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Inhibition of Visual and Conceptual Information During
Reading in Healthy Aging and Alzheimer’s Disease*

Janet M. Duchek David A. Balot&, and Veronica C. Thessihg
1Program in Occupational Therapy, Washington University School of Medicine
and?Department of Psychology, Washington University

ABSTRACT

The present experiment examined the effect of distraction on reading ability and comprehension in healthy
aging and early stage dementia of the Alzheimer type (DAT). A modified version of the reading task used
by Connelly, Hasher, and Zacks (1991, Experiment 2) was employed. Healthy young, healthy old (60-79
years, and 80 years and over), very mild DAT, and mild DAT participants read passages aloud and then
answered comprehension questions. There were four experimental conditions in which distracting informa-
tion was embedded in the textdntrol), orthographigxxxxx) lexical (unrelated) and semanti¢related)

The results indicated that there was greater susceptibility to increasing levels of distraction with age and
increasing dementia severity. Moreover, there was a substantial slowdown in reading time in mild DAT
when text was used as distracting information, especially conceptually related text. Furthermore, mild DAT
participants were more likely to make false alarms in comprehension performance (i.e., choose as an an-
swer the incorrect response which contained the related distracting information). Thus, in early stage DAT,
there appears to be increased difficulty inhibiting partially activated information, especially when it is
related to the relevant information being processed.

Dementia of the Alzheimer's type (DAT) is aging and DAT when tasks demand attentional
characterized by a deterioration of cognitive control systems (e.g., Balota, Black, & Cheney,
performance across a wide variety of tasks. De-1992; Ferraro, Balota, & Connor, 1993; Gabrieli
spite this generalized cognitive breakdown,etal., in press; Moscovitch, 1994). More specifi-
there are aspects of cognitive processes that agally, there appears to be a breakdown in the
pear to be spared, at least in the early stages afontrol or inhibition of partially activated but
the disease. For example, there is evidence fronmappropriate processing pathways.

semantic priming (e.g., Balota & Duchek, 1988, First turning to healthy aging, the notion of a
1989, 1991; Shenaut & Ober, 1996) and somedeficit in inhibitory control has been used to ac-
implicit memory tasks (e.g., Balota & Ferraro, count for the cognitive deficits observed in
1996; Faust, Balota, & Spieler, 1996; Gabrieli et healthy older adults. This work has been moti-
al., 1994; LaVoie & Light, 1994; Moscovitch, vated largely by Hasher and Zacks’ (1988)
Winocur, & McLachlan, 1986) that the auto- modelofinhibitory processing, which states that
matic activation of relevant processing pathwaysone consequence of deficient inhibitory control
is relatively unimpaired in both healthy older is that older adults are more distracted by irrele-
adults and in early stage DAT. However, there isvant information. According to the model, this
evidence that performance declines in healthydeficit in inhibitory control allows more “non-
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goal path ideas” to enter working memory and priate processing pathways in early DAT across
remain activated, thereby making the processing variety of cognitive tasks (also see Simone &
of task-relevant information more difficult. In- Baylis, 1997).
deed, there have been a number of studies that It is interesting to note that the original
have demonstrated an age-related decline in inHasher and Zacks (1988) model discussed the
hibitory control. For example, there is evidence age-related inhibitory deficit specifically in
that older adults show reduced negative primingterms of memory retrieval and language com-
effects under some circumstances (e.g., Hasheprehension. It was argued that a reduced ability
Stolzfus, Zacks, & Rympa, 1991; McDowd & to inhibit partially activated information should
Oseas-Kreger, 1990; Tipper, 1991; however, seéead to increased difficulty in language process-
Sullivan & Faust, 1993; Sullivan, Faust, & Ba- ing. Clearly, other models of language compre-
lota, 1995). Also, older adults exhibit increased hension also have emphasized the role of an in-
Stroop interference effects (e.g., Spieler, Balotahibitory mechanism which serves to suppress
& Faust, 1996), increased interference effects inextraneous information and maintain the activa-
a picture-word paradigm (Duchek, Balota, tion of relevant information in working memory
Faust, & Ferraro, 1995), and increased difficultyduring comprehension processes (e.g., Gerns-
inhibiting an overt response in a stop-signal par-bacher, 1990). In terms of DAT, there is cer-
adigm (Kramer, Humphrey, Larish, Logan, & tainly evidence of deficits in written and spoken
Strayer, 1994). language comprehension (e.g., Appell, Kertesz,
The notion of an inhibitory control deficit & Fisman, 1982; Cummings, Houlihan, & Hill,
also has been extended to the DAT population1986; Murdoch, Chenery, Wilks, & Boyle,
A number of recent studies have indicated that1987) which have been correlated with deficits
there is a disproportionate breakdown in inhibi- in working memory tasks (Small, Kemper, &
tory control in the early stages of DAT relative Lyons, 1997). More specifically, an inhibitory
to healthy aging, greater than expected by overdeficit has been used as an explanatory construct
all differences in speed or accuracy. For exam-for impaired performance in language process-
ple, there is evidence that individuals with DAT ing tasks. For example, we have reported that
do not show negative priming effects with both individuals with DAT are more likely to have an
picture and word stimuli, suggesting that there isalternative interpretation of a homograph avail-
little inhibition of the to-be-ignored information able (e.g.,ORGANmMeaningbody par) in the
on the previous trial (Sullivan et al., 1995). presence of a single-word disambiguating con-
Spieler et al. (1996) found that individuals with text (e.g.,MUSIC) (Balota & Duchek, 1991).
DAT exhibited a greater breakdown in inhibi- Likewise, individuals with DAT are less effi-
tory control relative to healthy older adults in a cientthan healthy older adults in suppressing the
Stroop paradigm, as evidenced by an increase ialternative meaning of an ambiguous word in
intrusion errors during color naming (i.e., incor- the presence of a biasing sentence context
rectly naming the word). In a speeded naming(Faust, Balota, Duchek, Gernsbacher, & Smith,
task, Balota and Ferraro (1993) found that indi-1997). Based on both of these studies, one could
viduals with DAT were more likely to make pro- argue that the inability to suppress partially acti-
nunciation errors for irregular words (e.g., pro- vated, inappropriate information may be an im-
nouncing PINT as if it rhymes with HINT), sug- portant contributor to the language-related defi-
gesting that within a dual route model they hadcits in DAT.
more difficulty suppressing the sublexical route. The goal of the present study was to further
On the other hand, when the task placed emphaexplore inhibitory deficits in healthy aging and
sis on the sublexical route (i.e., a rhyme task),early stage DAT in a more complex language
individuals with DAT had difficulty suppressing processing task, namely on-line reading and
the influence of the lexical route (Balota & Fer- comprehension performance. The present study
raro, 1996). Thus, there appears to be evidenceepresents a modified version of the reading task
of a deficit in the inhibitory control of inappro- used by Connelly, Hasher and Zacks (1991, Ex-
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periment 2). In this task, participants are re-ploring inhibitory processes during reading in

quired to read text passages aloud and then amealthy aging by comparing young adults with

swer comprehension questions. In order to adyoung-old (60-79 years) and old-old (80 years
dress the impact of distracting information on and over) adults. There is relatively little litera-

reading ability and comprehension, various in-ture on inhibitory control processes in this latter
formation is embedded in the text. As shown in group of older adults. Furthermore, the compari-
the Appendix, there are four experimental condi-son of the hondemented oldest-old group with
tions with increasing levels of interference. youngerdemented participants (ClinicalDemen-
Across these conditions, distracting informationtia Ratings or CDRs of 0.5 and 1, respectively)
is (a) not presenteccontrol), (b) orthographic is important for addressing the issue of whether
(xxxx3), (c) lexical unrelated, or (d) semantic there are qualitative differences between normal
(related. It is important to note that the present aging and DAT.

task was made easier than the Connelly et al.

task by making the distracting information more

physically distinct to insure that the DAT partic- METHODS

ipants could accurately perform the task. Of

course, it is possible that this methodological Participants

change also made it easier for participants toA total of 88 participants were recruited from

ignore the distracting information in the presentthe Washington University Alzheimer Disease
study. Connelly et al. found that healthy older Research Center’s (ADRC). All participants were

dults’ di : | d wh originally screened for depression, hypertension,
adults’ reading times were slowed when anyreversible dementias, and other disorders that

type of distracting information was embedded in could potentially produce cognitive impairment.
the text, but particularly when the distracting The inclusionary and exclusionary criteria for
information was semantically related to the tar- DAT are consistent with the National Institute of
get information. Furthermore, there was a slightNeurological and Communicative Disorders and
tendency for older adults, relative to youngerStroke and the Alzheimer’'s Disease and Related

adults, to exhibit poorer comprehension perfor_Dis.ordersAssociation(NINCDS-ADRDA)criteria
' . (McKhann et al., 1984). The severity of dementia
mance in the related condition. Thus, Connelly,ya¢ staged according to the Washington Univer-
etal. argued that older adults’ reading and com-=ijty CDR scale (Berg, 1988; Hughes, Berg,
prehension performance is more susceptible tanziger, Coben, & Martin, 1982; Morris, 1993).
the effects of distracting information. According to this scale, CDRs 0, 0.5, 1, 2, and 3

present study. First, we are interested in the im-dementia, moderate dementia, and severe demen-

. o tia, respectively. The CDR is based on a 90-min
pact of DAT on reading ability and comprehen- interview with both the participant and a collateral

sion in the presence of distracting information. goyrce. This interview assesses the participant’s
This is an excellent task to examine the influ- cognitive abilities in the areas of memory, orienta-
ence of increasing levels of distraction (i.e., tion, judgment and problem solving, community
low-level visual/orthographic, lexical, and se- affairs, home and hobbies, and personal care. Both
mantic) on reading comprehension. It is eX_the relia_bility of the CDR and the validation of the
pected that reading time and comprehension Wi”dlagn05|s (based upon autop%y) by the research
be more disrupted by distracting information in team have been excellent (93% diagnostic accu-
. . racy) and well documented (e.g., Berg et al.,
early stage DAT relative to healthy aging, espe-199g).
cially as the level of distraction increases to be Of the 88 participants recruited from the Wash-
conceptually related to the relevant information.ington University ADRC, 28 were healthy older
In addition, the inclusion of two levels of de- controls (CDR = 0) under age 80 yeahd £ 71.7,
mentia severity (i.e., very mild and mild DAT) 'ange 60—79M education = 14.6 years); 18 were

. . . _healthy older controls (CDR = 0) age 80 or over
allows one to trace the impact of increasing lev (M = 86.0, range 80-9M education = 14.9): 25

els of distraction on reading as the disease proygre diagnosed with very mild DAT (CDR = 0.5;
gresses. Second, we are interested in further exw = 73.4, range 60-96y! education = 13.6); and
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17 were diagnosed with mild DAT (CDR =M= testing room. Prior to testing, each participant was
74.7, range 62-92 education = 12.5). The edu- given a sheet of paper containing 30 unrelated
cation level did not differ among these groups, words, 15 in bold uppercase and 15 in lowercase
F(3,83)=1.87p=.14. italics. Participants were instructed to simply read
In addition, 20 young college-aged participantsthe bold uppercase words only. This pretest was
(M = 20.3 years) were recruited for this study. All given to insure that participants were capable of
young participants had 13—-14 years of educationunderstanding the instructions for the subsequent
These participants were paid $5 per hour for theirreading task. All participants were able to perform

participation. this pretest.
During testing, the experimenter placed each
Materials story sheetin front of the participant and instructed

Stories (eight test and one practice) used in thishe participant to read the story aloud into the tape
study were modeled after the materials used byrecorder. Participants were instructed only to read
Connelly et al. (1991). Each story was approxi- the story as presented in the bold uppercase letter-
mately 125 words in length and was printed on aing. Immediately after reading a story, the experi-
single standard sheet of paper. Each story was romenter replaced the story sheet with the compre-
tated across all four experimental conditionen-  hension test for that story. Participants were in-
trol, related text distraction, unrelated text distrac- structed to circle the correct answer for each ques-
tion, and xxxxx distractiorin addition, the order- tion and work at their own pace. Upon completion
ing of these conditions was rotated across partici-of the comprehension test, the next story sheet was
pants. As shown in the Appendix, in all four condi- given to the participant to read aloud, followed by
tions the story text was presented in uppercasethe corresponding comprehension test.

bold font. In the control condition, there was no

distracting information embedded within the text.

In the related text distraction condition, distracting RESULTS

information was embedded within the text and pre-

sented in lowercase italics. This distracting infor- . .

mation was comprised of 4 different words that Reading Time

were related to the story. These words were inter-The time taken to read each passage was ob-
spersed throughout the story either as single wordsained for each participaftFigure 1 displays
oratwo-word phrase. Each word occurred 15 times

within the text and was positioned after every 2 to
5 words of text. In the unrelated distraction condi-

tion, the related distracting information, as de- » >
scribed above, was simply replaced by 4 words of '2de to analyze errors made while participants were
' reading the passages. Reading errors included intru-

'?hq u?lxlter:gttf;] ar)l(?o!)r(()e(qduietr;cyttihz;t W?]Eﬁtiu r;]retlkz:lterd tosions of the distracting text, saying the wrong word, or
e text. € XXX straction co on, the re- omitting a word. Given that misreadings were rela-
lated distracting information was replaced by a

) . tively rare in the young group and in the other partici-
string of xxxxxs of equal length. The practice story pant groups, errors were analyzed for a subset of the

was always presented in the control condition.  5qer participant groups only (young-oft= 11; old-
The comprehension test consisted of four multi-gjg n = 9: very mild DAT n = 10; mild DAT n = 12).
ple choice questions for each story printed on aTthere were no group or condition differences for ei-
single sheet of paper. There were six alternativesher saying the wrong word or omitting a word while
for each question: the correct answer, an incorrecteading the passages. There was a significant group
answer which contained the related distracting in-difference for intrusions of distracting text while read-
formation (i.e., afoil), and four other plausible, yet ing, which indicated that the mild DAT group made
incorrect answers that were not part of the distract-more intrusions than the healthy young-old, healthy
ing information. For example, for the story dis- old-old, or very mild DAT groupsk(3, 38) = 3.22p
played in the Appendix, the following six alterna- = .033. However, intrusions did not differ as a func-
tives were presented for the questi@au] was tion of di§traction .condition (i.e., relatfed VS. gnre-
cooking ??? and sausaga) onions (b) pepper-  lated). This analysis proved to be relatively uninfor-

oni; (c) spaghetti;(d) sauerkraut (€) mushrooms mative, presumably due to the low reading error rates
and (f)liver. (an average of 1.6 errors per participant in the mild

DAT group; see Connelly et al. for a similar conclu-
sion). Of course, the goal of the present study was to
insure that all groups could perform the task without
a high error rate.

1 Similar to Connelly et al. (1991), an attempt was

Procedure
All participants were tested individually in a quiet
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the mean reading times as a function of groupsults of this analysis again yielded a significant
and experimental condition. The results of a 5Group x Condition interactionf-(12, 309) =
(Group) x 4 (Condition) mixed-factor ANOVA 3.91,p < .0001, indicating that the differential
indicated that there was a main effect of group,slowing of reading time as a function of group
F(4,103)=14.07p<.0001, and conditiork(3,  and condition was not merely the result of group
309) =65.52p<.0001. Ingeneral, reading time differences in processing speed. It is important
slowed across age and increasing dementia see note that the Group x Condition interaction
verity and reading time slowed with increasing also was significant when each participant’s
distraction. More interesting, there was a highly mean reading time for the control condition was
significant Group x Condition interactioR(12, used as a baseline in a similar analy$i§12,
309) =7.44p<.0001. As can be seen in Figure 309) = 5.06p < .0001.

1, distracting text, especially related text, To further examine the Group x Condition
slowed reading times for the mild DAT group interaction, separate ANOVAs on reading times
more than any other participant group. To insure(i.e., raw scores) were conducted for each group
that the Group x Condition interaction was not as a function of condition. For younger adults,
simply due to group-related differences in over-reading times were significantly slower in the
all processing speed, we conduti5 (Group) xxxxx condition relative to the control condi-
x 4 (Condition) mixed-factor ANOVA on pro- tion, F(1, 19) = 78.68p = .006; however, there
portional reading times in which each partici- were no significant differences in reading time
pant’'s mean reading time per condition wasamong the xxxxx, unrelated, and related condi-
taken as a proportion of that participant’s overall tions, allps < .25. For the young-old CDR 0 and
reading time across all four conditions. The re-old-old CDR 0 groups, there was also a signifi-

160

[] control
140 - XXXXX
E] Unrelated
- Related
120 — T
—
)
© 100 —
£
|_
o) 80 —
£
©
©
O 60
o
40
20 —
0 —1
Young Young-Old Old-Old Very Mild DAT Mild DAT

GROUP

Fig. 1. Reading time (s) as a function of distractor condition and group.
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cant difference in reading times between the309) = 7.83,p < .0001, and Condition x Half
control versus xxxxx conditionsi(1, 27) = interaction,F(3, 309) = 5.05,p = .002. Most
39.06,p < .0001;F(1, 17) = 20.33p = .0003, important, there was a significant three-way in-
respectively, and the xxxxx versus unrelatedteraction among group, condition, and half,
conditionsF(1, 27) =8.00p < .009;F(1,17)= F(12, 309) = 2.21p < .02. Post hoc analyses
6.21,p < .03, respectively. However, there was indicated thatreading times were equally slowed
no difference in reading times between the unre-in the second half across all conditions for the
lated versus related conditiori¥(1, 27) =.65p  young, young-old CDR 0, old-old CDR 0, and
=.43;F(1, 17) = .24,p = .63. Likewise, for the CDR 0.5 groups (alps > .18 for the Half x Con-
CDR 0.5 group, there was a significant differ- dition interaction). However, for the CDR 1
ence in reading times between the control versugroup, there was a significant Half x Condition
xxxxx conditions,F(1, 24) = 18.52p = .0002, interactionF(3, 48) =3.20p = .03, which indi-
and xxxxx versus unrelated conditio®¥1, 24)  cated that reading times slowed more in the sec-
= 8.66,p = .007. However, there was no signifi- ond half for the related conditiorf(1, 16) =
cant difference between the unrelated versu$.25,p <.04, compared with the remaining con-
related conditionsk(1, 24) = .58,p = .46. Fi-  ditions.
nally, for the CDR 1 group, there was also a sig-
nificant difference in reading times for the con- Comprehension Performance
trol versus xxxxx conditiongs(1, 16) = 27.31p
=.0001 and xxxxx versus unrelated conditions,Percentage correct
F(1, 16) = 22.78p = .0002. More important, The mean number correct (out of four) as a
there was a marginally significant difference in function of group and condition is presented in
reading times for the unrelated versus relatedlable 1. A 5 (Group) x 4 (Condition) mixed-
conditions,F(1,16) = 2.99p = .10. factor ANOVA on the mean number correct
Given that the participant groups were differ- yielded a significant main effect of group(4,
entially affected by increasing levels of distrac- 103) = 20.33p<.0001, and a marginally signif-
tion, it is important to determine whether this icant main effect of conditior; (3, 309) = 2.23,
interference in reading time changed across thg < .09. Post hoc analyses of the group effect
passage. One might expect that the effect of disindicated that there was no difference between
traction, especially at the conceptual level (i.e.,the young versus young-old CDR 0 groups<
related condition), may increase across time. In.97) and a marginally significant difference be-
order to examine the buildup of the effect of dis- tween the young-old CDR 0 versus old-old CDR
traction on reading time, we computed the read-0 groups p = .057). Furthermore, the old-old
ing times (i.e., raw scores) for the first half ver- CDR 0, CDR 0.5, and CDR 1 groups signifi-
sus second half of each passage for each particicantly differed from each other (afis < .05),
pant across conditions. The mean reading timesgndicating poorer comprehension performance
as a function of group, first versus second half,with increasing age and dementia severity.
and experimental condition are presented in Fig-There was no significant Group x Condition in-
ure 2. The resultsfea 5 (Group x 2 (First vs.  teraction,F(12, 309) = .81p = .64.
Second Half) x 4 (Condition) mixed-factor
ANOVA indicated that there was a significant Percentage related false alarms
main effect of groupF(1, 103) = 14.83p <  To further examine the effect of distraction on
.0001, and conditionF(3, 309) = 70.29p < comprehension performanca 5 (Group) x 2
.0001. There was also a main effect of first ver-(Condition) mixed-factor ANOVA was per-
sus second half-(1, 103) = 18.53p < .0001, formed on false alarms to the related distractor.
which indicated that overall reading times were These occurred when participants chose as an
slightly slower in the second half versus first answer the incorrect response which contained
half of the passage. The ANOVA also yielded athe related distracting information. Since a true
significant Group x Condition interactioR(12, false alarm could only occur in the related con-
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Reading Time (s)
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Fig. 2. Reading time (s) as a function of first versus second half, distractor condition, and group.

dition, the analysis compared false alarms in thecreasing age and dementia severity and more
control versus related conditions. Table 2 dis-false alarms in the related than control condi-
plays the mean percentage errors as a functiotion. The interaction between group and condi-
of group and condition. The results of the tion approached significancgé(4, 103) = 2.03,
ANOVA yielded a main effect of group-(4, p = .095. Post hoc analyses indicated that the
103) =4.10p=.004, and conditior;(1, 103) = old-old CDR 0 and CDR 1 groups made signifi-
10.35,p < .002. Overall, there was an increase cantly more false alarms in the related condition,
in false alarms to related distractors with in- F(1,17)=7.29p<.02;F(1, 16) =4.70p < .05,

Table 1. Mean Number Correct (4) as a Function of Group and Distractor Condition.

Distractor condition

Group Control XXXXX Unrelated Related
Young 3.75 3.65 3.35 3.55
Young-old 3.68 3.57 3.61 3.43
Old-old 3.61 3.06 3.28 3.00
Very mild DAT 2.72 2.84 2.92 2.84
Mild DAT 2.41 2.12 2.41 1.88

Note DAT = dementia of the Alzheimer’s type.
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respectively. There was no difference in false Most interesting, however, was the differen-
alarms for the related versus control conditionstial impact of distraction on reading times across
for the young, young-old CDR 0, and CDR 0.5 groups. The young participants were slightly
groups, allps > .21. It is also interesting to note slowed by all levels of distraction relative to the
that there were significantly more false alarmscontrol condition, but there was no difference
in the control condition for the CDR 0.5 and across the different levels of distraction (ortho-
CDR 1 groups relative to the other groupp44, graphic, lexical, or semantic). The healthy
103) = 2.79,p = .03, suggesting that the DAT young-old and old-old groups’ reading times
groups may be utilizing a different strategy for also were slowed by any distraction relative to
answering the comprehension questions (e.gthe control condition. However, reading times
using general knowledge rather than contextwere further slowed by text (both lexical, unre-
specific information). lated and semantic, related) relative to meaning-
less, orthographic distraction (i.e., xxxxx), yet
the conceptual relatedness of the distracting text
DISCUSSION did not affect reading times. The very mild DAT
group showed the same pattern of data across
The purpose of the present study was to examinelistracting conditions, albeit somewhat larger,
the effect of orthographic, lexical, and concep-even though overall reading times were slower
tual distraction on reading ability and compre- for the very mild DAT group. Although there
hension in healthy aging and early stage DAT.appears to be a slight trend toward an increase in
The results of the study are quite straightfor-reading time between the related versus unre-
ward. There was greater susceptibility to in-lated conditions for the very mild DAT group,
creasing levels of distraction with age and in- this difference was not reliable. Thus, there was
creasing dementia severity. This interferenceno difference in the impact of lexical versus se-
was clearly reflected in reading time as well asmantic distraction for the very mild DAT group.
aspects of comprehension performance. On the other hand, for the mild DAT group
Interms of reading time, there was a stepwisethe reading time was reliably slower when the
progression of slower reading times acrossdistractinginformationwas conceptually related
groups and levels of distraction. Overall, both to the text versus unrelated to the text. Itis inter-
the healthy young-old and old-old participants esting to note that there is relatively little differ-
had slower reading times than the young partici-ence in reading times for the very mild and mild
pants. Similarly, the very mild DAT and espe- DAT groups in the control and xxxxx condi-
cially mild DAT participants overall had slower tions. However, there is a substantial slowdown
reading times than both groups of healthy olderin reading time in the mild DAT group when
participants. text (lexical or semantic) is used as distracting
information, especially when the text is concep-

Table 2. Mean Percentage False Alarms as a Function of Group and Distractor Condition.

Distractor condition

Group Control Related
Young 2.5 7.5
Young-old 2.8 6.0
Old-old 2.8 15.0*
Very mild DAT 10.0 8.0
Mild DAT 8.0 22.0*

Note DAT = dementia of the Alzheimer’s type.
*p<.05.
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tually related to the story content. Moreover, theappears that the reading times in the control con-
proportional analysis indicated that this dispro-ditions for the healthy older adults are very simi-
portionate slowdown in the mild DAT group lar in both studies (approximately 50 s). How-
was not just due to overall differences in pro- ever, the reading times more than doubled in the
cessing speed. Thus in early stage DAT there igelated and unrelated conditions in the Connelly
greater difficulty inhibiting partially activated et al. (1991) study, but only increase approxi-
but inappropriate information, especially when mately 10 s in the present study. Thus, it appears
itis conceptually related to the relevant informa- that healthy older adults were not as susceptible
tion that is being processed. to the effect of related distracting text in the
It is noteworthy that the present results com-present study because the selection of relevant
paring young versus healthy young-old partici- text was easier.
pants do not fully replicate the results of the In order to examine the buildup of the effect
Connelly et al. (1991) study. Connelly et al. also of distraction on reading ability in the present
found that healthy older adults’ reading times study, the reading times for the first half versus
were slowed when any type of distracting infor- second half of each passage were compared.
mation was embedded in the text, but they wereOverall, there was an increase in reading time in
further slowed when the distracting information the second half of the passages across all
was semantically related compared to unrelatedyroups. Apparently, there is an accumulating
to the relevant text. In the present study we didburden of reading passages with distraction and
not find an increase in reading time between thethis slows reading performance. However, this
related versus unrelated conditions for theincrease in reading time was consistent across
healthy young-old group. all levels of distraction for all participant groups
Given that Connelly et al. (1991) did not do a except the mild DAT group. In the mild DAT
proportional analysis on reading times, it is pos-group there was a disproportionate increase in
sible that the age differences in their study werereading time in the second half of the passage in
due to overall differences in processing speedthe related condition relative to all other condi-
However, this discrepancy in results is mosttions. Thus in mild DAT the ability to suppress
likely due to the two studies’ procedural differ- the conceptually related material decreased
ences which are related to the physical similarityacross time as the participant extracted the se-
between the relevant text and the distracting in-mantic information from the text. On the other
formation. In the Connelly et al. study the rele- hand, the remaining groups of participants were
vant text was presented in lowercase italics withable to select with relatively little conceptual
distracting information in standard lowercase processing of the related information.
font. In the present study, the relevant text was If related distracting information slows on-
presented in uppercase bold font with distractingline reading time in mild DAT and this interfer-
information presented in lowercase italics. We ence builds up across time, then one might also
chose to make the distracting information physi-expect comprehension processes to be impaired.
cally distinct in order to increase the likelihood Indeed, the impact of distraction also was re-
that the demented participants could perform theflected in aspects of comprehension perfor-
task at a relatively high accuracy level. One mance in the present study. First, there was a
would assume that the selection of relevant textdecrease in the number correct with increasing
involved in the present study would be easierage and increasing dementia severity. This pat-
than in the Connelly et al. study. tern of data was consistent across distracting
In support of this notion, Carlson, Hasher, conditions, although there was a slight trend for
Connelly, and Zacks (1995) found that older poorer comprehension performance for both the
adults’ reading time was not slowed when thehealthy old-old and mild DAT group in the re-
distracting information was spatially blocked lated compared to the control conditions. Thus,
and predictable within the passage to make thehere was not strong evidence that related dis-
selection of relevant text easier. Furthermore, ittraction differentially impaired comprehension
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performance when merely examining the num-(i.e., target vs. distractor) during comprehension
ber of correct responses. testing. It seems unlikely that the present results
Onthe other hand, the impact of distraction in merely represent a source memory problem for
comprehension was apparent when examininghe DAT group. Based upon reading time, it is
false alarms. Again, a false alarm occurred wherclear that the initial selection of the relevant text
a participant chose as an incorrect answer thavas differentially affected by increasing levels
alternative that contained the related distractingof distraction in mild DAT relative to the other
information. The mild DAT group was more groups. Although younger adults may initially
likely to false alarm to the related distractor in “process” the distracting information to some
the related compared to the control condition,extent, it clearly does not produce the interfer-
indicating that the conceptually related distract-ence that it does in mild DAT and this interfer-
ing text was being processed and later confuse@nce is not affected by the type of distraction.
with the relevant text. Furthermore, Multhaup, Hasher, and Zacks
It is also noteworthy that the healthy old-old (1998) recently found that when the reading task
group made significantly more false alarms inis followed by anindirect memory test, older
the related versus control condition. This is in- adults do show activation of the distractor
teresting in light of the fact that the healthy old- words. They argue that older adults show poorer
old group displayed relatively fast reading times recognition of distractor words because they are
compared with the young-old group, who were simply less able to consciously retrieve recent
not differentially affected by related versus un- information; however, such information does
related distracting text. Also, they exhibited remain active and can later influence perfor-
better comprehension performance in terms ofmance.
number correct than either the very mild or mild  In sum, the present study provides further
DAT groups. However, it is clear that the evidence for deficient attentional control in
healthy old-old group did show some confusion healthy aging and early stage DAT in a more
in the related condition relative to the control complex language processing task (Balota &
condition. Given that the other incorrect alterna-Duchek, 1991; Balota & Ferraro, 1993, 1996;
tives were plausible and thus also “related” to Faust et al., 1997; Spieler et al., 1996). Accord-
the content of the target story, the healthy old-ing to Hasher and Zacks (1988), a deficient in-
old group was susceptible to the related distrac-hibitory mechanism allows more task-irrelevant
tion, even though this interference was clearlyinformation to enter working memory and re-
not reflected in reading time. Of course, theremain activated, thereby making the comprehen-
may have been some trade-off between speedion and retrieval of task-relevant information
and accuracy in reading the distracting informa-more difficult. In the present task, the decreased
tion for the healthy old-old group. Thus, aspectsefficiency of an inhibitory system resulted in
of the healthy old-old group’s comprehension impairedreading ability and comprehension pro-
performance looked qualitatively more like that cesses, especially in early stage DAT. In partic-
of the younger mildly demented participants ular, there is increasing difficulty in early stage
than the young-old healthy participants. DAT suppressing conceptually related, partially
Itis interesting to note that Dywan and Mur- activated extraneous information. Furthermore,
phy (1996), using a similar task, found that these highly related irrelevant dimensions of the
healthy older adults were more likely to false task environment may serve to erroneously drive
alarm to distractor words than younger adults;responses. For example, Spieler et al. argued
however, younger adults were more likely to that the increase in intrusion errors in a Stroop
recognize the distracting words in a subsequentask in mild DAT reflects difficulty in distin-
memory test. Thus they argued that youngerguishing among multiple activated representa-
adults doinitially process the distractor informa- tions. Often a deficient inhibitory control system
tion, as do older adults, but younger adults canwill force responses based on the inappropriate
better discriminate the source of the informationdimensions of the task, particularly when those
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inappropriate dimensions are prepotent and pathological studies in cognitively healthy aging
highly related to the task at hand. In the present and Alzheimer’s disease: Relation of histologic

. . markers to dementia severity, age, sex, and APOE
task, aspects of comprehension processes (i.e., genotype Archives of Neurology, 5826-335.

false glarn_ws) Were_driven by highly related inap-cmson, M.C., Hasher, L., Connelly, S.L., & Zacks,
propriate information. Thus, the present study R.T. (1995). Aging, distraction, and the benefits of

could be viewed as supporting the notion of an

predictable locationPsychology and Aging, 10,

accelerated breakdown ininhibitory processesin_ 427-436.

early stage DAT and further suggests that a defi-
cient attentional control system may play a role

C

onnelly, S.L., Hasher, L., & Zacks, R.T. (1991). Age

and reading: The impact of distractidisychology
and Aging, 6533-541.

in more general language processing deficits iCummings, J.L., Houlihan, J.P., & Hill, M.A. (1986).

DAT.

The pattern of reading deterioration in dementia of
the Alzheimer type: Observations and implications.
Brain and Langage, 29,315-323.
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APPENDIX
Experimental Conditions
Control Condition

THE PARTY
PAUL STARTED COOKING BY 7 A.M. TO PREPARE THE ITALIAN SAUSAGE FOR HIS
GREAT-GRANDMOTHER’S BIRTHDAY PARTY. HE STOOD OVER A LARGE STEAM-
ING POT OF SPAGHETTI AND WORKED FEVERISHLY TO GET THE SPICES JUST
RIGHT FOR THE SAUCE....

Related Condition

THE PARTY
PAUL STARTED COOKING BY pepperoni7 A.M. TO PREPARE juice great aunfTHE ITAL-
IAN juice SAUSAGE FOR HIS indian pepperoniGREAT-GRANDMOTHER’S great aunt
BIRTHDAY PARTY. HE pepperoni juiceSTOOD OVER pepperoniA LARGE STEAMING
great auntPOT OF SPAGHETTI juice AND WORKED FEVERISHLY TO indian pepperoni
GET THE SPICES great auntJUST RIGHT pepperoniFOR THE SAUCE....

Unrelated Condition

THE PARTY
PAUL STARTED COOKING BY parachute7 A.M. TO PREPARE jump grass artS’HE ITAL-
IAN jumps SAUSAGE FOR HIS ideas parachuteGREAT-GRANDMOTHER'S grass arts
BIRTHDAY PARTY. HE parachute jumps$STOOD OVER parachuteA LARGE STEAMING
grass artsPOT OF SPAGHETTI jumpsAND WORKED FEVERISHLY TO ideas parachute
GET THE SPICES grass artsJUST RIGHT parachuteFOR THE SAUCE....

XXXXX Condition

THE PARTY
PAUL STARTED COOKING BY xxxxxxxxx A.M. TO PREPARE xxxxx Xxxxx XxXXHE ITAL-
IAN xxxxXx SAUSAGE FOR HIS xxxxx XXXXXXXX)>GREAT-GRANDMOTHER’S XXXXX XXXX
BIRTHDAY PARTY. HE XxXXXXXXXX XXXX8ETOOD OVER xxxxxxxxxA LARGE STEAMING
XXXXX XXXXPOT OF SPAGHETTI xxxxXxAND WORKED FEVERISHLY TO XXXXX XXXXXXXXX
GET THE SPICES xxxxx xxxXJUST RIGHT xxxxxxxx¥OR THE SAUCE....



