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Deficits in information processing speed are among the most commonly reported impairments in mul-
tiple sclerosis (MS) and are generally assessed by evaluating mean-level performance on time-limited 
tests. However, this approach to assessing performance ignores potential within-subject differences in 
MS patients that may be useful for characterizing cognitive difficulties in MS. An alternative method 
of measuring performance is by examining the degree of within-subject variability, termed intra-indi-
vidual variability (IIV). Intra-individual variability provides information about the characteristics 
of a person’s performance over time and may provide novel information about cognitive functioning 
in MS. This study examined IIV in performance on the Computerized Test of Information Processing 
(CTIP) using two within-subject variability methods: individual standard deviation and coefficient of 
variation. Eighteen females with relapsing-remitting MS and 18 healthy female controls completed the 
CTIP. Consistent with previous research, MS patients demonstrated slower overall mean performance 
on the CTIP compared with controls, with patients becoming increasingly slower than controls as 
cognitive demands increased across the tasks. Furthermore, MS patients demonstrated greater IIV as 
measured by individual standard deviations on all subtests of the CTIP, even with mean-level group 
differences as well as practice and learning effects controlled. These between-group differences were 
not found when the coefficient of variation, a more coarse measure of within-subject variability, was 
used. Intra-individual variability was also found to be a better predictor of neurologic status than 
mean-level performance. These results suggest that IIV may provide unique insight into cognitive func-
tioning in MS. Int J MS Care. 2012;14:77–83.

Cognitive impairments are highly prevalent in 
multiple sclerosis (MS), affecting an estimated 
40% to 65% of patients.1,2 Although the type 

of cognitive difficulties found in MS varies with disease 
duration and MS disease subtype, one of the most com-
monly reported impairments is in information process-
ing speed.3 Information processing speed is conceptual-
ized as the rate at which elementary cognitive operations 
can be executed.4 A comprehensive understanding of 
difficulties with information processing speed is critical, 

as it has been hypothesized that processing speed deficits 
can contribute to impairments in memory and other 
higher-order cognitive functions.5

In clinical practice and in most clinical research, 
information processing speed is inferred from the num-
ber of test items completed or the accuracy of patients’ 
performance on timed paper-and-pencil tests (eg, Sym-
bol Digit Modalities Test; SDMT)6 or on tests requiring 
verbal responses (eg, Paced Auditory Serial Addition 
Test; PASAT).7 Computerized tests that provide direct 
measures of reaction time, such as the Computerized 
Test of Information Processing (CTIP),8 can provide 
more precise measurement of processing speed. The 
CTIP consists of three reaction time tests that become 
progressively more demanding. Mean-level differences 
in reaction times between MS patients and healthy con-
trols have been found, with MS patients demonstrating 
overall slower response times that progressively become 
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functioning of the individual. One method to account 
for the aforementioned systematic effects is to parcel 
out these effects using regression and then to calculate 
individual standard deviations (ISDs) using standardized 
residual scores.14 A simpler, though potentially less sensi-
tive, method of calculating within-subject variability is 
to compute the coefficient of variation (COV; the stan-
dard deviation divided by the mean) for each individual. 
Unlike ISD, this latter technique accounts only for 
differences in variability that may be due to individual 
mean-level performance. These two approaches may 
provide different estimates of within-subject variability 
and thus may have different implications for evaluating 
cognitive performance in conditions such as MS.

This study aimed to investigate IIV on a computer-
ized clinical test of information processing speed (the 
CTIP) in a sample of relapsing-remitting MS patients. 
The CTIP is a suitable task for measuring trial-by-trial 
variability, as it includes multiple trials of each task and 
records exact response times for each trial. We examined 
IIV on the CTIP using both ISD and COV in order to 
compare the potential information provided by these 
two approaches. We hypothesized that MS patients 
would demonstrate a similar pattern of decreased mean 
processing speed, as has been seen previously on this 
task.9 However, we also expected that MS patients 
would be more variable in their performance compared 
with controls. We anticipated that ISD would be more 
sensitive to group differences in IIV than COV, as the 
former method can account for systematic influences 
(eg, practice, learning effects, and boredom). Finally, we 
examined whether IIV could predict neurologic status in 
our sample. 

Method

Participants
Eighteen female patients with MS and 18 healthy 

female control subjects participated in the study. MS 
participants were recruited from the Dalhousie MS 
Research Unit (DMSRU) during regular clinic visits. 
Seventeen MS participants were right-handed, and all 
were between 25 and 55 years of age, had been diag-
nosed with relapsing-remitting MS,18 and had Expanded 
Disability Status Scale (EDSS)19 scores between 0 and 
6 (Table 1). MS participants were clinically stable at 
the time of the study; none had experienced a symp-
tom relapse or had been taking corticosteroids within 
3 months prior to participation. All MS participants 

slower, compared with healthy controls, as the cogni-
tive demands of the task increase.9 Similar findings have 
been reported for other reaction time tasks.10 However, 
such tests have typically been used only to evaluate dif-
ferences in mean-level performance between groups and 
have not considered within-subject differences in perfor-
mance that may be important in characterizing cognitive 
impairments in clinical populations such as those with 
MS. 

An alternative approach to characterizing cognitive 
performance is by examining within-subject variability 
in response speed (ie, the fluctuation of response per-
formance across serial trials). Within-person fluctuation 
in response latency on cognitive tasks, termed intra-
individual variability (IIV), has been used as a measure 
of stability in performance.11 Low variability (ie, high 
consistency) indicates better performance, whereas high 
variability (ie, low consistency) indicates worse perfor-
mance.12 Intra-individual variability can be reliably mea-
sured and is thought to reflect fairly stable endogenous 
factors, such as central nervous system (CNS) integrity, 
as opposed to situation-dependent factors such as fluc-
tuations in stress or sleep.13,14

Intra-individual variability may be a sensitive mea-
sure of cognitive functioning in clinical populations and 
is proposed to be a behavioral marker of overall CNS 
integrity.11,15 Within-subject variability has been found 
to relate to cognitive and neurologic status in studies 
of mild dementia,14 attention deficit and hyperactivity 
disorder,16 Parkinson’s disease, and Alzheimer’s disease.17 
In these studies, greater IIV was associated with worse 
cognitive performance or greater neurologic impair-
ment. An association between within-subject variabil-
ity and neuroimaging indices of anatomical changes in 
both white and gray matter has also been described for 
patients with frontotemporal dementia, traumatic brain 
injury, and mild cognitive impairment.15 These studies 
suggest that IIV may provide novel insight into cognitive 
impairment; however, it has thus far received little atten-
tion in the study of MS.

When examining IIV, it is important to dissociate 
systematic factors that can affect variability (eg, practice 
effects, learning effects, or boredom) and to ensure that 
differences in variability are not simply a statistical arti-
fact of differences in individual or group mean perfor-
mance.14 By controlling for these potential variables, one 
can begin to examine purer endogenous differences in 
IIV that may provide unique insight into the cognitive 
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neurologic symptoms and has been validated for use 
with individuals with MS.24

Computerized Test of Information Processing 
(CTIP)

The CTIP8 was used to measure information pro-
cessing speed. The CTIP includes three reaction time 
subtests that become progressively more demanding: 1) 
a simple reaction time (SRT) task in which participants 
are asked to press the spacebar as soon as a single “X” 
appears on the screen, 2) a choice reaction time (CRT) 
task in which participants are presented with either the 
word “DUCK” or the word “KITE” and are asked to 
press the right key (ie, “/”) for the former and the left 
key (ie, “z”) for the latter, and 3) a semantic search reac-
tion time (SSRT) task in which participants are asked 
to decide if a specific word belongs to a category. On 
each trial, one of four semantic categories is presented 
at random (Weapon, Furniture, Bird, or Fruit), and 2 
seconds later a word appears below the category. The 
participants are asked to press the right key (ie, “/”) if the 
word belongs to the category and the left key (ie, “z”) if 
it does not belong to the category. Each task includes 10 
practice trials and 30 test trials (total CTIP duration of 
10–15 minutes). 

Results

Demographics
Demographic variables for the MS and control 

groups are presented in Table 1. The two groups were 
matched on age (F1,34 = 0.326, P = .572) and years of 
education (F1,34 = 2.511, P = .122) and did not differ on 
their self-reported symptoms of depression (F1,34 = 0.01, 
P = .921). Because no differences in depressive symp-
toms between the two groups were found, this variable 
was excluded from further analyses. For MS participants, 
the median EDSS score was 2.0 (range, 1–3.5), and the 
median duration of disease as measured in years since 
onset of reported MS symptoms was 6.5 (range, 0–28). 

Mean-Level Performance on CTIP
Accuracy information is not available for the SRT. 

The groups did not differ on number of errors on the 
CRT (F1,34 = 0.168, P = .684) or the SSRT (F1,34 = 
0.373, P = .546). On the CRT, mean (SD) number of 
errors was 0.44 (0.86) for the MS group and 0.33 (0.77) 
for the control group. On the SSRT, mean (SD) num-
ber of errors was 0.94 (1.30) for the MS group and 0.72 
(0.83) for the control group.

were receiving first-line disease-modifying therapy for 
treatment of MS at the time of the study.20 None had 
comorbid neurodegenerative or psychiatric disorders or 
a history of substance abuse, learning disability, stroke, 
head trauma, or seizures. Those with a past history of 
depression or anxiety disorder were included if this was 
not an active clinical problem at the time of the study. 
Healthy control participants, who met the same inclu-
sion and exclusion criteria except those related to MS, 
were recruited through local advertisements. All partici-
pants reported normal or corrected-to-normal vision at 
the time of the study.  

Procedure
All participants provided written informed consent 

following procedures approved by the Capital District 
Health Authority Research Ethics Board. Participants 
completed the Beck Depression Inventory–Fast Screen 
(BDI-FS)21 as well as the CTIP in a quiet room with the 
same administrator and were compensated $20 for com-
pleting the study.

Instruments

Disability
Disability was measured with the EDSS.19 EDSS 

scores were obtained from the medical record of the MS 
participant’s most recent DMSRU clinic visit prior to 
completing the study (ie, within 2 weeks of participating 
in the study).

Depression
Depression symptoms were measured using the BDI-

FS.21 Depression is highly prevalent in MS and can 
affect performance on cognitive tasks.22,23 The BDI-FS 
provides a measure of depression not confounded with 

Table 1. Descriptive statistics for demographic 
variables

Variable
MS group 
(n = 18)

Control group 
(n = 18)

Age, mean (SD), y 42.33 (7.30) 40.83 (8.42)

Education, mean (SD), y 14.56 (1.91) 15.67 (2.28)

BDI-FS, mean (SD) 1.22 (1.77) 1.17 (1.58)

Disease duration,a median 
(range), y 6.5 (0–28) —

EDSS score, median (range) 2.0 (1–3.5) —

Abbreviations: BDI-FS, Beck Depression Inventory–Fast Screen; 
EDSS, Expanded Disability Status Scale; MS, multiple sclerosis.
aTime since onset of reported MS symptoms.
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Variability on CTIP
Intra-individual variability was measured by calculat-

ing ISDs for all participants. Only correct trials were 
used for this calculation, and the data were screened for 
extreme values (ie, 3 SDs from the mean of each group). 
This represents a conservative approach to calculating 
IIV, as removing extreme values will likely reduce the 
amount of within-subject variability.14,17 To avoid sta-
tistical issues associated with unequal and missing trials, 
group-level mean values were imputed for missing data 
(<5% of the total data). Systematic differences in reac-
tion time due to trial as well as mean-level differences in 
reaction time associated with group membership were 
parceled from the data using a regression with group 
and trial information entered as independent variables.14 
Then, standardized residual scores were converted to T 
scores to allow for comparisons across tasks, and an ISD 
score was calculated for each participant. In addition to 
ISD, COVs (standard deviation of reaction time divided 
by mean reaction time and multiplied by 100) were 
calculated for correct trials for each participant. This 
approach eliminates the impact of the individuals’ mean-
level differences on standard deviation and provides an 
alternative measure of within-person variability. Both 

ISDs and COVs were compared 
using a series of ANOVAs.

ISD
Group ISDs on each CTIP 

test are shown in Figure 2. A 
repeated-measures ANOVA 
revea led  that  overa l l  I IV 
increased with subtest difficulty 
(Test: F2,68 = 5.3, P = .007) and 
that MS participants were more 
variable in their performance 
(Group: F1,34 = 20.02, P < 
.001). However, no significant 
group by test interaction was 
found (Test × Group: F2,68 = 
0.340, P = .71). A series of one-
way ANOVAs revealed that MS 
participants were significantly 
more variable than controls on 
each subtest of the CTIP (CRT: 
F1,34 = 14.16, P = .001; SRT: 
F1,34 = 9.70, P = .004; SSRT: 
F1,34 = 14.26, P = .001). MS 
participants had greater variabil-

Group mean reaction time scores on each CTIP sub-
test are shown in Figure 1. A repeated-measures analysis 
of variance (ANOVA) with CTIP subtest as the within-
subject variable and Group as the between-subject 
variable was used to analyze the mean reaction time 
scores; the Greenhouse-Geiser correction was applied. 
This analysis revealed that reaction times increased as 
the tasks became more cognitively demanding (Test: 
F1.5,50.5 = 289.77, P < .001) and that the MS group had 
significantly longer reaction times than controls (Group: 
F1,34 = 16.01, P < .001). In addition, the reaction times 
of the MS participants diverged increasingly from those 
of controls as the subtests became more difficult (Test 
× Group: F1.5,50.5 = 4.03, P = .035). A series of one-way 
ANOVAs revealed that MS participants had significant-
ly longer reaction times than controls on each subtest 
of the CTIP (CRT: F1,34 = 11.31, P = .002; SRT: F1,34 
= 12.78, P = .001; SSRT: F1,34 = 10.93, P = .002). MS 
participants demonstrated slower reaction times even 
when the potential influences of motor abilities on pro-
cessing speed were controlled (ie, mean reaction times 
from the SRT were subtracted from CRT and SSRT; 
CRT: F1,34 = 6.63, P = .015; SSRT: F1,34 = 9.63, P = 
.004). 

Figure 1. Mean reaction times for MS participants and controls on the 
three CTIP tests 
Error bars represent standard error. CRT, choice reaction time; CTIP, Computerized Test of 
Information Processing; SRT, simple reaction time; SSRT, semantic search reaction time.
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Figure 1.  Mean Reaction Times for MS participants and controls on the 3 CTIP tests. 
Error bars represent Standard Errors. CTIP =Computerized Test of Information 
Processing; SRT= Simple Reaction Test; CRT= Choice Reaction Test; SSRT= Semantic 
Selection Reaction Test. 
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0.01, P = .921; SSRT: F1,34 = 
2.54, P = .120).

Predicting Group 
Membership Using 
Mean Reaction Time and 
Variability

We examined the unique 
contributions of mean perfor-
mance and IIV on predicting 
group membership using a 
discriminant function analysis. 
Mean reaction time and ISD 
scores for each CTIP task were 
included simultaneously in the 
analysis to determine which 
of these variables could best 
predict whether a participant 
belonged to the MS group or 
the control group. We did not 
include COVs of each CTIP 
subtest given that no significant 
differences between groups 

were found. The combined information about mean-
level performance and IIV successfully predicted group 
membership (Wilks L = 0.54, c2

6
 [N = 36] = 19.138, P 

ity even when the potential influences of motor abilities 
on processing speed were controlled (ie, SRT perfor-
mance was regressed from CRT and SSRT ISD scores; 
CRT: F1,34 = 10.48, P = .003; 
SSRT: F1,34 = 14.01, P = .001). 

COV
Group COVs on each test 

are shown in Figure 3. A repeat-
ed-measures ANOVA revealed 
that COVs also increased with 
test difficulty (Test: F2,68 = 
13.38, P < .001). However, MS 
participants were not found to 
be more variable in their perfor-
mance (Group: F1,34 = 3.20, P = 
.08), nor was there a significant 
group by test interaction (Test × 
Group: F2,68 = 1.146, P = .324) 
when COV was examined. A 
series of one-way ANOVAs 
revealed that MS participants 
did not have greater COVs 
compared with controls on any 
of the CTIP subtests (SRT: F1,34 
= 3.53, P = .069; CRT: F1,34 = 
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Figure 3. Mean Coefficient of Variation for MS participants and controls on the 3 
CTIP Tests. Error bars represent Standard Errors. CTIP =Computerized Test of 
Information Processing; SRT= Simple Reaction Test; CRT= Choice Reaction Test; 
SSRT= Semantic Selection Reaction Test. 
!

Figure 3. Mean coefficient of variation for MS participants and 
controls on the three CTIP tests
Error bars represent standard error. CRT, choice reaction time; CTIP, Computerized Test of 
Information Processing; SRT, simple reaction time; SSRT, semantic search reaction time.
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Figure 2. Mean Individual Standard Deviations for MS participants and 
controls on the 3 CTIP Tests. Error bars represent Standard Errors. CTIP 
=Computerized Test of Information Processing; SRT= Simple Reaction Test; 
CRT= Choice Reaction Test; SSRT= Semantic Selection Reaction Test. 
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Figure 2. Mean individual standard deviations for MS participants and 
controls on the three CTIP tests
Error bars represent standard error. CRT, choice reaction time; CTIP, Computerized Test of 
Information Processing; SRT, simple reaction time; SSRT, semantic search reaction time.
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mance. Other factors that may influence variability such 
as practice effects, learning effects, boredom, and group 
differences in mean reaction time are not accounted for 
and can artificially mask or inflate true within-subject 
variability. Calculation of ISD as described in this study 
helps eliminate systematic variability caused by the 
aforementioned factors and produces a purer measure of 
variability that cannot be explained away by extraneous 
factors. When studied in this way, within-subject vari-
ability appears to represent a unique intrinsic characteris-
tic of the individual that may be affected by endogenous 
changes in the individual’s CNS integrity.14 

We also sought to determine whether IIV on the 
CTIP contributed distinct information about cognitive 
performance in our sample, as compared to mean-level 
differences in reaction time alone. Our analysis revealed 
that IIV on the SSRT and SRT subtests, as measured 
by ISD, best predicted group membership. Mean-
level differences in reaction time were not as useful in 
predicting neurologic status. It is noteworthy that IIV 
on the CRT also contributed little to the discrimina-
tion of group membership in this analysis and that MS 
patients showed the greatest variance in ISD on this task 
(Figure 2). Perhaps the greater difficulty in performing 
consistently on this task shown by some MS patients 
reflects the considerable change in task demands for this 
subtest. Specifically, this requires shifting from the SRT 
subtest, involving a unimanual response to a single target 
stimulus, to the CRT subtest, which requires bimanual 
responding based on a decision between two responses. 
Because the standard CTIP presents the three subtests 
in a set order of increasing difficulty, randomization 
of the subtest order was not attempted in the current 

= .004) and correctly classified 83.3% of all cases. Table 
2 presents the standardized weights of each predictor. 
These results indicate that ISD scores on the SSRT (b 
= 0.83) and the SRT (b = 0.60) were the best predictors 
for identifying whether a subject belonged to the MS 
group or the control group. 

Discussion
Deficits in information processing speed are among 

the most commonly reported cognitive difficulties in 
MS.3 This study examined an alternative approach to 
characterizing information processing speed by measur-
ing IIV in response speed on the CTIP in a sample of 
MS patients and healthy controls. To our knowledge, 
this study represents the first investigation of within-
subject variability on the CTIP in MS. 

As shown previously by Tombaugh and colleagues,9 
we found that MS patients demonstrated slowing in 
mean response time on all three CTIP subtests com-
pared with healthy controls, despite being equally accu-
rate in their performance. In addition, we found that 
MS patients’ response speed became increasingly slower 
than that of controls on the more cognitively demanding 
subtest (ie, SSRT; Figure 1). The consistency of these 
findings with previous reports in MS suggests that the 
CTIP may be a reliable clinical measure of processing 
speed deficits in this disease. 

In addition to slowed information processing, the MS 
patients also demonstrated greater IIV in their response 
speed when ISDs were examined. A significant differ-
ence in variability emerged even though mean-level 
group differences in response time and effects of prac-
tice, learning, and boredom were controlled. Differences 
in variability between groups were not found when with-
in-subject variability was calculated using COVs. This 
likely occurred because COVs solely account for differ-
ences in variability due to individual mean-level perfor-

Table 2. Standardized coefficients of predictor 
variables of the discriminant function
Predictor Standardized coefficient

ISD for SRT 0.601
ISD for CRT −0.229
ISD for SSRT 0.828
Mean for SRT 0.243
Mean for CRT 0.264
Mean for SSRT −0.316
Abbreviations: CRT, choice reaction time; ISD, individual standard 
deviation; SSRT, semantic search reaction time; SRT, simple reaction 
time.

PracticePoints
•	Relapsing-remitting	MS	patients	not	only	demon-

strate slower information processing speed than 
controls but also are more variable in their per-
formance. 

•	Greater	 variability	 in	MS	 performance	 is	 found	
even when other potential influences such as 
practice, learning, and group-level differences 
are accounted for.

•	Within-subject	variability	may	provide	additional	
insight into difficulties with information process-
ing speed in MS.
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study. Nevertheless, the findings do suggest that IIV, as 
measured by ISD, provides unique information about 
the neurologic status of MS patients and may provide a 
better indicator of cognitive functioning than mean-level 
response latency in relatively mildly affected patients. 

Our findings of greater IIV in MS patients compared 
with controls is consistent with findings of greater vari-
ability in performance on reaction time tasks in other 
neurologic populations, such as those with traumatic 
brain injury, dementia, and Parkinson’s disease.14,15,17 
Recently in a sample of relapsing-remitting and sec-
ondary progressive MS patients, standard deviation in 
response time on a timed digit recognition task was also 
associated with greater self-reported fatigue.25 Our find-
ings add to the accumulating literature suggesting that 
within-subject variability is an important component 
of cognitive performance and that variability may pro-
vide additional insight into the difficulties experienced 
in neurologic conditions, including MS. Although this 
study included only a relatively small sample of mildly 
affected relapsing-remitting MS patients, our findings 
clearly demonstrate the need for future research on IIV 
with a broader range of MS disease subtypes and dis-
ability severity. Future research examining individual 
response variability in other cognitive domains would 
also help further elucidate the function of response vari-
ability as a measure of the MS disease process. o

Acknowledgments: We	would	 like	 to	 thank	 the	 participants	 in	
this study for their time and effort as well as the staff at the DMSRU 
for their assistance with subject recruitment. 

Financial Disclosures: The	authors	have	no	conflicts	of	interest	to	
disclose.

Funding/Support: This	research	was	funded	by	a	grant	from	the	
Capital District Health Authority Research Fund. Ms. Wojtowicz is 
supported by a doctoral training award from the Multiple Sclerosis 
Society of Canada. Dr. Berrigan is the recipient of the 2011 Biogen-
Idec Postdoctoral Fellowship from the Multiple Sclerosis Society of 
Canada.

References
	 1.	Rao	 S,	 Leo	G,	 Bernardin	 L,	 Unverzagt	 F.	 Cognitive	 dysfunction	 in	

multiple sclerosis: frequency, patterns, and predictions. Neurology. 
1991;41:685–691.

	 2.	Benedict	RH,	Cookfair	D,	Gavett	R,	et	al.	Validity	of	the	minimal	assess-
ment of cognitive function in multiple sclerosis. J Int Neuropsychol Soc. 
2006;12:549–558.

 3. Chiaravalloti ND, DeLuca J. Cognitive impairment in multiple sclerosis. 
Lancet Neurology. 2009;7:1139–1151.

	 4.	Salthouse	TA.	The	processing-speed	theory	of	adult	age	differences	in	
cognition. Psychol Rev. 1996;103:403–428. 

	 5.	DeLuca	 J,	Chelune	GJ,	 Tulsky	DS,	 Lengenfelder	 J,	Chiaravalloti	ND.	
Is	 speed	 of	 processing	 or	working	memory	 the	 primary	 information	


