in this region could lead to
impairment on certain indexes of performance drawn from the task.

The analysis investigating deficits dependent on damage within frontal regions re-
vealed only one significant result. The orbitofrontal group, irrespective of lateralisation,
was more impaired than any of the other groups on the measure of first guess. In gen-
eral, the orbitofrontal region has been implicated in few neuropsychological impair-
ments, as compared to the relatively large amount of attention given to the dorsolateral
area. However, it has been implicated in interpersonal disturbance (e.g., Blumer & Ben-
son, 1975; Grafman, Vance, Weingartner, Salazar, & Amin, 1986) and in impaired im-
pulse control (e.g., Duffy & Campbell, 1994; Knight, 1991).

Our findings suggest that the orbitofrontal group had reduced impulse control and
showed limited understanding of the strategy that should be employed; hence, this group
demonstrated impairment on the first-guess measure of this task but on no other vari-
able drawn from the measure. The relationship between impulsivity and frontal lobe le-
sions has been demonstrated on numerous occasions, in both clinical settings (e.g., Bur-
gess & Shallice, 1996; Miller, 1985, 1992; Miller & Milner, 1985) and in more socially
derived contexts (e.g., Lhermitte, 1983, 1986). Some investigators have suggested that it
may be the orbitofrontal region that is linked to the deficit (Luria, 1966), although more
recent investigations have not found any evidence to link impulsivity to specifically loca-
lised or lateralised frontal lobe lesion (Miller, 1992). Although this study suggests a rela-
tionship between orbitofrontal dysfunction and impulsivity, it should be noted that the
sample was drawn from a preoperative epilepsy population. In contrast, Miller’s (1992)
participants were studied following resections for their seizures; difficulties with specific
localisation of dysfunction within the present sample may account for the reported dif-
ferences.

In contrast to this significant result, there was no indication that the dorsolateral
group was more impaired than any of the other groups on other indexes thought more
indicative of “planning.” Given the results of previous investigations, this was unex-
pected. Why this pattern of results did not occur is difficult to explain. Obviously, the
test may not be sensitive to these forms of deficits. Alternatively, the successful comple-
tion of the task may require a multiplicity of skills and hence not be specifically associ-
ated with the dorsolateral region. It may also be a consequence of the participant sample
used in this investigation.

The use of participants with epilepsy should be discussed. The area of dysfunction, al-
though carefully described and delineated, may have extended outside of the regions
classified by the nature of seizure spread. Reports have suggested that epileptic seizures
may lead to greater areas of dysfunction than the initially localised lesion. Consequently,
there may be greater neuropsychological impairment in those with seizures than those
with equal-sized lesions but no seizures (Grafman, Jonas, & Salazar, 1992). Although
the participants may have had reasonably discrete epileptic foci, the possibility of more
extensive subclinical damage cannot be totally excluded. Similarly, the evidence that dis-
tal areas of dysfunction may produce a pattern of functional impairment similar to that
produced by frontal damage must be noted (Duffy & Campbell, 1994; Hermann, Wyler,
& Richey, 1988).
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Furthermore, consideration must be given to the possible deleterious effects of
chronic medication. Although there is some confusion over the extent and exact nature
of the cognitive implications of antiepileptic medication (e.g., Matthews, 1992), most au-
thors agree that a majority of the currently available medication does have some impact
on cognitive function (e.g., Dodrill, 1993). In this study, there was no significant differ-
ence between the patient groups in terms of the type or number of medications being
taken. However, it was not possible to ensure that doses were comparable between
groups, and hence one group may have been taking “excessive” medication that could
have resulted in impaired performance. This may be particularly important when consid-
ering frontal lobe epilepsy, as the evidence presented suggests it to be particularly diffi-
cult to control and as a consequence may result in greater use of increased doses of med-
ication. However, all participants in this study were on medication within the quoted
“therapeutic” range and showed no signs of antiepileptic medication intoxication at the
time of assessment. It was thus hoped that any impairment noted was not a consequence
of different levels of antiepileptic medication.

Finally, the accurate diagnosis of frontal lobe epilepsy is not an easy one (Bancaud &
Talairach, 1992). Although there may be evidence of a focus within the frontal region
and the seizure behaviours may support this, the actual focus could be some distance
away, with epileptic activity being propagated by subcortical or cortical structures. Al-
though care was taken in this study to document the participant’s area of epileptic activ-
ity precisely, given the difficulties in assessing frontal lobe epilepsy and the points previ-
ously outlined, the results need to be replicated in a nonepilepsy sample. It may be that
generalisation from an epilepsy sample to other patient populations may be difficult.

Furthermore, although the original sample was relatively large, once this was divided
by frontal region and lateralisation the number of participants in the specific groups be-
came small. Consequently, subtle deficits may not have been revealed. Indeed, examina-
tion of some of the results reveals a relatively large variance in some of the ANOVA in-
teraction cells that consequently may have obscured more moderate, although
nevertheless important, differences.

With these caveats in mind, however, the Twenty Questions task does appear to pro-
vide a great deal of information, and different cortical deficits may account for differen-
tial problems with strategy choice, use of feedback, and impulsivity. Further investiga-
tions, ideally with different participant populations, are needed to further illuminate the
sensitivity of the task and potential clinical utility and ultimately to assist in the further
development of theories of frontal lobe functioning (Grafman, 1990).
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