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Abstract

BACKGROUND—Frontal-striatal dysfunction has been linked to cognitive impairment in

Huntington's disease (HD). The frontal lobes play a role in memory for the temporal order in

which items occur in a sequence. However, little is known about temporal order memory in HD or

how it may be affected by interference.

OBJECTIVE—The study assessed temporal order memory in patients with manifest HD (n = 20),

premanifest gene carriers for HD (Pre-HD; n = 18), and controls (n = 25) using a computerized

radial 8-arm maze

METHODS—On the sample phase of each trial, participants viewed a random sequence of circles

appearing one at a time at the end of each arm. On the choice phase, participants viewed two

sample phase circles and chose the circle occurring earliest in the sequence. Manipulations of the

temporal lag (defined as the number of circles occurring in the sample phase sequence between the

two choice phase circles) were conducted to systematically vary interference. Temporally

proximal lags were hypothesized to generate more interference relative to temporally distal lags.

RESULTS—The Pre-HD group was significantly impaired (p < .05) compared to controls on

proximal temporal lags (high interference) but matched controls on distal lags (low interference).

HD patients improved as a function of increased lag but demonstrated significant impairments (p

< .05) across lags relative to controls.
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CONCLUSIONS—Temporal order memory is differentially affected by interference during the

premanifest and manifest stages of HD. The study identifies a fundamental, yet relatively

unexamined, deficit associated with HD.
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INTRODUCTION

Impaired memory for the temporal order of items or events in sequence may have adverse

consequences on a number of cognitive functions and may affect the execution of various

daily living skills [1]. The prefrontal cortex may play a critical role in memory for sequences

of stimuli or events [2]. Studies involving patients with frontal lobe damage [3,4] and

neuroimaging studies in healthy adults [5,6] have offered further evidence that the frontal

lobes support memory for temporal order. Therefore, neurodegenerative diseases that

involve disruption in the frontal systems, such as Huntington's disease (HD), are likely to

have adverse effects on temporal order memory.

HD is a progressive neurodegenerative disorder caused by an expansion of CAG repeats on

the short arm of chromosome 4 [7]. The disease is characterized by motor abnormalities,

psychiatric disturbance, and cognitive dysfunction. Deterioration of the basal ganglia and

consequent degeneration of frontal-striatal circuitry [8] is suspected to be a primary cause of

the cognitive symptoms in HD [9]. Several neuropsychological studies have detected

cognitive changes in individuals who carry the HD CAG expansion but do not meet criteria

for a clinical diagnosis of HD, termed premanifest gene carriers.

A study from our laboratory investigated temporal order memory in premanifest gene

carriers for HD using a visuospatial temporal order memory task [1]. On the sample phase of

each trial, participants viewed a computerized radial 8-arm maze on which a random

sequence of circles appeared one at a time at the end of each arm. The sequence was

presented over an approximately 30 second period. On the choice phase, participants viewed

two circles from the sample phase sequence and were asked to choose the circle occurring

earliest in the sequence. Temporal interference was systematically manipulated by varying

the temporal lag, defined as the number of arms occurring in the sample phase sequence

between the two choice phase arms. Performance on this task has been shown to improve as

a function of increased temporal lag in both young and older adults [10]. This is presumed to

occur because trials involving smaller temporal lags (i.e. 0 and 2 lags) are hypothesized to

be more difficult due to increased temporal interference. However, trials involving large

temporal lags (i.e. 6 lag) are easier due to less temporal interference. Premanifest gene

carriers for HD within five years of estimated disease onset demonstrated impairments on

trials involving temporally proximal lags when temporal interference was high [1].

However, these individuals matched the performance of controls on trials involving

temporally distal lags when temporal interference was minimized [1]. To the authors’

knowledge, this was the first published study to demonstrate that temporal order memory

was differentially affected by temporal interference in premanifest gene carriers up to five
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years prior to estimated disease onset. The results suggest that impaired temporal order

memory could serve as an early marker of phenoconversion to HD in premanifest gene

carriers [1].

However, no study has compared the performance of individuals in premanifest and

manifest stages of HD on this task to examine the relationship between temporal

interference and temporal order memory as individuals progress into the manifest stages of

the disease. One might expect that temporal order memory would decline in the HD patients

compared to the premanifest gene carriers for the disease. However, it is not clear how

temporal order memory might be affected by interference in patients with HD. It is possible

that HD patients would decline only when interference is high or moderate but may still

match controls when interference is low. Alternatively, HD patients may decline under all

conditions including when interference is low. Understanding the nature of temporal order

memory impairment during the premanifest and manifest stages of HD may have

implications for the development of behavioral interventions aimed at reducing interference

in the temporal domain and increasing independence in daily living skills that may require

intact temporal order memory (e.g., medication management, cooking, scripted events). The

present study investigated a fundamental, yet relatively unexamined, processing deficit in

temporal order memory that may affect multiple cognitive functions and the execution of

various daily living skills in individuals in the premanifest and manifest stages of HD.

MATERIALS AND METHODS

Participants

Study participants included patients diagnosed with manifest HD (n=20), premanifest gene

carriers for HD (Pre-HD, n=18) and controls (n=25). Demographic variables are

summarized in Table 1. The controls were recruited from a longitudinal study in the

laboratory of the principal investigator. Controls were screened for a family history of HD.

The Pre-HD group was recruited from the HD Clinical Research Program at the University

of California, San Diego. Pre-HD individuals were defined as having greater than 39 CAG

repeats with the absence of clinical motor signs as rated on the Unified Huntington's Disease

Rating Scale (UHDRS) [11]. The UHDRS was administered by a senior staff neurologist.

Based on the UHDRS motor exam, the neurologist assigned a diagnostic confidence rating

representing the evaluator's confidence that the presence of motor abnormalities were a

manifestation of HD.

The mean total motor score for the Pre-HD sample was 2.78 (SE = .71) out of a possible

124. None of the participants in this group met criteria for a diagnosis of manifest HD. The

mean (standard error) number of CAG repeats for the Pre-HD group was 42.17 (.49). The

mean estimated age of disease onset for the Pre-HD was calculated to be 5.15 (1.73) years

[12]. Exclusion criteria for the Pre-HD group included: clinical evidence of an active

psychiatric illness (i.e., within the last 6 months); history of other neurological conditions,

such as seizures or head injury; and history of alcohol or other substance abuse. The data

from a portion of the controls [10] and the 18 premanifest gene carriers [1] were included in

previous publications.
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Patients with HD also were recruited from the HD Clinical Research Program at the

University of California, San Diego. All HD patients included in the present study were

rated by a senior neurologist as having unequivocal signs of mild to moderate HD

(confidence score of 4 on UHDRS) and CAG repeat length of greater than 39, indicating

that all patients carried the fully penetrant genetic mutation for HD. The mean (standard

error) UHDRS scores for the HD group were as follows: Total Motor Score 31.40 (2.55);

Functional Assessment 19.60 (.41); Independence Scale 76.75 (1.82); Total Functional

Capacity Score 8.55 (.29). The mean (standard error) number of CAG repeats for the HD

group was 44.15 (.98) and the mean age of disease onset was 44.30 (2.54) years. All

procedures were approved by the Institutional Review Boards at San Diego State University

and the University of California at San Diego and all participants provided signed consent.

Neuropsychological Measures

Participants were administered a series of neuropsychological tests to assess cognitive

function, visuospatial perception, and mood. The participants completed the Dementia

Rating Scale (DRS) [13], the Hopkins Verbal Learning Test—Revised (HVLT-R) [14] and

the Color-Word Interference and Verbal Fluency subtests of the Delis Kaplan Executive

Function System (D-KEFS) [15]. The HD patients also completed the Benton Judgment of

Line Orientation Test [16]. Two control participants and one individual in the Pre-HD group

did not complete the Color Word Interference Test.

Temporal Order Memory Task

The participants were tested on a visuospatial temporal order task used in previously

published studies [1,10]. Participants were seated in a chair approximately 60 cm from a

computer monitor. At the beginning of each trial, participants were prompted to focus on the

monitor where a computerized version of the radial 8-arm maze was shown. The 8-arm

maze consists of 8 arms extending from a center like spokes on a wheel (Figure 1). The

maze appeared on the computer screen with a diameter of approximately 30 cm. The

participants were told that a circle would appear at the end of each arm, one at a time in a

random sequence. The experimenter then instructed participants to remember the sequence

in which the circles were presented on the arms. Each trial consisted of a sample phase

followed by a choice phase. On the sample phase, a gray circle (3 cm diameter) appeared at

the end of a randomly selected arm (see Figure 1A). The circle appeared for 2 s and then the

entire display was masked for 2 s by a gray mask to eliminate after image effects. Then

another circle appeared at the end of a different randomly selected arm for 2 s followed by a

2 s mask. This continued until a gray circle had been presented at the end of each of the 8

arms once in a random sequence that varied on each trial. During encoding, the participant

had to remember the sequence but had no indication regarding which particular circles

would be involved in the choice phase.

On the choice phase, the participants viewed two circles presented simultaneously for 5 s, in

two of the arms used in the sample phase (see Figure 1B). One circle was red and the other

was blue. The color of the correct circle was randomly determined for each trial. The

participants were asked to choose the circle in the location that had appeared earliest in the

sequence by identifying the color of the circle. Temporal separations of 0, 2, 4, and 6 lags
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were randomly selected for each choice phase and represented the number of circles that

occurred during the sample phase sequence between the two circles presented

simultaneously during the choice phase. For example, on a 6 lag temporal separation,

participants were presented with two circles on the choice phase that occurred with six

circles between them during the sample phase sequence (e.g., 1st circle presented vs. 8th

circle presented). On a 2 lag temporal separation, two circles were presented on the choice

phase that occurred with two circles between them during the ssample phase sequence (e.g.,

2nd circle presented vs. 5th circle presented). Prior studies using this task have shown that

task performance improves as a function of increased temporal lag [1, 10]. This is presumed

to occur because trials involving smaller temporal lags (i.e. 0 and 2 lags) are hypothesized to

be more difficult due to increased temporal interference. However, trials involving large

temporal lags (i.e. 6 lag) are easier due to less temporal interference. Following each sample

phase sequence, three choice phases were conducted involving three of the four temporal

separations. A total of 16 different sample phase sequences were presented with three choice

phases for each sequence. As a result, there were a total of 12 choice phase trials for each of

the four temporal separations. A 15 s inter-trial interval was implemented between each trial.

RESULTS

A 3 × 4 analysis of variance (ANOVA) with group (control, Pre-HD, HD) as a between

group variable and temporal separation lag (0, 2, 4, 6) as a within group variable was used to

analyze the data from the temporal order task. The analysis revealed a statistically

significant main effect of group, F(12, 60) = 29.91, p < .0001, η2 = .499 (eta squared). A

Newman Keuls posthoc comparison test revealed that controls significantly outperformed (p

< .05) both the Pre-HD and the HD groups on the task. The posthoc test also revealed that

the Pre-HD significantly outperformed (p < .05) the HD group. The ANOVA revealed a

significant main effect of temporal separation lag, F(3, 180) = 34.01 p < .0001, η2 = .333,

indicating that performance increased as a function of increased temporal separation lag.

Planned polynomial contrasts revealed significant linear effects of temporal lag, F(1, 60) =

105.02, p < .0001, suggesting that performance improved linearly as temporal separation lag

increased. Finally, the analysis revealed a significant group x temporal separation lag

interaction, F(6, 180) = 2.73, p = .001, η2 = .08.

As shown in Figure 2 (see Table 2 for means and standard deviation values), a Newman-

Keuls post hoc comparison test of the group x temporal separation lag interaction revealed

that the control group signifcantly outperformed (p < .05) the HD group across all temporal

separation lags. In addition, the control group signifcantly outperformed (p < .05) the Pre-

HD group on 0 and 2 lag trials. However, there were no significant differences between the

Pre-HD and control groups on the 6 lag trials and the mean difference between these groups

on the 4 lag trials (.066) was slightly below the critical difference cutoff (.067), indicating a

significant trend (p = .05). Within the control group, participants performed significantly

better on the 6 lag temporal separation trials compared to the 0 and 2 lag temporal separation

trials (p < .05). Within the HD group, participants performed significantly better on the 6

temporal separation lag compared to the 0 temporal separation lag (p < .05), indicating that

performance in this group improved as a function of temporal separation lag. Within the Pre-

HD group, participants performed significantly better on the 4 and 6 lag temporal separation
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trials compared to the 0 and 2 lag temporal separation trials (p < .05). The effect size for

differences between the groups at each lag was calculated using Cohen's d. The effect size

for differences between the control group and the Pre-HD group were as follows: zero lag

= .69, two lag = 1.00, four lag = .65, and six lag = .24. The effect size for differences

between the control group and the HD group were as follows: zero lag = 1.46, two lag =

1.38, four lag = 1.97, and six lag = 1.67.

Mean scaled scores (standard deviation) and the results from one-way ANOVAs comparing

the HD, Pre-HD, and control groups on standardized neuropsychological tests and the

temporal order task are shown in Table 3. The effect size for group differences on each test

was calculated using Cohen's d. To create a single measure of temporal order task

performance for comparison with the standardized tests, the total trials correct across all

temporal separation lags were calculated for each individual. The raw data where

transformed into z-scores and then a scaled score was calculated for each individual. As

summarized in Table 3, the analyses revealed that the Pre-HD group did not differ from the

controls on any of the standardized neuropsychological meausres. However, a signficant

difference was found between the control and Pre-HD groups on the temporal order task.

The HD group was found to differ significantly from both the control and Pre-HD groups on

all neuropsychological meausres and the temporal order task. The effects sizes for group

differences between the control and HD groups and control and Pre-HD groups were larger

for the temporal order task compared to all standardized neuropsychological tests. A one-

way ANOVA on the scaled scores from the Benton Judgement of Line Orientation Test did

not reveal statistically significant differences, F(1, 35) = 1.94, p = .17, d = .46, between the

HD group (Mn= 23.10, SD= 1.08) and separate group of demographically similar contorls

not included in the present study (Mn= 25.12, SD= .92). The Benton Judgement of Line

Orientation Task was included as a measure of visuospatial perception to examine whether

deficits on the visuospatial temporal memory test were due to an impairment in visuospatial

perception.

DISCUSSION

On the present task, it was hypothesized that as temporal separation lag decreased (i.e.

choice phase circles were closer together in time during the sample phase sequence),

interference was likely to increase resulting in poorer temporal order memory. In support of

this hypothesis, the results demonstrate that the performance of all groups improved as a

function of increased temporal separation lag and decreased temporal interference.

However, controls were found to outperform the Pre-HD group on temporal separations with

high and moderate temporal interference (e.g. 0 and 2 lags), but no group differences were

detected on separations with low interference (e.g. 6 lag). In contrast, controls were found to

outperform HD patients across temporal separations with high, moderate, and low temporal

interference. The data demonstrate that temporal order memory for a sequence of

visuospatial stimuli is impaired in individuals with manifest HD. However, temporal order

memory is only impaired during the premanifest stages of HD when termporal intereference

is high.
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Although the HD group was found to be impaired across all temporal separations, it is

important to note that temporal order memory did improve in HD patients with decreased

interference. The data indicated that HD participants performed significantly better on 6 lag

temporal separation trials compared to 0 lag temporal separation trials. This finding provides

some evidence that the present deficits on the temporal order task are not due solely to a

general cognitive deficit in working memory, attention, or visuospatial perception. If the

present deficits were the result of a more general cognitive impairment, then performance

would not be expected to change as a function of temporal separation. The cognitive

demands during the encoding of each sample sequence are identical. During encoding, the

participant has to remember the sequence but has no indication regarding which particular

circles will be involved in the choice phase. Similarly, for each choice phase trial the

participant is asked to remember which circle appeared earliest in the sequence. The only

aspect of the task that differs from trial to trial is how many circles were presented in the

sequence between the two choice phase circles (i.e. the temporal separation). This

manipulation was designed to assess memory for temporal order, while keeping all other

cognitive aspects of the task identical. Although we cannot completely rule out the

possibility that general cognitive decline contributed to the present deficits, the data provide

some evidence (i.e. change in performance as a function of lag) to indicate a deficit in

temporal order memory in the HD group rather than a general cognitive deficit. In addition,

the HD group did not differ significantly from a demographically similar control sample on

the Benton Judgement of Line Orientation test. This finding suggests that the temporal order

deficits observed in individuals with HD were not due solely to impaired visuospatial

perception.

As mentioned previously, a prior study from our laboratory examined the performance of

premanifest gene carriers for HD on the present task [1]. The study reported that premanifest

gene carriers within five years of estimated disease onset demonstrated significant deficits in

task performance on 0 and 2 lag separation trials when temporal interference was high.

However, performance increased on 4 lag trials and matched the level of controls on 6 lag

trials when temporal interference was reduced. In the present study, the data from these gene

carriers [1] was reexamined. The Pre-HD group as a whole was compared to a larger control

sample, without separating the Pre-HD group based on estimated years to disease onset. The

current findings in the Pre-HD group are consistent with what was reported in those within

five years of estimated disease onset in our previous study [1]. The present data provide

novel insight into the relationship between temporal interference and temporal order

memory during the premanifest and manifest stages of the disease. In addition, the findings

demonstrate that temporal order memory is worse once individuals convert to manifest HD

even when temporal interference is low.

Prior studies have reported motor sequence learning impairments in individuals with

premanifest and manifest HD [17]. However, prior to our previously published study in

premanifest gene carriers [1], only two other studies to the authors’ knowlegde have

examined non-motor sequence learning deficits in premanifest or manifest HD using a

picture sequencing task from the WAIS-R [18,19]. These studies suggest that cognitive

changes associated with HD may impair sequence learning, even on tasks that do not

involve a motor component. The present study is the first to directly manipulate temporal
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interference in a temporal sequence task in individuals with manifest HD. The current data

coupled with the findings from our prior study investigating temporal order memory in

premanifest gene carriers for HD [1] provide a unique perspective on the role of interference

on temporal order memory during the premanifest and manifest stages of HD.

The prefrontal cortex is thought to support processes that organize sequences of stimuli or

events [2]. Disruption of these processes may lead to impairments in cognitive domains that

rely on goal directed behavior, such as executive functions. Executive dysfunction is a

prominent cognitive feature of HD [9] that may occur even prior to disease diagnosis

[20,21]. Temporal order memory deficits in HD may be associated with deficits in executive

function, which is a cognitive domain essential to the execution of many activities of daily

living tasks. Impaired temporal order memory also may play a role in other mnemonic

functions such as episodic memory, where a series of linked elements must be remembered

in a spatial and temporal context. Therefore, impaired temporal order memory may

contribute to episodic memory deficits in individuals with HD.

To facilitate comparisons between performance on the standardized neuropsychological tests

and the temporal order memory test, the raw data were converted into scaled scores and the

effect size (Cohen's d) for group differences was calculated for each test. The analyses

revealed that the largest effect size for group differences between the Control and HD

groups and the Control and Pre-HD groups was found on the temporal order task. Although

these findings offer some insight into the relative magnitude of temporal order memory

impairment in patients with HD and premanifest gene carriers, additional research is needed

to further examine the nature of temporal order memory deficits in relation to other well

characterized cognitive impairments associated with HD. In particular, it is important to

base future comparisons on a larger normative sample for the temporal order task.

In conclusion, these present results indicate that visuospatial temporal order memory is

impaired during the premanifest and manifest stages of HD. In addition, the data provide

insight into how temporal order memory is affected by temporal interference. The findings

identify a processing deficit that may affect multiple cognitive functions and the execution

of various daily living skills in individuals with HD. However, as discussed previously, the

present study is not without limitations. Future research studies involving larger samples are

needed so that statistical approaches can be used to test the incremental value of the

temporal order memory task beyond standard measures of cognitive function using a wider

battery of tests. In addition, future cross-sectional or longitudinal studies are needed to

examine temporal order memory impairment across different stages of the disease from the

premanifest stage to the various stages of manifest HD. These analyses also would provide

the opportunity to examine how age interacts with disease stage and how these factors affect

task performance. Furthermore, future studies are needed to examine the ecological validity

of temporal order memory tasks for predicting declines in everyday functioning skills (e.g.,

cooking, medication management). The identification of temporal order memory deficits in

individuals with HD may result in behavioral interventions that structure daily living tasks to

mitigate interference in the temporal domain with the goal of increasing functional

independence and improving quality of life in those with HD.
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Figure 1.
A schematic of a sample phase temporal sequence showing locations of the 1st through the

8th arms presented in a sequence (A) and a choice phase (B) consisting a 6 temporal

separation lag trial, a 2 temporal separation lag trial, and a 0 temporal separation lag trial.
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Figure 2.
Mean percent correct performance of HD patients, premanifest gene carriers (Pre-HD) and

healthy controls as a function of temporal separation lag on a visuospatial temporal order

memory task.
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TABLE 1

Mean (standard deviation) demographic variables and Dementia Rating Scale scores for patients with

Huntington's disease (HD), premanifest gene carriers for HD (Pre-HD), and controls.

HD Pre-HD Control F (df) p

Age (years) 51.20 (12.42) 40.67 (10.48) 43.92 (14.57) 3.43 (2, 60)
< .05

*a

Education (years) 16.55 (3.52) 15.67 (2.87) 15.82 (2.41) .52 (2, 60) =.60

DRS Total 133.10 (7.10) 140.22 (3.78) 141.70 (2.26) 17.75 (2, 55)
<.001

*b

Gender (% Female) 45% 44% 42%

*
Represents statistically significant difference

a
Newman-Keuls posthoc comparison test revealed no statistically siginificant age difference (p > .05) between the control group and HD group or

the control group and the Pre-HD group. The HD group was found to be significantly older (p < .05) than the Pre-HD group.

b
Newman-Keuls posthoc comparison test revealed no statistically siginificant difference (p > .05) between DRS total scores of the control and the

Pre-HD group. The DRS scores from the HD group were significantly lower (p < .05) than the Pre-HD group and the control group.
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TABLE 2

Mean percent correct performance (standard error) of HD patients, premanifest gene carriers (Pre-HD), and

healthy controls as a function of temporal separation lag on a visuospatial temporal order memory task.

Temporal Order Memory Task HD Pre-HD Control

Zero Lag Termporal Separation 56.70 (2.81) 65.70 (4.15) 77.00 (3.02)

Two Lag Termporal Separation 65.00 (4.13) 72.70 (3.42) 85.00 (1.92)

Four Lag Termporal Separation 60.40 (4.79) 86.10 (2.70) 92.70 (1.76)

Six Lag Termporal Separation 68.30 (4.93) 93.5 (1.97) 95.30 (1.20)

J Huntingtons Dis. Author manuscript; available in PMC 2014 July 30.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Nicoll et al. Page 15

T
A

B
L

E
 3

M
ea

n 
sc

al
ed

 s
co

re
s 

(s
ta

nd
ar

d 
de

vi
at

io
n)

, r
es

ul
ts

 f
ro

m
 o

ne
-w

ay
 A

N
O

V
A

s,
 a

nd
 C

oh
en

's
 d

 e
ff

ec
t s

iz
e 

es
tim

at
es

 f
or

 H
D

 p
at

ie
nt

s,
 p

re
m

an
if

es
t g

en
e 

ca
rr

ie
rs

(P
re

-H
D

) 
an

d 
he

al
th

y 
co

nt
ro

ls
 o

n 
st

an
da

rd
iz

ed
 n

eu
ro

ps
yc

ho
lo

gi
ca

l t
es

ts
 a

nd
 th

e 
te

m
po

ra
l o

rd
er

 ta
sk

.

H
D

P
re

-H
D

C
on

tr
ol

F
(d

f)
p

P
os

th
oc

H
D

 d
P

re
-H

D
 d

T
em

po
ra

l O
rd

er
 T

es
ta

2.
60

 (
2.

96
)

6.
28

 (
4.

04
)

9.
44

 (
2.

86
)

20
.2

6
(2

, 6
0)

<.
00

1*
C

on
 >

 P
re

-H
D

 >
 H

D
2.

67
1.

42

V
er

ba
l F

lu
en

cy

   
 L

et
te

r 
Fl

ue
nc

y
7.

25
 (

3.
52

)
11

.0
6 

(4
.3

9)
12

.7
2 

(3
.1

2)
12

.8
2

(2
, 6

0)
<

.0
01

*
C

on
 =

 P
re

-H
D

 >
 H

D
1.

65
.4

4

   
 C

at
eg

or
y 

Fl
ue

nc
y

5.
05

 (
2.

84
)

10
.6

1 
(3

.2
2)

11
.6

8 
(3

.0
2)

29
.1

8
(2

, 6
0)

<
.0

01
*

C
on

 =
 P

re
-H

D
 >

 H
D

2.
26

.3
4

C
ol

or
 W

or
d 

In
te

rf
er

en
ce

 T
es

t
5.

75
 (

3.
71

)
10

.7
6 

(3
.9

9)
12

.5
2 

(2
.0

4)
24

.0
8

(2
, 5

7)
<

.0
01

*
C

on
 =

 P
re

-H
D

 >
 H

D
2.

26
.5

5

H
op

ki
ns

 V
er

ba
l L

ea
rn

in
g 

T
es

t

   
 T

ot
al

 R
ec

al
l

4.
50

 (
4.

06
)

10
.5

0 
(3

.7
0)

12
.0

4 
(2

.6
9)

28
.1

4
(2

, 6
0)

<
.0

01
*

C
on

 =
 P

re
-H

D
 >

 H
D

2.
19

.5
7

   
 D

el
ay

ed
 R

ec
al

l
4.

90
 (

4.
28

)
10

.6
7 

(2
.2

8)
10

.8
4 

(2
.8

4)
22

.4
2

(2
, 6

0)
<

.0
01

*
C

on
 =

 P
re

-H
D

 >
 H

D
1.

64
.0

7

* R
ep

re
se

nt
s 

st
at

is
tic

al
ly

 s
ig

ni
fi

ca
nt

 d
if

fe
re

nc
e

a T
ot

al
 c

or
re

ct
 a

cr
os

s 
al

l s
pa

tia
l s

ep
ar

at
io

n 
la

gs

J Huntingtons Dis. Author manuscript; available in PMC 2014 July 30.


