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Abstract—We investigated response activation and suppres-
sion processes in Parkinson’s disease patients with freezing
of gait (FOG). Fourteen freezers, 14 nonfreezers, and 14
matched healthy controls performed the attention network
task (ANT) and the Stroop task. The former task has more
stimulus–response overlap and is expected to elicit stronger
irrelevant response activation, requiring more inhibition.
Congruency effects were used as a general measure of con-
flict resolution. Supplementary reaction time (RT) distribution
analyses were utilized to calculate conditional accuracy func-
tions (CAFs) and delta plots to measure response activation
and suppression processes. In agreement with previous re-
search, freezers showed a general conflict resolution deficit
compared with nonfreezers and healthy controls. Moreover,
CAFs pointed to a strong initial incorrect response activation
in FOG. As expected, conflict resolution impairment was only
apparent in the ANT, and not in the Stroop task. These results
suggest an imbalance between automatic and controlled pro-
cesses in FOG, leading to a breakdown in both motor and
cognitive response control. © 2012 IBRO. Published by
Elsevier Ltd. All rights reserved.

Key words: response control, freezing of gait, Parkinson’s
disease, conflict resolution, ANT, Stroop task.

Parkinson’s disease (PD) is associated with a number of
prototypical cardinal motor features, such as tremor, rigid-
ity, bradykinesia, and postural instability (Jankovic, 2008).
In addition, major cognitive and affective disturbances are
frequently reported in PD. Both motor and non-motor def-
icits result from a loss of dopaminergic cells in the basal

*Correspondence to: J. Vandenbossche, Cognitive Psychology, Vrije
Universiteit Brussel, Pleinlaan 2, B-1050 Brussels, Belgium. Tel: �32-
0)2-629-14-26; fax: �32-(0)2-629-24-89.
-mail address: Jochen.Vandenbossche@vub.ac.be (J. Vandenboss-

che).
Abbreviations: ANOVA, analysis of variance; ANT, attention network
ask; CAF, conditional accuracy function; FOG, freezing of gait; FR,
reezers; HADS, hospital anxiety depression scales; HC, healthy con-
rols; M, mean; MMSE, mini mental state examination; NFOGQ, new
reezing of gait questionnaire; nFR, nonfreezers; PD, Parkinson’s dis-
ase; PPN, pedunculopontine nucleus; RT, reaction time; SCOPA-

OG, scale for outcomes in Parkinson’s disease cognition; SE, stan-
ard error of mean; UPDRS, unified Parkinson’s disease rating scale.

0306-4522/12 $36.00 © 2012 IBRO. Published by Elsevier Ltd. All rights reserved.
doi:10.1016/j.neuroscience.2011.12.048

1

ganglia, more specifically in the substantia nigra (Stocco et
al., 2010). Five major neural circuits have been distin-
guished, which establish a connection between the
basal ganglia and other projection areas. These path-
ways (motor, oculomotor, associative, limbic, and orbito-
frontal), which are all disrupted in PD, account for many
symptoms of the disease, as they are involved in a wide
variety of functions including movement, attention, and
learning (Obeso et al., 2008).

A common movement problem, with both motor and
cognitive components, is freezing of gait (FOG). FOG or
motor blocks can be defined as a sudden and episodic
inability to generate effective repetitive movements like
stepping (Giladi and Nieuwboer, 2008). FOG contributes to
the development of major disability and frequent falls, and
can be considered as an independent cardinal sign of PD
(Giladi et al., 2001). Giladi and Hausdorff (2006) described
events that are prone to increase the occurrence of FOG
episodes. According to these authors, these events can be
motor based (advanced PD motor symptoms like a disor-
dered step control), affective (depression, anxiety), or cog-
nitive (dual tasking) in nature, stressing the wide range of
triggers associated with FOG. Recently, Lewis and Barker
(2009) proposed a pathophysiological model, trying to link
FOG to motor, limbic, and cognitive brain loops. In this
model, dopamine depletion results in an over-activation of
the output nuclei in the substantia nigra, causing an inhi-
bition on both the thalamus and pedunculopontine nucleus
(PPN). This in turn impairs both ascending and descending
pathways to brain areas involved in motor, cognitive, and
limbic circuits. Increased limbic (stress or anxiety) and
cognitive demands (working memory load) can lead to an
over-activation of these circuits, resulting in sudden and
intense episodes of excessive activation of the output nu-
clei on thalamus and PPN, triggering FOG. Moreover, the
PPN and thalamus are also part of the cholinergic path-
way, presuming to induce visuospatial and mnemonic def-
icits (Kehagia et al., 2010). So the involvement of the PPN
could possibly be an important structure in understanding
both the motor and cognitive components of FOG.

In a recent review, Nutt and colleagues (2011) postu-
lated several hypotheses on the pathogenesis of FOG.
One possible explanation is that the central drive and
automaticity of movement is more affected in freezers
compared with nonfreezers. This is also the key logic
behind the current study: we expect freezers to be im-
paired in efficiently controlling automatic response activa-
tion, measured in congruency tasks, in comparison with
nonfreezers and healthy controls. Evidence is growing that

a variety of cognitive functions in PD patients with FOG are
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deteriorated. Generalized executive dysfunction, deficits in
cognitive flexibility, implicit learning impairment, and set-
shifting difficulties under temporal pressure were found to
be related to FOG (Amboni et al., 2008; Naismith et al.,
2010; Vandenbossche, Deroost, Soetens, et al., unpub-
lished observation). In a previous study (Vandenbossche
et al., 2011), we already observed that FOG was associ-
ated with a general conflict resolution deficit. Fronto-striatal
pathways (Beste et al., 2010) but also the neural pathways
involving the PPN (Lewis and Barker, 2009) could lead to
specific cognitive dysfunctions in PD. The current study
aimed to elucidate on the process of conflict resolution by
investigating response control in FOG patients. Response
control refers to the set of processes that result in control-
ling incorrect reflex-like behavioral responses. This was
studied by using two tasks, namely the Stroop task
(Stroop, 1935; for a review see MacLeod, 1991) and the
attention network test (ANT; Fan et al., 2002). In these
so-called congruency tasks, irrelevant information inter-
feres with relevant stimulus or response information. For
example, in a Stroop task, participants have to respond to
the color of the word (e.g. red, green, blue, or yellow) and
to ignore its meaning (also red, green, blue, or yellow). The
color and the meaning of the word can be identical (i.e.
congruent) or different (i.e. incongruent). Generally, re-
sponses are faster and more accurate for congruent than
for incongruent stimuli. A measure for conflict resolution is
then obtained by subtracting reaction times (RTs) in the
congruent condition from RTs in the incongruent condition.
The ANT, on the other hand, is a combination of the cued
reaction time task (Posner, 1980) and the flanker task
(Eriksen and Eriksen, 1974). It has been developed to
reliably test the efficiency of three attentional networks,
namely alerting, orienting, and executive control (Posner
and Rothbart, 2007). The executive-control network is a
congruency measure representing conflict resolution. Al-
though the attention networks are thought to be indepen-
dent from each other (Fan et al., 2002), interactions with
the executive-control network are sometimes observed
(Callejas et al., 2004). Although the manual Stroop task
has a number of potential sources of variance (e.g. per-
ceptual conflict and semantic interference) compared with
the ANT, a major difference is the level of stimulus–re-
sponse (S–R) overlap (Kornblum et al., 1990). An irrele-
ant left- or rightward arrow, as used in the ANT, will elicit
strong automatic response activation, especially when

esponses are made by pressing a left and right key be-
ause of stimulus–response compatibility. The Stroop
ask, on the other hand, can be categorized as a stimulus–
timulus conflict task, with a strong overlap between the
elevant stimulus (color of the word) and the irrelevant
timulus dimension (the word itself). Thus, in contrast with
he ANT, automatic response activation will be much
eaker in the manual Stroop task because the response
et (four keys on the keyboard) does not share features
ith the relevant stimulus dimension (color of the word).
herefore, in the present study, both tasks are used to
ctively manipulate automatic response activation in PD

atients and healthy controls. s
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The ANT and Stroop task can both be used to calculate
ongruency effects, reflecting conflict resolution. Congru-
ncy effects are generally explained by dual-processing
odels (e.g. de Jong et al., 1994; Eimer et al., 1995;
ornblum et al., 1999; Kornblum and Stevens, 2002; Rid-
erinkhof et al., 1995). In such models, relevant and irrel-
vant information are processed simultaneously along two
outes, namely a controlled slower route based on the
ctual target stimulus, and an automatic faster route based
n perceptual salience and stimulus–response associa-
ions. A response along the direct route will be activated
arlier than a response along the deliberate route. In con-
ruent task conditions, responses will be faster because
here is no competition between routes that are both re-
ulting in the correct response. For incongruent stimuli,
owever, responding through the direct fast route will lead
o an error. These are the so-called fast errors, namely fast
Ts, which are a reflection of unstoppable activation along

he automatic route. Conditional accuracy functions (CAF),
onstructed by plotting accuracy rates against the RT dis-
ribution, allow detecting these fast errors and accordingly
an be used to determine the strength of initial activation of
he incorrect response (response activation). Some au-
hors added a suppression or selective inhibition compo-
ent to this dual-route architecture to further explain con-
ict resolution. For instance, Ridderinkhof (2002) formu-

ated the activation–suppression hypothesis, which states
hat suppression processes are used to counter incorrect
ctivation along the direct route, accumulating over time.
ith increasing response time, irrelevant response activa-

ion will increase, but also suppression itself will become
ore effective. As a consequence, the activation–suppres-

ion hypothesis predicts an increase in congruency effects
ith increasing response times that eventually should re-
uce, and in some instances, reverse at the slower seg-
ents of the distribution. Delta plots, in which congruency
ffects are plotted as a function of response speed, are
seful to estimate suppression. Group differences in re-
ponse activation (CAFs) and suppression (delta plots) for
oth the ANT and the Stroop task will thus provide more

n-depth knowledge about response control in FOG.
It seems clear that congruency tasks provide a power-

ul context for examining conflict resolution during re-
ponse and stimulus selection in PD. However, previous
esearch assessing flanker effects in PD yielded mixed
esults. Several studies showed that both medicated and
on-medicated PD patients demonstrated larger congru-
ncy effects compared with healthy controls (Praamstra et
l., 1998, 1999; Wylie et al., 2005). In contrast, a number
f other studies failed to find these apparent differences in

nterference control between PD patients and healthy con-
rols (Cagigas et al., 2007; Falkenstein et al., 2006; Lee et
l., 1999). A recent study by Wylie and colleagues (2009)

nvestigated interference control in PD patients and
ealthy controls by means of distributional analyses. De-
arting from the activation–suppression hypothesis, they
ried to provide new insights into the mechanisms of con-
ict resolution in PD. Results from this study revealed (a)

tronger initial, incorrect response activation and (b) less
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efficient suppression in the activation of conflicting re-
sponses in PD. However, these effects were only observed
in about half of the PD patients tested. In our view, FOG
can possibly be responsible for the observed variability in
interference control deficits in PD (Vandenbossche et al.,
2011). Given the above mentioned exaggerated executive
deficits in freezers, it can be assumed that when this
controlled route is hampered, freezers in particular, have to
rely more on the automatic route. However, in case of an
incongruent trial, more time is needed to overcome this
strong response activation (slower RTs) resulting in
greater congruency effects. Because of the possible im-
balance between automatic and controlled processes in
FOG, we expect that freezers are more susceptible to
interference because they are hypothesized to experience
stronger automatic activation of the incorrect response,
leading to a response control deficit. This may also provide
a partial explanation for why freezing of gait occurs in
situations where response selection is required, such as
when changing direction.

In the present study, we aimed to pinpoint a specific
esponse control deficit in FOG. We expect to find larger
eneral congruency effects for freezers compared with
onfreezers and healthy controls. Steeper CAFs determin-

ng increased capture of the response system by irrelevant
nformation, and steadily increasing delta plots (i.e. posi-
ively going delta slopes) pointing to decreased efficiency
f selective suppression in freezers compared with non-

reezers, could provide support for a response control
eficit in FOG. If a stronger automatic response activation,
r an impaired fine-tuning of the automatic–controlled
oute, is the source of congruency differences in FOG, we
hould observe more fast errors at the fastest segments of
he RT distribution. Another possibility is that larger con-
ruency effects are based on less efficient suppression of

he automatic response as RTs get slower. In addition, we
anipulated the amount of response control required to
vercome conflict, by administering two types of congru-
ncy tasks (Stroop task and the ANT). The S–R overlap is
tronger in the ANT compared with the Stroop task, putting
ore stress on the controlled processes attributed to over-

ome the incorrect response in case of an incongruent
rial. If the hypothesis about an imbalance between auto-
atic activation processes and controlled suppression is

rue, we expect that between-group differences and larger
ongruency effects would be more apparent in the ANT
ompared with the Stroop task because of differences in
–R overlap.

EXPERIMENTAL PROCEDURES

Participants

Twenty-eight PD patients (14 with FOG, freezers (FR); 14 without
FOG, nonfreezers (nFR)) and 14 healthy controls (HC) partici-
pated in the study. All PD patients were diagnosed by a neurolo-
gist specialized in movement disorders. The new freezing of gait
questionnaire (NFOGQ; Nieuwboer et al., 2009) score was con-
structed for three aims: (1) distinguishing freezers from nonfreez-
ers, (2) rating the severity of freezing, and (3) rating the impact of

FOG on daily life. A video, showing several examples of FOG, was a
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presented to increase the recognition of this phenomenon in pa-
tients. When patients experienced FOG at least once during the
last month, they scored above zero on the NFOGQ and were
accordingly assigned to the FR group. All participants had normal
to corrected-to-normal vision, did not have a color vision defi-
ciency, had no deep brain stimulation, and had no orthopedic or
additional neurological disorders. Participation in the experiment
was in accordance with the Ethics Committee of the Vrije Univer-
siteit Brussel (VUB).

All three groups (FR, nFR, HC) were matched for age, gen-
der, and education (see Table 1). All participants scored above the
standard cutoff score of 24 on the mini mental state examination
(MMSE; Folstein et al., 1975), an indication that overt dementia
symptoms were absent. In addition, the scale for outcomes in
Parkinson’s disease-cognition (SCOPA-COG; Marinus et al.,
2003) was used to assess patients’ global cognitive capacities.
The SCOPA-COG contains 10 items, including subscales such as
“memory” (replicating the order in which cubes were pointed out,
digit span backward, immediate, and delayed word recall), “atten-
tion” (counting down by threes and months backward), “executive
functioning” (successive repetitions of fist-edge-palm movements,
set shifting with dice and fluency animals), and “visuospatial func-
tioning” (mental reconstruction of figures). Low scores on these
subtests are indicative of a deficit. Finally, a measure of affective
disturbance was obtained by administering the hospital anxiety
depression scales (HADS; Zigmond and Snaith, 1983). Scores
higher than seven points on HADS subscales indicated increased
complaints associated with anxiety and depression.

Material and procedure

The study was conducted in participants’ home setting under
supervision of the experimenter. The congruency experiments
(ANT and Stroop task) were run on an Intel core 2 duo portable
computer with 15.6 inch screen, using E-prime version 1.1 soft-
ware (Schneider et al., 2002), after signing of informed consent.
All participants were asked to complete the ANT and the Stroop
task in one session, with a pause of 15 min between both exper-
iments. Testing occurred solely in ON-phase, about 60–90 min
after patients took their morning dose of anti-Parkinson medica-
tion.

ANT. Participants were seated approximately 65 cm from
the computer screen. They were instructed to focus on a centrally
located fixation cross throughout the task and to respond as fast
and as accurately as possible to the left–right direction of a central
black arrow (target). Flanker stimuli surrounding the target con-
sisted of a row of four black horizontal arrows pointing leftward or
rightward, which were presented in a location above or below the
fixation point against a white background. The “c” and “n” keys,
situated on the bottom row of an AZERTY keyboard, corre-
sponded to the left and right direction of the target and had to be
pressed with the left and right index finger, respectively. The four
identical flanker arrows (two on each side of the target), could
point in the same (congruent condition) or opposite (incongruent
condition) direction as the central target arrow. In the neutral
condition the flankers were four lines without arrowheads.

The total duration of a trial lasted 4000 ms and consisted of
five events (see Fig. 1). First, a fixation cross was presented in the
enter of the screen for a random variable fixation period between
00 and 1600 ms. Then a warning cue (asterisk) appeared for 100
s. There were four types of warning cues (see Fig. 1): no cue,

enter cue (participants were shown an asterisk at the location of
he fixation cross), double cue (two asterisks appeared; one above
nd one below fixation cross), or a spatial cue (an asterisk was
resented at the location where the target would appear). After the
arning cue, there was a short fixation period of 400 ms followed
y the stimulus display, consisting of the five arrows (four flankers

nd one central target), presented above or below the fixation

d freezing of gait in Parkinson’s disease: Support for a re-
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cross. The stimulus was presented until the participant responded,
but no longer than 1700 ms. After a response was made, target
and flankers disappeared immediately. The next trial began after
a variable post target fixation period, based on the duration of the
variable fixation period at the beginning of the trial and the RT.

Before starting the experimental ANT blocks, participants
completed a practice block of 24 trials in a random order. After
practice, they executed three experimental blocks, each consist-
ing of 96 trials (four cue conditions�2 target locations�2 target
directions�3 flanker conditions�2 repetitions). The presentation
of trials in each condition was random. RTs and accuracy were
recorded in each trial. Feedback on accuracy was given during the

Fig. 1. The Attention Network Test (ANT), adapted from Fan and colle
ncongruent trial, the four possible cues, and the three flanker condition

Table 1. Clinical, motor, and neuropsychological measurements acro

Measure FR (n�14)

M SE

Gender (M:F) 11/3 (79% male)
H&Y (OFF) (2; 2.5; 3) (36%; 36%; 28%)
Levodopa therapy (n) 14 (100%)
Adjunct therapy (n) 12 (86%)
Disease duration (y) 10.79 0.85
UPDRS–III (OFF) 36.36 3.52
Age (y) 65.72 2.11
Education (years in school) 19.07 0.85
Mini Mental State Examination (ON) 28.00 0.28
HADS—anxiety (ON) 7.00 0.90
HADS—depression (ON) 5.86 1.06
SCOPA-COG (ON) 27.86 1.33
(1) Memory and learning 10.50 0.86
(2) Attention 3.14 0.21
(3) Executive functions 9.71 0.57
(4) Visuospatial functions 4.50 0.14

M, mean; SE, standard error of mean; NA, not applicable; H&Y, Hoe
HADS, hospital anxiety depression scales; SCOPA-COG, SCales for
* Significant at 0.05 level, ** Significant at 0.001 level.
of the figure.

Please cite this article in press as: Vandenbossche J, et al., Conflict an
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practice block only. Participants were not warned when they made
an error and received no feedback about their error rates and RTs.
The practice block took about 2 min and the experimental blocks
about 18 min to accomplish. Participants were given the possibility
to rest between blocks.

Stroop task. Participants were seated approximately 65 cm
from the computer screen. A trial started with the presentation of
a word stimulus in the center of the screen. A word stimulus could
randomly consist of one of four color words (red, green, blue, or
yellow), and was displayed in one of four colors (red, green, blue,
or yellow). Words were depicted in font Courier New, font size 18,

002). The experimental procedure is explained with an example of an
lculation of the three ANT networks is shown in the bottom right corner

oups (FR and nFR) and healthy controls (HC)

FR (n�14) HC (n�14) P-value

SE M SE

1/3 (79% male) 11/3 (79% male)
50%; 43%; 7%) NA
3 (93%) NA
3 (93%) NA
8.21 0.91 NA .048*
3.21 2.07 NA .448
8.03 1.37 66.30 1.86 .701
0.21 0.99 20.14 0.48 .534
8.79 0.37 29.29 0.30 .023*
5.64 0.95 5.00 1.32 .413
6.07 0.74 4.14 1.05 .312
0.43 1.15 32.79 1.31 .031*
1.71 0.84 13.43 1.07 .096
3.71 0.16 4.00 0.00 .001**
0.64 0.31 10.86 0.38 .152
4.36 0.17 4.50 0.17 .771

ahr rating scale; UPDRS–III, unified Parkinson’s disease rating scale;
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and were presented individually against a white background. The
color word was presented until a response was given within the
allowed response window of 5000 ms. Participants were in-
structed to react as fast and as accurately as possible to the color
identity of the word and to ignore its meaning. RTs and accuracy
were recorded on each trial. Participants had to press the “c,” “v,”
“b,” and “n” keys with the left middle finger, left index finger, right
index finger, and right middle finger for a red, green, blue, and
yellow color, respectively. Participants were explicitly instructed
not to read the word presented. In case of an incorrect response,
the word “Error” was presented in Dutch for 750 ms. No error
corrections were possible. The next color word appeared after a
response–stimulus interval of 200 ms. In 75% of the trials, color
and meaning of the word did not match (incongruent condition); in
the remaining 25% of the trials color and meaning of the word
matched (congruent condition). Participants first completed two
practice blocks of 50 trials, followed by five experimental blocks of
100 trials. After each block of trials, patients received feedback
about their error rates and RTs. A break of 30 s was imposed
before the next block started.

Statistical analysis

Independent t-tests, one-way analysis of variances (ANOVAs),
and a correlation analysis (Pearson and Spearman rho statistics)
were used to analyze group differences for clinical, motor, and
demographical measures and its relationship with severity of
freezing. Mixed factorial ANOVAs (with Huyhn–Feldt corrections
for violations of sphericity) were implemented to analyze ANT and
Stroop performance. Bonferroni post hoc tests were performed in
case of significant group differences. Accuracy rates for the ANT
and Stroop task were arcsine transformed. Data analysis was
performed using SPSS version 17.0, and all analyses were two-
tailed, using a significance level of .05. Differences showing a
significance level of .10 will be reported as a tendency.

RESULTS

Clinical, motor, and demographical differences

At the time of testing, all patients were in the ON-phase of
anti-Parkinson medication. Medications used by patients
consisted mostly of levodopa products and adjunct thera-
pies. One nonfreezer and one freezer were on anti-cholin-
ergic treatment, and two patients (one in each group) were
taking a selective serotonin reuptake inhibitor.

We compared motor symptoms between both PD
roups by means of the Hoehn and Yahr (1967) scale,
roviding a gross assessment of disease progression
hrough several stages (0–5) going from no signs of the
isease to complete dependency, and Section III of the
nified Parkinson’s disease rating scale (UPDRS; Fahn et

al., 1987). These tests were assessed in the OFF phase
when the action of medication was strongly decreased or
absent. No apparent difference could be observed be-
tween groups. However, freezers differed significantly in
disease duration compared to nonfreezers (FR�nFR). Se-
erity of freezing (FR: mean (M)�13.2, standard error of
ean (SE)�1.95), investigated by means of the NFOGQ,

revealed a positive correlation with disease duration
(r�.56, P�.05), Hoehn and Yahr scale (rs�.60, P�.05),
HADS anxiety (r�.69, P�.05), and HADS depression
(r�.71, P�.01).

Regarding the cognitive status of participants, we ob-

served that both the MMSE and SCOPA-COG yielded

Please cite this article in press as: Vandenbossche J, et al., Conflict an
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significant differences between groups. Post hoc Bonfer-
roni tests showed that MMSE and overall SCOPA-COG
scores were higher for healthy controls as compared with
freezers (P�.05) Performance on the subtest of the
SCOPA-COG covering attention differed between freezers
and both nonfreezers and controls (FR�nFR and HC).
However, correlations between SCOPA-COG scores and
congruency measures were not significant. Dissimilarities
between groups for the remaining general descriptive (in-
cluding medication profiles) and cognitive measures failed
to reach significance, indicating comparable scores for all
participants.

ANT

Median RTs of correct trials in each condition (no cue,
double cue, center cue, spatial cue, neutral flanker, incon-
gruent flanker, and congruent flanker) were used to assess
the three attentional networks (alerting, orienting, and ex-
ecutive control). Erroneous responses and responses fol-
lowing an error were discarded from the analysis. The
executive-control network is assumed to represent a mea-
sure for cognitive control, as participants need to control
conflict by inhibiting an irrelevant response. Alerting and
orienting networks represent the ability to maintain a vigi-
lant state and focus attention. The ANT provides the op-
portunity to dissociate these three attention networks on
the basis of RT differences. A larger difference between
two conditions suggests more impairment of the corre-
sponding network.

Error rate analysis showed that overall accuracy rates did
not differ significantly between groups (FR: M�97.10%,
SE�0.69; nFR: M�97.10%, SE�1.02; HC: M�98.34%,
SE�0.30; F(2,41)�0.85, P�.44). Moreover, FRs did not
make more omission errors under conflict (i.e. under incon-
gruent trials) as compared with nFRs and HCs, F(2,41)�
0.43, P�.66. Therefore, network effects were determined
on the basis of the RT analysis only.

Attentional networks. For the executive control net-
work, we applied a 3�2 repeated measures ANOVA with
group as between-subject factor (FR, nFR, and HC), and
flanker type (congruent and incongruent flanker trials) as
within-subject factor. The main group effect was not signifi-
cant, indicating that the RT level did not differ between
groups, F(2,39)�1.03, P�.37, �p

2�0.05. A main effect for
he executive-control network was found, meaning that re-
ponses were faster in congruent as compared with incon-
ruent flanker trials, F(1,39)�332.54, P�.001, �p

2�0.90.
ore importantly, we found a significant group�executive-

ontrol network interaction F(2,39)�5.51, P�.01, �p
2�0.22,

revealing that congruency differences between groups were
present (see Fig. 2A). A Bonferroni post hoc test confirmed
that freezers showed a greater RT difference between con-
gruent and incongruent flanker trials (M�130.29 ms,
SE�10.72) compared with nonfreezers (M�86.36 ms,
SE�6.84; P�.01) and controls (M�95.43 ms, SE�11.45;
P�.05). Congruency differences between nonfreezers and

controls were not significant, P�1.
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A possible concern is that executive control and dis-
ase duration are confounded (r�.48, P�.01). Therefore,

we carried out a 2�2 repeated measures ANCOVA with
group as between-subject factor (FR and nFR), flanker
type (congruent and incongruent flanker trials) as within-
subject factor and disease duration as covariate. Similar to
our ANOVA results we found no significant main effect of
group (F(1,25)�0.24, P�.88, �p

2�0.01), a main effect for
the executive-control network (F(1,25)�15.01, P�.001,
�p

2�0.38). Also the group�executive-control network in-
teraction (F(1,25)�7.02, P�.05, �p

2�0.22) remained sig-
nificant. These results indicate that even after controlling
for disease duration, differences between freezers and
nonfreezers on the executive-control network persist.

For the alerting and orienting network, we performed two
separate 3�2 repeated measures ANOVAs with group as
between-subject factor (FR, nFR, and HC), and cue type
(alerting: no- and double-cue trials; orienting: center- and
spatial-cue trials) as within-subject factor. The main group
effects were not significant, indicating that RT levels did not
differ between groups (alerting: F(2,39)�0.97, P�.39,
�p

2�0.05; orienting: F(2,39)�1.21, P�.31, �p
2�0.06). Main

ffects for the alerting and orienting network were significant,
ndicating that responses were faster in double- as compared
ith no-cue trials (alerting: F(1,39)�311.40, P�.001,

�p
2�0.89) and responses were faster in spatial- as com-

pared with center-cue trials (orienting: F(1,39)�121.95,
P�.001, �p

2�0.76). Group�alerting and group�orienting in-

Fig. 2. (A) Mean network effects in ms per attentional network (alert-
ing, orienting, and executive control) for the freezing and nonfreezing
PD patients (FR and nFR) and healthy control subjects (HC). Vertical
bars denote standard errors (* significant at 0.05 level). (B) Median
RTs in ms for congruent and incongruent Stroop trials for freezers
(FR), nonfreezers (nFR), and healthy controls (HC). Vertical bars
denote standard errors (** significant at 0.001 level).
teractions were not significant, respectively F(2,39)�0.13,

Please cite this article in press as: Vandenbossche J, et al., Conflict an
sponse control deficit, Neuroscience (2012), doi: 10.1016/j.neuroscienc
P�.88, �p
2�0.01 and F(2,39)�0.77, P�.47, �p

2�0.04.
hese statistics indicated that alerting scores (FR: M�30.02
s, SE�5.96; nFR: M�35.59 ms, SE�5.71; HC: M�29.86

ms, SE�5.18) and orienting scores (FR: M�41.65 ms,
SE�9.04; nFR: M�45.39 ms, SE�7.44; HC: M�51.46 ms,
SE�9.82) did not differ between groups.

Interactions with the executive control network. As
the ANT is a complex task designed to measure more than
one aspect of attention, interactions between attentional
networks can be observed (Callejas et al., 2004). There-
fore it is important to check whether the executive-control
network is modulated by alerting or orienting cues. We
analyzed these interactions by means of two separate 3�2
repeated measures ANOVAs with group as between-sub-
ject factor (FR, nFR, and HC), and the congruency effect
for a specific cue type (alerting: congruency effect for no-
and double-cue trials; orienting: congruency effect for cen-
ter- and spatial-cue trials) as within-subject factor.

For the alerting and executive-control network interac-
tion, we found a tendency toward a larger congruency
difference between congruent and incongruent flanker tri-
als when an alerting cue was present (double-cue trials)
compared with trials when this was not the case (no-cue
trials), F(1,39)�3.68, P�.06, �p

2�0.09. More importantly,
no group differences for the alerting-�executive-control
network interaction could be found, F(2,39)�0.01, P�.99,
�p

2�0.01.
For the orienting- and executive-control network inter-

ction we could not discover a significant difference be-
ween congruent and incongruent flanker trials when an
rienting cue was offered (spatial-cue trials) compared
ith uncued trials (center-cue trials), F(1,39)�0.46,

P�.50, �p
2�0.01. Moreover, group differences for the ori-

nting-�executive-control network interaction were not
significant, F(2,39)�0.86, P�.43, �p

2�0.04.

Stroop task

An RT analysis was performed on participants’ median
RTs in incongruent and congruent conditions, with the
exclusion of practice trials, to assess the Stroop effect.
Erroneous responses and responses following an error
were discarded from the analysis. Two freezers were left
out of the analysis because they were unable to complete
the task because of motor limitations. Therefore we only
included 12 patients in our FR group, as opposed to 14
nonfreezers and 14 healthy controls. A larger Stroop effect
suggests decreased cognitive control.

Error rate analysis shows that overall accuracy rates
differed significantly between groups (FR: M�92.61%,
SE�1.28; nFR: M�94.07%, SE�1.17; HC: M�96.84%,
SE�2.54; F(2,39)�4.99, P�.05). A post hoc Bonferroni
test indicated that freezers were making significantly more
errors than healthy controls, P�.05. When we analyzed
incongruent and congruent trials separately, we observed
that differences between groups remained. A post hoc
Bonferroni showed that freezers made more errors in con-
gruent trials compared with healthy controls (P�.05), FR:

M�93.74%, SE�1.05; nFR: M�96.51%, SE�0.58; HC:

d freezing of gait in Parkinson’s disease: Support for a re-
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M�97.29%, SE�0.75; F(2,39)�4.82, P�.05. For incon-
gruent trials, we can only observe that healthy controls
tended to make less errors compared with nonfreezers
(P�.08) and freezers (P�.05) (FR: M�91.47%, SE�1.67;
nFR: M�91.63%, SE�1.97; HC: M�96.38%, SE�0.73;
F(2,39)�4.01, P�.05). Moreover, freezers did not make
more omission errors under conflict (i.e. under incongruent
trials) compared with nonfreezers and healthy controls,
F(2,39)�1.26, P�.30. Because of the similarity in patterns
between RTs and errors, Stroop effects will be derived
from the RT analysis only.

We used a 3�2 repeated measures ANOVA with group
as between-subject factor (FR, nFR, and HC), and congru-
ency (congruent and incongruent trials) as within-subject fac-
tor. We did not observe a significant group congruency inter-
action F(2,37)�0.97, P�.39, �p

2�0.05, meaning that there
were no differences in Stroop effects between groups (FR:
M�200.17 ms, SE�30.66; nFR: M�230.64 ms, SE�38.51;
HC: M�170.79 ms, SE�21.66). The main group effect only
showed a tendency toward significance, indicating that the
RT level tended to differ between groups, F(2,37)�2.59,
P�.09, �p

2�0.12. A main congruency effect was found,
eaning that responses were slower in incongruent com-
ared with congruent color trials, F(1,37)�123.53, P�.001,

�p
2�0.77 (see Fig. 2B).

Activation–suppression hypothesis: distributional
analyses

Regarding the activation–suppression hypothesis, we ex-
pected that participants who experienced strong automatic
response activation would make more fast errors at the
fastest bins of the RT distribution for the incongruent con-
dition. We captured the differences in fast errors between
groups by measuring the strength of the initial response
activation. For each group, accuracy rates for the two
fastest bins in the RT distribution were calculated (CAFs).
A steeper slope between Bin 1 and Bin 2 reflected stronger
incorrect response activation.

To assess the efficiency of suppressing an activation of
an incorrect response, a process that comes into play after
surpassing a certain activation threshold, we analyzed the
slowest bins of the RT distribution. We expected that
groups with less efficient suppression would show an in-
crease in congruency effects throughout the whole RT
distribution (i.e. positively going delta slopes). In other
words, they lack the ability to suppress the incorrect re-
sponse activation, as their RTs become slower. We calcu-
lated group differences in suppression by comparing con-
gruency differences for the slowest bins in the RT distri-
bution (delta plots).

To calculate CAFs and delta plots, we studied RT
distributions and divided our data into six RT bins and then
averaged across subjects to obtain group sextiles (de Jong
et al., 1994; Ridderinkhof, 2002).

Response activation. ANT. Conditional accuracy
functions were calculated for incongruent trials and
marked to analyze the pattern of fast errors. This was done

by rank-ordering RTs for all responses to an incongruent

Please cite this article in press as: Vandenbossche J, et al., Conflict an
sponse control deficit, Neuroscience (2012), doi: 10.1016/j.neuroscienc
trial and dividing them into six equal size bins. Accuracy
rates were then calculated separately for each bin and
plotted against the mean RT for each bin (see Fig. 3A).

We conducted a 3�2 repeated measures ANOVA with
group as between-subject factor (FR, nFR, and HC), and
bin (bin 1 and bin 2) as within-subject factor. The main
group effect was not significant, indicating that the general
accuracy rate did not differ between groups, F(2,39)�0.28,
P�.76, �p

2�0.01. A main effect for bin was found, mean-
ing that responses were less accurate in the fastest (Bin 1)
compared with Bin 2, F(1,39)�38.23, P�.001, �p

2�0.50.
More importantly, we also found a significant group�bin
interaction, F(2,39)�3.35, P�.05, �p

2�0.15, meaning that
differences in fast errors between groups were present. A
Bonferroni post hoc test revealed that freezers showed
more fast errors (M�14.65%, SE�2.96) as compared with
healthy controls (M�4.03%, SE�3.04; P�.05), whereas
nonfreezers did not differ significantly from either group
(M�9.14%, SE�3.23; P�.10).

Stroop task. Conditional accuracy functions were
calculated in the same manner as for the ANT data. Ac-
curacy rates were computed separately for each bin and
plotted against the mean RT for each of the six bins (see
Fig. 3B).

Graphically, we noticed that for the PD groups most
errors were made at the sextiles containing the shortest
and the longest response latencies. Healthy controls, how-
ever, expressed a somewhat surprising pattern because a

Fig. 3. (A) Conditional accuracy functions (CAF) for freezers (FR),
nonfreezers (nFR), and healthy controls (HC) in the ANT. Accuracy
rates are plotted against the mean RT for each of the six bins in the RT
distribution. (B) Conditional accuracy functions (CAF) for freezers
(FR), nonfreezers (nFR), and healthy controls (HC) in the Stroop task.
Accuracy rates are plotted against the mean RT for each of the six bins
in the RT distribution.
high accuracy rate was observed in the fastest bin and
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more errors were made for the slowest RTs. We conducted
a 3�2 repeated measures ANOVA with group as between-
subject factor (FR, nFR, and HC), and bin (bin 1 vs. bin 2)
as within-subject factor. The main group effect was signif-
icant, indicating that general accuracy rate level differed
between groups, F(2,37)�3.16, P�.05, �p

2�0.15. How-
ever, neither main bin effect nor a significant group�bin
interaction was found, indicating that responses were
equally accurate in the fastest bin compared with the next
bin for all groups, F(1,37)�0.27, P�.60, �p

2�0.01 and
F(2,37)�1.78, P�.18, �p

2�0.09, respectively.
For the Stroop task, we also determined response

ctivation between groups by comparing average accu-
acy rates for the first bin. A one-way ANOVA with group
FR, nFR, and HC) as between-subject factor showed that
he average accuracy rate in the first bin differed signifi-
antly between groups, F(2,39)�6.11, P�0.01. A post hoc

Bonferroni test demonstrated that healthy controls
(M�98.12%, SE�0.73) made less errors in the first bin as
compared with freezers (M�91.18%, SE�2.79; P�.05)
and nonfreezers (M�90.86%, SE�2.96; P�.05). The FR
and nFR groups, however, did not differ significantly, P�1.
Following these results, differences regarding automatic
response activation between groups are less apparent in
the Stroop task compared with the ANT.

Response suppression. ANT. RT delta plots were
constructed to investigate the efficiency of suppression
countering interference between incongruent and congru-
ent stimuli. These plots denote congruency effects as a
function of mean RT. To calculate rank-ordered RTs for all
responses to congruent and incongruent trials, we divided
them into six equal-size bins. Congruency effects (delta
values) were calculated separately for each bin by sub-
tracting the mean RT for the congruent condition from the
mean RT for the incongruent condition and then plotting
the difference (delta) against the mean RT for each bin
(see Fig. 4A).

Graphically, we observed that nonfreezers and controls
demonstrated a similar pattern of steady increase in congru-
ency effect throughout the whole RT distribution, as opposed
to freezers who show a gentle decrease toward the last bin.
We tested possible differences between groups by running a
3�2 repeated measures ANOVA with group as between-
subject factor (FR, nFR, and HC), and bin (bin 5 and bin 6) as
within-subject factor. We found no significant main or inter-
action effects (main effect group: F(2,39)�1.59, P�.22,
�p

2�0.08; main effect bin: F(1,39)�0.33, P�.57, �p
2�0.01;

interaction group�bin: F(2,39)�0.82, P�.45, �p
2�0.04). To

est whether the decrease in congruency effect for the last bin
n freezers was significantly different from the pattern ex-
ressed by nonfreezers and healthy controls, we additionally
onducted a 3�2 repeated measures ANOVA with group as
etween-subject factor (FR, nFR, and HC), and bin (delta
lope bin 5–4 and delta slope bin 6–5) as within-subject
actor. However, main or interaction effects remained insig-
ificant, indicating an absence of response suppression in all
hree groups (main effect group: F(2,39)�0.82, P�.45,

Please cite this article in press as: Vandenbossche J, et al., Conflict an
sponse control deficit, Neuroscience (2012), doi: 10.1016/j.neuroscienc
�p
2�0.04; main effect bin: F(1,39)�0.41, P�.53, �p

2�0.01;
interaction group�bin: F(2,39)�0.67, P�.52, �p

2�0.03).
Stroop task. RT delta plots were constructed in the

ame manner as for the ANT data. Congruency effects
delta values) were calculated separately for each of the
ix bins by subtracting mean RT for the congruent condi-
ion from mean RT for the incongruent condition, which
ere then plotted against the mean RT for each bin (see
ig. 4B).

Graphically, we see that all groups demonstrated a sim-
lar pattern of steady increase of the congruency effect across
he fastest and intermediate parts of the RT distribution fol-
owed by a decrease toward the last bin. A 3�2 repeated

easures ANOVA with group as between-subject factor (FR,
FR, and HC), and bin (bin 5 and bin 6) as within-subject

actor, however, revealed no significant main or interaction
ffects (main effect group: F(2,37)�1.04, P�.36, �p

2�0.05;
ain effect bin: F(1,37)�0.30, P�.59, �p

2�0.01; interaction
group�bin: F(2,37)�0.03, P�.97, �p

2�0.01). To investigate
he decrease in the last bin, we conducted a 3�2 repeated
easures ANOVA with group as between-subject factor (FR,
FR, and HC), and bin (delta slope bin 5–4 and delta slope
in 6–5) as within-subject factor. There was no significant main
roup effect, meaning that the delta slope level was comparable
etween groups, F(2,37)�0.07, P�.94, �p

2�0.01. Impor-
tantly, there was a significant main effect of bin showing a
significant decrease in slope between bins 5–4 and bins 6–5,
F(1,37)�4.75, P�.05, �p

2�0.11. The group�response sup-
pression interaction, however, did not reach significance,

Fig. 4. (A) RT delta plots for freezers (FR), nonfreezers (nFR), and
healthy controls (HC) in the ANT. Congruency effects are plotted
against the mean RT for each of the six bins in the RT distribution. (B)
RT delta plots for freezers (FR), nonfreezers (nFR), and healthy con-
trols (HC) in the Stroop task. Congruency effects are plotted against
the mean RT for each of the six bins in the RT distribution.
meaning there were no group differences in response sup-
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pression, F(2,37)�0.05, P�.95, �p
2�0.03. These results

rovide evidence for equal effective suppression for all
roups in the Stroop task.

GENERAL DISCUSSION

In the present study we investigated conflict resolution in
FOG by means of the ANT and the Stroop task. Differ-
ences in S–R overlap between both tasks were assumed
to yield differences in automatic response activation
strength, requiring more (ANT) or less (Stroop task) con-
trol. RT distribution analyses were used to clarify conflict
resolution and disentangle the effects of automatic re-
sponse activation and suppression processes. As ex-
pected, larger general congruency effects for freezers
compared with nonfreezers and healthy controls were ap-
parent for the executive-control network in the ANT. This is
in agreement with our previous findings (Vandenbossche
et al., 2011), and supports the idea of impaired conflict
resolution associated with FOG. When S–R overlap is low
(Stroop task), response control is less stressed, leading to
no significant group differences in general congruency
effects. Distributional analyses, carried out to assess the
activation–suppression hypothesis (Ridderinkhof, 2002),
also showed discrepancies between the ANT and Stroop
task. For one, support for a stronger automatic response
activation in FOG was only found in the ANT. On the other
hand, difference in an increased suppression of the acti-
vated response for the slowest RTs was not observed in
freezers. This is rather surprising because suppression is
expected to be found when S–R overlap is larger, for
example in a Simon or flanker task. As we used a within-
subjects design, where all subjects performed both the
ANT and the Stroop task, individual differences could not
explain these mixed findings. Our results suggest that
freezers are more led by automatic processes when con-
trolled processes are stressed.

The ANT and the Stroop task were administered to
measure congruency effects in PD patients and healthy
controls. For Stroop performance, a significant difference
between congruent and incongruent trials was found for all
groups, albeit, not differing between groups. Important to
mention is that overall, freezers made more errors as
compared with healthy controls, whereas nonfreezers
were situated in between. This accuracy rate difference
between groups was not present in the ANT, possibly
indicating that freezers had more difficulty with the Stroop
task than with the ANT. For ANT performance, we dem-
onstrated that freezers were more impaired at the execu-
tive-control network compared with both nonfreezers and
healthy controls. This is in agreement with our previous
research (Vandenbossche et al., 2011) reflecting a general
conflict resolution deficit in FOG. Although freezers showed
a decreased score on the attention subscale of the SCOPA-
COG, this deficit was not reflected in the alerting and orient-
ing network scores in the ANT. Previous research showed
specific interactions between the attentional networks (Calle-
jas et al., 2004). In our study, only a tendency toward an

interaction between the alerting- and executive-control net-

Please cite this article in press as: Vandenbossche J, et al., Conflict an
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work was found in the sense of a larger congruency differ-
ence when an alerting cue (double cue) was presented com-
pared with trials in which it was absent. However, as there
were no differences in interactions between groups, group
differences in the executive-control network can be consid-
ered as genuine.

Distributional analyses provided insight into general
conflict resolution differences between groups. ANT data
showed that patients expressing freezing of gait are relying
less on the controlled deliberate route when facing conflict.
This is probably because the deliberate controlled route,
modulated by the striatum (Poldrack et al., 1999; Van der
Graaf et al., 2004) is hampered in PD patients, and freez-
ers in particular. Given the specific cognitive problems in
FOG concerning executive functioning and controlled pro-
cessing (Amboni et al., 2008; Naismith et al., 2010), freez-
ers experienced stronger automatic response activation,
leading to more fast errors and larger congruency effects.
When less S–R overlap was present, as in the Stroop task,
no differences in automatic response activation occurred
between groups. Stronger initial, incorrect response acti-
vation could not be coupled with a reduced ability to sup-
press this activation (steeper delta slopes). These results
are partly in accordance with the results of Wylie and
colleagues (2009), not only showing a stronger initial re-
sponse activation in PD, but also impaired suppression.
The suppression mechanism, however, has to be inter-
preted with caution. Flat delta slopes, for example, can
indeed reflect more suppression, but also a diminished
increase in irrelevant response activation (Zeischka et al.,
2011). Moreover, Wylie and colleagues found these defi-
cits for about half of the PD patients tested. As freezers
clearly show a similar pattern of impairment, FOG may
account for the observed differences in PD patients in their
study.

General screening tests show that freezers scored
lower than healthy controls on the MMSE. However, all
freezers scored above the cutoff of 24, indicating that no
one suffered from dementia. Overall SCOPA-COG and the
score on the attention subscale also differed between FRs
and HCs, but all group results fall within the normative data
collected in the PROPARK study (Verbaan et al., 2007),
including the FOG patients. Also no correlations between
SCOPA-COG scores and congruency measures were
present. Although participants were matched for age, gen-
der, and education, we noticed that freezers have on av-
erage been longer diagnosed with PD as compared with
nonfreezers. However, UPDRS-III scores, the best repre-
sentation of disease status, support the notion that freez-
ers and nonfreezers had comparable disease profiles. Cor-
relation analyses revealed that severity of freezing, as
measured with the NFOGQ, was associated with disease
duration, the Hoehn and Yahr scale and scores on the
HADS (anxiety and depression). This fits well with the
conceptual framework proposed by Giladi and Hausdorff
(2006), linking motor, cognitive, and affective aspects to
FOG.

Although the present study indicates clearly that freez-

ers rely more on automatic response activation instead of

d freezing of gait in Parkinson’s disease: Support for a re-
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on the deliberate controlled route, it might be interesting to
investigate whether FOG patients only experience stron-
ger initial motor activation, or that they just are less able to
control an incongruent task condition. A possible way to
investigate this, is by using EEG measurements. Ample
research studying response conflict through event-related
potentials showed specific deficits in PD (for example
Bokura et al., 2005). However, EEG measurements in PD
patients expressing FOG are rarely explored. We propose
to investigate lateralized readiness potentials (LRPs), re-
flecting the preparation of motor activity, to further disen-
tangle activation and suppression processes in conflict
resolution for patients expressing FOG. Another important
objective could be the understanding of the role of the PPN
in the specific cognitive deficits in FOG. As already men-
tioned, these structures could play a key role in motor and
cognitive features of FOG (Lewis and Barker, 2009; Keha-
gia et al., 2010). Future studies should try to clarify which
rain areas and/or structures can be linked with response
ontrol deficits in FOG using brain imaging data identifying
he (in)activity of alternative brain regions while freezers
re confronted with response conflict.

A possible issue is that in the current study, task ad-
inistration (ANT and Stroop task) was not counterbal-
nced. We acknowledge that it is important to exclude
ossible ANT contamination in the Stroop task. However,
acLeod (1991) concluded that Stroop training effects are
ixed. For example, subjects were offered Stroop task

raining for 8 days: initially, interference was very strong,
hen it reduced quickly over the first couple of days, and
nally it declined more gradually. Overall, interference from
ncompatible trials was still present after 8 days of training.

oreover, MacLeod (1998) stated that Stroop training ef-
ects are highly specific and do not generalize beyond the
articular stimuli trained. Therefore, it seems unlikely that
NT performance would affect Stroop performance in the
urrent study. First, differences in the amount of S–R
verlap and the nature of both tasks (arrows in the ANT,
ords and colors in the Stroop task) would hamper the
eneralization of practice. Second, the response set is also
ery different: the ANT is a two-choice RT task and the
anual Stroop task is a four-choice RT task. Third, the
NT only lasted for 30 min, which is not comparable with
everal days of training needed to find an effect within the
troop task (MacLeod, 1991). Finally, both tasks were
eparated with a break going from 30 to 60 min. Although
n the basis of previous research we would not expect an

nfluence, we suggest that future studies should counter-
alance task order to control for any effects, as subtle as
hey may be. All participants first executed the ANT task
nd afterward began the Stroop task. Although the re-
ponse set is very different between both tasks training
ould still occur. Indeed, without counterbalancing, we
annot totally exclude that ANT training effects have been
arried over to the Stroop task. However, training effects in
troop tasks are very inconsistent and have not yet been

ound to generalize beyond the particular stimuli trained

MacLeod, 1991, 1998).

Please cite this article in press as: Vandenbossche J, et al., Conflict an
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In conclusion, we demonstrated that freezers are less
fficient in holding an equilibrium between automaticity
nd controlled processing, important in resolving conflict.
reezers are thought to rely more on automatic processing
ecause executive functions are more impaired. When
onflict does not elicit a strong response activation, like in
he Stroop task, freezers are able to control interference in
n adequate way. However, as soon as actions become
ore ambiguous and complex, automatic and controlled
rocesses seem to work less synchronized. This in turn

eads to a breakdown in both motor action and cognitive
rocessing. The freezing episode can thus be seen as a
ind of involuntary time-out, urging freezers to get back on
he right track.
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