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Abstract

Objective: Two studies were performed to assess both divergent and convergent thinking in adults with ADHD. 
Method: The first study compared the problem-solving abilities of healthy participants (N = 144) and unmedicated adults 
with ADHD (N = 144). In the second study, problem-solving abilities of adults with diagnosed ADHD (N = 22) were 
examined twice, that is, on and off methylphenidate (MPH), and compared with the performance of a healthy control group 
(N = 22). Convergent thinking was measured using a Tower of London task, whereas divergent thinking was assessed using 
verbal fluency tasks. Results: Adults with ADHD off MPH displayed marked deficits of both divergent and convergent 
thinking. MPH treatment resulted in a marked improvement of convergent thinking, while no effect of medication was found 
regarding divergent thinking. Conclusion: Pharmacological treatment of adults with ADHD revealed a differential effect of 
MPH on problem solving abilities. (J. of Att. Dis. 2011; 15(2) 161-173)
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Neuropsychological assessment of children and adults with 
ADHD has demonstrated that the behavioral problems dis-
played by patients with ADHD are similar to the problems 
of patients with acquired lesions of the frontal lobes 
(Benson, 1991; Boucugnani & Jones, 1989). Therefore, the 
concept of executive dysfunctioning as the underlying defi-
cit of the cognitive and behavioral disturbances associated 
with ADHD has received particular attention in recent years 
(Williams, Wright, & Partridge, 1999). The assumption of 
an executive function deficit in ADHD was supported by 
the findings of neuroimaging studies. These studies revealed 
that anomalies of prefrontal cortical regions and the basal 
ganglia represent neuroanatomical substrates of ADHD 
(Casey et al., 1997; Castellanos et al., 1996; Filipek et al., 
1997; Hynd et al., 1993; Lou, Henriksen, & Bruhn, 1984; 
Vaidya et al., 1998). However, alterations of other brain 
regions including cerebellar, subcortical, and cortical areas 
were also reported (Castellanos et al., 1996; Filipek et al., 
1997; Hynd, Semrud-Clikeman, Lorys, Novey, & Eliopulos, 
1990; Singer et al., 1993; Zametkin et al., 1990, 1993). 
Furthermore, the findings of genetic research (Cook et al., 
1995; LaHoste et al., 1996) and neurochemical studies 
(Barkley, 1998; DuPaul, Barkley, & Connor, 1998; 
Mercugliano, 1995) indicating anomalies of the dopaminer-
gic, noradrenergic, and frontostriatal system were also in 
accord with the assumption of an executive function deficit 
in ADHD. Psychometric assessments have demonstrated 

that, in comparison to healthy adults, adult patients with 
ADHD display deficiencies of various functions which 
have been associated with the frontal lobes. These include 
attention, working memory, concept formation, impulsiv-
ity, and shifting (Arcia & Gualtieri, 1994; Boonstra, 
Oosterlaan, Sergeant, & Buitelaar, 2005; Corbett & Stanc-
zak, 1999; Dinn, Robbins, & Harris, 2001; Epstein, Johnson, 
Varia, & Conners, 2001; Holdnack, Moberg, Arnold, Gur, & 
Gur, 1995; Hollingsworth, McAuliffe, & Knowlton, 2001; 
Hopkins, Perlman, Hechtman, & Weiss, 1979; Horton, 
1996; Johnson et al., 2001; Klee, Garfinkel, & Beauchesne, 
1986; Kovner et al., 1998; Lovejoy et al., 1999; Silverstein, 
Como, Palumbo, West, & Osborn, 1995; Tucha et al., 2006; 
Walker, Shores, Trollor, Lee, & Sachdev, 2000). However, 
problem-solving abilities of adults with ADHD have not been 
examined in detail.

The limited number of studies examining problem solv-
ing abilities in adults with ADHD unfortunately focused 
only on single aspects of problem solving, such as verbal 
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fluency functions (Dinn et al., 2001; Jenkins et al., 1998; 
Johnson et al., 2001; Lovejoy et al., 1999; Riccio, Wolfe, 
Romine, Davis, & Sullivan, 2004; Tucha et al., 2005; 
Walker et al., 2000; Weyandt, Rice, Linterman, Mitzlaff, & 
Emert, 1998). Furthermore, these studies have failed to 
describe the basis and classification of the measures used 
and their relationship to models of problem solving. This is 
surprising considering that tests of problem solving have 
been shown to be particularly sensitive measures for the 
detection of cognitive impairments of patients suffering 
from alterations of central dopaminergic neurotransmission 
such as Parkinson’s disease (Berg et al., 1999; Hanes, 
Andrewes, Smith, & Pantelis, 1996; Hodgson, Tiesman, 
Owen, & Kennard, 2002; Lange et al., 1992, 2003; Lange, 
Paul, Naumann, & Gsell, 1995; Morris et al., 1988; Owen 
et al., 1992, 1995; Pantelis et al., 1997; Robbins et al., 1994; 
Ruprecht-Dorfler et al., 2003).

Cognitive models describe problem solving as a process 
to attain a goal. However, there is no immediately apparent 
approach to solve the problem. In order to attain the goal, 
obstacles have to be surmounted (Smith & Kosslyn, 2007). 
Problem solving is a purposeful process that requires a 
number of interrelated skills including the identification of 
the problem definition, the ability to break a problem into 
components, the generation of proper solution strategies, 
the selection of an appropriate strategy, the consistent exe-
cution of the selected strategy, the monitoring of one’s 
behavior in relation to the desired goal, the evaluation of 
one’s final performance and, provided it is necessary, the 
modification of the solution process (Ben-Yishay & Diller, 
1983; Cramon & Matthes-von Cramon, 1993; Goel, Grafman, 
Tajik, Gana, & Danto, 1997; Lezak, Howieson, & Loring, 
2004; Lüer & Spada, 1992; Luria, 1973; Rowe, 1985; Smith & 
Kosslyn, 2007; Sternberg, 1985; Sternberg, Conway, Ketron, 
& Bernstein, 1981).

In principle, open problems and closed problems can be 
distinguished. An open problem is a problem in which nei-
ther the goal state nor the solution approach are clearly 
defined (Krampen, 1993). The solution of such tasks requires 
divergent thinking, that is, a fluent and original process of 
problem solving aiming for the production of as many 
appropriate solutions as possible (König, 1986). In the neu-
ropsychological assessment of divergent thinking, verbal 
fluency tasks (known also as generative naming tasks) are 
usually used (Lezak et al., 2004). Verbal fluency tasks can 
be divided into phonemic and semantic tasks as well as 
single and alternate tasks.

Closed problems are problems in which both the initial 
state and the goal state are clearly defined. The goal state 
can only be achieved by a certain solution (Krampen, 1993). 
The necessary actions and constraining rules are known. The 
solution of closed problems requires an unimpaired conver-
gent thinking, that is, concluding thinking (König, 1986). 

While divergent thinking is characterized by heuristic 
approaches (i.e., single and efficient rules that were derived 
from experience and which have no guarantee of appropri-
ateness), convergent thinking is characterized by algorithmic 
approaches (i.e., a step-by-step procedure that guarantees a 
solution of a problem under the condition that the algo-
rithm is appropriate and executed properly; Amabile, 
1983). In the neuropsychological assessment of conver-
gent thinking, tasks were adopted that were designed by 
cognitive psychologists to examine artificial intelligence 
(Grafman, 1999; Robbins et al., 1998; Shallice, 1982; Stuss 
& Benson, 1986) including transformation tasks such as the 
Tower of Hanoi (Simon, 1975) or the Tower of London 
tasks (Shallice, 1982).

On the basis of these theoretical considerations, the pres-
ent study examines both divergent and convergent thinking 
in adults with ADHD. In adults with ADHD, beneficial 
effects of methylphenidate (MPH) have been shown on cog-
nitive functioning including attentional functions (Tucha 
et al., 2006), inhibition (Aron, Dowson, Sahakian, & 
Robbins, 2003), distractibility (Riordan et al., 1999) and 
working memory (Mehta, Calloway, & Sahakian, 2000; 
Schweitzer et al., 2004; Turner, Blackwell, Dowson, 
McLean, & Sahakian, 2005). However, the effect of stimu-
lant drug treatment on problem-solving abilities has not yet 
been examined in detail. The present study has therefore 
assessed problem solving in adults with ADHD and the 
effect of individually tailored doses of stimulant drug treat-
ment on these functions.

Study I
Method

Participants. A total of 144 adult patients with ADHD par-
ticipated in the present study. One hundred and eighteen 
patients were self-referred and 26 patients were referred 
from local psychiatrists or neurologists to the Department of 
Psychiatry, University of Regensburg, Germany. All patients 
met the Diagnostic and Statistical Manual of Mental Dis-
orders (4th ed., DSM-IV) criteria for ADHD devised by 
Barkley and Murphy (1998) which includes the retrospec-
tive diagnosis of an ADHD in childhood (DSM-IV criteria) 
and current symptoms. Patients were selected according to 
age, diagnosis, intellectual functions (IQ), and willingness 
to participate in the study. Patients who were younger than 
18 years of age, who had intelligence quotient (IQ) values 
below 85 and participants with another Axis I diagnosis 
were excluded from the study. None of the patients had pre-
viously been diagnosed with ADHD or received stimulant 
therapy at any time in the past. All patients were unmedi-
cated at the time of participation. Forty-eight patients met 
DSM-IV criteria for ADHD—predominantly inattentive 
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type, 15 patients met criteria for ADHD—predominantly 
hyperactive-impulsive type and 81 patients met criteria for 
ADHD—combined type.

Furthermore, 144 healthy adult participants were 
assessed. None of the healthy participants had a history of 
neurological or psychiatric disease. Healthy participants 
were recruited from the local community. At the time of the 
study no participant was taking any medication known to 
affect the central nervous system. Demographic characteris-
tics of groups are presented in Table 1. The groups did not 
differ in sex, age (Mann-Whitney U test: Z = –0.97, p = 
.332), education level (Z = –1.17, p = .241), intellectual 
functions (Z = –0.30, p = .768), processing speed (Z = –1.20, 
p = .232), and simple reaction time (Z = –1.62, p = .105). 
Intellectual functions were measured using the Multiple 
Choice Vocabulary Test (Lehrl, Triebig, & Fischer, 1995). 
This test consists of 37 lines, each comprising of one authen-
tic word and four fictitious words. The participant is required 
to find the authentic word by underlying it. The Multiple 
Choice Vocabulary Test is a valid and short test procedure 
which provides a measure for intellectual functioning. Pro-
cessing speed was assessed using Part A of the Trail making 
test (Reitan, 1958; Spreen & Strauss, 1991) which requires 
participants to connect a series of digits placed in random 
order on a sheet of paper in ascending order. In the simple 
reaction time task, participants were asked to respond by 
pressing a button when a visual stimulus (a cross of about 
1.2 by 1.8 cm) appeared on a computer screen. A total of 
20 trials were undertaken. A measure of arousal (tonic alert-
ness) was calculated on the basis of the participant’s simple 
reaction time (Zimmermann & Fimm, 1993, 2002). Prior 
to neuropsychological assessment all participants gave 
informed consent to participate in the study.
Methods and Procedure. All participants underwent 
neuropsychological assessment of divergent and conver-
gent thinking. For the assessment of divergent thinking 
(solving of open problems) four tests of verbal fluency were 

performed, including a single and an alternate phonemic 
verbal fluency task as well as a single and an alternate seman-
tic verbal fluency task (Aschenbrenner, Tucha, & Lange, 
2000). Convergent thinking (solving of closed problems) 
was measured by using a Tower of London task (TOL; 
Tucha & Lange, 2004). Functions and neuropsychological 
test measures are presented in Table 2.

Divergent thinking. On the single phonemic verbal flu-
ency task (S-Word Test), which is similar to the Controlled 
Oral Word Association Test (Benton, Hamsher, & Sivan, 
1989), the participants were asked to produce, within 2 min-
utes, as many different words as possible beginning with 
the letter “S”. Names (e.g., “Steve, Stockholm, Sweden”), 
words beginning with another letter, nonexistent or foreign-
language expressions, words with the same stem (e.g., 
“sport, sport ground, sport badge”) and perseverations of 
words already given as a response were regarded as rule 
violations (Aschenbrenner et al., 2000).

The single semantic verbal fluency task (Animal Test) 
required participants to name as many animals as possible 
within 2 minutes. Words which were not identifiable as 
animal names and perseverations of words were considered 
as rule violations (Aschenbrenner et al., 2000).

The alternate phonemic fluency task (H/T-Word Test) 
required participants to alternate between words beginning 
with the letter “H” and words beginning with the letter “T”. 
Names, words beginning with another letter, nonexistent or 
foreign-language expressions, words with the same stem, 
perseverations of words already given as a response and per-
severations of words beginning with the same letter (e.g., two 

Table 1. Characteristics (M ± SEM) of Adult Patients With 
ADHD and Healthy Participants (Study I)

	 Healthy	 Patients 
	 Participantsa	 With ADHDa

Sex (female / male)	 60 / 84	 60 / 84
Age (in years)	 36.0 ± 1.1	 33.8 ± 0.9
Education (in years)	 10.7 ± 0.2	 10.4 ± 0.2
Intellectual functions (IQ)b	 112.8 ± 1.2	 111.9 ± 1.2
Processing speed (in s)c	 26.9 ± 0.8	 27.8 ± 0.8
Arousal (in ms)d	 236.5 ± 3.5	 244.7 ± 4.4

a. N = 144.
b. Multiple choice vocabulary test (Lehrl, Triebig, & Fischer, 1995).
c.  Trail making test—Part A (Reitan, 1958).
d.   Alertness task (Zimmermann & Fimm, 1993).

Table 2. Neuropsychological Test Battery (Study I and Study II)

Function	 Measure	

Intellectual	 Multiple choice	 Lehrl, Triebig, and 
  functions	   vocabulary test	   Fischer (1995)
Processing	 Trail making	 Reitan (1958) 
  speed	   test—Part A
Arousal	 Alertness task	 Zimmermann and 
		    Fimm (1993)
Divergent thinking

Single phonemic	 S-word test	 Aschenbrenner,  
  verbal fluency		   Tucha, and 
		    Lange (2000)
Alternate	 H/T-word test	 Aschenbrenner 
  phonemic		    et al. (2000) 
  verbal fluency
Single semantic	 Animal test	 Aschenbrenner 
  verbal fluency		    et al. (2000)
Alternate	 Sport/fruit test	 Aschenbrenner 
  semantic		    et al. (2000) 
  verbal fluency
Convergent	 Tower of London	 Tucha and 
  thinking	   task	   Lange (2004)
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subsequent words beginning with the letter “H”) were con-
sidered as rule violations (Aschenbrenner et al., 2000).

On the alternate semantic fluency task (Sport/Fruit Test) 
participants were asked to alternate between sports and 
fruits. Words which were not identifiable as sport or fruit 
names, perseverations of words already given as a response 
and perseverations of words belonging to the same semantic 
category (e.g., two subsequent words denoting fruits) were 
considered as rule violations (Aschenbrenner et al., 2000).

All fluency tasks were performed for 2 minutes. All words 
named by the participant were recorded by the examiner.

Convergent thinking. In the TOL (Tucha & Lange, 2004), 
three differently colored balls are arranged on a board with 
three vertical pegs of different lengths. The task requires the 
subject to move the balls from a start position to a target 
position which is presented as a drawing. The participants 
were requested to change the start position to the target 
position using the minimal number of moves which is spec-
ified by the examiner. The task used in the present study 
consisted of 20 problems with a level of difficulty ranging 
from three to six moves. Each level of difficulty had five 
problems. Only one ball could be moved at a time and once 
a ball had been taken off a peg, it had to be placed on another 
peg. Participants were encouraged not to make the first 
move until they were confident that they could execute the 
entire sequence needed to solve the problem. The number 
of problems solved using the minimal number of moves and 
the initial planning time were recorded.
Data Analysis. Statistical analysis was performed using 
the Mann-Whitney U test. An alpha level of .05 was applied 
for statistical analysis. All statistical analyses were carried 
out using SPSS 14.0. Furthermore, effect sizes for group 
differences were computed. While the significance criterion 
represents the standard measure for analyzing whether a 
phenomenon exists, the effect size refers to the magnitude 
or the importance of effects. Following Cohen’s (1988) 
guidelines for interpreting effect sizes, negligible effects 
(d < 0.2), small effects (d > 0.2), medium effects (d > 0.5) 
and large effects (d > 0.8) were distinguished (Bezeau & 
Graves, 2001; Zakzanis, 2001).

Results
In all verbal fluency tasks performed, adults with ADHD 
generated fewer correct answers than healthy participants 
(single phonemic verbal fluency task: Z = –5.48, p < .001; 
alternate phonemic verbal fluency task: Z = –6.62, p < .001; 
single semantic verbal fluency task: Z = –3.90, p < .001; alter-
nate semantic verbal fluency task: Z = –4.29, p < .001). 
According to Cohen (1988), these differences represent 
medium to large effects. Neuropsychological test perfor-
mance and effect sizes for group differences are presented 
in Table 3. The analysis of rule violations (alternate 

phonemic verbal fluency task: Z = –1.05, p = .292; single 
semantic verbal fluency task: Z = –0.93, p = .354; alternate 
semantic verbal fluency task: Z = –1.06, p = .288) showed 
no statistically significant differences between groups with 
the exception of a significant difference in the single phone-
mic verbal fluency task (Z = –2.21, p = .027). In the latter 
task, adults with ADHD displayed an increased number of 
rule violations. However, the analysis of effect sizes revealed 
only small to negligible differences. Furthermore, in the 
(TOL) ADHD patients solved significantly fewer problems 
in the minimal number of moves than healthy participants. 
While no difference between groups was found in the 
3-move problems (Z = –1.44, p = .151), significant differ-
ences were observed regarding the 4-move problems (Z = 
–2.06, p = .039), 5-move problems (Z = –3.92, p < .001), 
and 6-move problems (Z = –3.46, p = .001) as well as the 
overall performance (Z = –4.51, p < .001). The underlying 
effect sizes were small to medium. No differences and only 
negligible to small effect sizes were found with regard to 

Table 3. Neuropsychological Test Results (M ± SEM) of Healthy 
Participants and Patients With ADHD (Study I)

	 Healthy	 Patients	 Effect 
	 Participantsa	 With ADHDa	 Size (d)

Divergent thinking
Single phonemic verbal fluency (S-word test)

Correct answers	 25.4 ± 0.5	 20.8 ± 0.6*	 0.8
Rule violations	 0.9 ± 0.1	 1.4 ± 0.2**	 0.4

Alternate phonemic verbal fluency (H/T-word test)
Correct answers	 23.7 ± 0.5	 18.7 ± 0.5*	 0.9
Rule violations	 1.0 ± 0.1	 1.4 ± 0.2	 0.3

Single semantic verbal fluency (animal test)
Correct answers	 38.9 ± 0.7	 34.5 ± 0.7*	 0.5
Rule violations	 0.4 ± 0.1	 0.4 ± 0.1	 0.1

Alternate semantic verbal fluency (sport/fruit test)
Correct answers	 24.1 ± 0.3	 21.8 ± 0.4*	 0.6
Rule violations	 0.4 ± 0.1	 0.5 ± 0.1	 0.1

Convergent thinking (Tower of London task)
Overall performance

Correct solutions	 16.4 ± 0.2	 14.9 ± 0.2*	 0.6
Planning time (in s)	 9.0 ± 0.5	 8.0 ± 0.4	 0.2

3-move problems			 
Correct solutions	 4.9 ± 0.0	 4.8 ± 0.0	 0.2
Planning time (in s)	 3.7 ± 0.2	 3.8 ± 0.2	 0.1

4-move problems			 
Correct solutions	 4.1 ± 0.1	 3.8 ± 0.1**	 0.3
Planning time (in s)	 6.8 ± 0.4	 6.3 ± 0.3	 0.1

5-move problems			 
Correct solutions	 3.7 ± 0.1	 3.3 ± 0.1*	 0.4
Planning time (in s)	 10.6 ± 0.6	 10.2 ± 0.7	 0.1

6-move problems
Correct solutions	 3.4 ± 0.1	 2.9 ± 0.1*	 0.5
Planning time (in s)	 17.1 ± 1.2	 14.8 ± 1.0	 0.2

a. N = 144.
*p < .01. **p < .05.
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the initial planning time (3-move problems: Z = –1.21, p = 
.226; 4-move problems: Z = –0.20, p = .840; 5-move prob-
lems: Z = –0.71, p = .477; 6-move problems: Z = –1.51, p = 
.131; overall performance: Z = –1.36, p =.174).

Study II
Method

Participants. Patients with ADHD and healthy participants 
met the same inclusion and exclusion criteria as described 
in Study I. Twenty-two adult patients with ADHD and 
22 healthy adults participated in the study. The study used a 
cross-over design in which patients with ADHD were 
assessed both on and off MPH treatment. In the first test ses-
sion, 14 patients were tested off stimulant medication and 
8 patients on stimulant medication. Adults with ADHD 
received individually tailored and clinically appropriate 
doses of MPH with a mean total dose of 24 mg per day, with 
individual total doses ranging from 10 to 45 mg. None of the 
patients was taking concurrent psychotropic medications 
(e.g., antidepressants) at the time of the study. In the 
medication condition, neuropsychological assessment was 
performed approximately one hour after administration of 
the medication. When patients were tested off stimulant 
medication, the time to the last medication was at least 
18 hours. The time period between testing and retesting was on 
average 20.8 weeks (SEM = 4.4 weeks). One patient met cri-
teria for ADHD—predominantly hyperactive-impulsive type, 
9 patients met DSM-IV criteria for ADHD—predominantly 
inattentive type and 12 patients met criteria for ADHD—
combined type. According to self-reports and psychometric 
assessments of vigilance (data not shown), patients were 
responding favorably to the medication. Demographic char-
acteristics of groups are presented in Table 4. Patients did 
not differ from healthy participants in sex, age (Z = –0.42, 
p = .672), education level (Z = –0.27, p = .790) and intel-
lectual functions (Z = –0.57, p = .571). In addition, the 
groups did not differ regarding processing speed (ADHD 
patients off MPH versus healthy participants: Z = –0.33, p = 
.742; ADHD patients on MPH versus healthy participants: 
Z = –0.64, p = .525) and simple reaction time (ADHD 
patients off MPH versus healthy participants: Z = –0.86, 
p = .392; ADHD patients on MPH versus healthy partici-
pants: Z = –0.01, p = .991). Prior to neuropsychological 
assessment all participants gave written consent to the study.
Methods and Procedure. All participants were tested 
with the test battery described in Study I (Table 2).
Data Analysis. Statistical comparisons between healthy 
participants and patients with ADHD were performed using 
the Mann-Whitney U test. Comparisons between patients’ 
test performance while on and off medication were per-
formed using the Wilcoxon’s test. Furthermore, effect sizes 

for differences between paired observations were computed. 
For statistical analysis an alpha level of .05 was applied. All 
statistical analyses were carried out using SPSS 14.0.

Results
Comparisons between adults with ADHD off MPH treatment 

and healthy participants. The results of the present study 
(Table 5) confirm the findings of Study I. Patients with 
ADHD produced significantly fewer correct answers in all 
four verbal fluency tasks than healthy participants (single 
phonemic verbal fluency task: Z = –3.26, p = .001; alternate 
phonemic verbal fluency task: Z = –3.10, p = .002;
single semantic verbal fluency task: Z = –2.49, p = .013; alter-
nate semantic verbal fluency task: Z = –2.12, p = .034). These 
differences represent medium to large effects (Table 6). With 
regard to the number of rule violations, no significant differ-
ences were found between groups (single phonemic verbal 
fluency task: Z = –1.06, p = .290; alternate phonemic verbal 
fluency task: Z = –1.64, p = .100; single semantic verbal flu-
ency task: Z = –0.93; p = .353; alternate semantic verbal 
fluency task: Z = –1.68, p = .094). The analysis of effect sizes 
revealed primarily medium to large differences indicating 
that ADHD patients made more rule violations than healthy 
participants. Furthermore, ADHD patients off MPH differed 
significantly from healthy participants with regard to their 
performance in the Tower of London task. Patients with 
ADHD solved significantly fewer 5-move problems (Z = 
–3.91, p = .001) and 6-move problems (Z = –2.66, p = .008) 
than healthy participants. Their overall performance regard-
ing the number of problems solved in the minimal number of 
moves was also significantly reduced (Z = –3.05, p = .002). 
These differences were of large size. No group differences 
were found in the number of correct solutions of 3-move prob-
lems (Z = –0.83, p = .408) and 4-move problems (Z = –1.66, 

Table 4. Characteristics (M ± SEM) of Healthy Participants and 
Adults With ADHD (Study II)

	 Healthy	  
	 Participantsa	 Patients With ADHDa

Sex (female / male)	 7 / 15	 7 / 15
Age (in years)	 35.1 ± 2.9	 32.4 ± 1.7
Education (in years)	 10.7 ± 0.4	 10.6 ± 0.4
Intellectual	 110.8 ± 2.8	 112.5 ± 3.0
  functions (IQ)b

		  off MPH	 on MPH
Processing speed	 25.9 ± 2.0	 26.1 ± 1.9	 23.1 ± 1.7
  (in s)c

Arousal (in ms)d	 225.6 ± 6.1	 240.8 ± 11.6	 229.1 ± 9.1

a. N = 22.
b. Multiple choice vocabulary test (Lehrl, Triebig, & Fischer, 1995).
c. Trail making test—Part A (Reitan, 1958).
d. Alertness task (Zimmermann & Fimm, 1993).
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p = .096). The underlying effect sizes were small. No differ-
ences and only small effect sizes were found with regard to 
the initial planning time (3-move problems: Z = –0.65, p = 
.518; 4-move problems: Z = –0.68, p = .496; 5-move prob-
lems: Z = –0.65, p = .518; 6-move problems: Z = –1.22, p = 
.222; overall performance: Z = –1.46, p =.146).

Comparisons between adults with ADHD off and on MPH 
treatment. MPH treatment of adults with ADHD had no sig-
nificant effect on both the number of correct answers (single 
phonemic verbal fluency task: Z = –1.43, p = .152; alter-
nate phonemic verbal fluency task: Z = –1.73, p = .083; 
single semantic verbal fluency task: Z = –0.38, p = .705; 
alternate semantic verbal fluency task: Z = –1.56, p = .875) 
and the number of rule violations (single phonemic verbal 
fluency task: Z = 0.00, p = 1.000; alternate phonemic verbal 
fluency task: Z = –0.07, p = .948; single semantic verbal flu-
ency task: Z = –0.47, p = .638; alternate semantic verbal 

fluency task: Z = –0.52, p = .600) in the verbal fluency tasks. 
The differences between conditions regarding the number of 
correct answers represented negligible effects, while negli-
gible to medium effects were found in the number of rule 
violations. However, MPH treatment of ADHD patients 
resulted in significant improvements of the patients’ perfor-
mance in the TOL as indicated by both a decrease in planning 
time during the 3-move problems (Z = –2.66, p = .008) and 
an increase in the number of problems solved in the minimal 
number of moves (4-move problems: Z = –2.06, p = .040; 
5-move problems: Z = –2.04, p = .042; 6-move problems: 
Z = –2.17, p = .030; overall performance: Z = –3.06,
p =.002). These differences represented medium to large 
effects. No differences and only negligible to small effect 
sizes were found in the number of 3-move problems solved 
(Z = –1.13, p = .257) and in the remaining measures of initial 
planning time (4-move problems: Z = –1.06, p = .291; 

Table 5. Neuropsychological Test Results (M ± SEM) of Healthy Participants and Patients With ADHD (Study II)

	 Patients With ADHDa

	 Healthy Participantsa	 Off MPH	 On MPH

Divergent thinking			 
Single phonemic verbal fluency (S-word test)

Correct answers	 26.9 ± 1.5	 19.5 ± 1.2*	 21.6 ± 1.7**
Rule violations	 0.6 ± 0.2	 1.3 ± 0.4	 1.2 ± 0.3

Alternate phonemic verbal fluency (H/T-word test)	
Correct answers	 25.3 ± 1.3	 18.3 ± 1.6*	 18.9 ± 1.5*
Rule violations	 0.9 ± 0.2	 1.6 ± 0.3	 0.9 ± 0.2

Single semantic verbal fluency (animal test)			 
Correct answers	 39.8 ± 1.4	 34.4 ± 1.5**	 33.4 ± 1.5**
Rule violations	 0.4 ± 0.1	 0.3 ± 0.1	 0.3 ± 0.1

Alternate semantic verbal fluency (sport/fruit test)	
Correct answers	 25.6 ± 1.1	 22.3 ± 1.1**	 22.5 ± 0.9**
Rule violations	 0.2 ± 0.1	 0.5 ± 0.1	 0.5 ± 0.2

Convergent thinking (Tower of London task)		
Overall performance			 

Correct solutions	 17.0 ± 0.6	 14.8 ± 0.4*	 16.7 ± 0.3***
Planning time (in s)	 8.5 ± 0.9	 7.1 ± 0.8	 8.0 ± 0.7 

3-move problems			 
Correct solutions	 4.9 ± 0.1	 4.8 ± 0.1	 4.9 ± 0.1
Planning time (in s)	 3.5 ± 0.4	 2.9 ± 0.2	 3.8 ± 0.3***

4-move problems			 
Correct solutions	 4.3 ± 0.2	 4.0 ± 1.5	 4.5 ± 0.1†

Planning time (in s)	 6.1 ± 0.7	 5.6 ± 0.7	 6.5 ± 0.5
5-move problems			 

Correct solutions	 4.1 ± 0.2	 3.1 ± 0.2*	 3.9 ± 0.3†

Planning time (in s)	 9.7 ± 1.5	 8.4 ± 1.1	 9.5 ± 1.0
6-move problems			 

Correct solutions	 3.9 ± 0.2	 2.9 ± 0.2*	 3.4 ± 0.2†

Planning time (in s)	 16.5 ± 2.0	 13.9 ± 2.1	 14.6 ± 1.8

a. N = 22.
*p < .01.**p < .05 compared with healthy participants; ***p < .01. †p < .05; compared with ADHD patients off MPH.
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5-move problems: Z = –1.22, p = .223; 6-move problems:
Z = –0.47, p = .638; overall performance: Z = –1.32, p =.189).

Comparisons between adults with ADHD on MPH treat-
ment and healthy participants. On MPH, adults with ADHD 
generated significantly fewer correct answers in the verbal 
fluency tasks than healthy participants (single phonemic 
verbal fluency task: Z = –2.36, p = .018; alternate phone-
mic verbal fluency task: Z = –2.87, p = .004; single semantic 
verbal fluency task: Z = –2.54; p = .011; alternate semantic 
verbal fluency task: Z = –2.04, p = .042). The underlying 
differences were of medium to large size. No differences 
were found between groups in the number of rule viola-
tions (single phonemic verbal fluency task: Z = –1.54, p = 
.124; alternate phonemic verbal fluency task: Z = –0.37,
p = .715; single semantic verbal fluency task: Z = –0.60; p = 
.547; alternate semantic verbal fluency task: Z = –1.44, p = 
.149). However, both a large effect in the number of rule 
violations in the single phonemic verbal fluency task, 
and a medium effect concerning the number of rule viola-
tions in the alternate semantic verbal fluency task, indicated 

that patients with ADHD experienced difficulties in 
divergent thinking. The remaining differences were of 
negligible size. With regard to the Tower of London task, 
there was neither a significant difference between groups 
in the number of correct solutions (3-move problems: Z = 
–0.47, p = .962; 4-move problems: Z = –0.67, p = .503; 
5-move problems: Z = –0.46, p = .647; 6-move problems: 
Z = –1.49, p = .137; overall performance: Z = –1.06, p = 
.289) nor in the initial planning time (3-move problems: 
Z = –1.27, p = .204; 4-move problems: Z = –1.09, p = 
.275; 5-move problems: Z = –0.88, p = .379; 6-move 
problems: Z = –0.94, p = .348; overall performance: Z = 
–0.16, p = .869). The effects between patients and
healthy participants represented only negligible to small 
differences.

Discussion
The present studies revealed that adult patients with ADHD 
off MPH displayed marked deficits of both divergent and 

Table 6. Effect Sizes (d) for Group Differences (Study II)

	 Healthy Participants	 Patients With ADHD	 Healthy participants 
	 Versus Patients	 off MPH Versus Patients	 Versus Patients 
	 With ADHD off MPH	 With ADHD on MPH	 With ADHD on MPH

Divergent thinking			 
Single phonemic verbal fluency (S-word test)			 

Correct answers	 1.1	 0.1	 0.8
Rule violations	 1.0	 0.3	 0.8

Alternate phonemic verbal fluency (H/T-word test)			 
Correct answers	 1.2	 0.1	 1.1
Rule violations	 0.6	 0.6	 0.1

Single semantic verbal fluency (animal test)			 
Correct answers	 0.7	 0.1	 1.0
Rule violations	 0.1	 0.1	 0.1

Alternate semantic verbal fluency (sport/fruit test)			 
Correct answers	 0.6	 0.0	 0.6
Rule violations	 0.6	 0.0	 0.6

Convergent thinking (Tower of London task)			 
Overall performance			 

Correct solutions	 0.9	 0.8	 0.2
Planning time	 0.3	 0.3	 0.1

3-move problems			 
Correct solutions	 0.2	 0.3	 0.1
Planning time	 0.3	 0.5	 0.1

4-move problems			 
Correct solutions	 0.3	 0.5	 0.2
Planning time	 0.2	 0.3	 0.1

5-move problems			 
Correct solutions	 1.0	 0.9	 0.3
Planning time	 0.2	 0.2	 0.0

6-move problems			 
Correct solutions	 0.9	 0.7	 0.4
Planning time	 0.3	 0.1	 0.2
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convergent thinking indicating a considerable impairment 
of problem-solving abilities. The findings concerning diver-
gent thinking confirm the literature stating that adults with 
ADHD off stimulant medication generate fewer answers on 
verbal fluency tasks than healthy participants (Boonstra 
et al., 2005; Dinn et al., 2001; Jenkins et al., 1998; Lovejoy 
et al., 1999; Tucha et al., 2005; Walker et al., 2000). Fur-
thermore, previous studies also found that the number of 
rule violations on fluency tasks is a less sensitive measure 
for the differentiation of ADHD adults and healthy partici-
pants than the number of correct answers or the total output 
(Jenkins et al., 1998; Tucha et al., 2005). The small to large 
effects and in a particular test even a statistically significant 
difference concerning the number of rule violations, as 
observed in the present studies, should not be overinter-
preted. Although patients generally tended to produce more 
rule violations than healthy participants, rule violations 
were found to be only a rare phenomenon in both groups. 
Since the reliability of examinations based on the observa-
tion of short test scales and rare events is usually very small 
(Kline, 2000), the value of the observed differences in the 
number of rule violations is very limited. The small number 
of rule violations indicates that the patients’ disturbances 
on the verbal fluency tasks may probably result from a 
reduced productivity rather than a deficient processing. A 
reduction of productivity due to a general slowing in adults 
with ADHD could be excluded, since no differences in 
reaction time and processing speed were found to exist 
between groups. Furthermore, any influence of sex, age, 
education, and intellectual functions on fluency perfor-
mance as described in previous research (Bolla, Lindgren, 
Bonaccorsy, & Bleecker, 1990; DesRosiers & Kavanagh, 
1987; Lindenberger, Mayr, & Kliegl, 1993; Parkin & 
Lawrence, 1994; Salthouse, 1993; Troyer, 2000; Wiederholt 
et al., 1993) could be excluded since the groups did not 
differ in these variables.

The analysis of effect sizes for group differences (ADHD 
patients off medication vs. healthy participants) showed 
that the differences between groups in the phonemic verbal 
fluency tasks are more pronounced than the group differ-
ences in the semantic verbal fluency tasks. While in both 
studies of the present examination the differences between 
groups in the number of correct answers in the S-Word Test 
and H/T-Word Test were found to be large (0.8 to 1.1 and 
0.9 to 1.2, respectively), the differences in the Animal Test 
and Sport/Fruit Test were medium (0.5 to 0.7 and 0.6, 
respectively). Previous research demonstrated that there is a 
difference in difficulty between phonemic and semantic  
fluency tasks (Gurd & Ward, 1989; Lezak et al., 2004; 
Martin, Wiggs, Lalonde, & Mack, 1994; Pasquier, Lebert, 
Grymonprez, & Petit, 1995). In comparison to their perfor-
mance on phonemic verbal fluency tasks, healthy 
participants usually perform better on semantic verbal 

fluency tasks. This difference in performance may partially 
be explained by different strategies that can effectively be 
applied to the tasks, such as the generation of words within 
phonemic and semantic subcategories (clustering) and the 
flexible switching to new subcategories when a subcategory 
is exhausted (Troyer, 2000). Former studies indicate that per-
formance on phonemic fluency tasks is closely related to 
switching but not to clustering, while performance on seman-
tic fluency tasks seems to be influenced by both clustering 
and switching (Troyer, Moscovitch, & Winocur, 1997).

The present results also indicate that adult patients with 
ADHD off MPH differed significantly from healthy partici-
pants with regard to convergent thinking. Patients with 
ADHD off MPH solved significantly fewer problems in the 
TOL than healthy participants. In particular, patients dis-
played more severe difficulties in problems with a higher 
level of difficulty as defined by the number of moves 
required to solve a problem (5-move problems and 6-move 
problems). The analysis of effect sizes revealed small 
differences between groups in the initial planning time 
pointing to a reduced planning time in ADHD patients; 
however these differences did not reach significance. To 
date, the examination of Riccio and colleagues (2004) is 
the only available study in which convergent thinking of 
adults with ADHD off stimulant medication was assessed 
using a tower task. The authors used a computerized ver-
sion of the (TOL) as devised by Culbertson and Zillmer 
(1998) but found no significant differences between their 
patients with ADHD and both a healthy and a clinical con-
trol group. Those results do not contradict the present 
results since a nonrejection of the null hypothesis does not 
indicate that no differences exist in the population (Cohen, 
1988; Pedhazur & Schmelkin, 1991). Reasons why the 
study of Riccio and colleagues (2004) failed to find differ-
ences may include that the authors examined a smaller (N = 
34) and younger (mean age = 22.1 years of age) sample of 
adults with ADHD that they applied different diagnostic 
and recruitment criteria and that they used a different variant 
of the (TOL). In the TOL, various measures were registered 
including the number of total moves and time measures 
such as the initiation and the execution time. However, the 
number of problems solved in the minimum number of 
moves was not recorded.

Treatment of adults with ADHD using individually tai-
lored doses of MPH revealed a differential effect of MPH 
on problem-solving abilities. In comparison to their test 
performance while off MPH, adults with ADHD on MPH 
showed a marked improvement of convergent thinking. 
These MPH-induced improvements were not only signifi-
cant but also of medium to large size. Consequently, 
following MPH treatment adults with ADHD reached an 
undisturbed level of functioning with regard to convergent 
thinking. However, no effect of medication was found on 
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divergent thinking. Therefore, adults with ADHD still 
showed a considerable impairment of divergent thinking 
while on MPH treatment. While the effect of MPH on 
convergent thinking of adults with ADHD has not been 
examined yet, there is only one study examining the effect 
of MPH on divergent thinking. This study reported a sig-
nificant improvement of verbal fluency performance in 
eight patients with ADHD following MPH treatment 
(Kuperman et al., 2001). However, the value of this finding 
is very limited, not only because of the small sample size 
but also because of other methodological weaknesses, such 
as the lack of a healthy control group and the total lack of a 
description of the verbal fluency task used in the study.

The present results must be viewed in the context of some 
limitations. First, the sample sizes assessed in Study II were 
small (22 adults with a diagnosed ADHD and 22 healthy 
control participants). A second restriction of the study is 
that only laboratory measures were performed. Since labo-
ratory measures are usually designed to prove theoretical 
predictions under strict control of situational variables, con-
cerns regarding their ecological validity have been raised 
(Barkley, 1991). The ecological validity of a psychometric 
test represents the functional and predictive relationship 
between participants’ performance in a task and their normal 
behavior. Therefore, the results of adults with ADHD in 
laboratory measures may not accurately represent symp-
toms and problems associated with ADHD as they occur in 
natural settings such as the workplace.

In conclusion, although stimulant medication has been 
shown to be effective in the treatment of cognitive distur-
bances of adults with ADHD (Aron et al., 2003; Mehta et al., 
2000; Riordan et al., 1999; Schweitzer et al., 2004; Tucha 
et al., 2006; Turner et al., 2005), the strengths of psycho-
educational intervention or executive training programmes 
such as those developed for adults with acquired deficits of 
problem solving secondary to brain injury should also be 
considered as additional treatment options (Sohlberg & 
Mateer, 2001; Wasserstein & Lynn, 2001). In this respect it 
has to be considered that most of the everyday problems are 
open problems in which neither the final state (goal or target 
state) nor the solution approach are clearly defined, such as 
dealing with money, planning a career or establishing a rela-
tionship. Indeed, former studies have reported that adults 
with ADHD suffer from impaired social and sexual relation-
ships, impaired integration in working life, occupational 
problems, impaired leisure functioning, and problems in 
financial matters (Barkley, 2006; Faraone et al., 2000; 
McCann & Roy-Byrne, 2000; Wender, 1995; Wilens & 
Dodson, 2004). More recently, Biederman et al. (2006) 
found that adults with ADHD and deficits of executive func-
tioning display a lower academic and occupational outcome 
and a lower socioeconomic status than adults suffering from 
ADHD without deficits of executive functioning.
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