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Abstract

Using a Stroop task switching paradigm, Brown and Marsden [Brain 111 (1988) 323; Brain 114 (1991) 215] proposed that set shifting
deficits in Parkinson’s disease (PD) reflect limited attentional resources rather than deficits in internal control, as was previously supposec
In the present study, we tested this claim using a more recently developed Stroop task switching paradigm for which the internal contro
and attentional resources accounts made contrasting predictions. A PD @foap30) was compared with an age-matched control
group (V = 34) on vocal response time (RT) for color naming and word reading in response to neutral and incongruent Stroop stimuli.
Participants carried out four blocks of task repetition trials, and eight blocks of task switching trials. The results revealed that a deficit due
to PD was absent for two conditions necessitating internal control, but was present in the condition which placed the highest demand ol
attentional resources. This selective deficit is congruent with Brown and Marsden’s conclusions that depleted attentional resources, not
impairment in internal control per se, is the basis of the set shifting deficits associated with PD.
© 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction the available attentional resources, defined as the amount
of mental effort invested in a given tagkO]. The most
Impaired set shifting has been consistently associatedstraight-forward interpretation of their finding is that the
with Parkinson’s disease (PD[p,8,9,13,18,23,28,34,35] reinforcing cortico-striate neural loops affected in PD
and has been attributed to a deficit using internal control of [1,29,30,44]are involved in the allocation of attentional
action[9,12,15,16,44]For example, internal control is nec-  resources, and that this may manifest as a deficit in inter-
essary when performing the Wisconsin Card Sorting Test: nal control under appropriately demanding experimental
“in each trial there is nothing in the stimulus itself to indi- conditions.
cate which of the three attributes is currently relevant. The Recent advances in task switching suggest that Brown
subject must therefore focus attention on one attribute by and Marsden’s experimental paradigm had methodological
means of some form of self-directed or ‘internal’ control” [imitations. Most notably, their measure of task switching
([8, p. 325). was based primarily on the response immediately following
In contrast to this view, it has been suggested that deple-aninfrequent switch (every 10 trials). Task switching using
tion of available attentional resources is the latent cause ofswitches on alternate trials, e [§6] or on every trial, e.g.
the supposed internal control deficit in P&). Using a task [2,4,21] have now been investigated in detail. Furthermore,
switching paradigm with incongruent Stroop stimbili, as will be argued below, task switching using Stroop stimuli
Brown and Marsden induced an otherwise absent deficit seems particularly valuable for comparing the internal con-
in PD subjects on an externally cued task by depleting trol and attentional resources accounts of impairment in PD.
This is because stimulus properties and task type can be in-
* Corresponding author. Tek:1-604-524-7697; fax+1-604-822-6923. dependently manipulated, and the two theoretical accounts
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Incongruent Stroop stimuli are color words printed such that the color . .
duced by these manipulations.

of the ink is incongruous with the meaning of the word. Stroop color ’ . . .
naming is presumed to be slow due to the interference caused by the ~With regard to St'r.nUh_JS properties, when participants are
relative dominance of processing the word dimengif42] engaged in task switching, each encountered Stroop stimu-
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lus is ambiguous, such that it does not explicitly cue which tasks. Note that impairment on incongruent word reading,
task (word reading or color naming) to perfofd®]. In this coupled with sparing on incongruent color naming, cannot
case, both tasks are elicited by the incongruent stimulus,be accounted for by either theoretical position.
and the participant must draw upon internal control to se- Due to the general slowing associated with PD, between-
lect the appropriate tagl86]. In contrast, when neutral, un-  group comparisons of RTs are valid only when taking into
ambiguous stimuli are processed (for example, naming theaccount the appropriate control conditions. Therefore, the
color of XXXX, or reading a word printed in black ink), the aforementioned theoretical accounts were reformulated in
nature of the stimulus directly determines the now-relevant terms of between-group comparisons of t&eoop and
task, and the demand for internal control is greatly reduced. reverse-Sroop effects. The widely-studied Stroop effect is
Thus, within the context of task switching, internal control defined as slowed incongruent color naming relative to neu-
is needed when responding to incongruent Stroop stimuli, tral color naming, and is substantial for both task switching
but not when responding to neutral stimuli. When develop- and task repetition. The reverse-Stroop effect is the slow-
ing the task switching paradigm presented here, pilot work ing of incongruent word reading relative to neutral word
on young, unimpaired subjed#5] confirmed that when re-  reading (i.e. color words printed in black ink), and is much
sponding to incongruent Stroop stimuli, word reading and more substantial within the context of task switching than
color naming are slowed relative to the neutral conditions, in task repetitior{2—4,38]
replicating previous worK2—4,46] Therefore, if PD im- Using the Stroop and reverse-Stroop terminology, for
pairment when switching tasks is due to a deficit in utiliz- task switching, the contrasting hypotheses can be stated as
ing internal control, the PD group should be more affected follows: if PD is associated with an impairment utilizing in-
by stimulus properties than a control group; that is to say, ternal control, both the Stroop and the reverse-Stroop effects
they should be impaired on responses to incongruent rel-should be increased for the PD group relative to the control
ative to neutral stimuli, for both word reading and color group. In contrast, if the PD deficit is due to depleted at-
naming. tentional resources, the most stringent prediction is that the
This logic extends to task repetition. For incongruent color Stroop effect within the context of task switching should
naming, both task switching and task repetition require inter- be increased for the PD group relative to the control group.
nal control, because incongruent Stroop stimuli always elicit Importantly, if a group difference does not materialize in
both the appropriate and inappropriate (and dominant) task.this most difficult condition, group differences in the less
On the other hand, for word reading, if the stimuli are in- demanding conditions should also be absent.t&sk repe-
congruent, task switching requires internal control, becausetition, the internal control account would predict PD impair-
the stimulus elicits both the appropriate and the inappropri- ment only for the Stroop effect. The attentional resources
ate task; conversely, task repetition does not require internalaccount would also be compatible with PD impairment on
control, because the stimulus elicits only the dominant, ap- the repeated Stroop effedi,it only if the switching-Stroop
propriate task. effect is also impaired, as the latter is the most difficult
In contrast to the effect of stimulus properties, for task condition.
type, the association with internal control is not direct. Task  The purpose of the present study was to contrast these
type is instead better conceptualized as linked to availabletwo theoretical positions in their ability to account for PD
attentional resources. For task repetition, color naming is impairments on a task switching paradigm. It was hypothe-
slower, less automatic, and more difficult than word reading, sized that if PD is associated with an impairment utilizing
and therefore demands more attentional resource§38]y. internal control, both the Stroop and the reverse-Stroop ef-
The demand on attentional resources becomes particularlyfects should be increased for the PD group relative to the
pronounced when responding to incongruent Stroop stimuli control group. In contrast, if the PD deficit is due to depleted
[25,42] attentional resources, the most stringent prediction is that
The literature (e.g[2]) and our pilot work[45] showed the Stroop effect within the context of task switching should
that within the context of task switching, mapping task be increased for the PD group relative to the control group,
type onto demand for attentional resources becomes moreand that group differences in the less demanding conditions
complex. For example, incongruent word reading is sub- should be absent.
stantially slowed in a task switching environment, such that
it can be more difficult than neutral color naming. How-
ever, it remains less demanding than incongruent-switching 2. Method
color naming, which was the most demanding condition.
According to the depleted attentional resources account of2.1. Participants
PD deficits, this most demanding condition is most likely to
expose impairment. This can be contrasted with the internal  Subjects with PD, and a normal elderly (NE) control group
control account, which would predict that responses to all were recruited from the community of Victoria, BC, by
incongruent stimuli, for both word reading and color nam- advertisement and referral. Each potential participant went
ing, would be significantly slowed in PD when switching through an initial screening interview, and was not tested
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if he or she reported any of the following: stroke, transient 3. Cn—color naming (C) in response to neutral Stroop stim-
ischemic attack, epilepsy, multiple sclerosis, Huntington’s uli (n). This is aneutral color-naming response;

disease, Alzheimer’s disease, encephalitis, meningitis, brain4. Wn—word reading (W) in response to neutral Stroop
surgery, having been unconscious for more than 10 min due  stimuli (n). This is aneutral word-reading response.

to head trauma, abnormal color vision, or poor vision that
would affect viewing a computer screen. The original PD

sample consisted of 33 people diagnosed as having idio- . AR ; . §
pathic PD. The Mini-Mental Status Exam (MMSR7], exam_ple, the notation .C'W' wil _“e.fer to trial pairs char
acterized by color naming in position one, and word read-

cutoff = 23) was used as a screen for dementia, and the. ™. I . .
- . ing in position two, in response to sequentially presented
Geriatric Depression Scale (GDS) as a screen for severe de- L T :
. - incongruent Stroop stimuli. Similarly, the notation ChWn
pression [6], cutoff = 20). Two PD participants were ex-

cluded due to high GDS scores, and one PD participant Waswnl r_efer_ to trials characterized _by color naming then word
reading in response to sequentially presented neutral Stroop

excluded due to a low MMSE score. This resulted in a final stimuli
sample of 30 subjects with PD. ’

Participants in the final PD samplé&v (= 30) ranged
in age from 37 to 84 yearsM = 69.31, SD. = 11.07) 4. Experimental procedure
at the time of testing. The mean years of education was
14.60 (SD. = 3.01). The duration of illness ranged from  Stroop stimuli (font uppercase Geneva 36 point) were pre-
less than 1 to 18 yearsM( = 5.77, SD. = 4.33). The  sented using a Macintosh powerbook computer controlled
sample consisted of 14 males and 16 females. All par- py psychlab softwarfl1]. The colors and color words used
ticipants except one (duration of illness: 1 year, age: 58 for all stimuli were blue, yellow, red, green, and purple, and
years) had been prescribed medication to control their PD were presented on a white background. Participants in the
symptoms. present study were required to carry out uniform blocks of

The NE group § = 34) was matched to the PD sample pyre task repetition and pure task switching. For the latter,
for age (1 = 69.86, SD. = 9.99) and years of education || possible combinations of task order and stimulus prop-
(M = 1500, SD. = 2.23). The sample consisted of 12  erties were presented in separate blocks.
males and 22 females. Control participants ranged in age
from 46 to 85 years. None of these participants scored be-4.1. Repetition trials
low the cutoff on the screening instruments. There were no
significant differences between the two groups on age, ed- Testing began with a block of Wi or a block of Wn task
ucation or gender(62) = 0.21, P = 0.83,1(62) = 0.61, repetition trials (35 trials each block). The order of the block
P = 055, andx2(1) = 0.86, P = 0.36, respectively.  presentation (Wi or Wn) was counterbalanced. This was fol-
The consent of the participants in this study to the collec- lowed by a block of Ci and a block of Cn task repetition
tion and publication of these results was obtained accord-trials (35 trials each block). The order of these blocks (Ci or
ing to the declaration of Helsinki as revised in 1983, and Cn) was also counterbalanced. Participants were instructed
was approved by the Ethics Committee of the University of to repeatedly name the color, or repeatedly read the word,
Victoria. depending upon the condition. After each response, a blank
screen was presented, the experimenter manually typed any
errors, and initiated advancement to the next trial by a key
press.

As the stimuli were presented in pairs, combinations of
these symbols will be used to represent these trial pairs. For

3. Procedure and materials

3.1. Notation 4.2. Switching trials

In the present study, the following stimuli were employed:
incongruent Stroop stimuli, for which color words were writ-
ten such that the color of the ink was incongruent with the
meaning of the word; neutral Stroop stimuli, which were
color words printed in black ink for word reading, and a
colored display of XXXX for color naming. The follow-
ing notation will be used throughout the remainder of this
manuscript:

For the switching conditions, stimuli were presented in
sequential pairs of trials, and 35 uniform trial pairs formed
one condition block. Prior to beginning the switching blocks,
each participant was given the appropriate version of these
instructions: “A box split into two halves will now appear on
the screen. Name the color when the stimulus appears in the
bottom half of the box, and read the word when it appears in
the top half of the box. Please respond as quickly and as ac-
1. Ci—color naming (C) in response to incongruent Stroop curately as possible.” The latter instructions are appropriate

stimuli (i). This is anincongruent color-naming re- for subjects assigned to the color bottom/word top condi-

sponse; tion. In order to avoid the possible influence of location on
2. Wi—word reading (W) in response to incongruent Stroop switching performance, subjects were randomly assigned
stimuli (i). This is arincongruent word-reading response; to the color bottom/word top and color top/word bottom
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conditions. For subjects assigned to the color top/word
bottom condition, the words “bottom” and “top” were inter- (15 ms)
changed in the instructions presented above. This task-to- '
location instruction remained valid for all eight switching BLUE |, _____
blocks. T BLLIE
Task ordering within blocks was determined by the loca-
tions at which the stimuli were presented (i.e. top or bottom — (1000 ms)
box). Thus, although the subjects were required to remember 2
the task-to-location association for the duration of the exper- 2\ “YELLOW"
iment (and the same instructions were repeated at the begin-
ning of each block), because the order of the tasks remained
constant within blocks, subjects became familiar with the
block-specific task order after the first few trial pairs. In ad- Fig. 1. Experimental design for a WiCi trial pair. A box divided into
dition to these changes in task order, stimulus properties alsoupper and lower halves preceded the arrival of the pair of trials by 15ms.
changed between the blocks (discussed below). The subject in this example was assigned to the word top/color bottom
A switching-trial pair consisted of either (a) incongru- instruction set. For the trial represented here, the first incongruent Stroop

- . .. . stimulus (BLUE printed in green ink) of the pair appeared in the top half
ent Stroop stimuli, where the participant reSponded either of the box, and disappeared from the screen when the vocal response time

word-color (VV_iCi) or coIor-word_(_CiWi) and (b) neUtr_al was recorded. After a response—stimulus interval of 1000 ms, during which
Stroop stimuli, where the participant responded either the box remained on the screen, the second incongruent Stroop stimulus

word-color (WnCn) or color-word (CnWhn) or (c) one in-  of the pair (RED printed in yellow ink) appeared in the bottom half of
congruent and one neutral stimulus, where the participantthe box, and RT was recorded. Therefore, the correct response sequence

. . for the pair would be “BLUE”, “YELLOW”. After the completion of
responded word-color (WnCi or WiCn) or color-word a trial pair, the experimenter manually typed any errors, and initiated

(CnWi or CiWn). Each participant received eight switch- agvancement to the next trial with a key press. All blocks consisted of
ing blocks (WiCi, Ciwi, WiCn, WnCi, CnWi, CiWwn, 35 uniform trial pairs (70 responses in total).
WnCn, CnWhn) of 35 trial pairs per block (70 responses
per block). That is to say, in each switching block, only
one of the e|ght pair types was repeate(“y presented_ Forwas dESigned to maximize the probablllty that Only residual
example, for a participant in the color top/word bottom Switch costs were being measuried,36]
condition, for any of WiCi, WnCi, WiCn or WnCn blocks, Presentation of the eight switching blocks was preceded
the first stimulus would appear in the bottom box (for by @ practice block of 16 trial pairs, which included each
word reading), the second stimulus would appear in the combination of block type in random order. Experimental
top box (for color naming), and the screen would be blank block presentation order was randomly determined for each
while the experimenter typed errors and advanced to theSubject. Following each block there was a break of approx-
next (identical) trial pair. This sequence would repeat 34 imately 1 min during which the experimenter prepared the
more times. Thus, differences between these four blocksCcomputer software for presentation of the next block, and
would be based on stimulus type only, with task order thenrepeated the original instructions. For all trials, individ-
remaining constant. Note that in this experimental arrange- Ual stimuli were randomly selected (with replacement) from
ment, Subjects switch taskm every trial in these e|ght all word/ink combinations, eXClUding those which would
blocks. Within pairs, the response—stimulus interval (RSI) result in congruent stimuli. Invalid trials were recorded as
remained constant at 1000 ms. Between pairs, the RSI var-those where the voice-key picked up extraneous noise, or did
ied, determined by the speed with which the experimenter not record a response. Any responses longer than 6500 ms,
typed errors, and advanced to the next trial with a key Of shorter than 300 ms for all participants, but not coded as
press. voice-key errors during testing, were coded as invalid trails
Fig. 1 displays the task design for a WiCi trial pair. A Post-hoc (<1% of RT trials), as were the responses to the
box divided into upper and lower halves preceded the arrival first trial pair of each block.
of the pair of trials by 15ms. The first stimulus of the pair
appeared in either the top or bottom half of the box, and
disappeared from the screen when the vocal response time. Results
(RT) was recorded. After a response—stimulus interval of
1000 ms, during which time the box remained on the screen, The word-reading and color-naming mean RTs and
the second stimulus of the pair appeared in the box sectionstandard deviations for switching and repetition trials are
which was blank on the prior trial (i.e. there was a switch displayed inTable 1 A full explanation of these data re-
on every trial), and RT was recorded. After the completion quires the estimation of a complex set of interactions, which
of a trial pair, the experimenter manually typed any errors, are not reported here because they did not differ between
and initiated advancement to the next trial pair (always an- the groups (these analyses are available elsewldé&il.
other WICi pair) with a key press. Use of the 1000ms RSI The analyses reported below involve averaging over the
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Table 1 reverse-Stroop versus color: Stroop) and switch (switch-
Reaction time (RT) means with standard deviations in parentheses ing versus repetition) as within-subjects factors, and group
Block Word reading Color naming (PD versus NE) as a between-subjects factor. This analysis
D NE D NE resulted in a significant three-way interactidf(1, 62) =
9.29, P < 0.005; however, inspection of specific contrasts
Ciwi 1145 (391) 947 (224) 1550 (511) 1245 (284) \ere necessary to determine which theoretical account
\(’:VI'V(\:/'n 1;32 8:8 32?) ((iii)) ﬁgg (égg)) ﬂg ((iég was most compatible with the results. This interaction
WnCi 920 (201) 787 (140) 1269 (337) 1060 (155) can be interpreted as follows: for the reverse-Stroop ef-
CnWi 937 (375) 748 (166) 1050 (337) 897 (154) fect, switch did not interact with groug;(1, 62) = 0.22,
WiCn 944 (433) 825 (183) 985 (245) 868 (125) P = 0.64, and a significant main effect of switching was
CnWhn 810 (279) 643 (104) 944 (213) 829 (106)  present (repetition = 35ms; switching¥ = 168 ms),
pmen T8 (232;7) ooz (SO(;“) 3 are - 80O E 62 = 5865 P < 0.001. For the Stroop effect, the
Wn 615 (75) 575 (91) na n.a. repeated-Stroop effect = 278 ms) did not differ signifi-
Ci n.a. n.a. 1150 (253) 1043 (141)  cantly between the groupg43.96) = 0.31, P = 0.76, but
Cn n.a. n.a. 868 (159) 770 (109)  the switching-Stroop effect was greater for the PD group
PD: Parkinson’s disease group; NE: normal elderly group. (M = 410ms) than for the NE groupM = 282ms),

t(39.88) = 2.61, P = 0.01. Accordingly, the interaction
' o o between switch and group was significaat], 62) = 7.53,
appropriate switching blocks. Note that for the switching p < 0.01, such that the Stroop effect was increased when

conditions, both the first and the second stimulus in a pair switching for the PD group, but not for the NE group (see
was classified as switch trial. The RT of the first stim- Fig. 2).

ulus in a given pair was affected by a switch from the

second stimulus in the preceding pair. Averaged over all

conditions, only 1.0 errors per condition block were ob- 6. Discussion

served; therefore, results based on errors are not presented

here. In the present study, when responding to Stroop stimuli
The Stroop and reverse-Stroop RT differences (incon- (relative to the appropriate neutral control conditions), peo-

gruent—neutral) were submitted to ax22 x 2 mixed ple with PD were (a) impaired on incongruent color naming

model analysis of variance (ANOVA) with task (word: when switching tasks, (b) unimpaired on incongruent color
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Fig. 2. Mean RT increase associated with each effect, plotted as a function of group (Parkinson’s (PD) vs. age-matched controls (Controls)e886&o confid
intervals). The Stroop effect is the incongruent color-naming RT increase over neutral color-naming RT. Rev. Stroop is notation for the oeyerse-Str
effect, which is the incongruent word-reading RT increase over neutral word-reading RT. The Stroop and reverse-Stroop effects were measured in botl
the switching and repeated conditions.
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naming when repeating tasks, (c) unimpaired on incongru- differences to ratios did not alter the set of results reported
ent word reading when switching tasks, and (d) unimpaired here.
on incongruent word reading when repeating tasks. This The absence of impairment for the traditional Stroop
set of results is not compatible with the assertion that im- paradigm in the present work (i.e. incongruent-repeated
paired use of internal control is the basis of a deficit in PD, color naming), appears to contradict the conclusions of com-
because impairment was absent for incongruent-switching prehensive reviews of neuropsychological test performance
word reading, and incongruent-repeated color naming, con-in PD [14,32] However, the validity of the conclusions
ditions which demand the use of internal control. It is, how- reached in these review articles must be called into ques-
ever, compatible with depleted attentional resources accounttion. Serious interpretational difficulties are present, such as
as the PD deficit was present in the most resource demandinga) absence of the incongruent conditi@d], (b) absence
condition; namely, incongruent color naming when switch- of the neutral conditiof8], (c) very weak significance for
ing tasks. group mean differencel®0] (young sample), (d) a failure

The affected structures in PD are those in a reinforcing to separate group differences in Stroop interference from
cortico-striate neural loop originating in widespread areas group differences in color naming0,24,31] (e) failure to
of the cortex (frontal, parietal and temporal areas) through screen for dementif24], and (f) study of a sample with
the basal ganglia (caudate, putamen, globus pallidus andgeneral impairmentf20] (young sample). Impairment due
substantia nigra), to various thalamus nuclei, and fed backto PD on the Stroop test is consistently absent when (a) an
to widespread cortical areas through the prefrontal cortex appropriate control condition is covaried out of incongruent
[1,29,30,44] Put simply, through this loop the basal ganglia color naming and (b) the control group is matched for age
can influence high-level cognitive processes via the thalamusand level of intellectual functioninfiL2,20] (elderly sample
[7]. These results are compatible with an account holding [33,41)).
that efficient allocation of attentional resources is dependent The possibility that task demands on attentional resources
upon the integrity of this cortico-striate loop. In support play an important role in determining PD performance
of this position, Taylor and Saint-CyjA3] suggested that may explain the between-study disagreements in recent
the basal ganglia may automatically reduce the activation reports of task switching deficits in PD. For example, one
of irrelevant and competing stimulus-response mappings, study reported no switching deficit for P[37], whereas
reducing the burden on the prefrontal cortex, and that dam-a second reported a PD defidit9]. This discrepancy
age to these structures may stretch the available attentionamay be attributable to methodological differences between
resources beyond their limit under certain conditions. studies which map onto differential demands upon atten-

An alternative explanation which is also compatible with tional resources. For example, the study which did not find
this set of results is that a deficit when switching to the non- a PD deficit used a predictable task order, whereas the
dominant task is present in PD. In congruence with this study reporting a PD deficit used a random presentation
account, we have observed that incongruent-switching order—the latter may place more demands upon attentional
color-naming elicits more widespread activation in the resources.
dorsolateral prefrontal cortex (DLPFC) than incongruent- The results reported here support the assertion that
repeated color naming, incongruent-switching word read- deficits in the use of internal control are manifestations of
ing, and incongruent-repeated word-reading conditions reduced attentional resources (and/or inefficient allocation
[38]. This finding may be important given that the DLPFC of attentional resources) in PD. An improved understanding
has rich interconnections to the subcortical brain structuresof the interaction between demands upon attentional re-
affected by PJ29,30,44] Although task switching deficits  sources and PD performance deficits would seem important
have been linked to frontal lobe damaf$¥], and aging factors to consider when designing and interpreting studies
[22,26], these studies employed apparently equidominant investigating cognitive deficits in PD, and when assessing
tasks, so that an increased reliance on the DLPFC forinconsistencies in the existing literature. Future work may
switching to the non-dominant task has not been directly focus on direct manipulations of attentional resources while
tested. Thus, more evidence would be necessary to supswitching tasks in order to more comprehensively test the
port this alternate account while ruling out the depletion of plausibility of the depleted attentional resources account of
attentional resources account. PD performance deficits.

Finally, it should be noted that a generalized slowing
account of PD impairment does not fit well with the overall
pattern of results. Consider the color-naming RTs: in addi- Acknowledgements
tion to slow responses in the critical incongruent-switching
condition, the PD group displayed slowing in all other con-  The authors thank Alex Moll for assistance with patient
ditions (i.e. neutral switching, and all task repetition condi- recruitment, Christine Schwartz for assistance with data
tions); however, in these other conditions, the slowing preparation, and Peter Graf, Mike Hubner, Claudia Jacova,
was a constant value, independent of stimulus propertiesBeat Meier, Steffen Moritz, and Christian Ruff for providing
and task difficulty. Correspondingly, translation of the RT suggestions on early versions of this manuscript.
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