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Supervisor: Dr:. David F. Hultsch 

ABSTRACT 

Recent empi_rical findings (Hultsch er al., 1998) ·demonstrated the central importance-oJ 

comprehension ,speed as a mediator ofepisodic memory performance . . Bowever, as. 

cbrnprehension speed represents a complex amalgam of cognitive abiliJies, the Hultsch et 

al. ( J 998) findings contradict a general resource account of cognitive performance 

rtlediation. The primacy pµrpose of this thesis was to more closely .examine 

characteristics of the Search-fo.i:-Answer comprehension speed measure used in the 

Hultsch et al. comprehension model_. Specifically, tllis investigation examined 

performance on the Search-for-Ans~er comprehension speed task in an attempt to better 

undersrand age differences, predictors of age diff erenc.es, and predictors of overall ta_sk. 

performance. A cross-sectional sample of 501 communitY:•dwelling mature adults (337 

women and 164 men) between the ages of 54 and 84 years (M = 6'8 .06, SD= 7.18) 

provided c.ornplete data on all cognitive measures. These. partici'pants were· members of 

the Victoria Longitudinal Study, an· ongoing longitudinaJ study utilizing 3 year retest 

intervals to investigate t.ognitive aging. In addition, a youil$ comparison ·cross-sectional 

saml?le of 97 university students (52 wom~.o and 45. men) between the. ages. of 17 and 36 

ye.ars (M = 23.35, SD= 4.91) completed all relevant cognitive measures. All par:ticipan_ts 

completed art extens.i ve banery of cognitive test_s .including measures .of perceptual speed, 

semantic speed, working memory, and episodic mem_ory. 'Both the Search-for-Answer 

comprehension speed ·task a:nd the Reading Comprehension Speed task represented 

dependent measures of interest. 

Results incticated that marked age differences in Search-for-Answer 

comprehension speed latency and accuracy performance exist in ·favour of younger age 

groups. Further, these age differences are accentuated as a function of Search-for-Answer 

passage characterisdcs. Molie -cognitively taxing passage c;haracteristics are assodated 

wifb diminished _Sear~h-for-Answer performance. Interestingly, these resuJts indicated 

that age differences and cognitjvely taxing passage characteristics may themselves be a 

function of av-ailable processing resources. Hierarchical prediction models revealed that 



semantic speed represented the· most influential predictor of total Search-for-Answer 

late-ncy variance with working memory accoon_ting for the most accuracy variance. 

Conversely, p·erceptual speed proved to be the be.st indicator of age-related latency and 

aceutacy va1iaoce. Based on these find.ings, both task specific and general speed 

'influenced Search-for-Answer performance. The more .cognitive.ly specific semantic 

·sp.ee.d and working memory measures represented important .components of overall 

comprehension speed performance, where.as the general perceptual speed measure was 

closeJy re-lated· to age differences io compreher:i.s.ion speeq performa.n~e. These findings 

support both the Hult.sch et aL (1998) comprehension model findings as well as 

s ·althouse' s ( J 99qb) p.rocessing speed theory of cogniti~e a:ging. 

EX:arniners-: 

Dr. David P. Hultsc ,· Supervisor {Departm~_n( .of P,sychology) 

Dr. Brian Harvey, E.xte. 
Faculty of Education) 
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Cb:apter I 

INTRODUCTION 

Investigations of memory and cognition across adultho0.d reveal the. vicissitudes 

associated With co:gnitive de·velopment with increasing age, particufarJy late in life (for an 

overview, see :Blanchard ... Fields & He.ss, 1996; Craik & Salthouse, in pFess). Substantial 

empirical research suggests that younger adults outperform older adults on many 

cognitive tasks including memory (I{ult-sqh & Olxon, 1990; :Kausler; 1994; Salthouse, 

1991 a). Amon:g older adults, there is evidence. of normative declio~ in cognitive 

performance, particularly after age 75 (e.g., Giambra, Arenberg, Zonderman, Kawas, & 

Cost·a, 1995). The.se general characterizations of aging and cognition ate, of c0urse, 

subject to many .caveats (Hultsch, Hertzog, D.i.xon, &Small, 1998). Th~se include (a) th~ 

fact that many findings in support of decline are: based on cross-sectional comparisons of 

age group:s· rather than longitudinal observations of individual change over time, (b) 

evidence suggesting the exist.ence of large individual differenc.es in change among 

individuals, and (c) data supporting the conclusion that cognition in later life may be 

characterized by considerable. plasticity or porerttial for growth. Neve:rtheless, despite 

these and other caveats to the general conclusion, a complete picture of cognitive 

functioning in adulthood requires attention to the· .concept of decline. 

Beyond empirical observations of age-related differences or decline, it is less clear 

why aging js as:sodated with cognitive Loss. Light (1991) and Salthouse (1991a) re.view 

and categorize several explanatory fram~works. For example, it has been suggested that 

older adults perform complex cognitive tas_ks .less well than .younger adults becaµs·e they 

(a) process informatjon differently than ymrnger adults., (b) are d~ficjent in met?cogn.i.tive 
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knowle.dge necessary {or strategy selection and monitoring, (c) experience losses in a 

small number of basic processing mechanisms that serve as resources for a wide range of 

tasks, (d) have suffered an atrophy of cognitive skills due to dis_use, and (e) are affect_ed 

by various pe.eformance factors such as anxiety, fatigue., or cautiousness that mask their 

competence. Light ( 1991) and-Sajthouse .( 1991 a) judge all :of the.se and other framew.orles 

to be inadequate explanations of cognitive change in adulthpod. Despite the ongoing 

search for a completely adequate theoretical explanation of aging and c.ognit_i_on, tw0 of 

the mo.re informative attempts· :to date have taken the form of specific c.onstruct accounts 

and genetal re.sd.uroe accounts (Smith & Earles, 1996). 

Specific Construct Accounts 

Specific construct accmu:ns .au.empt to. describe and explain cognrnve processes. 

s.uch as· memory by reference ~o specific systems. Systems are often seen as consisting of 

a neural substrate and associated cognitive processes. F01: e:x,ample, Tulving (1985) 

proposed tbat memory consistS of three systems. Procedural memory involves the ability 

to retain learned Gonnections between -stimuli and responses. Semantic memory is 

characterized by the. ability to repi;es~nt material that is not perceptually present Episodic 

memory permits-the acquisition of information about persomµly ·experienced events 

located in ttm~ ~d space. These systems are ·seen as hierarchkally ordered from 

procedural memory at the more primitive level to episodic memory at the more advanced 

level. Memory systems. are also characterized by varipus processes. For e4ample, 

episodic recall is often s,een. as-involving .encoding and re~rieval processes. The former 

invoJve operations on _the to-be-learned information that relate it to what is alre.ady 



known, whereas the latter involve accessing cues that will reinstate the. conditions Qf 

encoding and lead to reqoyery of the information (Tulving & Thomson, 1973). 

3 

Memory component approac_hes provide a framework for loealizing and 

describing age effects. Considerable focus has been devoted to the q~estion of whi~h 

memory systems are. impaired and which are spared (Burke & Light, 1981; Hultsch et aL, 

19gs). Typically, observing age dissocia:tions. i'n performance between young and old 

adults has provided the means of identifying which specific system_s or processes are 

influenced by biological aging_. (Smith & Eru:les, 1996). For example., younger adults tend 

to outp.erform older adults on most variants of episodic memory tasks, whereas ag~ 

differences are typically rninimal on indic.ators of semantic or procedural memory (see 

Howar~ 1988:; Hultsch & Dixon,. 19.90; Mitchell , Brown, -& Mur.phy1 1990: Park & 

Shaw, 1992). Further, studies specifically examining age effects in episodic. memory 

have attempted to locali_ze the proeesses associated with performance declhies. 

Assumptions underlying encoding accounts of decline suggest that age differenees in 

episodic memory may be a consequence of less elaborate initial proces_sing. with 

increasing-age. Alternatively, as_surhptfons underlying retrieval accounts sugge.st that 

epjsodic memory deficits are localized at the retrieval stage-· perhaps due to a greater 

difficulty accessing retrie_val stores for older adults. However, despite these efforts, 

Ioc0alizing age effects in any one particular st~ge has proven problematic (for a sQmmary, 

see Smith, 1996). Indeed, :age-related differences in performance may best be 

characterized as a consequenc~ of ~ariou.s mechanisms . 

.. 
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General Resource Accnunts 

The multiplicity of mechanis.JllS responsible for age.-related differences and 

changes hypothesize.cl within specific construct a~ounts is minimized fo general resour.ce 

approac,hes. These accounts postulate the existence of a finite pool of resources available 

for cognitive exp~oditQre on virtually all c·ognitive tasks. Several diff~rent cognitive 

mechanisms have been offered as representation_s of these limited resources• (Hasher & 

Zacks, 1979: Salthouse, 1991a). Salthouse {1_991a) has categorized thes.e intct three 

metaphorical domains: limitations of time. (e.g., speed of processing), llmitations of space 

(e.g .. working memory) and limitations of energy (e.g., attention). According to resource 

accounts, age differences in cognitive performance occur when task demands exceed 

available. cognitive re·sour,ces. Presumably aging results in redu.ctinns in resource_s, and 

the'restrictioo of a,vailable resources, in tlilm, negatively affects performance on many 

tasks. It is impolitant to not~ that age differences in performance are not observed in ,all 

jnstanoes sjnce tasks vary in their res.ource demands, 

Research assoc_iated with the r.esourc.e perspective. att~mpts to link decline• on 

many measures. with concornitant decline on comparatively few resource measm:es. Thus, 

in contrast to specific c.onstruct accou.nts which attempt to demonstrate age .dissociations 

on different task.s or processes,. processin_g resource accounts focus on documenting 

commonalities in age-r.e.lated decline across many measures. From this pe(spective, age 

differences on a bro.ad sp~ctrum of tasks may be sympto·matit of a general und~rlying 

factor. If this is the case, then age-r~lated variance for a variety of cognitive measures 

should substantially overlap with variance associated with the proposed _general resource 
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factor in questfon (e.g., speed of processing). 

Without question, significant research con_tributions to investi:gations of merooJy 

and aging h_ave emerged from both specific-construct .and processing resource accou_nt_s. 

However, the latter perspective has recently gamered cons:id"erable research attention as a 

potential ex·pJanation for age-related effects. w·e now tuJJl to address fhe -assl.lmptions 

underlying processing resource accounts of cognitive aging. 

Processing Resources as Mediators of Cognitive Aging 

The origins of the proces.sing resouree perspective stem from investigations of the­

age..ccomI2!,exity effe.ct (for a summary, see Salthouse, 1991a). The age-complexity effect 

refers to the observation chat age differences in performance. between younge_r ~d older 

adults are magn'ified as the complexity of a coguiti ve task increases. This phenomenon 

has. been doc.umented across many measures of cognitive performance. Moreover, this 

widespread relationship bet-we.en age and task complexity is consistent with a processing 

resource account of cognitive-dedjne (Saltbouse, 1988·; Saltbouse, 199 la). That is, if 

more difficult tasks require more resources., ·and if older adults indeed have. fewer 

resources than y6unger adults, then age a·ifferences in performance will increase as task 

difficulty increases. 

But what is meant by processing limitations -and what- specific mechanisms 

comprise this relatively small stable of influential foe.tors:? As noted, Saltbouse ( 1991 a) 

has suggested three-potential candidates that may operate as processing tesource­

mechanisms: limitations in processing speed, working _memory, and inhibitory _capacity or 

attention. Of these three, however, limitations related to pro.cessing speed and working 



memory have received the greatest attention' in the aging lit.eratwe. For the purposes- of 

th.is thesis,. only res.tricrions "in _perceptual .speed and working i:nelll_ory will be considered. 
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Perceptual speed as processing resource.. The slowing of behaviour i.s among the 

most well established findings in the ·aging literature (for a summary, see. Birren, 1965; 

Sal tho.use, 1985.; 1991 a). Further, this age~re.lated slowing app©ars to be pervasive - 'few 

if any behayiours from simple to complex are spared. Dating as far back as Welford 

(19.58) and Birren ( 1965), this general slowing of behaviour has been considered a 

potential explanation for age-related declines in cognitive performance. More recently, 

S.al.thouse (1996b) has articulated a theoretical account, the processing-speed theory of 

cognitive aging. arguing that the bulk of age differences ih cognition are mediated by age­

relared reductions in the speed of e.xe.cuting eognitive operations. 

In support of this posttion, numerous investigations have demonstrated a relation 

between declines in cognitive performance'to concomit~t declines in speed of processing 

(e.g., Hertzog, .1989; SaltholiS,e, 1993, 1994a, 1994b)'. 1lhes.e and other investigations 

have shown that statistically cov~ing measures of perceptual proces·sing speed 

attenuates the majority of age-,related variance on a wide range of cognitive tas,ks. 

Effectively, little age-related variance remains to be accounted for. Saltb.ouse (1996b~ 

offers two mechanisms to account for these speed jnduced impairments. The limited time 

mechanism stipulates that slowness of processing with age prevents task relevanr 

operations from being successfully completed thereby resulting in cognitive-performance 

declines. The sjmultaneity mechanism suggests that produ~ts .from earlier processing 

operations are no longer available upon c_ompletion 0f later processing thereby preventing 



integration and successful p·erformance. Both the simultaneity mechanism and the 

limited time-mechanism represent plausibJe-acc.ounts of the effect limited speed of 

processing exerts on .cognitive perform~nce (Salthouse, 1996b). 

Working memory as processing resource. Processing speed is ,npt the offly 

construct ro show promise as a uni versa! resource account of age;..related decline. 

Working memory re.presents anoth~r s1.1..it~Qle construct as it is hypothesized to be an 

import-am fac(or invoJved in successful performance. on many cognitive tasks (Salthoust, 

1991,a), Working memory enables- temporary storage of information .in memory while 

concurrently a~ttng on this information or maintainfng products from earlier processing 

operations to ·be used in later upe.ratipns· (Baddeley, l 986). 
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Research indicates there are-substantial age differences in favour of the young on 

woiking me.mory tasks (Park et al., 1996; Salthouse & Babcock, f991 ; Stine. & 

Wingfield~ 1990). Io addition, recent Io.ogitudinal evidence demonstrates sharp declines 

in working memory from late middle age. through old age (1::lultsch et al., 1998). 

Restrictions in WQrking memory capacity are sug_ge.sted to take, tbe form of one of the 

following: declining performance d.ue to reduced storage capadty, declining performance 

due to impaired processing efficiency, or declining performance due to a diminished 

ability to shnu1taneously coordinate storage and processing operations (Salthouse, 

199 la). Bas.ed on their decompdsition of working memory, Salthouse· and Babcock 

( I. 991) suggest that age,.related declines in working memory are the result of reduced 

processing efficiency 

Following from findings of the importance of working memo:cy for many complex 
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cognitiv.e tasks at1d the obsery.ation of age differences, and changes on this construct, 

several strands of work sugge.st . .that individual. differences i•n working memory may 

account for a substantial _proportion of age-relate.ct effects in memory performartce. As 

was the case with processing speed, investigations using variance partialing techniques 

indic_ate that covarying .individual differences for certain working memory tasks 

attenuates :age differenee.s on many measures of cognition (for a summary, see. Salthouse, 

1991 a· Hultsch et al. , 1998). Other statisti'cal approaches such as structural equation 

modeling have also been used to examine relations between working memory and 

cognition. For example, Park et al. ( 1996) contrasted two structural mode1 aGcounts of 

cognitive function·: one incorporating only speed as the primary mediator with the second 

including both spe.ed and working memory, Their findings indicated both speed and 

working memory contributed significantly to explanations .of cognitive aging. 

Alternatives to Processing Res.ource Accounts of Cognitive Agi11g 

The-structural parsimony associated with processing resource accounts has 

0bvious r;nerit for explaining cognitive aging. Howev~r, a number of recent empirical 

studies have indicated that the processes associated with .cognitive a:gfog may be more 

complex than can be explained by restriction's in one .or two resource factors which 

precipitate decline across many tasks. In particular, three areas of inquiry are of inter.est 

to the present discussion: whe.ther decline.s are better characterized as the resuJt of 

general or task-specific inhu~nces 0)1 processing speed, whether perceptual processing, 

speed should command primary consideration over working memory as an e){planatory 

construct, and whether abilities other than resource con,strucfs are required to fully 
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account for age:..related effects. 

Does general or task-specific speed influence eognitive aging? Any attemp~ to 

investigate the vjl:_lbUity of processing speed as a,mediator of age-related ~ognitive decline 

necessarily requires valid estimation ofa general speed 'CDnstmct. Unfortunately, 

attempts to meaningfully measure· process'ing si;,eed for the purpos.es of age~·comparative 

research have uncovered a paradox .(S'.altbouse,. 199la) . .Presumably.,.if all speed 

measures are in fact multiple indicators of :a -ge_ner~ processing speed con~truct, high 

internorrelations between speeded measures should be apparent. Contrary to 'thi•s. intuitive 

predicti.on. however, measures of prOGessing speed hypothesized to represent a collfillon 

speed factor havexeve'c!.1ed only sm~ll prop.ortjqns o1shared ·varia.n_ce across me~ures (for 

a-summary, see Salthouse, 1991.a). 

The· failure: to find a high· degree of intercorrelatfon between speeded measures has 

several interpretations.. Tb'is could simply mean that every individual measure of speed 

has multiple determinants: both idiosyncraUc influences tbat a,re specific; t.0 e,acb.ta.sk as 

well as common influences shared ·between a number of speeded task-s. As is the case 

with many other complex cognitive processes,. a single factor alone rarely· expJains all •of 

tb_e vari.ance of.interest Indeed, the absence 0f high intercorre]aticm_s between multiple 

indicators of speed implies the exfstence-of several independent speed factors. For 

example, Babcock, Laguna,. and Roesch (1997) used a structural equaticm modeling 

approach to factor reduc,e. nine multiple indicat0rs· of speed into a motor:speedfactor, an 

alpban.umeric s:peed factor, and a geotnetric speed factor. Similarly, a study. by Tomer 

~nd .Cunningham ( 1993) used. confirmatory fa_ctoJ cm:a.Iysis t0 identify five first ·order 
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factors of speed derived from sixteen speeded measures. Moreover, a number of other 

studies have reported the existence of more than one speed factor using a structural 

equatton modeling approach (He_rtzog, 1989;• Hertzog, Raskind., & Cannon, 1986; 

Hultsch, Hertzog, & Dixon, 1990). Although arguably these. independen( speed factors 

may eyentually be encompassed by a hi_gJ'}er-order perceptµ~ speed factor, s•ignificant 

differences do exist between speed measures both within and across tasks. The Jack of 

intercorrelations coupled w_ith the multiple factor .Structure df speed suggest that specific 

influences are important .explanatory fac.tors for cognitive aging . 

.In contrast, in a re.cent comprehensive review of the literature, Salthouse ( 1996b) 

argued in favour of a common influence: explanation of cQgr:iitiye aging. Despite the fact 

that large relatio.nships ar:e not evident among all measures of speed (see Salthouse, 

L991a), Salthouse (1996b) contends that the common influences .of spe.ed still outweigh 

tdiosyncratic contributions from specific measures . . For example, Brinley plot analyses of 

reaction time data indicate moderate predictability o( age differences in cert.ain _speed 

measures by using predktors of age differences in other speed measures (Salthouse & 

Coon, 1993). Further, in contrast to earlier findings, a number .of empirical results hav.e 

indic.ated thal many speed mea-sun~s share considerable ·amounts ·of their respective age­

relate.d variances (for a re:view. see Salt.house~ 1996b ). Indeed, at least four §itudies: 

demonstrate that a significant proportidn of age-related variance for a wide array of 

·perceptual speed measures is shared as opposed to unique (Salthouse, 1996a). However. 

these facts aside, investigations of the proportion of age~relat.ed varianee shared between 

varying measures of speed does not pr.ovide information about the number of age-r~lated 
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influences; only the ~~Jent tO which these. measures bave common or specific age-related 

influences (SaJthouse, 1996h). Further, even though various speed measures seem to 

share connnon variance, third-variable criticisms stHI qualify these general acc.ounts (e.g .. 

speed of processing may be-a once-removed factor from a higher-order factorsuGh as 

brain/CNS integrity). 

Is processing speed more fundamental then working memory? Although 

Salthouse (199 la) in•itially considered s~veral possible resource mechanisms, he has 

recently indicated that adult age differences in cognition are best viewed as the result of 

restrictions in a single resour:ce: the speed of executing cognitive .operations (Salthouse, 

1996b ). However, other accounts have suggested that both perceptual processing-speed 

and working _memory resource mechanis~ may not represent independent constructs 

(see Salthouse, 1991b; Hultsoh et aL, lc998). Why then, postulate perce_ptual process.mg 

speed. as being of primary impo_rtance. over and abov.e working me_mory? What is the 

nature of the relationship between ttrese resources? 

One distinct possibility is that aging processes exert their influence o.n cognitive 

performance directly t_hrough speed 0f processing but only indirectly through working 

memory More precis:eJy, all age influeoces including those on working memory exert 

their i.nfltJ.ence on cognition directly through processing speed. The .hypothesis that age 

differenc.es .itl cognition are indirectly mediated by working_ memory through processing 

speed bas be.en previously considered (see Salthouse, 1991 b ). Results from several 

studies support the contention that ·Speed is the more fundamental of these two resource 

mechanisms. For example, Salthouse (1991b) fo.and that although d~creases in working 
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memory are associated with age-related declines in c.ogrtitive performance. the bulk of the 

age differences in working- memory are mediated by simple measure-s Qf psyob:omotor 

speed. Other sructies have alsn reported similar reslilt.s (Sa1th.ouse & Babcock, l 991 ; 

Salt.hous~ & M~inz. 1995'). The common theme of these findings suggests. that, in accord 

with Occam··s Razor, .explaining age~relared variance in working memory as well as rt1any 

other facets of cognid.on is mos,t efficiently and parsimoniously done in terms of the 

construct of perceptual spee.d of processing~ 

However, }n contrast, a second strand of research suggests that workingmemoty 

may account for significant amounts of age-related variance-indepe.ndent of proces$ing 

·speed. For example, Hultsch, Hertzog, and Dixon ( 1990) used· a hierarchical regression 

:approach to :assess the extent tq which verbal processing speed and working memory 

attenuated age-related variance associated with episodic memory performance. Although 

processing speed significantly attenuated variance ass.ociated with epi•sodic memory, 

working. memory accounted for sigpfficant amounts of a.g_e-r~lated· variance. over and 

above speed. More recently, Hultsch et aJ. ( (998) applied structural equation modeling 

techniques to longitudinal data to examine-the relationship among changes in cognitive 

processes over six years. These analyses showed that changes in epi~odic memory and 

other cognitive factors were dri.ven fargely by changes .in working memory rather than 

changes in verbal processing speed. Howe.ver, these findings have been criticized. 

Salthouse, among other.s, suggests tfie importance of wo.rking. memory in the Hultsch et 

al. ( 1998) findings is suspect on account of the speed. measures used. Although verbal 

_processi'ng speed most .certainly reflects spe.ed of executing cognitive. operations, it is a 



more complex measure of speed compared with basic psychomotor measures (see 

SalthoQse, 1992a) 
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In summary, is processing speed more influential than working memory? At .least 

from a general resource persp.ecti ve, evidence would tend to weigh in favour of 

proces•sing speed for several reasons: (a) speed mediates a greater variety of tasks (Park e:t 

al. , 1.996); and (b) when reversing order of entry of ·speed and working memory in 

hierarchical regression equations, speed genera11y accounts for all variance that working 

memory d0e·s and more. Given this rationale, it appears that there rs something more 

fundame:ntal about the relation of e.lementary spee.d o( ex~uting operations to cog:niti ve 

aging. In fact, Salthouse (1996b) argues that the explanatory capacity of working 

memory is based on its ele.mentary speeded comp.onent. However, despite these insights, 

any definitive statements favouring processing speed over working memory .are still 

premature based on extant empirical data. Although there is little doubt that a 

relationship exists between speed and working memory reseurces, a clear understanding 

of this interrelation has- not yet matedalized. Moreover, whether directly or indirectly1 

working memory demonstrably represents ao important factpr influencing the relation 

between age and cognition. Thus, in s0me respects., it does. not make sens.e to consider 

·workfng memory an.d perceptual speed -as separate general res0urce hypotheses: they 

appear to be inextricably linked. 

Other abilities as mediators of age differences in performance.. Thorough 

investigations of cognitive aging .should incorpor.ate both bai;ic resources as well as more 

specific abilities in the same explanatory framework. Addressing thjs issue, the third and 
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final ins.ralm:ent of potential alternatjves to: precessing resource acC~)Unts suggests that a 

number of other alJ.illties, both G.ognit.~ve at_1d :soci:µ, ~y contribute to explanations of 

cognitjv.e decline. dearly, such an hypothesis implies that cognitive-aging processes are 

more inv0lved and req:uire more,complex models (i.e., models including· specific 

at>ilities) w explain decline than afforded by res.trictive ge.neral. res.ource models. 

Although plausible, does evidence ex·ist in support of the hypothesis that specific abilities 

are. important factots in mediating ag,e differences: in performance? We now consider 

evidence in favour of this .contention. 

Get;ieral_ly spealc.ing, inferential evidence exists in support of the influeaQe qf 

specific abilities. General resource factors such as, speed and working memory rarely 

account for all of the age-related variance• associated with a :Particular task. One ntlght 

argue that even though the age variance is not fully accounted for, the pro.portion of 

va:nanc1;: ]~ft to expl_ainj s trivial, However, ~~vera1. empiric;al inv~sti_gations would argue 

that this is not the case (Hartley, 1986; Hultsch et .al.,. 1990; Bultsch, Hammer, an·ct 

Small, I 993i Zelinski. Gilewski, & Schaie, 1993). Each :of these-investigations have 

documented the significant :contrtbutions that certain specific abilities make in predi~ti_ng 

age di:ff ei:ences in cognition ove.r and ap.ove. vru:ia:n.ce p.i;edlct~d by general resources. 

Consider Hultsch et -al.' s (1 .990),-paper on ability correlates of memory 

petformance with age· which incorporated a continuum of cognitive influences ranging 

from basic pr:0cesses .of cognition (e.g., verbal .speed) to more complex products of 

~ognitiq~ (e.g., cryst~ed inlelligenc;e, lqng-term memory). Even after p.artialing 

variance associated With basic. res.outces (i.e., verbal spee,d and working memory) from an 
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~pisodic memory task, Hult_s-ch et al. (.1990) found that crystallized intelligence accounted 

for a significant proportion of the remaining variance. Sim:ilarly1 Zelinski et ().1, (19.93) 

contrasted the amount of variance thar specific intellectual abilities ( e.g., reasoning) and 

age accounted for in a test of list recall ov.er a period of 3 years. Interestingly, the 

findings indicated that performance change over this time period co.wd be predicted by 

either the reasoning or age variable, ·but ne}the,r variable was sufficien.t to ac.count for all 

of the· change variance independently. Zelinski et al. concJudecl that neither age nor 

reasoning was sulely predictive of cognitive. declines w'ith age. In fact, in line with our 

consideration of t_he influe.n® of specific abilities, this research suggests: that seeking out 

universal accounts of change may be inappropriate giv~rr the diversity of predictors (both 

general arrd specific) found to reliabl_y predict memory performance across studies. 

Fim_dJy, some evidence .exis.ts. outlining the influence of specific ability text variables 

(e.g., 1lexical acc~ss spee.d, vocabulary, abstract reas.oning). on mediating_ cognitive 

performan·ce (Hartley, 1986). 

In addition to the intlue.n·ce of other c-ognitive abilities, research considering social 

and heaJth predictors ha5 also supported specific ability ac.counts of mediating cognitive 

performance ditforences with age. For example, Hultscb et al. ( 1993) found that age­

related performance differences on multiple measures of cognition were attenuated to 

v~rying degrees by partiaUng individual differences in activity and self-reported health. 

Howeve,r, save for verbal fluency) age .effects for the measures of .cognitiv.e _performance 

were not ful1y accounted for by partialing health and life style variables. More recently, 

Hultsch, Hertzog, Small, and Dixon (in pre.ss) found that although several indices of 



social activity .and health failed to predict age.-related change.s .in cognitive functioning~ 

intefleotually engagfog activities. did. 
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Based on findings s-uch as those just outlined, it is scientific-ally prudent to Include 

an array of specific and general ability predictors. At minimum, the UJ~lusion of a broad 

spectrum of predictors is important to methodologically allow for: the possibility iliat 

more specific abtlhies can contribute to the explanation of cognitive decline over and 

above. the influenc.es -of general (esources. If, as implied by the aforementioned research 

findings., cSpecific abilities play an important role for mediating ·age-rel_ated cognitive 

performance, the,n expl.an.atory models qf cognitive decline. should be more structurally 

complex than general .resourc.e models. Evidence in support of a more complex model of 

cognitive change has re<::ently emerged from an .ongoing longitudinal iny~sligation 

(Hultsch et al., 1998). We turn now to address sqme important findfogs from this 

iQVestigatiqn of cognitive aging. 

Contrasting General and Specific AccoUiits of Cognitive Aging: Recent Evidence from a 

Study of Episodic. Memory 

The Victoria Longitudinal Study (VLS) has programmatically investigated 

cognitive aging for the past 12 years. Recently, a monograph chronicling findings of the 

VLS has been published (HuJtsch et ·al., 1998). Of particular interest to the current 

investigation, the authors as:sessed th~ contributions of both a basic resource·perspective 

.and a specific -abilities per_spectiye for explaining episodic memory performance. 

Measures of Word and Text Recall were used as multiple indicators of episodic 

memory. In order to predkt episodic memory perf ormanc.e, the authors established 
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several structural mode.ls contrasting basic verst1:s: speci[ic-.(i.e .. , more complex).re,sourc~ 

ac<1ounts: one tnodeJ included on1y basic resources (e.g_., working memory, semantic 

processing speed) where·as-the second: model incorporated both ~basic resources and more 

sp.ecific complex in_cUeators of episodic. memory perfonna,n.ce (e.g., working memory, 

se.inantic: speed, reading comprehension, reading speed, and comprehension speed). For 

convenience:, the former will be, referred to -as the basic model (see Figure. 1) while the 

latter will be referred to·as the co~p.rehension model (see Figure 2). As e~ected, the 

confirmatory structµral fl.lldings for the bas_ic mod¢l indicated that both working mempry 

and semantic speed were the primary mediators of all other-influences on the two 

episodic tnemory meas.ures. Howeyer, the more structurally c0mple.x comprehension 

model yielded some partially unexpected results. Hultsch et-al. (1998) discovered thanhe 

addition of two spec.ific-a:bi)ity latent co.n,structs v:hally altered t_he medi4tipn of episqdiG 

memory petformanc.e .. Altbough this :pattern, of results w.as partia11:y anticipated, the 

c◊rnprebensfon speed and reading comprehension constructs (i.e,, the two latent Variables 

related to .comprehension) medfated almost all episodic memory influences, iht]uding 

entirely all influences exerted by both semantic speed and working memory! Gender had 

the only direqt effect on both eptsodiG memory me;:i.sw;es. Tlu.$ p~ttem of relationships 

amo·ng these' v.ariables is very interesting in li~ht of expected outco.tn:e.s based on 

proces·sing resource accounts. Processing resources are said to reflect basic components 

of cogni:tjon•: cornponen:ts nee,es~sary for more c~mplex. cognitive operations. However, 

the fac:t that s·e.veral hypothesized ,pr0cessing resou_rces appear to op~rate through these 

latent constructs. can be interpreted in one of several ways. 
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Figure 1. Basic Resource Model. From HuJtseh et al., 1998, p.178. 

From one standpoint, these findings can be criticized. The indusion of a complex 

comprehension speed construct, for exampte, in addition to working memory and 

semantic speed factors _necessitates a cert~n amount of overlapping variance among 

measures. Complex. factors Hke compr~hension speed do not represent individual 

component proce_sses (e.g .. working memory) specific to episodic metrtory tasks .. Ra_tbe.r, 

the complex makeup or the comprehension speed construct may reflect components of 

v.ariance redundant with more basic proc.essi:ng resources. Arguably then, complex 



Figure 2. Comprehension Model. From HuJtsch et al., 199.8, p .183. 

measures such as comprehension speed are-predetermine.d to act as pivot,al mediators of 

.elementary resource v•ariables. Conversely .. aJthough there is most certainly redundant 

variance shared between compre.hension speed, basic speed, and worlcing memory 

resources, an alternative perspective suggests that the. relational structure of the 

comprehension model may indicate much more than just superflubus mediation. Based 

on the previously documented relations of processing resources to cognitive :aging and in 



Ught of the fact that comprehension speed constructs mediate. these basic resources, it 

seems pfausibJe. that comprehension speed may reflect processesJmportant to memory 

and 8:ging as weJL 
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How then, can we reconcHe the explanatory importance of processing resources 

with the fact that these resuurces exert only an indirect effect on episodic mem_ory 

.thro.ugh comprehension speed? Is this simply a case of overlappfog variance or the 

discovery or a variable potentially important to studies of co·gnitive aging? The potentiaJ 

relation between comprehension spe~d and cogni.tive aging provides the context and 

establishes the focus of the present investigation. 

Purpose of the Present Inquiry 

The cqmpre,hen.sion model (Hultscb et al., 1998) portrays a structurally sound 

explanation of aging and .episodic memqry performance i.n contrast to a more basic 

resource account. However, is the comprehension model simply an instantiation of the 

basic processing measures included in the model, or does it explain Variance associated 

whh ep"isodic memory pe:iformance over and above these basic resources·? Before further 

defining the parameters of this investigation, it is important to make several clarifications. 

First, it is essential to differentiate between the latent c-on·struct of comprehensiort speed 

(as seen .in Figu.re 2) .alld the mani(est indicator.s that comprise· it. The comprehension 

speed construct is a multi-determined latent factor. Confirmatory factor analyses 

(Hultsch et al., 19-90; Hi.Iltsch et al, 1992; HuHsch et al,. 1998) indicate that both a 

Reading Speed and Search-for-Answer 'tndlcator converge to form the compJex 

comprehens.i,on speed factor. The reading speed indicator was one of s.everal outcome 
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measures derived from the Reading Comprehension Task. This task required participants 

to read six passages at thefrnormal reacting pace. AfJer reading y~ch p~_sage, pa.rtic:;ipants 

answered five specific questions derived from passage content The reading time 

indicator was computed as time taken per proposition. The second indicator, the Search­

for-Answer comprehension speed task (Masson, 1983), .again required participants to read 

text passages. However. in this instance, the purpose was for _participants to read each 

passage as quick]y as poss'ible in search of the correct response to a question pose.ct. prior 

to beginning to read the passage. The amount of time required to find the correct 

response p~r passage·, for a total of 15 pas·sages, served as the. indicator of comprehensiou 

speed. 

A second point requiring clariffoatlon,. both at the latent level and the manifest 

level, eonoerns the choice of target measure for the present investigation. Although the 

reading ·comprehension construct represents a latent comprehension factor, this proposal 

considers only the comprehension speed constnrct for several reason·s. At the latent level, 

age had a direct effect of .22 on the comprehension speed construct over and above the 

indirect influence of the basic.-resource measures; age bad no direct effect on the reading 

compreheos_iot). construct (Hultsch et al., 1998). Fu-rther, as outlined in Figure 2, 

comprehension speed exerted larger dire~t effects on Word Recall and Text Recall (-,62 

and-.45 respectively) than those exerted by reading compr:~hension (.22 and :40 

respectively). As we are interested· in the relationship between age and comprehension 

speed and. given the larger direct iruluences the construct exerts, it s.eems justified to 

focus on the latent comprehension speed construct. 
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Refining the focus even further, this proposal targets only the manifest Se.arch-for-

Answer comprehension speed task as the primary measure of comprehension speed 

potentiaUy related to .aging. Sev~r:al rationale underlie this 'decis'ion. As a representative 

indicator of the latent comprehension speed construct, Hultscb et aL (1_998) report that the 

Search-for-An·swer task is a better statistical indicator of latent comprehension speed than 

the reading time indicator (a standardized factor loading of .84 yersus .68 respectively). 

Moreover, this measure yields sev~rai diffexent ,scpi:es, both response latency and _nuJ;rlQer 

of errors committed, affording greater flexibllity for assessing age effects in the present 

investigation. Response time latency was recorded as a function of time to read each 

sentence, mean time. to find the ~orrect response per passage, and mean time to find the 

correct response averaged across all 15 passages (response latencies include additional 

attempts due to errors). The number of errors committed were also tallied.for each 

passage. An error is defined as the number of additional attempts (to a maximum of three) 

required to read through a passage in order to find the correct response. Considering 

these factors, the Search-for-Answer task provides methodological advantages not 

afforded by the :reading time. measure. Based on its ·more complex structure (incloding 

both late,n~y and error measures), the Search-for-Answer task le:nds itself better to 

investigating how age influences comprehension speed performance. With these 

justifications in mind, we now consider the res.earch purpose. and rationale. 

The primary purpose of the pres.ent investigation is to more closely examine the 

characteristics of the Search-for-Answer task used in the Hulrsch et a.I. (1998) 

comprehension model. Comprehension speed acts as a pivotal variable mediating the 
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bulk of the influence of the basic prncessing resource measures. Confirmatory models 

indicate that age, working memory, crystallized intelligence, and semantic speed all exert 

their influence on episodic memory directly through the latent cornpr~hension speeq 

cons.tru_ct (Hultsch et al., 1998), But why does comprehension speed play such a c~l)tral 

role in terms of mediating ·age-related decline on episodic memory tasks? 

As cotnprehens·ion pmcesses are quite complei, undo.ubtedly a full understanding 

tO the ahove question requfres experimental examination. However, it is still d_esirable to 

examirre this que-stion and the complexity of the. Searc.b-f-or-Answer task using extant 

VLS data. The general rationale. for this approach rests on ·4 main points: (a) the merits of 

the Search-for-Answer c.omprehension speed measu(e; (b) the potential relation be_twe.en 

c.omprehen:sic;;n speed and cognitive aging; ( c) whether the. Search-for-Answer 

comprehension speed measure is simply an instantiation of more. basic processing, 

resources; and (d) tbe possibility that the Search-for-Answer task is an index of a Long­

Term Working Memory construct. Each of these points are re.spectively addressed in 

turn. 



Research Rationale 

Chapter TI 

RESEARCH RATIONALE 

Rationale #1: Merits ofthe measure. The. complex nature of comprehension 

.speed is apparent .given its wealth of predictors. Numerous underlying ·processes. 

contribute to the comprehension speed construct including lexical access, w·orking 

memory. inference building, and long-term rete·ntio•n, integration, Md retrieval of 

information (Masson, 1983; Salthouse, 1_991 a; Sticbtf 1977) .. 
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However, lacunae exist in 'the extant literature. concerning the relative 

contributions of substrate. component processes- to comprehension speed performance. 

Iron,icaJly~ it is precisely the comple,x compositton of the Search-for-Answer task that 

makes it an id_eal medium i n which to better under-stand processes (e.g., aging) ·associated 

with its component de.riv~tiv~s. Investigating the construot of comprehension speed may 

renew interes.ts in the component proces_ses ( e.g., working mem.ory. psychomotor speed) 

(".hat contribute ro comprehension speed. Moreover, a better understan:din.g of the 

relationships ~ong these component measures may provide insight into age-related 

differences in complex cognitive p~rforma.IJ.ce. 

Rationale #2-~ A potential relation be.tween comprehension speed performanc.e and 

cognitive aging? A thorough •investigation .of the Search-for-Answer task is warranted to 

c_lari.fy tbe relations between age, cognition, basic resources, and comprehension speed. 

Given documented relations between aging and comprehension speed as well as aging 

and cognitive resol:lfces (see Safthouse, 1991a), it ~ee~ pla_µs tble to hypothes_i_ze 
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Fij!ure 3. Hypothetkal relations between ~ge, comprehension speed, and 
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associatfons between comprehen-sion speed (and its determinants), and cognition including 

age-rel-ated decline in cognition (see Figure 3). Although the Hultscb et al. (1998) 

comprehension model indicates that comprehen~ion speed is an impo1tant mediator of 

age differences for cognitive 'tasks, it is not clear whether baste resource cQmponents of 

comprehension speed account for this finding. Contrary to previous findings 

demonstrating direct relations between eognHiye resources and cognitive performance, 

bask cognitive :re.sources exert their influence on cpgnition through comprehension speed 

in the Hultscb et al. findings. In ac.cord with previous demonstrations of relations 

between age. and complex cognitive rn.easares (for a review see Hultscb &.Dixon, 1990; 

Kausler, 1994 ; Salthouse, 1991 ), comprehension speed may similarly prove important to 

cognitive aging research based on its .associ.ation with underlying components or 
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mechanisms of-age-related dectin•e. Although the Search-for-Answer task represents but 

a single indicator of the-overall construct of comprehension speed the substrates and 

related variance associated with this task are of primary importanc,e. Indeed, interest in 

the Search-for-Answer comprehens_ion speed task transcends any relation this measure 

might share with comprehension speed proper. The pres~ot investigation 'is primarily 
. . . 

concerned with the association this. task and .it-s component processe.s share with processes 

involved in cognitive aging. 

Rationale #3: Is the Search-for-Answer comprehension speed measure simply an 

instantiation of bas.ic resources? Although the comprehension model provides a good 

structµraJ fit to the data ('slightJy better that the basic resource .account), the model may be 

criticized as representing a redundant instantiation of the basic processing measures 

included in the model, If this is truly the case; then an investigatio.n of the Searcb-for­

Answer task contributes little of consequence tp inyestigatio,ns of cognitive agi°:g· 

However, jt is not clear whether the Search-for-Answer task explains variance associated 

with age-r.elated de.c.lirt.e over and above these basic resourc.es. 

In an attempt to respond to this ·potential criticismf Huhsch et al . ( 199.8) testtd an 

altemati ve to .th.e. comprehensi.on model that considered direct effects of intelligence on 

word recall, text recall, reading comprehension, and comprehension ·speed. The re.source 

measu'fes of working memory and ·semantic• speed were used as the principal (i.e., direct) 

predictors of episodic memory. Es:sentially, the bypoth~sis associ.ated wi_tb this model 

evaluated whethe( th~ basic resource measu.res are the true source of effects on episodic 

recall (Hultsch et ai., 1998). Hultsch et .al. (1998) found that although this model fit well, 
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there-was a s'Jight loss of fit 'relative-to the original cornprehensio.n mode]. The structural 

eva1uation of this model .indicates that comprehension speed is probably not simply an 

instantiation of basic resources. Based on this hypothesi_s test, Hµltsch et al. (1998) report 

that any explat_1ation· incorporating basic· resources as the sole source of prediction for 

episodic recall can be rejected due to the relative fit of tbe model. 

However, although we know that inclusion of tt1e latent cornprehe.nsion speed 

construct produ_ees complex interrelationships in structural models, what exactly are these· 

relations and what do they jndic.ate about the Searc.h-for-Answer comprehension speed 

measure-? One possibility proposed by Hultsch et aL (1998) is that the Search-fo1-Answer 

task rnpresents an approximation of Ericsson and Kintscb's (1995) Long-Term Working 

Memory (LT~ WM) cons.truct. 

Rationale #4: ls comprehension speed an index of the long-term working memory 

construct? The .construct of Ll':.. WM was firs.t co11ceived in an attempt to account for 

seemingly expert performance in spite of forge cognitive demands. The standard 

definition of working memory refers to the temporary storage of infonnation that is 

readily acc~ssibte for only :a short period •without resorting to rehearsal ( e.g. , Baddeley, 

1986). However, many expert tasks such as text comprehension require the maintenance. 

of lacge amounts of information in a readily accessible form (e,g., tbe indi-vid:ual needs 

contextual information to coherently integrate. information presented.in the cu·rrent 

s.entence with the text previously read) . How then, given the. restrictions apparent in 

standard 'definitions.of working memory, can we account for expert performance for 

example? ca:n the same account that ex.plains limited working memory capacity in 



srmple lab tasks also account for the. greatly expanded working memory capacity of 

.experts and skilled performers·? This seems unlikely. In fact, Eries.son and Ki_11tscb 
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( 1995) argue that a LT-WM meeh.anism is necessary to reconcile extant research findings. 

To clarify terminology, Eriscsson and Kintsch (1995) refer·to traditional working 

memory as Short-Term Working Memory (ST-WM) and label the skilled use of storage 

in Long-Term Memory (LTM) as Long-Term Working Memory (LT-WM). Unlike the 

unstable nature of information stored .in traditi.omtl working memory, information 

available· to LT -'WM' is stored in a stable-form. However, in some. respects similar to th'e 

temporary storage of information in traditi0nal ·working memo_ry, reliable access to 

infonnation stored in LT-WM is maintain_ed only temporarily by means of retrieval oues 

in Short-Term Working Memory (ST~WM)·. Thus, LT-WM is distin~ished from ST­

WM- based .on both durability of ,storage it provides as well as the need for s.ufficien't 

retrieval oues in attention in order ro acces-s the information in long-term me.mory 

(Ericsson & Kintsch, 1995). Of note_, failures of LT-WM would oo.t be acons.equence of 

forgetting but rathe.( a con_seqw~nce of inaccessible-retrieval cues: presumably the skilled 

information stored in LTM remains intact. Although investigations of the LT-WM 

meel1anism are only in preliminary stages, support for this mech_anism is derived from 

findings indicating that skilled activities (e.g., mental chess) can be interrupted and 

resumed after delay without adversely affecting pe.rfortnance {Eriecson & Kintscb, 1995). 

Interestingly; the de-scription of this LT-WM mechanism _parallels the Hult_sch et 

al. ( 1998) comprehension model findings in several key ways. In many respects, 

conceptual expJanations of the· theoretical construct of LT -WM reflect the same patterns 
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ob-served in the structural findings. For e_xample, LT-WM postulates a relation between 

working memory performance and episodic memory perfonnance. Specific~lly, retrieval 

cues present- in working memory permit access to ·information stored in long-term 

memory~ s,uch as episodic memory. How then, does this pattern of associations relate to 

the corr.iprehensjon model? The Hultscb et al .(1998) findings posit_ compre};rension speed 

as a mediator .of episodic memory performance. More specifically, the Se.arch-for­

Answet task was shown to mediate the influen_ce of basic (esource'faotors including 

working memory on long-term episodic memory performance. Based on these findings, 

an argument could be made suggesting the Search-for-Answer task demon_strates 

empirically the ·coostrµct Ericsson and Kintscb (1995) specified theoreticaHy. 

Aecording to Ericsson and Kintsch (1995), superior text .comprehension for 

e_xample, reflects superior skill in encoding information in long-term memory thus 

allowfog a larger amount of information to remain accessible by means .of cues in ST­

WM. Such a prediction makes sense in light of the structuraI outcomes, documented~ 

Text and Word Recall -are mediated by comprebensipn speed, perhaps due to the variance 

comprehension shares with p-rocesses involved in LT-W.M. Als.o of interest, tbe 

comprehension model shows independent paths not onJy·from working memory but from 

semantic speed and crystalfized intelligence as weH. The pattern of results depicted in the 

comprehension structural model are consistent with what would be expected based o.n 

Bric.sson and Kintsch's (1995,) description of LT-WM. 

Giv.en the obvious similarities between the LT-WM _construct and their findin·gs, 

Hultsch et al. ( 1998) have sugg~sted that the comprehension speed measUre "may be a 
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relatively good index. of the kind of dynamic, on-line proces,s of exchange between 

working r;nemory and long-term memory that Encs:son and K1ntsch ( 1995) first 

characteri.zed. as long-tem1 working memory'' (p.278). Not only is the comprehension 

speed measure an excellent pre_ciictor of episodic ·r:ecall, -age itself has an· independent 

structural path to comprehension speed performance. separate from the mediational 

jnflµeuce of any ba1,ic reso.urce factors. This too is. curious as the dynamic, complex 

Search-for-Answer task is far more age-sen_sitive than would have been hypothesized by 

any processing resource accounts or than woul4 be expected with the inclusion of basic 

res.ource variables (Hultsch et al., 1998). . . 

Through examJning the underlying determinants, association with age. and 

relationships to other cognitive-resources, the purpose ofthis 'investigation is ta provide a 

oetter understanding of what the Search-for-Answer task is a proxy for and how it can 

best be u.Wized in futur:e lnve,stigations of cognitive aging. 
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METHOD 

31 

The present analysis is based on cxoss-sec.tional1 data from .Sample 2 of the 

Vfotoria Longitudhial .Study (VLS). The design of the VLS consists of longitudinal 

sequences in which multiple cross-sectional samples of middle-aged and older adults are 

retested at intervals of three ye_ars wHh new s-ampJes .added at intervals pf six years. The 

general design, ·particiI?ants, measures, and procedures of the VLS have been described 

extensively elsew.here (see Dixon, Wahlin, Maitland, Hertzog, & Backman, manuscript 

submitted for publication), and therefore, these components of .the method will only be 

summarized here as they pertain to· this report. 

Participants 

Participants in the VLS were community dwelling adults living in a medium-size 

metropoli tan area. (Victoria, British Columbia) recruited through advertisements in the 

public media and aI?peals to comm.unity groups. The initial cross-section of Sample 2 

consis,ted of 530 adults (355 women and 175 men) ranging in age from 54 to 94 years (M 

.= 68.53 , SD= 7 .61) and tested in 1992-93. An additional sample:of 100 university 

students (52 women _and 42 men) ranging in age. fr.om 17 to 36 years (M-= 23.35, SD= 

4.91) comprised the Young age group. A total of 602 participants (392 women and 210 

men) provided complete data on the measures relevant to the present analyses. Of'the 

60·2 partidpants who completed the-VLS battery, 4 participants-were omitted from the 

present .ana]yses. Two· participants had difficulty performing the computer reaction time 

tasks due to serious vision conditions (glaucoma and legal blindness). The other2 
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participants were omitted subsequent to a screening analysis indicating their scores 

showed substantial departure,from the normal distribution for most of Uie .target 

measures. In particular, the scores for these individuals were 5.65 and 8.69 standard 

deviation unjts above the mean -sco_re on the criterion Seareh-for-Answer task (the next 

nearest outlier was. 3.79 standard deviations above the mean for a distribution of602 

participants). Omission of these participants had no impact on the main fi_ndings~ In fact, 

a gender differenc.e surfaced in favour of males upon omitting the. single male outlier (SD 

= 8.69). Thus, with.r~spect to complete data, the mean age. of the 501. community 

dwelling participants was 68.1 yeacs (SD = 7 . .18) whereas the mean age of the 97 

university participants was 23 .4 years (SD= 4.9.1). 

Ex~at_ion of the characteristics of the 501 older adults indicated that the 

participants constituted a relatively select group compared to the general population. 

With.in this sam·ple~ 88.7% had complet~d at least 11 years of education and 51.1 % had 

completed at least 14 years ·of education. Coinparable figures for-the Provin.ce of Britis_h 

Columbia are $:1 % and 18%, re-spectively (S!atistfos Canada~ 19.89b). The. average lev~I 

of education of the sample was 14.81 years (SD= 3.15). Although most of the 

participants were retired. they also showed substantially higher levels of occupational 

attain_mentthan the general population. Within the sample, 59.6% held, or pre.vioµs.Iy 

held, professional or semiprofossio.nal jobs, whereas only 2,0% were classified as 

unskilled. 1'his compares to 27% profess.ional and -semiprofessional and 9% unski1led for 

the population ·of the province (Statistics Canada, l 989a). In addition, over 85.% of the 

participants rated. their health as very good or good. On a. 5-point scale ranging from (0) 



33 

very good to (4) very poor, a mean self-perceived health rating of 1.3 was observed (SD=. 

1.3A). Neither the correlation between years of education and age ( -.08) ·nor self­

percejved he,alth and age (-.005) wq's 'St_atistically significant. . . 

In order to further facWtate. age c.omparis·ons and -acc~ntuate c_l,ge-refated trends in 

comprehension speed performance, the full sample of 598 adults was divided into four 

age gtoups representing different birth cohorts. The following values summarize the age 

chc:u;<J"cteristics for each of these 4 categories: (a). the Young age group (n=97) rang-ed in 

age from 17 tr.> 36 years. with a mean of 23.4 y~ars (SD= 4.91 ); (b) thy Yoµng-Old age. 

group (n=l74) ranged in age from 54 to 64 years with a ·mean of 60..4 years (SD= 2 ."95); 

(C) the Mid-Old age group (n=225) ranged in a:ge frorn 65 to 74 years with a mean of 

69.3 years (SD= 2.8~); and.(d) the ·Qld-Old ag~group 0v=lQ2) ranged ~n age from 75 to 

84 years. with a me.an of 78.5 years {S0=2.66). These. age classifications facilitate cros.s­

secticmal analyses focused on documenting age-related diffeiences in comprehension 

spe·ed performance. 

Materials. 

The test battery for the VLS corts.ists of over 20 measure.s rangjng from indicators 

of fluid artd crysta,Uize.d intellige:oce to tests of sensory acuity. However, only _a small 

subset of these measures are g~rmane to ~s thesis. )'asks r~levant to the current research 

investigation include measures of pertepttial speed (e.g., Identical Pictures and Number 

Comparison), verbal s;peed (e.g., Lexical Ded~ion Task and .-Semantic Verification Task), 

working memory (Sentence Construction, Number Span:, and Word Spa,n), episodic 

memory measures (Word and Te.xt Recall) and measures of-co111preh_e.nsio.n speed 



(Search-for-Answer ta'Sk and Reading Comprehension Speed). As the battery and its 

compont5nt -measures have been _thoroughly presented els.ewhere (for a comprehensive 

review, Hultsch et al., 199-8), the measures p.ertinent to the current analysis will be only 

br'iefly described bere. 

Dependent ·Measures 
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Search-for-answer task. The Search-for-Answer task, a oomplex cognitive task, 

incorporates several component processes, 'includirrg information _proc:essing, working 

memory,, and kno-wledge. Particjpants were required to read .a ques.tion and then to -skim 

over passages of varying length in searoh for an answer to thfa question. Fifteen pas~ages 

were presented, one sentence. at a. ti_me, with passages varying from 1 to 9 sentences in 

length. AU answers to the questions posed were contctined in each passage; the correct 

answer was always found in the last sentence of each passage, Participants who failed to 

find the coITect response. on their first attempt were required to read th.rough the passage a 

second time. If necessary, participants were given three chances to find the correct 

response for each of tne· 15 passages. Dependentvariable_s of interestfoclude response. 

latency and respons_e accuracy (number of errors committed). Total respon·se latency 

averaged across all 15 passages as well as total response latency per passage (including 

additional anempts) were recorded as-response latency outcome measures. Total mean. 

errors averaged across all 15 passage.s and tota1 errors per passa:ge represent the e"rror 

outcome measures. 

Reading comprehens1on speed. Performance on tbe reading comprehension 

measure was assessed on the basis of recording the amount of time taken by each 
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participant to ·;read a series of 6 passages, pne sentence at a time. Participants w·ere 

instructed ~o read at their normal speed and to press a button in ord.er to display the 

subsequent sentence for each passage, Approximarely 8 sentences were inclµded in each 

of tbe 6 passages. The reading time measure was computed as the amount of time taken 

to read ·each proposition averaged across all passages. This reading .time measure is· one. 

of the indicator measures of comprehension speed in the. comprehension model (Figure 

2).· Immediately after reading each of the 6 passages, participants were required to answer 

5 factual questions about the passage .ir:i order to en·sure-their comprehension of the 

material (i.e., to ensu(e they ·were not simply skimming the material at a rate precluding 

comprehension}. Performan.ce on this portion of the task underlies the reading 

comprehension .construct in the compre.hension model (Figure 2). The number of errors 

m_ade in response to these questions fo.r each passage were also rec.orded. 

Predktor Tasks 

.Perceptual processing speed measures. Previously, Salthous.e ( 1992c) has 

identified 2 general measures used to approximate perc~ptual processing speed: the 

Identicaf Pictures and Number Comparison measures. Both of these measures are 

included .in the VLS battery. The Number Comparison and Id~ntical Pictures. tests each 

cons ist of pages containing pairs of numbers and pattern arrays on which to base· one:s 

responS,e. For the Number Comparison Task, the goal is to identify whether or not the 

n_t.1_mber on .each side of a target pairing is iden.tic.al or not If tht numbers comprising. the 

p.alr are not identical, an 'X' is to be placed on the line between them. Otherwise, 

partlcipants are instructe.d ro continue. with the next pairing-. SimilarJy, the go~ of the 
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Identical Pictures rask is to match patterns from a specified target with its .counterpart in 

a comparison array by marking ~ line below the ·correct match. A time limit of 90 

s.econds is imposed for each te.st with the total number o( correct responses indicating 

approximate speed of performance. As previous research (Saltbouse, 1992e) has 

indicated thes(! tasks both approximate perceptual proc.essing speed, composite scores 

based on the average of stanclardiz.ed z scores for each of these. measures• were c.omputed 

for the purposes. of entry into the hierarchical regressim;i analysis. This composite score 

compr_ised of number comparison and identical picture performance 'is ~guabl.y the best 

predictor of the proce_ssing-speed theory of cognitive aging. 

Verbal. processing speed.measures. '(he two measures chosen to represent the 

amount of time required for verbal processing include the Lexical. Dedsion Task an,d tire 

Semantic Verification Task. Performance on the Lexical Decision Task .repre.sents the 

amount of time re.quired to recognize words. As formatted for the VLS, the Lexical 

Decision Task consists of a computer prese.nt~ti0t;1 of stdng,s of letters fonning either 

English words or nonsense words. Participants are asked to discriminate betv.:e·en words 

and non-words: aQ..d to indicate their response by ·pressing 'y' ·or 'n' keys on a response 

keyboarcL Mean response latencies in millisecond·s are recorded over 60 trials. The 

Semantic Verification or dedsion time task is a variant of the Le~ical Oe.cision Task 

whi ch requires participants to as-sess whether a presented target sentence is meaningful . 

Participants are asked to judge the. plausibility of 50 sentence.s;· performance latency 

response time is rec.orded by keystroke response in milliseconds. Confirmatory factor 

analyses (for a review, see Hultsch et al. 1990; Hultsch et al. , 1992) reveal that both the 
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Lexical and S~mantic Decision Tasks converge to form a simple verbal processing time 

factor. For the purposes of entry into the c:urrent hierarchical regression analyses, mean 

correct response latencies for both measures are conve.rted into standardized z scores and 

subsequen.tly averaged to form a composite verbal ·processing speed measure. Although 

this composite measure is not reflective of solely psycbomotor or perceptual •Speed, verbal 

processing speed 1s considered. to be a basic speeded resource contributing to success on 

more complicated cognitive tasks. Given thjs rationale, verbal processing speed is 

suggested to represent a variant of Saithouse's (1996b) perceptual speed of cognitive 

decline hypothesis. 

Working memory measures. Three measures were.administered in ·order to 

approximate participant's -working memory. The Sentence Constniction Task as. well as 

me~ures of Readin•g Span and Computation Span were demonstrated to converge to form 

a working memory factor on the basis of a confirmatory factor analysis (Hult.sch et al. , 

1992). The Sentence Construction· measure required participants to read a ·series of 

sentences. While reading: the series, target words in each sentence were highlighted and 

participa_nts were instructed to remember the high.lighted word for each sentence. Upon 

completion of reading the series of sentences, participants were asked to re.call the 

highlighted target words in order: when combined across the series, these highlighted 

words formed a sentence. Task difficulty was varied by increasing the ·number of 

sentences and consequent1y·the number of words to be recalled in each series (ranging 

from 3 to 6 words to b.e recalled). The number of correctly r~P.ro.cfuced new sentences 

was the measure of interest 
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The Reading Spao and Computation. Span task:s are fully. outlinep elsewhere 

(Salthous.e, ·1992b). Trials in the Reading Span task involved the presentation of a 

sentence followed by a short question and the ctrojce of three responses. Participants 

chose the best response and then proc:eeded to the ne~t sentence. A s.pecifted nu.01ber pf 

$entences followed by questions and responses were: presented until suoh time that 

pru:ticfpa:nts-were asked to rec.all the last word ·presented in each sentence. The 

Computation Span Task was analogous save for the fao.t that mathematical problems were 

presented that required the recall of th~ last digit in each pr:oQlem -rathei; thflll the l~t 

word. The. response measure, used was the largest number of items recalled correctlr for 

a:t lea.5,t two. of three .tdals for a given sequence length. 

As the Senterrce Constructiorr, R¢ading Span, and ·computation Span measu_res 

have previously shown to converge on a. common latent working memory factor (Hults.ch 

et al. , J 990), standardized scores. were used to create an unweighted working memory 

cor_:nposite measure for the purposes of the present investigation. This working .m~mory 

composite measure serves as the representation of working memory entered into .the 

hierarchical prediction model's of comprehension spe.ed performance. 

Episodic memory measures:., The measures of Word and Text Recall were 

indud.edfo ordertq repre~ent ~ptsodic.memqry performance. Although: on a continuum 

of basic cognitive proeesses thes.e factors represent .products rather tban prot es,ses, they 

are none.tneless important to this investigation. In particular, .given the hypothesized 

importance of comprehension speed to Lo_ng:Term-Working Memory, we. would expect 

to find a (elationship b~tween epfaodie niempry performanc.e .and comprehension speed 
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The Reading Span :and Computation Span· tasks are fully outlined elsewhere 

(Salthouse,. 1992b). Trials in tbe Reacl_ing Span task invoJved the presentation of a 

sentence folio.wed by a short question .and the choice of thre.e responses. Participant$ 

chose .the best response and then proceeded to 'the next sentenc·e. A specified nµrnber of 

sentences followed by questions and rtsponses were present~d. unti l such time that 

participants were asked to recall the last word presented in each sentence. The 

Computation Sp.an Task. was •analog6us save for the fact that mathematical problems were 

presented that required the recall of the last digit in each pro.blem rather than the last 

wtird. The response measure used was the largest number of items recalled correctly for 

at least two of three: trials for a given sequence len~th. 

As. the Sentence Construction, Re-ading Span, and Computation. Span measures 

have previously shown to converge on a common. latent working memory factor (Hultsch 

et al ., 1990), standardt.zed scores were used to create an unwejghted working memory 

composite measure. for the purposes of the· present investigation. This working memory 

composjte measure serv~s as the representation of working memory entered into the 

hierarchical prediction models· of comprehension speed performance. 

Episodic memory measures. The measures of Word and '(ex.t Recall were 

included in order to represent episodic memory perfoonance. Although on a continuum 

of basic cognitive processes these factors represent products rather th.arr proc~sses, they 

are nonetheless important to tliis 'investigation. In particular, given the hypoiliesized 

importance ofcomprehensio·n speed to Long Term-Woddng Memory, we would e~pect 

to find -a relationship between episodic memoi:y performance and comprehension s:peed 
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performance in the bierarchkal prediction equations. 

The Word Recall test required participants to study two word Hsts, from a_ total .set 

of six, consisting of 30 common English nouns for ;2 minutes each. Each list was 

comprised of 6 words from 5 taxonomic categories (e.g., fruits, tools) app-earingrandomly 
. , 

on a single page. After each 2 minute study period, participants were provided 5 minutes 

for free, recall. The total number of words te.ealJed from each of the two lists: yielded the: 

targe.t measure of total word recall. 

Text Reea)J was measured by gist recall of two narrative stories concerning life 

events of older adults. A total of 6 stories were selected from a _larger set of 25 

structurally equivalent text~ developed by Dixon, Hultsch, -and Hertzog (1989). Each 

story was structured to contain approxim,ately 300 words and 160 propositions. 

Participants were provided 4. minutes to study each story followed byl0 minutes to write 

down what they recalled. The proportion of'propositfons recalled .(gis_t recall) from each 

story were evaluated by raters· according to sco'ring criteria specified irt Dixon et al. 

0989). Inter-r:ater reiiability exceeded 90%. Gist propositions recalled from both stories 

w.ere summed (o yield the total measure of text recall. 

Experimental Procedures 

All of the-measures included in the VLS were administered during the. course of 4 

separate testing sessions, each approximately 2 hours in length s,cheduJed over a pe1iod of 

approximately30 days .. Planned rest p~riods were taken part way through each session. 

Groups of 10. ·or fewer participants were administered all of the paper-and-pencil 

component measures of the VLS battery during the course of the fir-st two sessions. The 
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remaining computeT-based tasks included in the battery were conducted o·n an indiv1dual 

basfa during the th•ird and fourth te·sting sessions. Forall ·participants inc;luded.in the 

an_alysis, the order of rasks within the 4 testing sessions wa,s invariant. 

Statistical Procedures 

Two separate. data analytic approaches were associated with this investigation. 

The analysis of mean age differences in Search-for-Answer response latency and .accuracy 

us.ed an Analysis of Variance (ANOVA) approacb. The second analytic approach used 

hierarchical linear regression to further examine cognitive predictors of Search-for­

Answer task performance. Particulars associated with each -of these statistic.al approaches 

are dh;cnssed below. 

,Mean level analyses. A general factorial ANOVA approach was used to examin_e 

age group ciiffereiices for both response latency and response .accuracy scores, Se·veral 

additional analyses were -conducted subsequ:ent to the introductory ANOVA 

investigations. First, a Ii.near regression approach. was used to covary the influence of 

response errors in order to determine the influence. of accurcJ.cy on lat~ncy. The linear 

regression approach wa:s adopted as. opposed to an Analysis of Covariance :(ANCOV A) in 

order to derive increr_nent in R2 estimates. Second, a repeated measures ANOVA 

approach was u.sed to ·examine age differences as a function of a variety of Search-for­

Answer pass.age characteristics (see Table 1), For response latency performance, a 

repeated mel:):sure·s AN OVA teste.d ~ge differences as a function of passage length only. 

For response accuracy, ,separate repeated measures ANOV AS were conducted t0 

examine age differe_oces as a function of each type of passage characte.ristic. The 



Table-I .. Classification criteria and categ()ry for passag~ characteristics 

Pa_ssage 
Number 

1 
2 

3 

4 

5 

6. 

7 

8 
9 

IO 

11 
12 

13 

14 
15 

NtulJbe.r of 
Words Per 

}?assage aod 
Category 

49-"(Short) 

U8 (Long) 

·1ol (Long) 

57 (Short) 

83 (Short) 

1Z6 (Long) 

46 (Short) 

34 (Short) 

143 (Long) 

-105 (Long) 

41 (SbQrt) 

43 (Short} 

55 (Short} 

88 (Short) 

111 (Long) 

Fry On1.ph 
Reading Grade 

Level and 
Category 

10 (Lower) 

7 (Lower) 

0 (Higher) 

12/13 CEUgbet) 

7 (Lower:) 

9CLower) 

11/1.2 '(Higher) 

ll/12 (Higher) 
9 (Lower) 

12 (Higher) 

12/13 (Higher) 

15/lq- (Higher) 

13 (Higher) 

9 (Lower) 

8 (Lower) 

Flesch-Kinkaid 
Reading Grc1.de 

Leve] and 
Category 

I 1.54 (Higher) 

7 .94 (Lower) 

10. 95. (Higher) 

10.05. (L0wer) 

6.72 (Lower) 

10.63 (Lower) 

10.10 (Lower) 

10.48 (,Lower) 

J 1,98 (High~r) 

13.53 (Higher) 

18.82 (Higher) 

13 .65 (Highe~) 

12.07 (Higher). 

9.57 (Lower} 

7. J 9 (Lower) 
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Target Senten~e 
Length (words:) 

and Category 

13 (Short) 

17 (Shott) 

16 (Short) 

16 (S_hort) 

8 (Short) 

18 {Lemg) 

23 (Long) 

;20 (Long) 

32 (Long) 

.2Q .(LQng) 

41 (Long) 

28 (Long) 

15 (Short) 

17 (Short) 

17 (Short). 

continued 

repeated measure variables included len~th of passa~.e-, 'Fry reading grade level, Flesoh­

Kinkaid reading grade ]eve], target sentence le_ngth, distance· to target se_ntence response, 

and t'1.fget sentence con;1plexity. Clas-sification criteria. and c~tegode:s for each of these. 

,Pilssage Qbru:.Jcter:istics -are pr~.sented in ·Table 1. The Jength of passage classification: was 

based on the total number of words per Search-for-Answer passage. The Fry reading· 

grade level index was computed by plotting syllables per JOO words as afunotion of 
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Table 1 (cont'd)~ Classification criteri_a. and category for passage c_haracteristics 

Passage 
Number 

I 

2 

3 

4 

" ., 

6 

7 

8 

9 

10 

11 

12 

l3 
14 

15 

Two Group Fout Group 
Distance to Distance to 

Target Sentence Target Sentence 
Response (words) Response (words) 

and .Category and Cate.gory 

13 (Long) 13 (Med-Long) 

10 (Short) 10 (Med-Short) 

8 (Short) 8 (Short) 

9. (Short) 9 (Short) 

·8 (Short) 8 (Short) 

18 (Long) l.8 (Long) 

11 (Short) 11 (Med-Short) 

9 (Short) 9 (Short) 

22 (Long) 22 .(Long) 

12 (Long) 12 (Med-Long) 

17 (Long) 17 (Long) 

15 (Long) 15 (Med-Long) 

10 (Short) 10 "(Med-S.hort.) 

17 (Long) 17 (Lon_g) 
11 (Short) 11 (Med-Short) 

Targe.t Sentence 
Complexity 
(embedded 

clauses) and 
Category 

l (Complex) 

O (Simple) 

0 (Simple) 

0 (Simple) 

0 (Simple) 

1 (Corriplex) 

1 (Complex ) 

0 (Simple) 

1 (Complex) 

0 (Simple) 

I (Complex) 

0 (Simple) 

0 (Simple) 

0 (Sfmple) 

0 (Simple:) 

sentences per 100 words on Fry's grapb for estimating readabili.ty (Fry, 1977.). Plotting 

these two variables yielded a whole number Fry reading grade fo.r .each of the 15 

passages. Flesch-Kinkaid reading grade level was computed us.ing a mathematical 

formula (see Schuyler, 1982) tba~ consjders numb.er of sentences, words, and syl1ables per 

passage. As opposed to the Fry reading grade level~ the Flesch-l(inkaid index. was 
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·computed d:ire0tly. ·Target sentence length classification represented the numb.er 0fwords 

in the final sentence (i.e., the target sentence) for eac.h passage, A variant of target 

sentence length, the distance to targttsentenc.e Ie.ngth classification was based on the 

number of words appearing in each target sentence prior to the correct respons.e.. If the 

target respons.,e does. not appear until the end .of the target sentence, this index· is the same 

as. the target s.entence length index. Note thattwo classifications for .distance to target 

sentence response were specified. Finally, the target senter1ce complexity classifica.tion 

was a function of sentence synta'X (Norm.an: et al., 1991 ). Com,plex target sentence 

constructions contain left-b.ranching. sentences (e.g., relative clause betweeo subject and 

predicate) whereas· simple target sentence constructions are compris.e.d of right-branching­

or single clause sen'tences. 

Far all univariate and repeated measures statistical tests, a criterion alpha of .05 

was used. Further, all .post hoc pairwise multiple compariso'i1s made among individual 

group means employed Tukey'·s Honestly Significant bifference (HSD) adjusted alpha 

levels: aJl multiple comparisons of group means.were significantly different at an 

adjusted alpha level of .05 .. 

Hierarchical prediction analyses. A linear h.ierarchical regression approach was 

u:sed to examine pr:ediotors of Search-for-Answer perform~ce. Several composite 

measures were computed fotentry into the hierarchical models. Creation of composite 

measures required the derivation of standardized scores. These standardized scores were 

summe.d and averaged for all indicators relevant to a particular composite measure. 

Cognitiv~ composite measures Included Perceptua,l Speed (average ·standardized score.s of 



_Nutnbe_r Comparison and Identical Pictures), Semantic Speed (average standan:iized 

scores of Lexical Decision Tas.k :and Semantic Verification Task)T Working Memory 

(averag~ standardized scores ot Reading Span, Computation Span, and Sentence 
. . 

M 

Construction Task), as well as Episodic Me.mory (average standardized scores of Word 

Recall and Text Recali) .. These compos'ite cognitive measures n~prese.nt both proc~sses 

and products of cognition. Three a priori hierarchical regression models representing the 

resources of perceptual speed, semantic speed, and working memory were specified. The 

logic underlying the use of this approach to determine predictors of Search-for-Answer 

performance rests on varying the order of-variable. e11try. On theoterical ground_s (see 

Hultsc.h et al., 199'0; Salthouse, 19.91 a)', processes or resources of cognition (e.g., 

perceptual speed, working memory) are alway entered first in each model followed by 

·products of cognit_ion (e.g., episodic memory). Contrasting the variance accounted for by 

varying the order of predictor entry will determine whether individual differences in any 

of these cognitive composites accounts foe variance associated with Search-for-Answer 

task perf 0CTWU1ce. These hierarchical models were applied to the prediction of vatianc.e 

associated with total .response larency, total response accuracy, age-.rehted response 

l_atency, age-related respqns:e aceu.racy; and total respons·e accuracy as• a function of 

readi'ng grade level , 

At this jun.cture, it is appropriate, to sp.e.cific.ally ·state the hypotheses. and 

expectations associated with this inquiiy. 
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The .focus of this investigation concerns understanding performance on the 

Search-for-Answer task, both in the sens.e of examining the nature of the task' s 

relati'onship to age and in the sense of identifying indicators of task performance . Jn 

pursuing answers to these questions, this investigation .has three primary objectives: (a) to 

examine. age differences in Search-for-Answe,r comprehen£ion speed performance, (b) to• 

identify individual differences in <::ognitive abrnties that predict Search-for-Answer 

comprehension speed performance, and {c) to contrast pretlicto,rs of response latency for 

participants who performed perfectly across all Search-for:..Answer passages compa;-ed 

with those who made 1 or more-errors. These objectives and their associated hypotbes.es 

are discusse.d below. 

Identifying Age Differences in SearchJfor-Answer Performance 

Latency and error. In order to ex-amine specific factors underlying differences on 

Search-for-An:swercomprehension speed performance, it is first necessary to doeument 

the. existence of reliable age differences on the task. Thus, the-first objective of this 

investigation is to examine age differences in Search-for-Answer task performance. 

Further, age differences for both latency in arriving at the correct answer .as well as 

numb.er of errors made prior to reporting the .correct answer will be examined. It is 

hypothesized that significant differences in performance wiU emerge between the Youn.g, 

Young-Old, Mid-Old, aod .Old-Old age groups. Longer response latencies and an 

increased number of performance errors are expected for older age gro:ups. 
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Latency differences as a function of error. The possibility exists tha_t age 

differences in response..latencies are simply a function of an increased number of 

performance errors. For every instance a response e.rror is made, the participant must 

reread the entire passage prior to having an additional opportunity to 'respond. Obviously, 

re.sponse latencies will be slower f.or participants who make more response errors. Thus, 

a question that requires dariffoation concerns w'f1ether slower Search-for-Answer 

.response latency is merely a function of resp0nse ·errors. rt is hypothesized that 

signifi,cant age differences in response latency wi11 remain even after partialing the 

influence of response. errors.. 

Beyond these global indicators of performance, we are also interested in age 

differences in res·ponse latency and accuracy as a function of more specific influences·. A 

number of Search-for-Answer passage characteristics (see Table lJ were identified as 

plaus:ible intlueJl_ces of age differences. Each of these passage characteristics is 

hypothesized to place differential demands on cognitive resources .. Sa1thouse (1985:) has 

suggested that individual diff~r~nces in proce.ssi"ng ability- (i.e., available. resources) 

pofentialI_y explain decrements in cognitive performance with ~ge. For example, based on 

both general and specific resource accounts, we might expect older age groups. (Mid-Old 

and Old-Old) to exhibit slower response latencies and increased performance errors for 

more taxi.ng passage characteristic.s compared with relatively e_asy ones. Hypotheses 

associated with each of these passage characteristic's are considered in turn. 

Increased latency as a function of passage length. As each of the 15 Searcb-for­

Answer passages varies· betwe~n 1 to 9 sentences in length (and thus in terms of the. 
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number of words per passage), the length of the passage may disproportionately affect 

response latencies, in particular for Mid-Old and Old-Old age grou·ps. It is hypothesized 

that older age groups will exhibit increased response latencies relative to yoµnger age 

groups for longer Search-for-Answer passage.s·. Thu.s, of primary int~rest is the Age x 

Pa5sage Length interaction.. 

Increased response errors as a func'tlon of passag.e length. Length of passage may 

also disproportionately influence the number of Se~ch-for-Answer response en·ors. 

Conceivably, longer pass.ages are more demanding, particularly for older age groups (e.g., 

Mid-Old and Old-Old). lt is hypothesized that increased response errors will be ob:served 

for longer passages with increasing age: a significant Age by Passage Length inte_r:action, 

Increased response errors as a function of Fry reading grade level. Several 

passage characteristic categorie·s· were derived from information tnore specific than 

number of words. Fry reading grade level is an index of: passage readability derived from 

the number of syllables and sentences in a passage. Based on the pri,nc_iple of limited 

resources, it is hypothesized that pass~ges associated with a higher Fry reading grade 

le'Vel will produce a greater number of response errors. Further, it is hypothesize.ct that 

this relation wil) be accentuated for older age group_s (Mid .. Old and Old-Old). The Age x 

Reading Grade Level. inter~tiori is. of primar:y interest. 

Increased respons.e errors as a function of Flesch-Kinkaid reading grade Jevel. 

The Flesch-Kinkaid index represents a,n additional measure of reading grade level_. It is 

computed using the number of syllables, words, and sentences per passage. Higher scores 

on the Flesch-Kinkaid index indicate that the passage is more difficult to read. According 
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to a theory of limhed resources with ag_e, it is hypothesized that passage$ associated with 

a higher Flesch-IGnkaidreading grade level wilJ al.so be associated with a greater number 

of response. errors, particulariy for older age. groups. The Age x Re.ading Grade Level 

interaction is of primary interest. 

Increased response errors as a function of target sentence length. Although based 

.on number of wqrds, the. target sentence length characteristic is not identical to the 

passage length characteristic. Target -sentence length refers to the number of w·ords in. the 

target sentenee (i.e.,. the fina1 sentence of-each passage.). Just as. a longer passage length 

might ov~rtax available resources, it is hypothesized that Jonger target sentences will also 

be associated with an increase in re·sponse errors.for older age groups (e.g., Mid-Old, Old­

Old). The Age x Target Sentence Length interaction is of primary interest. 

Increased response errors as a function of distance to target sentence response. A 

variant of the target sentence length characteristic.. the distance to targ;et -sentence 

response category refers to the number of words that appear in the target sentence prior to 

the emergence of the correct-respQnse. It is hypothesized that longer distances to target 

sentence responses will be associ~ted with increased response errors for older adults. The 

focus is the Age x Distance to Target Sentence Respons.e interaction. 

Increased resp0nse errors as a function of target sentence··Gomplexity. A final 

passage characteristic to be assess.ed reflects· the sy.ntactic struc~re of targtt sentences. 

Complex sentence.s include embedded clauses which are more difficult to process 

compared with single cla:us.e simple structure target sentences. It is hypothesized that 

older age groups will produce· more response errors for complex target sentenoe strnctures 
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compared with ycmnger age groups, Again, of specific inrerest to this hypothesis is the 

Age x Target Sentence Complexity interaction. 

Movingbeyond the investigation of age differences, the following section 

considers individual differences in cognitive. abilities that predict .Search-for-Answer task 

variance. 

Predicting Petformance and Performance Diffe.rences on the Searcb-for-Answer Task 

It is expected tha.t signifkant age differences will be found for Search-for-Answer 

response latency and response error performance. B.owever, determining that older age 

groups exhibit poorer av:erage performance than younger age groups on the Search-for­

Answ.er task does not _indicate why this deeline occurs. Building on the initi.al assessment 

of mean level patterns of age difference, a second objective of this investi~ation is to 

de'termine what factors predict Search-for-Answer performance for the target de_pendent 

meas.ures (latency and errors) as wefl as what factors predict variance associated solely 

with age-related differences in performance. As outlined.in the statistical me.thods 

section, a hierarchic.al regression approach will be u·sed to identify the mostfoftuential 

predictors of Search-for-Answer performance. 

Based on a the.oretical conception of limitations in resources (Salthouse, 1985; 

1991a), several hierarchical resource models are p'ro_posed. As menti.oned in the 

introduction, both general resour:ce andspecifie construct accounts of ~ge-rel;ited decline 

have been proposed. To c,omplement these accounts, m·easures of c.ognition .included in 

the hierarchical analysis span a continuum from cognitive processes (e.g., perceptual 

speed) to cognhive prod.ucts (e.g., .episodic memory). Thus, both.general resources and 
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task specific influences will be evaluated as predictors of Search-for-Answer 

performance. Three basie models of interest apply to all of the proposed predic.tion 

analys~s. Tbes,e incJade a perceptual speed model, a semantic speed model, and a 

working memory model. In order to judge t_he. relative importance. of cognitive variables 

within hierarchical regre.ssion models, the order of variable entry needs. to be varied. 

Specified according to this rule, each of the three basic hierarchical models ente-rs basic 

processes of cognition first followed by products of cognition. Thus, the perceptual 

speed, semantic s.p_eed, and ·working memory predictQJS· are entered first in tb~it 

r_espective models followed by the entry of the otheT t\\'.O resource measures. In the last 

blook of each model, episodic memory is entered to repre~ent the influente of products. or 
cognition. 

Although general resource c.ompared w1tlr more specific resource accounts· might 

both predict similar patterns ·of Search-for-Answer task performance, the relative type and 

importance of predictors would potentially differ, General accounts would.postulate that 

individual differe,nces in performance should be predicted by one or two factors that 

approximate generaf cognitive resourc.es (e.g., I?erceptual speed) implicated in decline 

across many cognitive measures. Conversely a task-specific account of performance 

differences .might postulate a more compl~x or-diverse. pattern of predictors (i.e., a 

number of significant predictors) compared with a general resource account Although 

one or several factors might be of partic"ular importance for task-specific resource models, 

other indicators would significantly contribute to the prediction of Search-for-Answer 

performance over and above the influ.ence-s of general res·ource measures. 
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.Can both total and age-related variance be accounted for by on_e or several 

important predictor variables or does a more complex array of predictprs (both general 

and specific) account for the majority of this variance? Based on the findings of 

Salthouse ( 1996b ), •it is hypothesized that perceptual .speed, regardless of entzy order into 

the hierarchical. regression models, will attenuate a significant proportion of both total 

and age-related variance associated with comprehension spe.ed perfon:nance. Quite 

s.imply, as it i.S suggested to (epresent a general resourc.e,. the resuHs should indicate that 

perceptual speed is an i'mportant predictor of a broad cross-section of measures including 

Search-fo.r-Answer performance. However, the general question remains as to whether 

other potential pre.d.ictors of performance,. such as workin_g memory or episodic memory, 

will account for significant proportions of variance over and above the. hypothesize.d 

importance. of perceptual speed. :Based on the. Hultsch et al. '(1998) findings, sign.ificant 

contributions fro.m both semantic. speed and working memory are anticipated, Results 

from the hierarchical models will hypothetically indicate whether S.earch-for-Answer 

performance differences are ass.ociated with concomitant indiyidual differences in 

C()gnitive resources. Further, the pattern of prediotor eontributions will assist 

interpretation of why comprehension -speed is such an important mediator of bask 

resources in the comprehension model findings (Hu.Hs.ch et al., 199.8). Predktion of 

performanc:e for each vad~ce type js discussed below. 

Prediction models for total v.ariance associated with response latency. Four 

hierarchica1 mod~ls are specified to examine total response latency variance: a perceptual 

speed model, a semanlic speed model. a working memo'ry model, and. a Long Term-
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W orki-ng Memory (LT-WM) model. As mentionedi regardless of order of entry, 

perceptual speed is hypothes:ized to be an important _predictor of variance. However, the 

~omprebension model findings (Hults.ch et al., 1998) also indicate that se.nrantic speed 

and working memory wil{ be important influences. Further, if Search-for:-An_swer 

performanGe represents an approximation of the LT-WM construct (a facilitator between 

working memory and long term memory) &S suggested by Hu1tsch et al. (1998), then it is 

hypothesized that ·both working memory and episodic memory will be significant 

predictors of Sea:rch~for-Answer perf<:1rmance. 

Prediction models for total varianGe associated wi~h response accuracy. Three 

hierarchical models are specified to examine variance associated with total re·sponse 

accµracy: a perceptual speed model, a s·emantic speed model, and a working memory 

model . These modeJs wi11 be useful for examining whether S·earch-for-Answer 

performance. e.rrors can be considered a.manifestation of restriQted processing re:Sources .. 

It is• hypothesized that perceptual speed w_i_ll he an important predictor of performance. 

error variance but that semantic speed and working memory will also exert considerable 

predictive capacity .. 

Prediction models for age-related variance associated with response latency. 

Three h:ier.archical models are specified: a perceptual speed model , a semantk speed 

model, and a working memory model. As before, th-:e order of variable entry •is b,ased on 

restricted resource accounts of age-related decline. It is hypothesjzed that _perceptual 

speed wil) represent. the. most important predictor of age differences in Search-for-Answer 

response latency. 
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Prediction models for age-related variance associated with response accuracy .. 

The approach for predieting· age-related response erro.r variance is idenfic-al to that of the 

resp-onse lat~ncy approach. Tbe three basic hi.erarchical models are examined: ·rl'ie 

percepru.al speed model, the semantic speed model, and the working memory model. As. 

before, perceptu·a1 speed is b_ypoth.eslzed to be the most i.J:nportant predictoi: of-age-related 

varianc.e associated with response errors .. 

Additional analyses predicting total variance associated with response. errors as a 

function of reading grade levels. In a_ddition to total and ag~""related variance {1recliction 

analyses, the imp0rtance of predictors as a function of Flesch-Kinkaid passage reading 

grade level will be examined. As mean level analyses may indicate that age differences 

in response errors change as a function of passage characteristics, investigating· 

differential patterns of prediction for .specific passage characteristics is considered 

potentially important. A good index of passage characteristic difficulty is the Flesch­

Kinkaid reading grade. level index. It is hypothesized that prndiction of response errors 

may cbaJ}ge as a function of passage readin_g grade level. For example, it may be possible 

thal general resou_rces are less- important for predicting lower reading grade level pas.sages 

whereas these same general resources might exert considerable predictive influence for 

higbeJ reading grade level passages. Indeed, s:uch a pattern of resu1ts may be a function 

of differential demands placed ·on av~.iJable resources for lower and higher reading grade 

level pass.ages. In order to test this differential prediction hypothes'is, thre.e hierarchical 

models are examined for e~ch. reading grade level: a perceptu~ speed model, -a semantic 

speed model, and a working .n:remory model. 
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Predicting Response Latency as a Function of All Passages Correct Versus One or Mme 

Errors 

Finally, the· third objective of this thesis is to c.omp'1.re and contrast Search-for­

Answer latency perfo_rmance for participants who petlortned per(ectly across ali passages 

(perfect passage performance) compared with those who made 1 or more errors across· 

passages {error passage performance). Thus, the purpose is to determine wfo;ther 

cognitive meas.ures differentially predict perfect compared with error passage 

performance. It is important to examine •similarities and differences .between perfect and 

error passage performance in order to better understand how ag~ and comprehensi:on 

sp-eed interact. For example, perhaps response latency performance for participants who 

answered correctly on the first attempt is better predicted by perceptual processing speed 

while response late,ncy, performance for participants requiring more than one attempt to 

correctly respond on at least 1 passage is better predicted by working memory. 

Intuitively, passage errors may be a function of restrictions in working memory. Thus, it 

is .conceivable that Search-for-Answer performance for partidpant.s who make 1 or more 

errors across passages is predicted. by individual differences in worl<lng_ memory .. In 

comparison, performance for participants who respond perfectly across all 15 passages 

may be better predicted by perceptual speed. 

This investigation is important for several reasons. To this point, hypotheses 

concerning. Se.arch-for-Answer comprehension •Spe.ed performance have focused .on 

measure•s comprised of a comb'ination of perfect and exro.r p~ssage performance. Even 

though performance erroi:s have been closely scrutiniz.ed in previous ,analyses, there is 
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still good reac;on to separate and contrast. p·erfect versus error passage performance, 

Essentially, analyzing total variance including corre.ct and error performance may produce 

a bias-ed estimate of the influence of certaln predictors. On this basis, it is hypothesiz~d 

that the importance of cognitive measures predicting ·performance including 1 or more 

errors wifl differ in magnitude (and potentially number) c·ompar~d with cognitive 

measures predicting perfect performance _across all passages. Mure specifi.calJy, .it is 

hyrothesized that wo_rking· memory will be· mote highly associated with error passage 

performance compared with perfect passage performance. Contrasting the. differences 

b,etween perfect versus error passage performance may help, explain S.earch-for-Answer 

age performance patterns with respect to restrictions in c~rt_ain cognitive re.source.s. Three 

hierarchical models (perceptual speed, seman"tlc speed, and. working tnemqry) will be 

used to examine this hypothesis. 

To further extrapolate on the above investigation, a final analysis is proposed. 

The distinction between prediction patterns for perfect versus error passage performance.• 

is, potent_ially ail important one. To the extent tbat perfect passage performance analyses 

show the .importano.e of perceptual speed (and not working memory), the Searcb-for­

Answer task may not be substantially different from other speeded tasks, at least with 

respect to c,ommon predictors. For example, previous structural equ•arion models have 

indicated that the Search-for-Answer task and the Reading Comprehension Speed task 

l.oad well on a single latent comprehension speed factor (Hultsch et al.. 1990; Hultsch ·et 

al., 19.92; flultsch et al., 1998). Based· on these documented empir.ical similarities, what 

factors. really d.ifferentiate performance on the Search-for-Af\SWer task from the Reading 
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Comprehension Speed task? Pot .another way, if only perfect passage performance is 

analyzed for the Search-for-Answer task, will the predictors-of Search-for-Answer speed 

and reading comprehension speed differ at all? From this perspective, analyzing overall 

performance on the Search-for:-Ans.wer task and concluding that it has a complex 

structure may be misleading. Although working memory seemingly shares an important 

relation to overall Search-for-Answ:er performance (HU:ltscb el al. , 1998), this relationship 

may be· contingent on the inclusion of participant performance errors in .the analysis, 

Ultimat_ely, the ,goal is to determine whether patterns· of ag~ cilfferenpes (and tntts 

importance of cognitive resources) are differentially associated with perfect versus errqr 

passagepe·rformance. If difference$ do exist, itis imJYerative.to depict in what way errors 

are influencing performance outcomes. 



Chapter V 

RESULTS 

57 

To coincide with the three research obje.ctives,. the following re$.uhs are presented 

in three primary sections. The first section focuses on age differences in Search-for­

Answer latency and accuracy. The second section considers the-differential importance 

of cognitive measure_s· as predictors of Searoh-for-Answer performance. The final section 

contrasts predictors of petfomrance for p.articipants who performed perfectly on all 

passages ver-sus participants who made 1 or more perfom1ance errors. 

Age Differences 

The first research objective was tb de.tennine whether .age differences were 

·obs.erved for Search-for-Answer comprehension speed performance.~ both response 

latency and errors were used as criterion variables. 

Latency. Figure 4 shows the distribution of Search-for-Answer latency 

performance as. a function of the. Young, Young-Old, Mid-.Old, and Old-01d age groups. 

The observed shift in distributions towards increased latencies across age group is 

consistent with ou.c hypothesis of performance differences with age. The actual 

significance of tbes.e age differences are statistically evaluated in the fol1owing ~aJysis of 

variance (ANOV A), 

Table 2 shows the means and sta,ndard de.viatio•ns associated with latency and 

error performance by age group and gender. To .test for significant age differences in 

performance latencies, ao Age x Gender (4 x 2) ANOV A w~ computed on mean latency 

performance averaged acrbs-s the 15 Search-for-Answer passages.. The main effect of age 
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was statistically significant, I:(3, 590) = 3,8.40 12<,001, 112 = .163. Older adults had 

-significantly long.er response latencies than younger adults. In order to further evaluate. 

which mean·s differed.significantly, a post-hoc Tukey's HSD multiple pairwis•e 

comparison was conducted. S,ave _for the comparison between the Young and Young-Old 
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Table 2. Search-for-Answer latency and error mean scores as a function of age and 
gende:r 

Latency 
M 
SD 

Errors 
M 
SD 

Young 
(17-36 Years) 

Young-Old 
(54-64 Years), 

Mid-Old 
(65-74 Years) 

Old-Old 
(75-84 Years) 

Women M~n Wom~ff Men Women Men Women Men 
(n ~ 52), (n = 45) (n == 117) (n = 57) (n = 143) (n == 82) (n =, 77) (n = 25·) 

18307 
6449 

1. t6 
.. 106 

17775 
5066 

1.16 
.116 

20180 
7056 

1.1.7 
.121 

18272 
4873 

1.13 
.097 

22966 
8134 

1.20 
.143 

21069 
7081 

1.17 
. I 14 

31109 
11766 

1.30 
.232 

2-8464 
1008'8 

1.25 
.205 

Note. Total n = 598. 

age groups, t.he results indicated significant differences in mean latencies for all 

remaining age group comparisons. lo addition, the. r;n_ain effect of gender was .also 

significant, E(I , 590) == 5.60, R < .05, 112 = .009, indicating that males outperformed 

females po the Sear.ch-for-Answer task. However-. the Age x Gender interaction was not 

significant. 

Errors. An Age x Gender (4 x 2) ANOVA was conducted on the mean number of 

errors averaged across the 15 Searoh-for-Aosw.er passages·. The main effect df ·age was­

statistically significant, I:(3, 590,) = 13.60, 12 < .001, n2 = .065. Older adults made 

sign1ficantly more errors on the task than younger adults, In order to further deter:mine 

whether these mean error responses (see Table 2) significantly differed b~tween 'each of 

the 4 a:ge groups, post-hoc Tukey'-s. HSD comparisons were. conducted. The results 
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indicated that the Old-Old age: group differed significantly from each .of three other age 

groups in terms of number of error"s eroduced. No other .adjacent group comparisons 

were statistically-significant. 'The main effect of gender was also statistically significant, 

.F(l, 590) = 4.41, Q..:: .05, 112 = .007, indicating that women Ill.tlde significantly more errors 

that men. As before, the Age x Gender interaction failed to reach sjgnificance. 

For both of these preJimjnary analyses assessing differenc.es in latency and error 

performance, the main effect of gender was statistically s1gnificant However, as we 

made no a priori hypotheses regarding gender-differeJilCes and, more imp.ortaptly, because 

gender did not significantly interact with age, we-will not explore gender differences any 

further in the remaining analys~s .. 

Latency differences as a function of error. Based on the ·significanc;e of the main 

effect for error in the above ANOV A, it is plausible that response latencies. increas:e with 

age simply as a, func.tion :of decnfased response acGuracy. In order to test whether the age 

effect for response latency was solely a function of increased errors, a hierarchical 

regression approach was used. Two models were computed. Toe first mode.I considered 

only age whereas tbe,sec_ond model entered errors in the first block followed by age in 

block 2. Comparison of the amount of variance. accounted for by ag~ with and without 

error jn the equation provides an esJimate ·of the variance ass,o'ciated with age independent 

of e,rrors. Table 3 shows the statistical control of error i:esulted in over 50%L attenuation 

or age-related variance in Search-for-Answer latency performance. Despite-the 

1 Computation of this proportion of variance is derived from tbe following equation: the 
R2 for age alone (.113) subtract the increment in.R2 for age.(.053) divided by the R2 for 
age alone (.113) = .5309 multiplied by 1.00 produces the observed proportion. 
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Increment in F % Attenuation 
Variable Entry Cuniulati v~ R2 R2 for lncrer;nent Age 

Variance 

Age .113 .113 76.03* 

Nu1nber of Errors .323 .323 284.42* 
Age .376 .053 50.61 * 53.1% 

*I!< .OL 

_substantial attenuation ·of age.-reJated ·variance by the error v.ariable, the addition of ag~ 

into t,tre hierarchical analysis after covarying error was still highly significant E(l, 595) = 

78.89, 12 < .001. The increment in R2 for age indi'cate.s that tb.e ,age variable still uniquely 

explains 5.3% of the variance in latency performance over .and "1bove what errot predicts. 

Further, re.lative to the initial total age-related variance in latency performance (11.3% ),. 

46.9% of this initial age-related variance-remains to be accounted for after partialing error 

variance. Thus, significant differences with age fo Search-for-Answer performance 

latencies arn .no.t merely reflective of an i.ncre.as.ed number of perfonnru;ice errors; the main 

effect of age. remains ~ven subsequent to covarying variance associated with errors . 

Nonetheless, it is apparen't that performance errors exert a considerable influence on 

performance ,latency. 

Potential Factors Underlying Increased ·Response Latency 

Length. The preliminary analyses indica_ted that Search-for-Answer response 

times increased with age Irrespective of response .. errors-. Thus., jt remains· unclear what 

additional factors contribute to this increas.e and how s.uch facto:cs are related to age. One 
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plausible account considers the influence l'ength of pas-sage exerts on increased re.sponse 

lateoci.es. In particular, the interaction between length of passage and age is of intere:st. It 

was hypoth~sized that age differences in favour of the young would be greater on longer 

pass-ages than on shorter passages. In order to test this hypothesis, .a.4 x.2 (Age x Length) 

r~peated measures AN OVA was conducted. Length of passage r.epr.esents tl;le repeated 

measures variable with length categories constructed by ranking. the 15 pass.ages 

accorcling to total number of words. Two composite categories, short and long, were 

created based on t.b.is ranking (see Tab1e 1). The main effects in this· ru:ialysis associated 

with age and pass.age length are not of _pr-actical and the0retical interest. The main effect 

of age essentially d'uplitates the previous analysis and the main effect of _passage length is 

theoretically tdvial since longer passages take more time to read i,rrespective 0f ability. 

The interaction between age and length, however, is potentially meaningful. Indeed, as 

hypot.besizedJ the 4 x 2 (Age~. Length) mixed-design interaction, }:(3., 594) = 31.74, 12. <. 

.0:01, ri2 = .138 was significant. This interaction indicates that the. age-related differences 

in response latencies are greater for longer passages eompared with shorter passages (see 

Figure 5). 

In order to identify wh~t was· driving this interaction,. a simple effects analysis was 

used to statistically decompose the differences berween short and long passage lengths· 

within each age group level. Within each l.evel of age,• the simple-effects analysis 

indicated that response latencies were significantly larger for long ver'sus short passMes 

(Youog,,E(l , .594) = 277.77, 12 <..001,. Mshon =· 11756.15, SD= 4655.82, Ml2!!& = 23932.29, 

SD= 7567.38; Young-Old, J.:(1, 594) = 751.54, J2 ~ .001, M~ = l l704.90, SD= 
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4349.80, MI!!!!&'.= 26658,77, SD= 9063.25; Mjd-Old;l:(l, 594) = 1320.29, ll < .00L Mshon 

-= 1J I60.33, SD= 5574.59, M!2n& = 30590:181 SD= 10699.69; .and Old-Old, .E(l , 594) = 

907.09, 12 < .001, M shon = 19313.70, SD =•8101.88, M!.2!!& = 40771.03, SD= 1538.9.70). 

Figure 5 shows a summary function of these simpJe. effects comparisons. 

Finally, post hoc pairwise. multiple compari_sons were computed separately for 

short and long passages. For short passages:, the results- indicated that the Old-Old age 

group significantly differed fr.om all ot_her age groups. However, for- long pas:sages, 

Tukey HSD co.mparis.o,ns indicated that all but theYoung and Young-Old ag;e groups 
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showed significant differences• LO response latencies. These pairwise comparisons further 

corroborate the Age x Length interaction; both s.ets of findings· suggest the. relation 

between age and response latency differ as a function of passage length. 

Potential Factors Undedying Increased Number of Errors 

Length. In addi.tiorr t.o response l'a.rency, the preliminary ANOVA's· also indicated 

errors in Search-for-Answer performance increased with age. The next step wa·s to 

consider possible factors related to increased errors and age. Cons•istent with the previous 

analysis on factors underlying increased latency, it was hypothesized that length of 

passage would also exert an influence .on increased resp.onse errors. More -specifically, ft. 

was .hypothesized that age differences in accuracy in favour of the young would be grearer . . 

for long pas.sages than for short ·pas.sages. In order to te,st .this hypothesis, a 4 x 2 (Age x 

Length) repeated measQres ANO.VAwa:s computed using response errors as the criterion 

measure. The results indicated that the .repeated measures main effec.t of length, 1:(1, 594) 

= 13.68, 11 < .001, 112 = .023 was stati'stioally significant. Paradoxic.ally, the main effect:of 

length indicated th.at the mean number of errots for short passage:s (Mshon· = L20~ SD = 

. 187) was significantly greater than the mean num.ber of errors for long pass.ages (M.!2!!E. = 

1.18, SD= .183). The between-subje.cts. main effect of age was reported previously and 

requires oo explanation here. 'Finally, the 4 x 2 (Age x Length) mi:X.ed-desjgn interaction. 

f(3, 594) = 9.15, _g < .001, 112 = .045 was significant. However, contrary to the 

hypothesized effect,. the interaction revealed that short passages were associated with a 

greater number of errors than long passages for both the Young and OJd,.Qld .age groups 

(see Figure-6). 
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In order to better undesstand this interaction, a simple effects analysis was used to 

statistically decompose the differences between short and long passage lengths within 

each ~ge group Jevel. These results indicated that Young ~duJts made significantly more­

errors, E(l, 594) = 19.0.1, 12. < .001 on short versus long passag.es (Msbort = 1.21, SD"= 

.162, M~ =· 1.12, SD= .. 140) and that Old-Old adults made sign'iflcantly more errors., 

E(l, 594) = 7.731 12 < .01 .on short versus longpaS.sages (Msh0r1 = 1.32, SD= .247, M!mig'.= 

1.26, SD= .258). Differences between errors produced on short and long passages-for 

You1;1g-O1d and Mid-Old groups respectively -failed to reach significance. These Simple 
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effects comparisons are readily apparent in Figure, 6. 

In .addition, post hoc Tukey HSD pairwise. multiple comparisons were computed 

separately for short and long pass.ages. Results· for short passages indicated that only the 

OJd-Old age group significantly differed from all other age groups. For long passages, -all 

but the Young and Young-Old age groµ.p comparison showed signific.ant differen-ces in 

errors. Based on the non-intuitive re:larionship of the error criterion variable to length of 

passage and age. jr is important to consider other potential explanations underlying 

decreased accuracy with ·age. Several qf tht~e potential factors are considered below 

including reading grade lev.el of passage, target sentence length, and target sentenc·e 

complexity, Intercorrelaticms among these indic.ators are presented in Table 4 .. 

_Reading grade level. It was hypothe.sized th;;tt several readi'ng grade level ind"ices 

would be related to error0performance and age. Specifically, it was predicted that 

Table 4. Intercorreladons among length, readability, and complexity indicators 

Indicator 1 2 3 4 5 6 

I , Passage Length 

2 . Fry Grade -.55** 

3. Flesch-Kinkaid Gra4e -.35 ,65* 

4. Target Sentence Lengtb -.12 .3.5 .78* 

5. Target Sentence ·Length to .. 33 -.07 .45 .63** 
Response 

6. Target Sentence Complexity .02 -.10 .39 ..48 .6.-1 ** 

Note. *n < .01. MQ < .05. 
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passages representing a higher reading grade level woµJ_d prpduce more errors for older 

adults. Fry reading grade levels and Flesch-Kinkaid readin~ grade levels were calculated 

fpr each in.dividuaJ :pas:sage. For bot_b of these-indices,, passages were then separated int0 

2 categories representing lower (easier to read) and higher (more difficult to read) reading 

grade level classification_s (see Table 1 ). 

In order to test the hypothesis that higher Fry reading grade level pas·sages are 

associated with increased S.earcb-for--Answer performance errbrs for older adults, a 4 ~ 2 

(Age x Grade) repeated measures. ANOVA was ~ompured. Given our hypothesis, the 

main effects of grade an_d age-are not of consequence. Of interest, the 4 x 2 (Age x 

Grade) ;interaction for error performance was statistically significant, .E(3, 594) = 8 .. 93, 

Q < .OQI, tJ2 = .043. This interaction indicates a complex relationship between errors and 

readi.ng grade levels -across age groups (see Figure 7). In order to _test these observed 

differences across reading grade levels for each age group separately, a simple effocts 

analys•is was performed. Thes.e results indicate that Young adults made -significantly 

more errors, E(l , 594) = 4.61, Q < .05 on higher versus lower reading grade level passages 

(M,ower = 1.14. SD =·.158, Mbigher = 1.18, SD= .131) and that Mid-Old adults made 

significantly more errQrs, E( 1, 594) = 21.80, 12 < .00 I on lower-versus higher reading 

grade level passages (M,ower = 1.22, SD = .195, Mhigher = L l.6, SD = .. 143). Differences 

between lower and higher r.eading grade level passages for Young-Old and Old-Old age 

groups failed to reach significance. 

The previous analysis was replicated using the Flesch-Kinkaid reading grade level 

as an alternative index of passage reading grade level. A 4 :ic ·2. (Age .X Grade) repeated 
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meas·ures ANOVA was conducted to determine wh~ther higher flesch-Kinkaid reading 

grade levels :are associated with increased Search-for-Answer performance errors for 

olde.r adults. As before, our hypothesis specifically relates. to the two-way interactio.11 of 

Age x .G'rade; the independent majn effects are not pertinent to this investigation. The 

resulrs indicate that t-he 4 x 2 (Age x, o ·rade) interaction for error perfonnance was 

statistically significant, E(3, 594) = 4.87, 11 < .005, T)
2 = .024. This intera~tion more 

clearly demonstrates the hypothesized relation betwee·n age and readabiJity for errm 

performance;-older age grdups produced significantly m.ore pectorman.ce errors for higher 
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readability passages than for lower on.es compared with youn_ger age groups (se~ Figurn-

8),. In order to test these observed differences across Flesch-Kinkaid reading grade level 

for each age group.separately. a simple effects analysis was performed. The simple 

effects findings indicated that Young-Old adults made significantly _more e1Tors, E( I, 594) 

= 15.82, Q < .00J on higher versus lower reading grade le.vel passages (M1ower = 1.12, SD 

= .143, Mrugher =· 1.19, SD c::: .157), that Mid-Old -adults made significantly more errors, 

-E(l, 594) = 35.56, 11. < .001 on higher ¥ersus lower reading grade level passages (M10wer = 

·t .15, SD = .151, Mhigher = 1.23, SD = .190), and that Old-Old-adults made significantly 

more errors, EO, 594) = 12. 73, 12 < .00 l. on higher versus lower reading grade level 
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pass.ag~s (M1ower = 1.25, SD= 232, Mhfgher = 1.32, SD= .282). The difference between 

Flesch-Kinkaid re.acting grade .levels for young adults failed to reach significance. 

_Target sentence length. Another factor ·potentially·related to increased errors in 

pe1fonnance is the length of the target sentence. It was hypothes-ize<l that longer target 

se.rrtences would b~ r¢lated to increased error performance, particularly for older adults. 

For each passage, the numbei:: of words in the sentence-containing, the answer were 

determined. Two length categorits were created representing short and long target 

sentences (see Table 1}. In drder to test th~ hypothesis., a.4 x 2 (Age x Target Sentence 

Length) repeat,ed m~as.ures AN OVA was computed . . As hypothesized, the· Age x Target 

Sentence Length i.nteraction was statistically S:i&nificant, E(3, S94) == 3.21, 11 < .05, r{ ::::i 

.016. Internstingly, the trends in this interaction are ·s•imilar to those obs~rved for the 

Flesch-Kinkaid readability interaction. Older age groups produced Significantly more· 

performance errors for longer as opposed to shorter target sentences compared with 

younger age groups (se.e Figure 9). The observed differertces across- target sentence 

lengths depicted in Figure 9 were subjected to a simple' effects a:nalysis. The results of 

.tlus- simple effects analysis indicated that Y O'!.mg-Old adults m"ade significantly more 

errors, E(l, 594) = l4.40, 12 < .001 for long~r versus shorter target sentences (Mshon = l. l 3 1 

SD = . 130, M!2!!t = 1.19, SO = .165), that Mid-Old adults made significantly more errors, 

F(l, 594) = 26.65, n < .001 for longe5 -versus shorter target sentences (Mshort = 1.1'5, SD= 

.165, Mlill!.g = 1.23, SD= .189), and that Old-Old adults made significant!)' more errors, 

EO, 594) = 16.90_,, 12<.001 on· longer versus .shorter target sentences (Mshor1 = 1.25, SD = 

.232, M!Qrr.g = 1.33, SD= .282). Mean errors for longer and -shorter target sente,nces for 
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Young adults did not significantly differ. 

Tl 

Distance ro target sentence response. A variant of the previous analysis, length to 

c_orrect answer within targ~t sentences may prove more sensitive for understanding error 

perfonnance. It was hypothesized thlclt correctTesponses occurring later in target 

·sentences would be associate-d with increased performance errors compared with 

res_ponses found earlier in target sentenc.es, particularly in older age groups. For each of' 

the 15 passages, th~ number of words prior to the correct response in the target sentence 

\Vere determined. Once again, 2 length categories were created; orre .representing shorter 
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distances to the correct response and the other representing longer distances to the c.orrect 

respon_se with.in target sentences (see Table 1). A 4 x 2 (Age x Distance "to Target 

Sentence Response) repeated measures A.NOVA was comp.utea to test the hypothesis that 

Iouger •intervals. prior to the c0rrect. response for older adults would result in increas.ed 

errors. compared with younger age groups. A signjficant 4 x ·2 (Age x Distance to Target 

Sentence Response) interaction, E(3. 594) = 8.19, 11<..001. 112 = .040, supported the 

hypothesis. This interaction indicates that signifiGantly more errors· are associated with 

longer dis.tan.ces to target s_entence response and in particular for older age groups. 

Comp_ared With the preyious factors assessed~ the marginal means plot of thi~ interaction 

provides perhaps the best differentiation between levels 0f the within-subject fac;to.r (see 

Figure 10). As before, the dbserve.d differences -a~ross length to target sentence response 

levels depicted in Figure 10 were statistica1ly assessed using a simple effects analysi-s. 

These results indicated that significantly more errors wete ·made for the longer distance to 

target response category c.ompared with the shorter di-stance category for all age groups; 

Young adults, E( I, 594) = 22.2, n ·< .001 , Msnort = 1.10, SD = .111 M:12!!& = 1.2·1, SD = 

. 162; Young~Old adults, E(l, 594) = 103.84, J2 < .001, Mshon = .1.07, SD= .099. Ml.2!!& = 

.l.23, SD= .186; Mid-Old adults, :E(l, 594) = 253.-29, R < .001, Mshort = 1.07, SD= .116, 

MJQ!!& = 1.30, SD= .220; and Old-Old-adults, .E(l., 594) = 80.33, n < .001 , Mshor1 = 1.19, 

SD = .204, M1m1g = 1.38, SD = .308). 

Given the marked differences in the trends observed in Fjg1.1.re 10, an additional 

analysis was performed creatfog 4 len_gth categories Cas opposed to 2) derived from tbe 

number of words •prior to the c.orrect response within each target sentence. It was 
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hypothesized that the creation of 4 response categorfos would better assist attempts to 

isolate the contributing source(s) of the inr.eraction. Respectively, the 4 length categories 

represented short, mediu•m-short~ medium-long, and long distances to. the correct ,response 

for each target sentence. Con•sistent with the-2 .group length to coneot resp0nse analysiis, 

it was hypothesize.ct that corre.ct responses occurring later in target sentences would be 

associate.cl with increased performance errors compared with responses found e-arlier and 

that this differenc.e would be accentuated with increasing age:. In order to test this 

bypothesi•s, a 4 x 4 (Age x Distance to Target Sentence Response) repeated mea,sures 



ANOV A was condu.cted. The results yielded a significant 4 x .4 (Age x Distance to 

Target Sentence Lengtb) interaction,.E(9, 1794):::; 4.8.0, R < .001, n2 =· .024. As Gan be 

seen in Figure 11 , this inter~ction indicates that significantly more errors are associated 

with older age grpups as a: function of increased. distances to correct -responses, 

pwicularly for the long length to response category. Contrasted with Figure 10, Figure 
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1 1 more precisdy demonstrates the nature. of the interaction by further partitioning levels 

of the withln-subject factor. A simple-effects analysis evaluated the observed differences 

across the 4 length levels separately for each l~vel of age group._ To control for 

familywise error, a Scheffe adjustment to ·criticalP was performed, E = (4 - 1) F c:1. m2) = 
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Figure lL Mean Search-for-Answer response. errors a·s a. function of age and 
distance to target sentence response 
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·7.80 preserving an alpha criterion of .05. The results indicated that there are reJiable 

mean differences in error performance .aGross levels. of length ·for each age group. All .E 

vala,es for the simple effects exceeded the adjusted critjcal F: Young age group-, !:(3, 

1782) = 46.41, Young-Old age gi;-oup. r:(3, 1782) = 80.58, Mid-Old age group, f(3., 1782) 

== 174.45,.and the Old-Old .age group, r:(3.,. 1782) = 63.04. 

Although these findings indicate that there a.re reliable. differences in mean error 

peif ormance across leyels of length for all age groups, they are .still ambiguous becau.se 

there are more tban two lengths. Thus, it was necessary to apply specific contrast 

coeffidents to the levels of the length reptated measure in order to further decompose 

error performance differences, For each fodividual age group, a specific coritra~t 

a.naJyzed whether the pooled mean for the short, medium-short, -and medium-long length 

to response levels significantly differed from the• mean for the long length to response 

level. Once again observing E = 7 .80, this contrast yielded significant results fox .each 

age group: Young age group·, f(l, 594) = 1 I,68, Young-Old age group, E(l, 594) = 44.55, 

Mid-OJd age group, .f(l , .594) = 101.06, and the Old-Old age group1 l:(1, 594) = 12.05. 

Fqr each of th·e 4 age groupsi this sigoificant contrast indicates that -significant mean 

differenc.es in error performance exist between the long length to correct response in 

target sentence category and a mean composite of short, medium-short, and medium-long 

lengths to correct response in target sentences (see Figure 11). Although the 2 level 

length to response analysis yield~d significant differences in error performance for length 

.as a function of age, the 4 level analysis ·examined this effoct in greater detail. The 

specific cont(ast results inclicated· that the long length to response level Tepres.ented a 



partkularly important contributor to the significant Age x .Distance to Target Sentence 

Response interaction. 

Target sentence complexity. ·Target ·sentence complexity repres~nts a final 

indicator hypothesized to be differentially related to number of errors produced·. 

Consistent with previous findings, it was hypothesized that more complex· target 

sentences would .be associated with increased performanc:e errors and that this 

relationship would be accentuated for older age groups. Complexity of target sentence 

was based on syntactic structure. Specific.ally, the target sentence fot each passage was 

syntactically decompose.ct and subsequently categorized as either simple sentence 

structure (single .cla,u-se, multiple clause, dght-branching cJa:use) or complex sentenc:e 

_structure ( embedded chmses, left-branching clauses). Thus., two. complexity categorie.s 

were created representing simple an:d complex sentence syntax. 
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In order to assess the target sentence complexity hypothesjs, a 4 x 2 (Age x 

Length) repeated measures ANOVA was.computed. Results indieated that the main 

erfect of complexity was significant, f(1, 594) =-161.48, 12' < .05, 111 = .214. As expected, 

syntactically complex sentences were associated with a greater number of Search-for­

Answer response errors. However, as- bef01:e, our main focus concerns how p·e.cjormance 

varies as a function of age. 

Contrary to the: comple~ty interaction hypothesis, the Age x Complexity 

interaction failed fo reach statistical significance, E(3, 594) = 2.55, 11 = .055, 11.2 = .013:, 

Although this interactio'n al?proached significance, the trends for simple and. complex 

sentence structure in Fig.ure 12 indicate that .an increasi.ng number of errors for both 
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simple and complex s.yntax occur with age. Notably, the trends for this irnter,action are 

similar to those seen in. Figure 9 (errors as a function of ~ge and target sentence.length) 

and Figure 10 (errors ~ a function of age-and distance to target sentence response). 

However, as the Age x Complexity interaction was not significant, further simple effects­

analyses for each level of age-were not sratistically warranted. 

Predicting Search-for-Answer Performance Using HierarchicalRegressfon 

Correlates of Search-for-Answer performance. As e~pected, significant a,ge 

differences were found fqr Search-for-Answer latency and.error performance. 
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Preliminary attempts to understand w.by the.-se age differences exist benefit from 

.investigating what cognitive facto.rs the·se dependent measures are related to. Tables, 5, 6, 

7, and 8 show int.ereorrelations among Search-for-Answer lat~.Qcy and en·or performance 

and various cognitive predictor measures for Young, Young-Old, Mid-Old; and Old-Old 

age groups. respectiv~ly. In general., correlations· among these performance measures 

tended to increase across age groups,, in partic.ula:r forcqmprehension speed latency. Of 

note, latency performance was significantly reJated to semantic speed for all age group.s. 

For each age group, the correlation between semantic speed and latency exceeded r = .50. 

a large·effect ·size based on Cohen's convention (Cohen, 1969). Perceptual speed also 

prov.~d significantly related to latency for all age groups. However_, the magnitude orthe 

relation was only comparable to that of semantic spe:ed for the Old-Old group. Io fact, all 

Cognitive me.asures ·were ~ignificanrly related to latency for the Old..,Qld group with ea.oh 

of these relations .representing a Jarge effec.t size. It is important to note that even though 

the-relation of ·processing speed composites to latency are of primary importance, the fact 

that working memory, episodic rnemorr, and errors also share significant relatjon:s wi.th 

latency across age groups should no_t be overlooked. 

Some notable relations. also emerged for error performance. Only the working 

memory composite was significantly related to error perfonnance for all age groups. The. 

magnitude of this relationship represented a respectable me.dium effect size. 

Interestingly, both working memory and episodjc memory were significantly related to 

error performance for the Young-Old, Mjd-Old, and Old-Old ag~ group. Each of these 

relations also reflect a medium effect size. Altbo.ugh error performance was not 
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Table 5 .. Correlations among latency, er.ro,r, and cognitive measures for Young age group 

Indieator 1 2 3 4 5 6 

1. Latency 

2. Errors .34* 

3. Perceptual Speed -.24** -.08 

4.. Semantic Speed .56* .05 -.38* 

5. Working Memory - .21** -.29"' .18 -,_14 

6. Episod.ic -.27* -.12 .31 * -.36* .25** 

Note. *R < .OL **R < .OS. N = 97. 

Table 6. Correlations among latency, ei:roi:,. and cognitive meas.ures for Young-Old a&e 
group 

Indicator 2 3 4 5 6 

I. Latency 

2. Errors .43* 

3. Perceptual Speed. -.32* -.05 

4. Semantic Speed .50* .1 1 -.40* 

5. Working Memory ·-.45*' -.32* .38* -.36.* 

6. Episodic -.46* -.31 * .28-"' -.37* .46* 

Note. *12 < .01. **ll < .05. N= 174. 

significantly related to many of the .cognitive indicators in the younger age groups,. all of 

the cognitive indicators were significantly related to error performance in tne Old-Old age 

group. 

Overall, these correlation tables indicate that Search-for-Answer latency and error 



Table 7. Correlations among latency error. and cognitive measures for Mid-Old age 
_group 

Indicator 1 2 3 4 5 6 

.I. Latency 

2. Errors .46* 

3. Percept_ual Speed -.31 * -.25* 

4. Semru;itic Speed .54* .08 -.41 * 

5. Working.Memory -.39* -.30* .23* -.15** 

6. Episodic ~.42* -.32* .36*· -.2P' .38* 

Note. *Q < ,0 l. **u < .Os. N =225, 

Table 8. Correlations among lat.ency, error, and cog,nitive measures for Old-Old age 
group 

Indicator l 2 3 4 5 6 

1. Latency 

2 . Errors .64* 

3. Perceptual Speed -.56* -.47* 

4. Semantic Speed .58* .2_9-* .-.58* 

5, Working Memo_ry -.56* -.44* .57* -.47* 

6. Episodic -.54* -.44* .39* -.33* .41>1< 

Note. :l<p_ < .01. **12 <.05. N·= 102. 
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performance are re.lated to a number pf composite cognitive indicators. Moreover, 

correlation tre_nds for both latency and error perfo@an,ce refle•ct increasing relationships 

with cognitive predictors across age. However, not only are these composites highly 
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related to Search-for-Answer. .Jatency and en-or performance, but tliey are higply related to 

one another as well. Thus, in ortler to disorimlnate betwe.en the importance of cognitive 

composites as they relate to· Search-for~Answer comprehension task perfo.r:rnance, further 

analyses are required. For the purposes• of this investigation, a hierarchical regres·sion 

approach will assist teasing ap~ which, of the composite cognitive measures contributes 

the tnost to explaining total and age~reJated Search-fbr-An.swer performance variance. 

Predictor-s of Search-for-,Answer Performance. A series of a priori hierarchical 

regression models were developed. Models were specjfied to predict total variance and 

age-related variance associated with latency and errors·. In addition, as a complement to 

the additional mean l'eveJ analyses for task errors, hierarchical models predicting varianc~ 

alisociated with passage readability were specified. 

Total variance. prediction equations for latency petformance. Four hierarchical 

prediction models were assessed for predictin:g total varjance associated with Se_arch-for­

Answer task latency: a pereeptual speed model, a semantic speed mode), a working 

m~mory model, and a long-term worki~g memory model (see Tab]e 9). By varying order 

of variable entry, the patterns of variance accounted for by these basic resources within 

each of the specified hierarchical models will indicate the importance of the resource to 

the predi(;)tion of latency .on the Search-for-Answer task. If a particu{ar measure accounts 

for the majority of variance irrespective of its position in the model, this represents strong 

evidence for the fundamental contribution of this factor. 

Perceptual speed model. Results for the perceptual speed model indlcate that 

while perceptual speed alone accounts for 22.9% of the total Search-for-Answer latency 



Table 9. Hierarchical regression models predicting total latency variance 

Order of Vari'able Entry 

Perceptual Speed Model 

Perceptual SJ?eed 

Semantic Spee.d 

Working Memory 

Semantic Speed Model 

Semantic Speed 

Perceptual Speed 

Working Memory 

Working Memory Model 
w ·orking Memory 

Semantic Speed 

Perceptuai Speed 

Long-Term Working 
Memory Model 

Perceptual Sp~ed 

Semantic S.peed 

Working· Memory 

Episodic Me.mo,ry 

Cumulative 
R2 

.229 

.401 

.470 

.360 

.401 

.470 

.264 

.461 

.470 

.229 

.401 

.470 

.504 

Increment in 
Rz 

.229 

.172 

.068 

.3.60 

~042 

.068 

.264 

.197 

.. 009 

.229 

.172 

.. 068 

.034 

F for 
Increment 

177.11 * 
171.16* 

76.58* 

334.76* 

41 .39~ 

76.58* 

213 .83* 

217._35* 

9 .78* 

177.11 * 

171.16* 

76.-58* 

40.99* 

PRE 

22.3% 

11.4% 

6.6% 

11 .4% 

26,8% 

L7% 

22.3% 

I ·1 .4% 

6.4% 

Note. Statistic.ally, any vari_ance not accounted for is technically considered error 
variance. The .Proportio_nal reduction of error (PRE) is essentially a proportion slatistic 
that corrsi ders the amount of un'ique variance accounted for by" a variable relative to the 
amounf of variance remainio_g to be accounted for (i.e., the. proportion of error variance 
reduced due to the addition of a .single variable.-relative to the proport_ion of.error variance 
remaining to be accounted for"prior to its contrfbut_ion). An example calculation of PRE 
for the perceptual speed model (table I 0) is as follows: as semantic speed uniquely 
aq::ounts for 17 .2% of total variance over and above. p~rceptual speed, its proportional 
reduction of error relative to the e:rror variance remaining td be explained with only 
perceptual speed in the equation is .172/(1 - .229) = 22.3% (i.e,, over and above 
perceptual speed, semantic speed further reduces error variance remaining to be 
accounted for by 22.3%). 
*n. < .01. 
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variance, the addition of semantic speed further acc.ounts for an .additional 17 .2 % of the 

variance over and above. perceptual speed. This unique contribution w.as statistically 

significant, J2 < .01. In addition. the final composite measure ente,red, working memory, 

uniquely accounted for 6.8·% of the total variance over and abov~ both perceptual and 

semantic _speed. Althbugh this un·ique contribution ·was smaller than that of semantic 

speed, it too was significant, 12 < .OL Conside.ring only these 3 reso_urces .as primary 

·predictors, a reasonable 47% of thetotalJatency variance in Search-for-Answer task 

performance was accounted for. 111 order to better interpret these findings, it was 

necessary fo reverse the order of entry for perceptual and semantic speed. This shift in 

order of entry .allowed direct compatis0ns of the amount of variance remaining to be 

,accounted after initially c0varying each of the theoretically importanJ speed measures. 

Semantic. speed model. Upon reversing :the order. of .entry, results from the 

semantic speed model noticeably diverged from _perceptual modeJ findings in several key 

ways. The first sttiking .difference concerned the amount of varianc.e .accounted for by 

semanlic and pe.rceptual speed when entered first in their respective hierarchical models. 

Semantic spe·ed, when entered first, accounted for 36% of total Search-for-Answer 

latency variance c_ompared with the lesser 22.9% for perceptual speed (an "inc..rease of 

·1·3.3%). EYen more tellin_g was the discrepancy in variance acco_unted for that surfaced 

upon entry of the: second variable. Semantic speed accounted for a respectable. 17.2% of 

.total latency variance over and.above any contributions of perceptual speed. This uniqae 

contribution represents :a 22.3% proportional reduction in error variance relative. to 

variance urraccounte.d for by perc.eptual speed alone (L.e., petc_eptual speed i_n block I) . 



84 

I:Iowever, when perceptual speed was entered after first covarying semantic. speed·, the 

more general speed measure accounted for a meagre 4.2% of overall_ variance (a 6.6% 

proportion.al reduction in error variance relative to \\'.hat semantic speed left unaccounted 

for). Albeit perceptual speed's unique contribu.tion of 4 .2% was significant, It pales in 

comparison to the additional uniqu~ contribution of semanfi_G speed. Fina11y, as only the 

order of var.iaple entry was changed and not the m.1.mher and type of predictors, the unique 

contrib.utio·n of work.i.Qg memory-in the semanti~ speed model was identical to the 6.8% 

of variance it accounted tor in the perceptual speed model. 

Working memory model. Given the statistical importance of semantic speed for 

predicting total Search-for-Answer task variance, a theoretically reasonable working 

memory model first specifies the entry of working memory fol1owe.d by semantic speed 

and f inalJy perc~ptual speed (see Table 9). The resuJts of .this model also support the 

genera.I hypothesis that factors other than perceptual speed alone signific-antly predict 

Search-for-Answer task .performance. Interestingly, when entered first, working memory 

accbu.nts for 26.4% -of total task variance .. ComparaJive,ly, this coefficient of 

determination is smaller than the contribution of semantic speed. (36%) bur larger th·an 

that of perceptual speed (22.9.% ) . As might be expected given the importance. of semantic 

speed in the 2 previous models, entering s.emantic speed after covarying working memory 

accounts for an additional 19.7% of th_-e total variance (a further 26.8% proportional' 

reduction of en-or}. The F v.alue assqci~t.ed with this increment in R 2 is significant, Q. < 

.01 . Similar to the perceptual sp·eed model, semantic speed still exerts considerable 

influenc:e over and above wo_rking memory. Perhaps most interesting is the pattern that 
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emerges when all 3 indicators are entered in the model. The ,addition of per.ceptual spee.d 

over and above both working memory and semantic speed ac.counted for only an 

additional ,9% of the total varianc.e. Nbeit significant (Q < .01), this unique variance 

associated with perceptual speed accounted for relatively little of the total Search-for­

Answer task variance. In fact; using PRE as an estimate of effect size, the addition of 

perceptual speed accounted for a paltry l_.7% of unacc.ounted far variance. 

Now, by contrasting the influence of perceptual s_peed when entered in block 3 

with working memory entered in block 3, we can better interpret relative influences. As 

mentioned, when percep,tual speed Was entered after both semantic speed and working 

memory, it only accounted for less tban I% of the total variance, H0wever, entering 

working memory ·after covaring both semantic and perceptual speed resulted in an 

addition.al 6.8% attenuation of total variance. Based on these divergent e.stimates of 

variance accounted for, jt is apparent that perceptual speed shares considerable variance 

with both semantic speed and working mernory. Although working memozy also shares 

overlapping variance with the speed measures, even when ent~red in block 3 it accounted 

for a respectable 6.8% of total Search-for-Answer task -variance. Tbus, even afrer 

covarying hypothetical general resources, the fmporfance of both semantic speed and 

working memory in .these hierarchical models prmiides. evidence supporting ·specific iIJ 

addition to general predictors of .total task va:rianc.e. 

Long-term working memory model. A final model specified to predict total 

S.earch-for-Answer task variance was the LT-WM model. The purpose of this· model was 

to indirectly asse.ss the LT-WM hypothesi's. Specificall.y, if as h ypothesi'zed the, LT-WM 
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construct functions as a mediator between working memory and long-term memory, a 

relation between both these factors and Search-for-Answer comprehension speed 

perfonnance should be observed (i,e., if indeed Search-for-Answer comprehensjon_ speed 

is representative :of the LT~WM construct as suggested by Hultsch et al., 1998). 

Moreover, unlike· the Hultsch et al. ( 1998) comprehension speed model, the inelusion of a 

general perceptual spe~d resource in the present analyse_s may provide a -more s.tringent 

test of the viability of the LT-WM hypothesis. Conve_niently, the structure ·of this model 

buJids on the specified semanfic and perceptual speed models~ the only difference 

concerns the addition of episodic memory in block .4. Results derived from testing the 

LT-WM model indicate some suJ?port for the LT-WM hypothesis, albeit indirectly. As 

With the perceptual. and semantic speed _models, working memory significantly explafried 

6 .. 8% of the total variance: over and above the speed composites, 12 < ~01. The addition :of 

the episodic memory composite in block 4 significantly accoun_ted for a further 3.4% of 

the total variance,. 12 < .01. This. unique contribution by .epis.odic memory amounted to a 

6.4% proportional reduction of error relative to what working memory. ,sem::_rntic speed, 

ar1d perceptual spe.ed fa.Bed to account for. These signific_anl findings i'ndicate that 

associations exist among w.orking memory, episodic memory, and comprehension speed 

·even after covarying more general resource factors·. Sueh a pattern of resu.Jts provide-s 

preliminary support for a LT-WM hypothesis. We now turn to consider total v·ariance 

prediction for the error dependent variable. 

Total variance prediction equations for error performance. In a:dd~tion to 

recording Search-for-Answer response. latency, the number of errors committed per 
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passage represented an additional dependent measure of interest. Three a priori error 

prediction models were specified to a.ccounl for total error v;u-iance: a perceptual speed 

model, .a semantic speed model, and a workiug_ memory model (see Table 10). These• 

resource dependent models were constructed bas·ed on the hypothesis that performance 

errors can be considered one possible manifestation of restricted resources. For each of 

the models specified in Table .l 0, notice that processes of cognition (e.g,, perceptual 

speed) are enter~d into each model followed by products of cognition (e.g .• episodic 

memory). As before, jf a particular measure accounts for the majority of variance 

irresp~ctive of its position in the model, this represents good evidente for the .importance 

of this measure. 

Perce.ptual speed model. Results .for tbe perceptual speed model ind.ic,ate that the 

perceptual speed composite measure accounted for 9.4% of the total Search-for~Answer 

ermr score variance. Although significant, 12 < .05, the ap..dition of semantic speed ove.c 

aod above perceptual speed accounted for only a. further .0. 7% of th.e total error vari-ance. 

Notably, the addition of working·memory in block 3 uniquely accounted for an add.itionaJ 

7 .1 % of response error vari@ce. furen after covarying both perceptu·a1 and semantic 

speed, the F for the working memory h1crernent was significant, n. < .. 01. Finally. the 

addition of episodie memory 'in block 4 accoun.ted for an additfonal 2.9% of total error 

variance. Overall , the 4 composite measures in the pe.rc-eptoal. speed m·odel accounted for 

a mere 20.1 % of the total S-earch-for-Answer error· variance. AB the prediptors used in 

these equations largely reflected general res.ource. constru.cts, the fac.t lhat only 20.1 % pf 

the total v.ariance was· explained indirectly S\lpports a, specific influences hypothesis. 



Table 10. Hierarchical regression models predicting total error variance 

Order of V a.riable. Entry 

Perceptu·aJ Speed Model 
Perceptual Spe.ed 

Semanti_c Speed 

Worki"ng Memory 

Episodic Memory 

Semantic Speed Model 
Semantic Speed 

Perceptual Speed 

Working Memory 

Episodic Memory 

Working l\,femory Model 
Working Memory 

Perceptual Speed 

Se_Q1antic Speed 

Episodic Memory 

Cumulative 
R2 

.094 

.101 

.172 

-.201 

.051 

.101 

.172 

.201 

.151. 

.170 

.1 72 

.201 

Increment in Ffor 
R2 Increment 

.09'4 61.76* 

.007 -4.54** 

.071 50.84* 

.029 2·1 .22* 

.051 32.10* 

.050 32.85* 

.07"1 50,84* 

.029 21.22.* 

.151 106.35* 

.019 13.40* 

.002 1.12 

.029 2122* 
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PRE 

.8% 

7.9% 

.35% 

5.3% 

7_.9% 
3.5% 

2.2% 

.2% 

3.5% 

Note. The proportional red:ucti.on ·of error (PRE) is• essentially a proportion statistic that 
considers the amount of unique variance· accounted for by a variable relative to the 
amount of variance remaining to be accounted for (i.e.,. the proportion of error variance 
reduced due to the -~ddition of a single. variable relative .to the. proportion of error v ari_ance 
remaining to be accounted for prior to itS' contribution) .. 

*Q < .01. 
**12 < .05. 

The most striking re:sult from the perceptual speed model concerned working 

memory. The PRE statistic for working memory in,dicated that it further .redu.ced.error 

remaining to be accounted for by 7.9% relative to what perc~ptual and semantic speed 

failed to ac.count for. Moreover, even wbe.n entered in .block 4 after other cognitive 
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process measure·s, th,e episodic me.mory (cognitive product) measure prnportibn.µly 

reduced error variance by an additional 3.5% relative to what the previous block measures 

failed to account for. Again, both the working and episodic memory measures surfaced 

as important predictors of total task en:or variance~ mirroring their importance in the LT­

WM model predicting Search-for~AnsweT task latency. However, contrary to the latency 

prediction equations, semantic speed ac.counte.d for comparatively little total error score 

variance over' and above perceptual speed.. As before, in orde.r to better ~nterpret these 

findings, Jt was necessary to reverse the orpe.r of entry for perceptual and semantic speed. 

Semantic speed model. Subseq·uent to varying entry order, a more definitive 

understanding 0f the contributions of perceptual and semantic speed to the prediction of 

Seardt-for-Answer errors.core variance was gained. When entered first, semantic speed 

accounted for only 5.1 % of the total variance compared with ·9.4% for perceptual speed. (a 

dedine of 4.3%). Entering perceptual speed on block.2 in the semantic speed model 

he~ped clarify the speed variables' contributions further. Perceptual. speed ·accounted for 

aa a.dditional 5.0% of total. error· score variance over and above contributJons from the 

semantic speed composite. C01:nparing these 2 blocks of the semantic speed modeJ witl;i 

the .(i_r_st 2 blocks of the perceptual speed model, it was evjdent that perceptual speed 

accounted.forbotb more total (9.4% versus 5.1 %) and more unique (5.0% versus .7%) 

total error variance than did semantic speed. Moreov~r •. the unique contribution of 

perceptual ·speed was significant,• u < .0 I, representing a proportional reduction in error 

variance of 5.3% relative to variance unaccounted for by semantic speed alone. Testing_ 

the converse of this, the unique contribution of semaritic Sfeed after first covarying 
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perceptual speed represented a pal_try 0.8% of varfance.reduced relative to wh·al 

perceptual speed left unaccounted tor. Even given its small size, however, this 

incremental F was also significant, p_ < .05. 

At least for the prediction of error score variance, the findings indicated that most 

of what •semantic speed a:c.counted for ove,rlapped with contributions from perceptual 

speed. 'The larger unique .contribution from perceptual speed further indicated that it was 

the ·more important speed predictor of total Search,..for-Answer error variance. Finally, 

for block 4 of the semantic speed model, episodi~> memory e~plained 2.9% of the error 

task variance over and 'above the cognitive pro.cess· measures. The fact that episodi'c 

memory remains significant after covarying general resource rn~~-~ures,bas implh;~tions 

for task specific performance• influences. 

Working memory model. An a priori worktng memory model was put forth to 

test the hypothesis that errms in Search-for-Answer performance might be related to 

restrictions in working memory. Workin.g ·memory was ·entered on block 1 followed by 

perceptual ,gpeed, semantic sp~·ed, ~d episodic memory (see Table 10). For predicting 

error score varianc.e, comparisons· of the perceptual and semantic. speed. models indicated 

dlat perceptual speed was the more important of lhe 2 speed measures. Thus., refleGting 

its importance, the perceptual speed composite was entered in block 2: of ~he working 

memory model 

In line with :the hypothesis,. the working memory model findin.gs support; tb~ 

postulated association betwe.en working memory and S:earch-for-Answer task errors'. 

Working inemory.alone accouhted for 15.1 % of the total error score varianee when 
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entered on blook 1. By way of .comparison, this coefficient of determination wa-s larger 

than both the initial contributions of perceptual spe:ed (9'-4%) or semantic speed (5. l %). 

In faot. working memory's predictive contribution wa:s larger th.an both speed resources 

combined. Moreover, even tho.ugh perceptual speed accounted for the most error 

variance of the speed cdmposites, it ~iquely ac.counted for a meI,e 1 .9% of the totG).l error 

variance over and above working memory. Althoug_h the F value assodated with tlris 

increment was significant, 12 < .01, the PRE statistic indicated .only .a 2.2% further 

retl_udion in error score variance relative to- what working memory failed to account for. 

In order to better detennine the importance of working memqry, an alternate model was 

nm entering perc_eplual speed followed br working memory (not listed in Table I 0). 

These results indiq,ted that working memory accounted for-a significan't 7.6% of th_e total 

error variance over and abov:e perceptual speed, E,ncr~me,uO·, 595) = 54,64, n < .0 I. In fact , 

even when working memory was entered in block 3 after covarying both perceptual and 

semantic speed, it still accounted for 7 .1 % of total _error variance.. Although working 

:memory share.s overlapping variance with perceptual speed, it remains an important 

predictor of error score variance even after eovarying general speed resourc.es. Based on 

these findings, Working memory can be considered -a better predktor of total error task 

variance than either s·emantic or perceptual speed. 

Considering the r~mainder of block entries in the working memory medel , only 

the incremental F for episodic memory was significant, .~< .01. _Episodic memory 

accounted for2.9% of total error task varianc-e over and above working memory_. 

perceptual speed. and semantic speed, As was the cas.e for latency prediction, botl;l 
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workmg mern01:y and episodic memory were strong. predictors ·of Search~for--An$Wer .task 

CITOrs. 

'.Results from the three hierarchical modefs indicate.d that working rnemory was the 

best predictor .of total error variance. However, to this J?Oint, we oave ·only considered the 

p.r:ediction of total S'earch-for-Answer t.ask variance. At this juncture, hierarchical tnodels 

predicting age~related l_at~_ncy aod error variance wiU be co1;rsidered. 

Age-related variance prediction equations for latency performance-. Three 

hierarchical ptedictioo models were assessed for predicting age-related variaoc·e 

as~·oci_ated with Search-for-Answer task latency: a perceptual speed model , a semantic 

speed model, ·and a working memory model (see Tables 11 to 13). The order of variable 

entry for these models was based on re:Sdurce restriction accounts of age-related decline. 

Perceptual speed -and working memory vadables reflect general resource influences With 

semantic speed representing more specific influences-. Varying the order of en.try of these 

variables in the form of different models. permits .the determination of which of these 

predictors· account.s for the most age~refated variance. 

Perceptual speed modeL Results from the perceptual $peed model undetsoore• the 

importance of perce.ptual speed in predicting age.-related variance as:sociated with £'earch­

for-Answer task performance. Table 11 shows e.ach block of the hierarchical pte.dicti0n 

equation for perceptual spee.d. In block 1. Icesponse latency' was regressed on the 

chronological age variable The• age variable alone accounted for 11.3% of the total 

latency varianc.e. This figure.~ jd~nt.ical to the. ope reported previously fu the mean 

difference latency analysis section. Now , having detennined the amount of .age-related 
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Table l l.. Hierarchical regression model predicting age-related latency variance 

Cumulative Increment in Ffor % Attenuation 
Order of Variable Entry R2 R2 Increment Age Variance 

Perceptual Speed Model 
Age .11.3 .113 76.03* 

Perceptual Speed .229 .229 177.11 *· 

Age .234 .00:5 3.8 95.6% 

Note. Predicting age-related ,variance requites that the age variable be the last variable 
entered for each block of the hierarchical Tegression equations. Computation of the 
proportion of age..,related variance attenu~ted is derived form the generic form of the 
following example: R2 for age alone (.113) subtract the increment in. R2 for age (.005) 
divided by R 2 for age alone (.113) = 0.9557 multiplied by 100 produces the observed 
proportion (see 95.6% in Table 1 t ). 
*Q<.01 . 

varianc·e, the assessment of each of the folJowing hierarchical models wilJ focus: snlely on 

determining which variables best predict this 1 I .3% of.the total variance (i.e., the age­

related variance.). For our purposes the 11.3% age-related variance figure is tanta_moum 

to I 00% of the variance of interest. On the second. block, tesponse latency was regressed 

·on perceptual speed followed by age. After covarying perceptual speed, only 0.5% of the 

original U.3% age-related variance remain to be ·accounte_d for. Thus, the statistical 

control of perceptual speed resulted in a 95.6% aitenuation of the age-related variance in 

Se'arcb-for.c.Answer response latency. In other-words~ ooly 4.4% of the total age-related 

variance· remained unaccounted for. As might be expected .given the large amount uf 

variance. attenuated, the 0.5% increment age a~counted fQr over and above perc.eptual 

speed failed to reach significance. Thus, the addition of further variibles intp tbe 

equation to predict remaining variance is relatively meaningless as. well as statistically 
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unwan-anted. 

The results of this perceptual spee·d model underscore. the importance of 

perceptual speed for -predicting age-related variance. However, fa ·order to make more 

def initive statements regarding the importance of predictors, the results from this model 

must be compared to- additional mode.ls varying the order .of predictor entry. The 

following hierarchical model assessed the importance of semantic speed as a predictor .of 

age-related variance. 

Semantic speed model. Hierarchical regression results for the semantic speed 

model faeilitated the ability to discriminate between the predictive •importance of 

perceptual and semantic ~peed. ln contrast to the perceptual speed model findings, a 

markedly d1fferent pattern of results emerged for rbe semantic speed model (see Table 

12). Even after partialling the influence of semantic ·speed, a sizeable. 3. J % of the age­

related variance remained to be acco:urtted for. The statisticai control of semantic speed 

resulted in a 726% attenuation of the age-rel~ted variance. 1n contrast, when perceptual 

speed was entered first, it attenuated 95.6% of the a_ge-related variance .in Se.ar.eh-for­

Answer response I~t,ency. In addition, l?erceptual_ speed uniquely accounted for 2.5.% 

(.031 - ,0Q6) of the age-related v.atiance over .and above semantic speed._ Compared with 

the 0% of additional age-related variance-accoun_ted for by .semantic speed over and above 

perceptual speed, these results indicate that perceptual speed is the more ·important 

predictot of age-related variance amon·g tbe ·comp.osite speed measures. As the increment 

for age was. significant, g < .05, over ,and above the ,speed measures, workin·g memory 

was added to th.e prediction equation. Working memory accounte.d for Q.5% of the age-
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Table 12. Hierarchical regress_fon mode.I predicting age-r~lated latency variance 

Cumulative Increment in F for· % Attenuadon 
Order p:f Variable Entry R2 R2 Increment Age Variance 

Semantic Speed M()d~I 
Age .lH .113 76.03* 

Semantic Speed .360 .3.60 334.7.6* 

Age .391 .031 30.1 l~ 72.6% 

Semantic Speed J60 .360 334.76* 

J>e.rceptual Speed .401. ;042 41.39.* 

Age .408 .006 6.23** 94.7% 

Semantic Speed .360 .360 334.76* 

Perc~prual Speed .401 .042 41.39* 

w·orking Mem·ory .470 .068. 76.58* 

Age .470 .001 .79 99.1% 

*12 < .01. 
>lu!:Ja < .05. 

related vari.ance over and above the speed measures. The. addftion of working memory 

effectively attenuated all remaining age-related variance. Upon consideration of the 

effect size assoc.iated with covarying percept.ual speed (95.6%, Table. 11) and the small 

amount of age.-related variance remaining to be accoun~ed for (Q.5%). any additional 

predictjon of age-related v.ariance is inconsequenti.al. Howe-vet. at this point, only the 

contributfons of the speed ~ompo.sites have b.een contrasted. We tum now to consjder f.he 

influence of working memory. 

Working memory model. The results of the working memory model further 

clarified tbe contributions of the primary resource composites (see Table-13). After 
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Table 13. Bierarchical regression m.odel predicting -age-related latency variance 

Cumulative Increment" in Ffor % Attenuation 
Order of Variable Entry R2 R2 Increment Age Variance 

Working Memory Model 

Age ..113 .113 76.03* 

W.orlcing Memory .264 .264 213.8'.3* 

Age .282 .018 14.67* 84, l % 

Working Memory .264 .264 213.83,fe 

Percep~aJ Speed .334 .070 62.67* 

Age .334 .000 . .04 100% 

*n < .OL 

oovarying working memory, age ace,ounted for a further L8% of the varianee. This 

increment for age was s•ignificant, ll < .0 l. Partialing the influence of working .mem0ry 

alone attenuated the age-related variance by 84.l %., By w·ay of .com,parison,.perceptuai 

speed attenuated 95 .. 6% of age-related variance with sem~tie -speed. attenuating 72.6%. 

Using the percent of variance attenuated as an effe.ct size, the predi~tive contribution of 

working memory falls in between perceptual speed and -semantic speed. Next, percept_ual 

speed was added to .the hierarchical model. P~rceptual speed. effectively accounted for 

rhe remaining 1.8% of age-related variance. In fact after partialing both working 

memory and perceptual speed, literally no age-related \:'ariance remained to be accounted 

for. Together, thes.e two composites attenuated fully 100% of the age-related variance. 

The increment.for age over and .above working memory and per:ceptual speed failed to 

reach significance. Thus, with no significant age-related variance remaining to b.e 
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accounted fQr, the inclusion of semantic spe.ed was not required nor warranted. 

The working memory model indicated that worldng memory accounted fot: a 

sµbstantial proportion of age-related v~ri~nce. However, upon contrasting the relative 

contribµtions .of both perceptual speed and working memory, it is evident that perceptual 

speed represents the dominant predictor of age-related response latency varianee. 

Perceptual speed alone attenuated 95.6% of the age.-related variance.; in fact, no 

significant age-rel;:ited variance rem~in-ed to. be accounted for after partialing perceptual 

sp,eed. Although working memory also afte·nuated a large proportion of the age-related 

variance, the increment for age over and above working memory was significant 

indicating significant .age-re.lated variance rema,ining to be aceou_nted foe. Further, upon 

entering perceptual spee.d after .working memory, the remaining age-relate.ct variance over 

an.d:above working memory wa.s fully attenuated by perceptual speed. Obviously, as 

literally o.o age~related-variance in latency performance remained to be accounted for after' 

partialing the iniluence of perceptual speed, te.sting more specific influenc~s of age­

related latency variance such as episodic memory would be. meaningless. 

As hypothes.1zed,, results from th~ age-related latency hierarchic.al models 

indicated that perceptual speed represents the single best resource prediG.tor of age-related 

variance in Search-for-Answer task perfonnance. However,. as was the case for total 

variance prediction~ the best predictor of age-r.e1ated latency variance may not be ,the best 

predictor of age.-related error score variance. Thus, it was necessary to test hierarchical 

models predicting age.-:related erro.r-performan~e variance as weJL We uow consider 

these hypothe_sized hiernrcbica:l models .. 
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Age-related variance prediction equations for error performance. The .approach 

for predicting age-related error performance 0mirrors the predict_ion .. of age-related latency 

performance. General and specific speed factors comprising the hierarchical models . 

.incJuded perceptual ·speed, working memory, and semantic speed. As ·in the immediately 

preceding analysis, the ordet of variable entry for these modeJs ·was-based on theoretical 

r:estricted resource accounts of age-related decline. Perceptual speed and working 

memory reflect general resource infiue_nces with s.emantic spe.ed represenJing more 

specific influences. Separate models. for each of these-cognitive re.sources were assessed 

in order1o determine. which predictor accounts for the most age-related variance .. 'Three 

hierarchical prediction models were assessed for predicting age-related variance 

associated with Search-for-Answer errors: a perceptual speed model, a semantic speed 

model, and a working memory model (see. Tablel4). 

Perceptual sp:eed. model. Of all the hierarchical models specified, the perceptual 

speed model predicting age-related task error was the easiest to interpret. Surprisingly, 

age shared only a modest relation with Search-for-Answer task errors-. In fact,. age 

accounte.d for oniy 3.8-% of total error variance. Upon eovarying perceptual speed, -fully 

l 00% of the age-related. error v~riance was .attenuated. As no age-reiate.d variance 

remained to be aecounted for, there· were no .s.tatistical gr6unds to enter addit_ional 

predictor:s of variance. Although in absolute terms tbe amount of age.-related variance 

was mode.st, partialing perceptual speed fully att~nuated the age,effect. This finding 

supports the importance of perceptual sp-eed as a fundamental predic,tor of age-related 

variance. 
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Table 14. Hierarchical regression models predicting-age-rela.ted variance associated with 
task errors 

Cumulative In,crement in Ffor % Attenuation 
Order of Variable Entry Rz R2 Increment Age Variance 

Perceptual S,pee.d Model 

Age .038 .038 23.3'6* 

Perceptual Speed .094 .094 61.76'\' 

Age .094 .000 .23 100% 

Semantic Speed Model 

Age .038 .038 23.16* 

Semantic Speed .051 .051 32.10* 

Age .070 .019 11.91 * 50.0% 

Semantic Speed .051 .051 3:2.10* 

Perceptual Speed .101 .050 32.85* 

Age . LOI .000 .28. 100% 

Working Memory Model 

Age .038 .03.8 23.36*-

Working ,Memory .151 .151 106.35* 

Ao-e e, .153 .001 .82 '97.4% 

w ·odting Memory .151 .151 106.35* 

Perceptual Speed .170 .019 13.40* 

Age .171 .001 .93 97.4% 

*!! < .m. 

Semantic speed model. Comparatively, results from 'the semantic speed model 

were not as impressive as the perceptual speed findings. Partialiri-g the influence of 
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semantic speed resulted in a 50.0% attenuation of age-related error variance. This value 

represents a reduction of 3.8%-age-related varianc-e tO 1.9%. However, the increment fox 

the remaining 1.9% of age-related variance was significant, Q < .0 l. Thus, adding an 

additional ·predictor to the hier£}.fchical mode] was warranted. Furlher partialing· the 

effects of perceptual speed over and above seman,tic speed attenuated .the remainder of the 

age-related variance. As would be expected based on the perceptual speed model 

findings_,, the 1.9% remaining age-related vadan·ce. was. fully accoumed for. The addition 

of further predictors, into the semMtic speed model was not-warranted as no age-related 

variance remained to be explained. Thus, comparing the semantic speed model w.i_th the 

perceptual speed model, if is .cle.ar that perceptual speed :represents the more important 

pred1~tor of age'-related error score variance. 

Working memdry mode]. Although th~ perceptual SJ?e.ed model has ahe.ady been 

shown to account for all 3$% of the age-related variance,. an investigation of the 

predictive influences :of cognitive resources need also consider working memory. As it 

turned Qut, the results, of the working memory model are similar to those of perceptual 

speed. Covaryi_ng the effe.ct of working memory resulted in a 97.4% attenuation of age­

related error vru;iance. Altbough 0% of the age-related variance remained to be accounted 

for in the· perceptual speed model, only 0.1 % remained after partialing working memory. 

MoJeover, this negligible increment for ag~ over and above. working memory did not 

reach significance. Despite the lack of significance for this age increment, perceptual 

speed was entei:ep into the hierarchical model following working memory. Int::erestingly, 

the addition of perceptual speed did not account for the .remaining .1 % of age-related 
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_Additional AnaJyse-s Predtcting Error Variance. for Passage Characteristics 
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Results from mean level analyses .of .age differences in err.or performance 

indicated that patterns of age differences changed as a function .of pas's-age .ch~acteristics. 

For many of tbe passage characteristips .as_sessed, older adults made more response en-ors 

than younger .adults. Thus, in addition to predicting: total and age-related errnr s_c0re 

rarianae, investigating differential patterns of prediction for specific passage 

characteristics was considered po.te.ntially important. A ·number ot' passage characteristic 

indices were used for the. pl_I!p.9ses of the mean level analyses.. However, as the results 

.indicated, many of the patterns of age differences. were similar ·m spite of the various 

characteristics ass.essed, Thm;, for the pres,en.t pu_rposes, h.ierarcpical precilctjon equi:J:,tiQ□ s 

were examined for only Flesch-Kinkaid reading grade level. The Flesch-Kinkaid reading 

grade lev.el •iude.x was selected for several reasons. First, as the Age x Reading Gtade 

1.-e.vel interaction was $ign_ifjcant, age differences obvim1_sly exist as a function of passage 

readability. Second, caJ·culation of the Flesch-Kinkaid index is sensitive .to a number uf 

.the passage characteristics assessed including length (takes into ac'count number .of 

sentences. words, and syllables per passage). lhtended to complement the mean level 

anaJyses for task accuracy; three h}er~ch_ical pr:edictiop models for Ffosch-J(i.nkaid Jq,w 

and high Iieading grade level were specified. It was suggested that predicting variance 

:associated with low and high reading grade level may demonstrate differerttiaJ itnpmtance 

of cognitive predkto..rs. 
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Prediction as a Function of Passage Readmg Grade· Level 

It was hypothesized that passages varying in Flesch-Kinkaid reading. grade level 

would be differentially associated with cognitive resqurce predictors. If, for example. 

limited resources are taxed to a gre~t~r extent for passages associated with a higher 

reading grade level, we might .expect resom:ce measures to predict a greater proportion of 

error score variance for this passage chara.et'eristic. fµrther , certain co.gnitive predictors 

(e.g., p.erceptual speed} ma:y better predict performance for lower reading .grade levels 

with o.ther predictor.s (e.g., working memory) increasing in predictive importance for 

higher reading grade .lev.els. Three basic. resource h_ie_rarchical regression models were 

speciried for both lower and high~r reading g·r,ade Jevel. These model s include a 

perceptual speed mo.de], a semantic speed m:odef, and a working Jnemory mo.de! (see 

Tables 15 and 16). 

Perceptu·aJ s.peed model for low reading grade level. Results for the perceptual 

speed model indieated that perceptual speed alone accounted for only 3.8% of varia_nce 

associated with task errors for a low reading gr:ade level. Although s.ignificant, ll < .01., 

the increment for semantic speed farther reduced error variance over ~nd above 

perceptual speed by only 1.7%. This reduction rep(esents a L8% proportional reduction 

of error re1ative to. variance unaccounted Jor by perc.eptual speed. Of particular interest, 

the addition of working memory accounJed for an ·additional 5.5·% over and above both 

speed composites. The increment for working memory was significant, ll < .0'1 , wi:th 

working memory proportionally reducing the· error by a further 5.8%. The unique 

varianc.e. accounted for by working memory was impressive for several reasons.: it was 
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Table 15. Hierarchical regression models predicting variance associated with task errors 
for i_ower Flesch-Kinkaid reading grade level 

Cumulative Increment in Ffor PRE 
Order of Variable Entry R2 R:z Increment 

Perce.ptual Speed Model 

Perceptual Speed .038 .038 23.5.l * 
Semantic Speed ,055 .017 10.97* 1.8% 

Working Memory .110 .055 36.72* 5.8% 

Episodic ·Mempry .129 .019 12.66* 2.1% 

Semantic Speed Model 

Semantic Speed ,045 .045 28.10* 

Perceptual Speed .055 .010 6.51 ** 1.0% 

Working Memory ..110 .055 36.72* 5.8% 
Episodic Memory .129 .019 12.66# 2.-1% 

Working M~mory Model 

WorkJng Memory .099 .099 65.64* 

Perceptual Speed .102 .003 1.66 .3% 

Semantic Speed .110 .009 5.77** 1.0% 

Episo.dic Memory .129 .019 12.66* 2.1% 

*u. < .01. 
*'*y < .05. 

sjgnj.ficant even after partialitrg general speed resources and ul).iquely accounied for m,ore 

error variance than perceptual speed accounted for when 'entered in block 1. Not to be 

overlouked, the addition of epi'sodic memory -also predicted a significant 1.9% of error 

variance, :Q < .0.1. Even after partiaJing three major cognitive resource composites, 

episod.i'c memory made a significant contribution to error: prediction. 

Semantic s.peed model for low reading grade level. Results for the sem;mtic speed 
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model assisted further understanding of the perceptual .mode] resulfs. Semantic speed 

accounted for 4,5% of Search-for-Answer task error variance when entered first in the 

model. This represents .7% more varil:).Ilce than perceptual speed accounted for when 

entered in the same model position. Interestingly, when perceptual speed is entered after 

first co varying ·semantic speed, i.t uniquely acc0unted for only l._0% of error variance .. 

Although this increment-was signifkant. 11 < .05, the am0unt of unjque variance predicted 

was less than the contribution of semantic speed over and above ·p.erneptual spe.ed. Thus, 

by reversing the entry order for speed c,omposites, it was determined that semantfo speed 

accounts for more error varianc;e associated with low Flesch-Kinkaid reading grade level. 

However, as in the perceptual speed model, working memory uniquely ex·ptained a 

further 5.5.% of error varianc.e over and above speed m.~asures. To truly discriminate 

among the resource measures, a working memory model is required. 

Working memory mode] for low reading grade leveL Patterns of variance 

accounted for by pre.dlctors in the working memory model indicate.cl that neither 

l?erceptual nqr ,semantic speed represent the most influential predictor of low reading 

grade errors. In fact, working memory alone. accounted for 9.9% of error v~riance, more 

than twice. what either- of the speed ~omposites accounted for. Moreover, the addition of 

perceptuA} speed over-and above working memory failed to reach.·significanee. Ho-weve,r, 

the. unique contribution of semantic speed over and above both working m~mory and 

perceptual speed w.as significant, 12 < .05. Semantic speed accounted for an ~dditi'ona1 

.9% of low reading grade performance errors. 

Results from these three. hierarcbiciµ_ models indicate thaf working memory 



105 

represents the most influential rredJctor of errors for low reading level passages; A_lbeit 

marginally, semantic speed represents the-second best predictor. Now, in order to test the 

hyporbesJs consLdering differential importance of predictors for different _passag~ 

characteristics, the same three models will be applied to high Flesch-Kinkaid reading 

grade level pass.ages. 

Perce-ptual speed model for high reading grade leveJ. Table· 16 specif{es three 

hierarchical regression models predicting accuracy varjance for high Search-for-Answer 

reading grade level. Results for the perceptual speed model .support the change ·of 

·predictor importance hypothesis. When entered in block 1, perceptual speed accounted 

for 9.7% of high readfog level errors. This variance accoµnted. for represents a 5.9% 

increase oyer what perceptual speed .accounted for in the low reading_ level investigation 

(9 .7% versus 3.8% ). Frnther, the-increment for -semantic speed was s-ignificant i;n the low 

reading level investigation but did not approach significance in the current model. 

Finally, the increment for working memory was signific.ant, 12 < .01, over: and ab.ove both 

spe:ed composites. However, the unique con_tribution of working memory was reduced 

1.3% relative to its contributiort in the low reading level model (4.2% versus 5 .. 5% ). Th_e 

unique contribution of episodic m~mory was relatively stable .regardles-s· of reading grade 

level. 

Semantic .speed model for high reading grade level.. Contrary to the influenc.e .of 

perceptual speed, semantic speed declined ·in importance as a predictor of errors for high 

.reading grade. Semantic speed. accounted for only 2.6.% of varian_ce associated with 

number of errors made: on high reading level passages. This represents a reduction of 
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Table 16. Hierarchical regression models predicting var:iance as-sociated with task errors 
for higher Flesch ... Kinkaid reading grade.lev~l 

Order of Variable Entry 

Perceptual Speed Model 

Perceptual Speed 

Semantic Speed 

Working Memory 

Episodic Memory 

Semantic Speed Model 

S.em.antic Speed 

Perceptual Speed 

Working Memory 

Episodic Memory 

Working Memory Model 

Working Memory 

Perceptua] Speed 

Semantic Speed 

Episodic ·Memory 

*12. < .01. 
**Q < ._05 •. 

Cumulative 
R1 

.097 

.097 

,t-38· 

.159 

.02q 

.097 

.138 

.159 

.i06 

.138 

.138 

.l59 

Increment in 
R2 

.097 

.000 

.042 

.021 

.026. 

.071 

.042 

.021. 

.106 

.031 

.001 

.021 

Ffor PRE 
Increment 

63.83* 

.02 0% 

28.63* 4.7% 

14.68* 2.4% 

15.91* 
46.62;!< 7.3'% 

28.63<!: 4,7% 

14.68* 2.4% 

71.03*-

21.42* 3.5% 

.52 .1% 

14.68* 2.4% 

1.9% (2.6% down from 4.5% ). The contributi0n of semantic speed was not 011 par with 

perceptual speed as was the case in the low reading grade semantic model, Further 

un.ders.coring a shift in predictor imp01tance, perceptual speed accounted for 7.1 % of high 

reading grade error v~ance over and above semantic. spe.ed (an increase of ·6.1 %). Jus.t 

as perceptual speed's overall contribution increased for hi.gher reading gtade level, so too 

did its uniqu·e contribution. As semantic speed did not make a significant contribution 
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over and above perceptual speed but the opposite was true, _perce:prual speed repres.ents a 

more important predictor of high reading grade level errors. Th.e unique contribution of 

working memory was reduced 1.3% rela.tive to its contribution io the low- reading grade 

semantic model. Nonetheless, this working memory increment was significant, l! < .01 , 

reflecting a further 4,7% proportional re.duction of error over- and above what the speed 

composhes failed to account fo.r. 

Working memory model for high reading grade level. Although the influence of 

perceptual speed increased for the high reading grad_e passages, results from the working 

memory mod~l indicated that. working memory remains the most important predictor" of 

passage errors. Table 16 shows that when working memory was entered in block I . it 

accounted for 10.6% of high reading. grad¢ error varianc.e. This contribution r~flects a 

.7% incr:ease .. compated with the low reading level working memory modeJ (9.9% 

compared with 10.6%) Further-, this contribution was larger than the 9.7% perceptual 

speed acc.aun:ted for when entettd in block 1. Although the increment for p~rceptual 

speed over and above. working memory was s_ignificant, R < .01, the additional 3.1% 

pereeptual speed accounted for did not surpass. the un_ique 4.2% of y,ariance working 

memory accounted for after partialjng both perceptual and semantic; speed. However, 

unlike the low reading level working memory model, perceptual speed represents a more 

important predictor of error variance than semantic speed. The increment for semantic 

speed failed to reach significance in the present model. 

Results f(om these three hierarchical models indicated that working_ memory 

represents the most influential predictor of errors for hig~ reading level errors as well. 
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Unlike the low (eading level models, perceptual speed rep-resents the second most 

influential predictor .. Ind.eed, in support of the differential prediction hypothesis·, 

importance of resource predictors can fluctuate when cµ:eounting for variance associated 

with different passage characteristics. Based on the findings, both working memory and 

perceptual speed increased in .importance for predicting en-ors ass.oci-ated with higher 

reading grade lev,el passages. 

All Passages Correct Versus One or More Errors Performance ·Prediction 

The final section examines predictors of performance for participants who 

perfoIJDed perfectly on all passages versus participants who made l or more performance 

errors. Until this poinl, both the me.an level and prediction analyses have focused on an 

aggregate respon_se measure comprised of both correct and incon:ect responses for Search­

for-Answer passages. However, although both theoretically arid statistically meaningful, 

the prediction equations _{)reviousJy specified may be misleading in some respects. 

Consider thcJ.t analyses of Search-for-Answer latency indude a penalty requiring eac.h 

participant to read throu_gh an en.tire passage a second time if the correct _response was 

missed on the firs.t read through. WbcJ.tever influence this penalty exerted on the 

prediction of latency performance was included. in the hterarcbical equations analyzing 

total response latency variance. As a consequence~ it is conceiyable that analyzing total 

response latency vadance may ptod11oe a biased estimate favouring certain predictors. 

For example-, the. fot1uenc:;e of predictors associated with failure :to find the correct 

response for the first attempt {e.g., working. memory) mighJ be overestimated as 

predictot:s of Search-for-Answer latency performance. 
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Given the importance attached to working memory and p.erceptual speed in this 

investigation 1 further analyses are appropriate to a·ssess whether analyziog tqtaJ variaoce 

for Search-for-Answer latency artifieially inflated the contribotions of certain predictors. 

It was. hypothesiz_e_d that facto-rs predicting participant errors on 1 or more pass:ages might 

vesy well differ in number and magnitude compared with factors predicting participants 

who performed perfectly for .all passages. More specifically, it was hwothesized that 

working memory would be more. highly associated with perfonnance. for participants wbo 

made .errors versus those who.performed correctly on all 15 passages-. Conversely. it-was . . 

further hypothesized that p~r~eptual speed would be. most highly related to performance 

for: participants, who made.no errors across passages•. In order to examine these 

predictjons, hierarchical prediction equations were specified separately for e.ach 

participant performance· group. 

Table. 17 shows the breakdowo for the number' of participants in each "1ge group 

who perfQrme.d perfectly across. all 15 S~"1[ch-for-Answer p·as.sages. Also listed are the 

number of participants for each age group who made at.least one ·error across. the 15 

pas.sages. Only 61 of a pos•sible. 598 participants (10.2%) completed tbe Search-for-. 

Answer passages· without making an incorrect response. Interestingly, upon comp"1[ing 
. - . . 

the mean ages associated with correct and ·error perfonnance groups, no discern·able age 

distribution differences for a particular performance group were readily apparent. As 

might be: expected, perfect perfqrmanee was not solely associated with younger adults 

while errors on 1 or more passages were not noticeably ·larger for .old.er adults_. A1Ie group 

representation for each performance type was somewhat evenly distributed. 
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Table 17. Number of particip~n.ts by age group for perfect and error petfonnance 

Young Young--Old Mid-Old Ol_d-Old 

Correct On All Passages 
N (n = 61} 10 25 16 10 

.Mean Age (M = 59.7) 23 60.6 69._4 78.8 
SD 4.22 2.. 71 2.39 1.99 

Ei:ror On 1 Or More 
Passages 

N (n = 537) 87 149 209 92 

Mean Age (M = 60.9) 23.4 60.3 69.3 78:.-5 

SD 5 3 2.87 2.73. 

Predicting response latency for correct on all passages performance. As 

determined in the total latency prediction analysesf both working mem0ry and perceptual 

speed. were central predictors of Search,.fot~Answer task performance. Thus, for 

assessing differences. between participant_s who performed perfec_tly on all passages 

compared with those wh.o made 1 or more errors, both a perceptual speed and wo_rking 

memory hierarchical model we.re specified. As hypoth¢-sized, model results predicting­

correct on a11 passages. latency performance identified p.erce.ptual speed as the most 

influential predictor. Table 18 shows the results of these models. Nore that when entered 

first, perceptual speed ~eounted for a re_speotable 35.5% of correct on all passages 

latency variance. However, the• increment for working memory after partialing the 

influence• of perceptual speed was not statistically significant. Reversing the· a..rder of 

entry for the working memory model1 working memory acco.unted for 13.3% of correct 
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Table 18. Hierarchical regression models pre.dieting correct on all passages Searcb .. for­
Answei:: latency performance 

Order of Variable Entry 

Pe(cept_nal Speed Model 
Perceptual Speed 

Working Memory 

Working Memory Model 

Working Memory 

Perceptual Speed 

*Q < .01. N = 61. 

Cumulative Increment i:n F for 
R2 R 2 Increment 

.355 

.360 

.133 

.360 

,355 

,005 

.133 

.228 

32.54* 

.44 

9.01*· 

20.65* 

PRE 

.8% 

26.3% 

on: all passages v.ariance when entered on block 1 (22.2% Jess-than per.ceptuaf speed 

accounted for). However, even more telling was the. unique 22.8% of correct on all 

passages variance that perceptual s.p:eed accounted for ,6ver and above working rnemory. 

The F for t!Jjs increme.nl was s.igniricant, J2. < .01. Relative to what working memory 

failed to account for, perceptual speed further proportionally ·reduced this latency variance 

by an additional 26.3%. As hypothesized; perceptual speed· represents a better predictor 

than working•mernory for participants who perform c1>rrectly on all pas_sages. 

Predicting response latency for 1 or more errors on all passages performance. It. 

was. hypothesized tbat working memory would predict more variance than perceptual 

speed. for participants who made .1 or more errors on the passages. Results from the 

hierarchical models in Table 19 support this J;iyp.oth~sis. When entered fir'st, perceptual 

sp~ed aecounted for 22. J % .of yari-ance associated with making 1 .or more errors across all 

passages. Although a respectable conu_-ibution, the addition of wo.rking memory ·oyer and 



Table 19. Hierarchical regression rn(:)dels p_reclicting I or more errors· 0n all passages 
Search-for-Answer latency performance 

Or_der of Variable Entry 

Perceptual Speed Model 
Perceptual Speed 

Working Memory 

Worldng Memory Mo~el 
Working Memory 

Perceptual Speed 
*12. <.OJ . N = 537. 

Cumulative 
R2 

.221 

.333 

.267 

..333 

Increment in 
R2 

.221 

.112 

.267 

.065 

F for 
Incren:i~nt 

151.50* 

89.59* 

195.30* 
52.10* 

PRE 

"14..4% 

8.9% 

above perceptual speed ~ccounte,d for a fur ther l 1.2% of the variance, This increment 

was statistically significant, n < .0 L In compariso~ by reversing the order of enti-y, 

working memory accounted for 26.7%. of variance associated with _partidpants' errors 
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across passages. This. estimate represents. 4.6% more variance. than perceptual speed 

accounted for in block 1. Moreover, the 26.7% of variance wprking memory acc.ounted 

for repre·senrs an increase of 13.4% over its c.ontribution to the prediction 0f variance. 

associated with perfect performance for all passages,. Perceptual speed accounted for an 

a:dditiona] 6.5% of passage errors variance. after partialing the effects of working memory. 

Although signific:a:nt, n_ < .01, patterns of variance accounted for in these passage ~rrors 

prediction models underscore the primary preclictive importance of working memory. 
. . . 

Ind~ed, as hypothesized, response: latency for participants. who performed perfectly on a11 

passages vei:sus participants who made l or more errors wa_s clifferentially predicted by 

oogn"itive resource measures.:-pere.eptoal speed w~s the better predictor of perfect passclge 
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perfonnance while working memory was the s~perior predictpr of latency associared with 

I or more passage errors. 

Adding sema·ntic speed to the prediction of performance for perfect and error 

passage. groups. Wbrking memory and perceptual speed were the only two _predictors 

entered in the previous analyses Qased-on theoretical rationale. However, an addi.fiona) 

predictor _requires .consideration based on a statistical rationale. Re.sults examining_ tot.al 

latency variance (Table 9) indicated that semantic speed was the most influential 

predictor of performance latency. Thus, further hierarchical anal_yses aS:sessjn_g the 

influenc.e of setnantie speed for perfect and error passage performance w.mlld prove 

usefuJ, We turn now ro consider how the addition of semantic .speed influences the 

importance of latency prediction for these 2 groups of participants. 

Table 20 shows r~sults for the 1·evised hierarchical regressjon models including 

semantic speed. The results indicated that semantic speed accounted for the large.st 

proportion of latency variance associat¢d with perfect performance-across all passages. 

Entered on block 1, semantic speed accounted for 56.2% of latency v-ariance. In relative 

terms, this represented 20. 7% and .42.9% more v.ariance. than .either perceptual spe.ed or 

working me_mory respectively accounted for. Further, semantic speed uniquely accounted 

for 24.3% of the latency variance .over and above perceptual speed and 24% over and 

above both perceptual speed and wmking memory. Both of these .increments were 

statisticaJJy sign.ifiaam, 12 < .01. Despite some obvious differences, these results do 

however support our previous· findings indicating-the predfctive importance of perceptual 

speed over working memory for perfect pertormanc.e on all passages. 
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Table 20. Revise.d hierarchical regression models predicting correct on all passages 
Sea:rch-for~Answer latency performance 

Cumu.Iative Increment in Ffor PRE' 
Order of Vadable Entry R2 R2 Incr~mem 

Perceptual Sp.eed Model 

Perceptual Speed ,355 .355 32.54*· 

Semantic Speed .598 .243 35.08* 37.7% 

Working Memory .600 .002 .22 .5% 

S.emantk Speed Model 

Semantic Speed .562 .562 75.64* 

Perceptual Sp.eed .598 .037 5,28* 8.4.% 

Working ·Memory .600 .002 .22 .5% 

Working Memory Mod.el 

Working Memory .133 .133 9.01* 

Perceptual Speed .360 .228 20.65* 26.3% 

Semantic Speed .600 .240 34.13* 37.5% 

*ll < .0 l. N = 61 . 

. Similar to the results presented in table 9-, semantic speed accounted for the most S.earch­

for-Answer latency variance: variance associated With perfect performance across 

passages in the present Gase. 

Sema,ntic speed also accounted for the most varianc.e associ~ted wjth participants 

who made 1 or more errors across Se.arch-for-Answer passages. Patterns of va,rianc.e 

accounted for in Table 21 indicated that semantic:·&peed alqn_e. predicted 35.6% of passage 

·error variance. AJthough this repres.ented a decrease from its contributi,on in the perf'ect 

on all passages analysis, the influence of semantic speed still accounted for more variance 

than either perceptual speed (22.1%) ·or working memory (26.7%). Further, 'semantic 
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Table 21. Revised hierarchic.al regression models predicting 1 or more errors on all 
pas-sages Search-for-Answer latency performance 

Cumulative Increment in F for PRE 
Order of Variab.Ie Entry R~ R2 Increment 

Perceptual Speed Model 

Perceptual Speed .221 .221 151.50* 

Semantic Speed .396 .176 155.33* 22.6% 

Working Memory .467 .071 7L04:1< 11 .8% 

Semantic Speed M·od.el 

Semantic Speed .356 .356 295.28* 

Perceptual Speed .396 .041 35,95* 6.4% 

Working Memory .467 .071 7 L04* 11.8% 

Working Memory Model 

Working Memory .267 .267 195.30* 

Perceptual Sp.eed .333 .065 52 .. 10* 8.9% 

Semantic Sp.eed .467 .J35 134.8-1 * 20.2% 

*11 < .OJ. N-= 537. 

speed contributed an additional 17 .6% .and 13.5% re.specti vely over and above perceptual 

speed and perceptual speed and working memory, 11 < .01. However, not to be 

overlooked, the contribution of working memory actually doubled for the prediction -af 

response latency associated with l nr more errors across passages (26.7% compared wi•th 

13.3%).. M·or~over, working memory explaine.d an additional 7 . .1 % of variance associated 

with passage errors after partialing the effects of both speed composites. This increase in 

t'he predictive importance of working memory supports the . .differential predktion 

hypothesis. Although semantic speed .accounted for the most latency varU:1.nce associated 

with both perfect and 1 or more errors in perfonnarrce.,. the relative influence ·of the 
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various predictors change.ct in magnitude. Botb perceptual and semantic spe·ed decreased 

in importan~e as predictors .of passage errors whereas working memory became 

increasingly important. 

Comparing the prediction of perfect passage performance and reading' speed. In 

an indirect.fashion, comparing prediction equaJions for two -separate m~asutes can inform 

us of underlying simflarities .or differences. For our purposes, the distinction between 

prediction patterns on perfect passage perf onnance versus performance characterized by 1 

or more errors across passages is potentia·IJy .an im.portant one. To the e~ten~ that perfect 

passage perf orrnance analys~s demonstrate· the importance of perceptual speed as opposed 

lo working. memory,_ the Search-for-Answer task may not be sub:stantialiy different from 

other speeded tasks .. That is to say, if analyzing overall Search_-for.:.Answ.er latencr 

variance artificially .i_ntlates the influence of working ·rnemory, then perhaps the prediction 

.of only perfect passage performance will coincide with prediction equations for other 

speeded measures. Evidence suggesting ~imilar patterns of prediction would imply that 

sinijla-rities exist between the speed measures examined. In order to test thjs possib'iljty, 

prediction equations were specified for both perfect passage Search-for-Answer latency 

as well ·as latency fora reading· speed tesJ. As the research goal was ·simply to compare 

general patterns of yariance accounted for, only .a perc:eptual spe.ed model was assessed 

for·eacb dependent measure (see Table 22). 

Resulrs indicated that the ov-er.all ·variance accounted for in each dependent 

measure was not remotely similar. Together, perceptual speed, semantic speed~ working 

memory, and episodic memory accounted for 60.7% of perfect on all passages variance. 
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Table 22. Perceptual speed model predicting correct on all passages Search-for~Answer 
latency and reading time latency 

Order of Variable Emry 

Corr.t~ct On All Passages 

Perceptual Speed 

Semantic Speed 

Working Memory 

Episodic Memory 

Reading Latency· 

Perceptual Speed 

Semantic Speed 

Working Memory 

Episoclic Memory 

**n < .05. N = 6'1 . 

Cumulathie 
R2 

.355 

.598 

.-600' 

.607 

.093 

.126 

.139 

. 155 

Increment .in 
R2 

.355 

.243 

.002 

.007 

.093 

.032. 

.013 

.016 

Ffor PRE 
Increment 

3.2.54* 

35.08* 37.7% 

.22 .5% 

,97 1.8% 

6.07* 

2.15 3.5% 

.87 1.5% 

1.05 1 • .9% 

In comparison. the same hierarchical model accounted for only 15.5% of th.e variance• in 

reading speed latency for the same particip&nts. Given the large difference in total 

variance accounted for; it make·s little sense to fu1tb.er interpret the contributions of 

individual predictors. Although both dependent measures were measured in the same 

latency units, the predictors ofperfom1anee differed markedly in magn.itude• of influence. 

Previous findings indicated that the importance· of working memory may be partly 

predicated ou the t:ype of vaYiance analyzed. Howev.er, even after attenuating the 

influence ·of wo.cking m~mory; patterns of variance in the current an_alysis failed to 

demonstrate any increase in similarity :between pre.dic.tion of perfect performance on all 

Search-for-Answer passages. and pre.diction of performance on ano"ther ·Sp.eed measure. 
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Chapter VI 

DISCUSSION 

The comp-rehe.rision speed path model (Hultsch et al., 1998) presented a most 

interesting finding; comprehension speed mediated the 'influence of a varie.ty of cogn'itive 

measures. iticJuding processing speed and worki;ng memory, on epis.odic memory 

p-erformance. However, it'is not well understood why comprehension speed acts as a 

pivotal mediator. To this end, the underlying focus of this. investigation was to' gain a 

better understanding of the Search-for-Answer comprehension speed task. Results from 

tl)e present investfgation provide ample empirical evidence with ·whic:h to evalµate the 

three ptimary research objectives .. For each of these obj.ectives, the findings, 

interpretations, and implications .are considered in turn . 

.Identifying Mean Age Differences 

The first research objective consid,ered whether mean age differences were pres~nt 

for both Search-for-Answer latency response and error performance .. Identifying 

p(e.dictors of age differences is contingent upon first .detecting reliable me_an level 

differences. Results from. this analysis dearly ind.icated that significant age differences 

exist for both re~ponse latency and en-or criterion variables. Older adults take longer to 

find the correct response and make more errors io the :process,. For latency, all pajrwise 

eomparisons were sjgnificant among the Young~Qld, Mid-Old, and Old-Old age. groups. 

Mean differences for error performance indicated that o,nly the Old-Old age. group 

differed significantly from the Young, Young-Old, and Mid-Old age groups. These 

results are consis_fent with previous findings documenting ag,e differences for complex 



119 

cognitjve tasks (e.g., Hultsch & DiJtQn,. 1990; Salthouse, 199 la). More.over, the fact that 

age,.sensitive basic resources such as working memory (Hultsch et al.,. 1998) exert their 

influence through comprehension .speed is consistent with finding mean level differences 

on the Sear~h-fQr-Answer task. Although the Tukey post hoc tests provided a rough 

estimate of the locus of age d1ffer,ences, these findings represent only global indicators of 

mean performance differences. 

Specific age difference analyses provided a better understanding of-the more 

general mean level differences_. In particular, these specific analyses identified potential 

factors associated with mean level age differences. The first specific analysis considered. 

whether increases in performance latency simply reflect more. performance-errors for 

older adults. Missing toe correct :res·pon,se at the end of each passage entails a rather large 

penalty in tbe Search-for-Answer task; the participant must reread the passage from the 

beginning. It was hypothesized that altb.0t1gb erroi:s might exert ao influence, (aJ:;tor..s 

other than response accuracy would contribute to. me.an level latency differences. In line 

with the hypothesis, the findings show that even after partialing all accuracy v.ari:ance., a 

significant age differenc.e remains. Mean lev~I age p_ifferem:es in (esponse latency re_fle"ct 

more than decreasing accuracy of performance. Consider, however, that ·partialing the 

effect of errors attenuated a sizeabl.e 53.1 % of age-related latency variance. A1though not 

the only ·influence of age differences in response latency, response accuracy does exert 
. . 

considerable i.nfluenc::e. 

As performance accuracy alone failed to account for alJ age differences, additional 

influences .need.be considered. Given older adults' difficulty with more dema:nding tasks 



120 

(e.g., the age~complexity .effect, Salthouse 1991 a), one such iTifluence de-serving 

consideration is the length of the target pas-sage. Longer pass·ages with a greater nurnbei; 

of words to be-proc.essed m_ay particularly influence response l_aten~-y, performance for 

older: age groups. It was hypothesized that age differences would b.e. accent_uated for 

longer passages in favour of younger age groups. The. results clearly supported this 

hypothesis. A significant Age x Passage Length interaction indicated that age .djfferences 

in response latency increased for longer compared with shorter passages. Further, results 

from Takey pairwise-comparison tests indirectly supported .the conrention that older age 

groups experience more difficulty with longer passages. On short passage_s, only the Old­

Old age group differed in latency performance. However, pairwise comparisons for"long 

passages indicated that all possible combinations of mtan age group latencies differed 

significantly, save for differences between the Y o.ung and Y oung-OJd age groups. As 

previous research has suggested (e,g., Salthou·se, l 991 a}< placing more demands on 

available resource.s often pro.duces an interaction acce.ntuating ag~ differences in favour of 

younger adults. 

In addition to respons.e latency, specific analyses were also examined for age 

-differences in response accuracy. Assessment of response acc:;uracy is important given .1ts 

contribution to the predic.tion of age di_fference.s _in response latency. Age differences in 

response accuracy may be a function of numerous factors. In keep_ingwith 'research 

suggesting older ~dults perform ·more poorly for more inv.olved tasks, s_ever_al pa~sage 

characteristics believed related to performance accuracy were. identified. lt was 

hypothesized that passages characterized by longer lengths, hjgher re~ding gra.de levels, 
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longer target sentences,. greater dfstan,ee;s to target sentence responses, and more 

syntaotically complex target sentence structures would be associated with more response 

errors, particularly for older adults. Of primary •importance then was the-Age x Passage 

Characteristic interaction for eaGh s.eparate analysis. 

Interestingly, the results for these analyses provided mixed support for the 

common interaction hypothesis. The internction considedng the association between 

passage length and age did not support the hypothesis that response errors increase as a 

function of both age a[Jd passag~ length. Although the Age x Pas·sage Length interaction 

was significant-, the mean level trends for. individual age groups were paradox.ical. 

Contrary to prediction. performance errors for the Young and Old-Old age groups were 

sjgnifica_nny higher for· shorter as opposed to longer pass.ages. It was, antidpated that 

longer passages would require more: processing thereby overta,s.ing the available resources 

of older age groups. Based on these findings, it appears that passage length does not 

influence response accuracy as hyPothesized. In faot,_ given the o-pposite relationship of 

passage length t0 response accuracy for several .age groUps, it is imperative to consider 

additional passage character:istics potentially ass0ciated with response acc.uracy and age. 

As a further attempt to more clearly differentiate age differences in response 

accuracy as a: function of pasS'age characteristics, passages were examined with reference 

to rea:diog grade level. Passage reading grade level is often calculated with reference to 

number of syl1ables, sentences, and words per average passage length. Thus, it is a more 

precise indicator than passage Jength as· it reflects roughly the amount of processing effort 

that might be required based on p.ass,!ge characteristics more specific than just number of 
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words. Higher re.ading level passages requir.e more processing effort:. Thus, the length of 

·a passage (general indicator) may sh:are little relation with its reading grade level (more 

precise indicator). Two such indices_, Fry reading grade and Flesch-Kinkaid reading ~.ade 

level were examined. B}' categorizing passages according to lower and higher reading 

grad~ levels, it was possible to .determine whether respon.se accuracy was influenced as a 

function of passage readability and age. SpecificalJy, it was-hypothesized ttlat passages 
. . 

that are more difficult to read .(i.e. , higher reading grade level) will be. associated with 

more performance errors for older adults. 

Interestiirgly, these.two indices provided different results. The results for the Fry 

reading grade analysis closeJy•mirrored those for length of passage. Although the Age x 

Fry Reading Grade i_nteractJon was significant, the trends within this interact.ion were not 

clearly differentiated. Simple .effects analyses ind1:cated that respo·nse accuracy dJd not 

differ for either the Young-Old or the Old-Old ag,e group. Although more etrors were 

associated whh higher Fry grade estimates for the Young age group, th~ Mid-O]d age 

group actually made.signift_cantly more errors for lower Fry reading grades. In stark 

contrnst, the res.alts considering. th~ Flesch-Kinkaid reading grade level clearly supported 

the hypothesis. The Age x Flesch-Kinkaid reading .grade level interaotioo. wa:s significant 

indicating there were more respons·e: errors for p.assage·s reflecting higher reading grade 

levels, particularly for older age groups. Further, the mean level trends comprising thls 

interaction were 'in the expected direction. Although Young adults made approximate.ly 

the same number of errors for both higher and low.er readability passages. all three. older 

age· groups .made significantly more. response error.s for higher readability passages. 
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One possible reason fot the divergence of findings between the Fry ·and Flesch­

Kinkaid reading grade levd indice_s concerns the manner in which their respective.reading 

grade scores. are calculated. Fry reading grade level is determined by plotting the aver.age 

number of sentenc·es per 100 words as a function of the average number of sy.llable.s per 

100 words on a graph (Fry, 1977). Where the poi_nt falls on the. plot determines reading 

grade level . Thus,. Fry reading grade is determined in relation to the "smoothed mean of 

'the plots of sample passages-" (Fry; 1977, p. 243). However, conversely, the Flesch­

Kinkard,re.ading _level index is derived directly using a mathematicaJ foxmula (Schuyler, 

1982). Further, the Fle_sch-Kinkaid c·aiculation t;:ikes into acc0unt not on1y the number of 

sentences and syllables but the number of words· as well. Thus, in some respe.cts, the 

difference between these reading grade level indices may represent a function of their 

derivation. In support of s:ubtle differences between these measures of passage 

readability, the Fry index significantly correlates with pass~ge length (-.55) whereas the 

Flesch-Kinkaid index does not (--.35.). 

To thjs poinl, th~e influence of target characteristics on response accuracy has 

centered on the . .entire passage. However, characteristics of the target sentence itself 

.containing the response-may more clearly provide clues as to the sou'rce of a~e-differences· 

in response accuracy.. Target sentence length, distance.lo target sentence response. and 

complexity of target senten'Ce structure were considered. It was hyl?othes.ized that longer 

target sentences, more words in the target sente:nce prior to the resp·onse, and left­

branching sentence structure wouJ_d differentially influence response accuracy as .a 

function of age. Specifically, it was hypothesized that older adults would mak~ more 
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response errors for each ·of the'Se target sent.ence characteristics. 

The results- supported all but the target sentence compleX.ity hypothesis. 

Sigrufican.t results were found (or the Ag_e x Target SenJence Length and Age x Dist_ance 

ta Target Sentence-Response inter:actions. These results ind.ica.te that older adults 

produce signifkantly more· errors· for longer target .sentences and for longer distances to 

t_arget sentence responses. I::Iowever, age differences were far more differentiated for the 

distance to target sentence response analysi-s. For short d.istanc.es to response, the mean 

level trends .indicated that the Young,, Young-Old) and Mid-Old age groups performed 

equivalently. Only the Old-Old.age group made significantly more errors for shorter 

distances to target sentence response. In comparison, longer distances to response 

reflected marked performance di.(ferences with older age· groups mak(ng progressively 

more response errors. In order to further differentiate the trends in this interaction, four 

length t-0 response categories were assessed as compared to the original two c~tegories. 

Of considerable interest, the decomposition of'the significa.nt Age x. Distance to Target. 

Sentence Response interaction suggested that the interaction is largely a function of more 

errors cornmit.ted by older adults for only tbe longest length to response category. In 

partiGular, specific contrast results· fodicated that the short, medium-short, and medium­

long distance. to response categories di'd not significantly differ from one another as a 

function of age. However, these three c·acego.des did sign.ificandy differ from the long 

length to response category indicating marked increases in response errors for older 

adults. Finally, the target sentence complexity hypothesis was not supported .. Although 

more c.omplex passages did yield more response errors, this pattern .did not chang~ as. a 



function of age. For both simple and complex targer sentence structure, an. increased 

number of response. errors were made across age gr:oups-. 

l25 

To summarize, these results s·ugges.t that age differences are indeed present-for 

both Search-for-Answer l.atency and error perfonnance-. As a direct path was present 

from age to comprehension speed in the c0mprehension model (Hultsch et al., 1998), this 

finding was not surprising. However, several other interesting findings did surface from 

the mean age difference analyses. 111 particular, it was determined that differences in 

respons,e latency are not just a consequence of response ~ccuracy. Significant age 

variance. remained to be accounted for after partialing accuracy thu.s underscoring the 

pre-sence of true a:ge differences in speed of perfomiance. As ·variance assod.ated with 

performanc.e differences fortbese two criterion measures does not completely overlap, a 

further-implication is that vari~nGe ass.ociated with these tasks-is perhaps a function of 

different predictors. As wiII be reviewed in the followin_g section,. perhaps age 

differences, in response latencyteflect indfvidual di_ffer:ences in perceptual speed (e.g., 

generalized slowing), when~~ age differences-in response accuracy reflect individual 

differences in working memory (e.g., less processing effidency). 

Further, the examination of the relationship between age, passage-characteristics, 

and latency and error p.e.tformance proved quite informative. Of interest was not so much 

the fact that a number of the age-by passage characteristic interac.tfons were -significant 

Rather, more importantly, we were able to gain a better understanding of the poin't at 

whi-ch age differences become ·pronounced as weU as pinpo.int aspects of .the Search-Jor­

Answer task that acc:entuate age differences. For response. latency, th¢ length of passage 



126 

clearly exerted an influence that change·s as a.function of age. Similarly, distance to 

target sentence response most clearly accentuated .age differences for response accuracy. 

It is {mpoitant t_o con·sjder that all of the pass<1:ge characteristics examined and the 

influenc.es they .exerted on age differences in the criterion measµres can be accounted for 

using specific construct or general r~source accounts. That is to say, irrespective of the 

amount of variance passage characteristics accounted for, age dffferences for both 

response-latency and accuracy rnay actually reflect indiv1dual differ:ences in cognition, 

For exam,pJe, although longer distances to target sentence responses. resuJted in well 

differen:_ti_ated age trends for response accuracy,, this investigation was merely exploraJory 

and is subject to third variable hypothesis accounts. What would further assist 

understanding of these age differences requires examin"ing w·bat distance to target 

sentence re.sponse might be a proxy for. As mentioned, these passage characteristics were 

selected to _influ_ence age differences in a fashion similar to the age:-complexity analysis, 

Perhaps distanc.e to target sentence re_sponse is but o_ne example of many passage 

cbaracteristic_s that are ·spuriously related to age as a function of restricred resources·. It 

may be that longer distances to targ~t sentence responses accentuate age djfferences due. 

to the increasing demands placed on working memory resources. 

Further research is required to truly understand why characte:ristics -sucb as length 

of passage, length of target sentenee, and target sentenc.e complexity result in noticeable 

ag~. differe_nces. Although we. ha_ve s111ccess.fuJ)y pinpointed specific locuses of age­

related differences, factors responsible. for these_ differences in latency and accuracy 

remain uncJear. Determining what underlies age differences requires prediction 
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equations. We turn now to address predjctors of total and age-related variance associated 

with Search-for-Answer task performance. 

Predlc:ting ·Search,.for~Answer Response Latency and Accuraey 

Although age :differenc.es were clearly identified, the mean level analyses 

obviously did ·not indicate what underlies these differences. The second major research 

obj,ecti.ve of this investigation concerned identifying individual differences in cognitive 

abilities that predicJed both total and age-related Search-for-Answer task variance. 

Total latency variance prediction. Interest in total variance prediction stems from 

the. cqmprehension model findings (Hulfsch et al. 1998),. fu this model, comprehension 

speed mediated the influence •Of many cognitive measures a_s well .as age on ·episodic 

m:emory. Predicting totaJ latency :and accuracy variance associated wjth Searc.h-for­

Aoswer performanc~ will provide insight into the complex nature of this task. It was 

hypothesized that the prediction of tota1 latency and error variance would be significantly 

influenced by individua1 differences in perceptual speed. Further, the predictive 

importance of perceptual speed was expected regardless of order of erttry in the 

hierarchical prediction model. Ho\1/ever, in light of the Hult.sch et al. (199.8) 

compreheusfon model findings, other predictive influences including working memory 

and episodic memory were also expeeted to make sign•ificant tontributj_ons. 

In order to examine the differential oontribut_jons of predictors to total latency 

variance, four hierarchical models were specified. Results from these models irr,dicated 

that individual differences in genera,! cognitive resource abilities accounted for a 

significant amount of total Search-for-Answer latency varfance. In general,. the entry- of 
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perceptual spee.d, semantic spe.ed working memory, and epis.odic memory c:i.ccounted for 

just over 50% of total latency variance. However, of greater interest,. by strategically 

varying the order of predictors w'ithin the th_eoretically driven prediction equati0ns., we 

were able to discriminate tbe predic.tive importance of cognitive abilities. 

A particularly interesting {inding is that semantic speed represented the best 

predictor ·of total .Search-for-Answer latency performance. Comparing and contrasting 

variance accounted. for in both. the perceptual and semantic speed models provided a 

means ·of assessing which composite measure exerted the most influen_ce on total Search­

for-Answer task variance. Specifically, .by reversing the· order of variable enn-y, estimates 

of overlapping and un_ique variance. were determined for these speed composites. 

Although perceptual speed represented a gener~ resourc.e construct, semantic speed 

'accounted for more comprehension speed v·ariance: over and ·above perceptual speed than 

vice versa. Thus,. based on reve.rsing the Qtder of entry, we can in.fer .that ·semantic ~peed 

accounted for more total variance in comprehe.nsion speed performanc:e• than perceptual 

spee.d. Moreov.er, ·although perceptual and semantic. speed certainly share overlappfog 

variance, the ·specific i.nfluences of semantic spee.d impacted Search-for-Answer 

perform·ance to a greater extent (22.3% proportional reduction in error) than unique­

influe_nces of perceptual speed (6.6% proportional reduction in error). In additi.on, the 

·working memory composite also explained more totalJatency variance than perceptual 

speed. Moreover, working memory accounted for a significant proportion of variance 

even after both speed composites were partialed from the equation. 

Such a pattern of variance accounted for supports the Hultscb et a1. (.1998) 
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findings outlining the central importance of comprehension ·speed as a mediator of 

semantic speed and working memory in the comprehension path model. The fact that the 

comprehension model findings are supported was .e-veti more u:npressive conside1ing 

these resu]ts are based on an entirely separate sample. In addition, although we were 

predicting total Search-for-Answer latency variance and not simply age-related variance, 

these findings also provide evidence underscoring task specific speed influences. 

Specifically, semantic speed, a complex form of processing speed, represents the, mo.st 

.important explanatory predictor:of comprehension speed performance. This finding 

suggests tbat compreJ1ension speed has multiple determinants including b.oth •specific 

semantic spee.d influences as well ~s more. general perceptual spe~d influences. common 

to a number of tasks. This is consistent with findings by Hertzog (1989) and Tomer and 

Cunningham (1993) which indicate the existence of multiple speed factors. The fact that 

semantic speed, and to a lesser extent perceptual speed, represent important predictors ·of 

Search~for-Answ~r c◊mprehensio.n speed pe(form-a.nce supports the:-existence of 

independent speed factors , al be.it. indirectly. 

A final model predicting to'taJ latency variance was specified to e~amine the LT­

WM hyppthesis. The construct of LT-WM postulates a relation betweeo. working 

memory and long-tenn memory, Based on the results of their comprehension model, 

Hultsch et al. (1998J suggested that Search-for-Answer comprehension speed may be an 

index· of the LT-WM construct. Indirect support for this hypothesis requires that both 

working and ep'isodic memory significantty ·psedict total latency varianqe.. Indeed, resulls 

from tbe LT-WM .hierarchical model provide. preliminary support for this hypothesis. 
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Both working and episodic memory significantly predicted Search-for-Answer response 

Iate.ncy. Moreover, both bf these measures made significant contributions ·0ver and above 

influences of perceptual and semantic speed. However, although related, tl).e present 

findings provide little additicma:1 information regar9ing the relationship between working 

and episodic memory. Nonetheless, the Hultsch et al. (1998) comprehensfon model 

findings, and to a lesser extent the. present findings, indicate that further investigation is 

warranted. fu parti'cular, a structural equation investigation specifically designed 't0 assess, 

expert·performance (e.g., text comprehension) that ostensibly benefits from a LT-WM 

mechanism would be of consider.able scientific importance. Until such time, the-present 

findings merely indipate that such a construct is plausible based on pattei::ns of variance. 

Total e.rror varian.ce prediction. Identifying predictors oftotal error SGOre 

(accuracy) variance required the specification of several hittarchical models includi.ng a 

perceptual speed. model. a semantic speed model) and a working memory model. Similar 

to the prediction of response latency, it was hypothesized that perceptual speed would be 

an important predictor of performance errors. However, it was also hypothesized that 

several additional c0gnitive me.asures wouJd make significant contributions, in particular 

working memory. In spite of the inelusion of bask resource measures; the results for thi 

investigation indicated that inolvi.dual differences in cogni-rive measures accounted for 

only 20% of the total variance associated with performance, ac~u_racy~ This is somewhat 

surprising given the s·eemingly ubiquitous importance of these, bask resources.for 

predicting performance on complex cognitive tasks (Sallhouse, 1991 a). 

Of interest, working memory emerged as the most important _predictor of 
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performance error variance. In fact, working memory alone accounted for t)le majority of 

the 20% of varianc.e that was predicted. Further underscoring its importance, working 

memory uniquely accounted for variance over and abo'\'le· perceptual speed despite the 

overlapping variance it shared with this meas.ure, Nonetheless, the fact that worlcing 

memory repre;sented the most important predictor ofpe:rformance errors was intuitive for 

several reasons. First, performance errors can be considered a consequence of resource 

resJrictions or reduced proeessing_ efficiency (Salthouse & Babcock,. 19.91 ). Working 

m~mory resources are required in Sear.ch-for-Answer performance for'funetions. such as 

the maintenance of the target question in memory until the target response is found. In 

this sense, fatlure of working memory would be e~pe~ted to be. ·associated with in~reased 

performance errors. Forgetting the target question would most certainly reduce the odds 

of finding the targ~t response. AJthough the primary· importance, of working memory was 

deJi ved from varying i(s positi.on in the hierarchical models, this finding should be 

interpreted with some caurioa. Previous research has indicated that working memory 

shares considerable variance with perceptual speed (Salthouse., 1992b ). Irt fact, Salthoµse 

( 199'1 b) reported that the bulk of age differences for working memory performance ca:n: be 

attenuated by partia1ing the effects of perceptual speed. 

Age-related latency variance prediction. Prediction equations were also. specified 

to consider the influence of cognitive meas.ures on ag_e,.-related latency variance. The 

comprehension model (Hultsch et al., 1998) indicated that be.th basic resources a_s well as 

age exert their effect.s directly through comprehension speed. Given the relcJ,_tion of 

cognitive resources previously shown to be impnrtant predictors of age differences 
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(Salthouse, 199 la) as well a:S the direct influence of age itself1 an inves.tigation as to the 

relationsbip betwe.en comprehensio°' speed and. cognitive aging· was a scientific necessity. 

As dis.cussed previously, :patterns of prediction for age-related variance coU'ld .take several' 

forms related to either general resource .or specific .const_m.ct- accounts·. Evidence in 

favour of a general resource account of age-related differences would come .in the fonu of 

only one or several primary predictors. Conversely, e:vidence for specific accounts of age 

differences would be. supported .in the event of multiple predictors of age differenc.es. 

Predicting age-r::elated variance afforded insight into factors underlying age differences on 

the Search-for-Answer task. 

Based on findings rev_j_ewed by Salthouse (1996b), itw.as hypothesized that 

perceptual spe.ed would he .a dominant predictor of age.-related latency variance. 

However, giv.en the previous-Jy documented importance of both semantic speed and 

working memory (Hultsch et al._, 1998), 'it was suggested that these additional measures· 

mi_ght als.o significantly predict age-related latency performance. 

The prese.nt results support a gener.al resource account of age-related decline. Of 

the 11 .3% of age-related variance associated with :St::,.ron-for-Answer task latency 

performance, perceptual speed fully attenuated 95.6%. Only .5% of the age-related 

variance remained to be .accounted for. Further, this increment for. age was not slgn'ificam 

precluding the addition of further predictors. As regression models· are dependent oo the 

order of variable entry, we must rely on both a priori model specification as. w.ell as 

varying the order of entry of predictors to gain an understanding of patterns of 

overlapping and unH1ue-vari'ance. Although .semantic speed and working memo.ry both 



attenuated significant proportions of age-relaied variance, neither predl.ctor fu.lly 

attenuated all age-related variance a:s in the case of perceptual speed .. Moreover, everr 

after attenuating both thes_e meas.ure.s, perceptual spe~d significantly accounted for the 

remaining age-related variance. 
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In contrast to the prediction_ of total response latency variance, the prediction of 

age-related variance underscores the, primary importance of a single measure. 

Statistically, all of the age-related variance was att~nuat_ed by perceptual speed,: a finding 

.consistent wjth the processing speed theory of c,ogriitive aging (Salt.house, 1996b}. More 

than just support for th1s theory, these fin.dings -also spe_ak to the is.sue of general versus 

specific speed influences pn memory, and cognitive aging. Consider Saltbouse's (l996a) 

suggesJion that multiple. indicators of perceptual speed share significant amounts of 

overlapping variance.. Empirical findings (Salthouse 1996b) .indicate that these ,measures 

partial the majority of age-related varianc.e for a broad array of cognitiv.e tasks. Evidence 

in favour of specific versus. common age-related influences might take tbe form of 

multiple signffkant indicators of age-related variance. The present findings do _n-0t 

support -a specific influence account of age~related decline. lh fact , subse.querit to the 

partialing of per_ceptual speed, testing the predictive capacity of additional specific 

influences was not required as no age-related variance remained to be accounted for. The 

importance of only perceptual speed as a pr~dictor of ag~r~lated vari'ance supports a 

general resource ac-count of co_gnit-i ve aging,. a finding. consistent with Salthouse' s O 996b} 

g~ner,al resource processing s.peed theory of cognitive aging. 

A simple qualification to the above interpretation requires _mention. Although 
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perceptual spe.ed .alone accounted foT the majority of age-related variance, tbis finding is 

still subject to third-variable hypothesis critid~ms. In fact, sU'pport for such a ori.ticism is 

aJready docum.ented in the literature (Lindenberger & BaJtes, 1994) suggesting that the. 

predictive. im,portance of perceptual speed actually reflects a _higher-order common cause 

factor (e.g., Central Nervous Sys.tern integrity). Future research is i:equlred to truly 

determine what underlies the importance of perc.eptual speed's conttib_ution to age-related 

variance, 

A_ge-related error score (accuracy) variance prediction. The present investigation 

was als,o directed .toward determining the most impqrtan"t predictors· of age-related 

variance as.sociated with performance errors. Again, the focus concerned whethertbe 

patterns of variance accounted for by the predictors -supported a general qr specific 

influence ac;count of age differences. Conceptualizing response errors as a possible 

consequence .of resonr.ce limitations, three hierarchical resource predjction models wer~ 

assessed: a perceptual speed model, a s·emantic speed model~ and a working memory 

model. Based on the proce.ssing speed thenry of cognitive aging, it w~ bypothesi'zed that 

perceptual speed would account for a large propon:ion of age-related variance. However, 

given both the statistical importance of working memory to the Search-for-Answer task 

(Hultsch et aJ. , 1998) as. wen as theoretical grounds for postulating the existence of this 

relationship (e.g., more errors associated with p.oorer working memory performance), it 

was further hypothesized that working memory would also represent a significant 

predktor. 

In.terestingly, the results indicated that both perceptual speed .and working memory 
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represented important predictors of age-related variance associated with performance 

errors. After assessing the perceptual speed model, it a:ppe.ared as .if th.is speed composite 

represented the best predictor of age-re'.lated error variance. In comparison to semcJOfic 

speed at least. there can be no debate regarding the. more important predictive influence; 

perceptual speed exerted a far greater influence .on a_ge-relaterl Search-for-Altswer error 

variance. However, up.on comparjng the perceptual spe·ed and working memory models, 

determining the more important predictor represented a more difficult challenge, Several 

factors cloud interpr:etation. For instance, the fact that only 3,8% of the total performance 

error variance was related to age proved troublesome. With such a small amount of 

varian_ce to be accounted for, sever;:t.l variables may account for the majority of variance 

alone as, was the case here. More6ver, this-finding was -all lhe· more interestiri'~ given that 

only 61 of 598 participants· (10.2%) completed all 15 Searcb_~for-Answer passages 

ntistake free. Obviously, the majority of p"-Iticipants made errors in performance but 

these errors did-not .share a strong associ-atjon with chronological age. A second factor 

clouding interpretation was the actual patterns of variance aceounted for jn th_e perceptual 

speed and working memory model s. Although perceptual speed attenuated 100% of the 

.age-related variance compared with 97.4% for working memory, the increment for 

remainlng age-refated variaQce was significant"in neither instance. Effectiv.ely then, in 

both the perceptual spee.d and working m.emory models, no si_gnificant age-related 

variance remained to be ac.counted for. An argument can be made in favour of perceptual 

speed based on the slight difference in effect size~ but statistically speaking there w.as 

little difference between the two .models·. Thus, bo_th perceptual speed and working 
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memory c.an be considered important predictors of age-related error score variance. 

Although interesting, the implications Qf this finding are not.clear. As· mentioned; 

both perceptual speed and working memory alone attenuate al I age-related variance. 

Howev~r. as ·no age-related variance r.~m.;iined to be acc·ounted for, neither predictor made 

a significant contrjbution after partialing the effects. of the other, One possibility is that 

the importance ·of both perceptual speed and working memory might simply represent a 

substantial proportion of shared variance between these resource measures. In support of 

this claim, Salthouse (1996b) suggests the speeded component of working mem9ry 

actually reflects psychomotor speed and has presented findings indicating that age 

differences on working memory are attenuated after partialing the i,nfluence of pereeptual 

speed (Salthouse, 1992b ). As mentioned at the beginning of this thesis, it is not cltar that 

working memory and.perceptual speed should be considered separate general resource 

accounts. Thus, even thoU:gb we found two measures th_i:lt -significantly attenuate age­

related variance, these measures may both be related to age-related varianc·e by virtue of 

the same mechanism of ps_ychomotor .slowing. 

To summarize the findings, we can make no claims regard.i'ng seecific prediction 

accounts of age-related variance -asso.ciated with performance errors. Rather, a:s was the 

ca_se for the prediction of age-rel~ted latency variance, it seems that a general resource 

accotmt is ·aJso bes.t suited to predicting age-related perfonnance error v-arianee. The 

importance of per:ceptual speed for predicting both age-re.lated latency and accuracy 

variance supports Saf tbo:u-se'·s (1996b) contention that perc~ptual speed accounts for .tb.e 

majority of age-related differences for a variety of cognitive tasks. 
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Predicting Performance Error- Vadance as a Function of Passage Characteristics 

Very little age-related variability in response accuracy was found. However; th~ 

·examination of Search-for-Answer response e.rrors may benefit from addition·a:t analyses. 

To coincide with the investigation of mean age differences in performance errors as a 

function of passage chara~teristics, several bierarcbkal models were. specified in order to 

determine whetheI the prediction of performance errors varied as a funttion of passage 

characteristics. As was evident .from the mean age difference analyses, age differences as 

a function of passage characteristics assess·ed tended to be similar. Thus, rather than 

examine prediction analyses for all passage characteristics, only the Flesch-Kinkaid 

re~ding grade level index was examined .. Age differences for the Flesch-Kinkaid index 

were M}ong the most differentiated. Resource prediction models were specified fot each 

Flesch-Kinkaid reading grade level. It was hypothesfaed that lower and nigher passage 

reading grade levels would be differentially associated with individual differences in 

cognitive measures. 

Predfetion of passage reading grade level. Results for the: models predicting both 

high and low passage reading grade level indicated t.hat working memory was the best 

predictor. This finding is consistent with the. previous finding indicating the importance 

of working memory for predictinglotal variance as..sociated With response errors. Further, 

the findings support tl;ie shift in impo_rtance of predictors for more t~ng passages 

hypothesis. Of note, for the high Flesch-Kinkaid reading grade level , the influence of 

perceptual speed increased substantially (3.8% of yariance in low re.adabiJity pass.ages: to 

9.7% of variance in big~ read.ability pass.age.s). However despite the incr<.<;ase in 
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importance of perceptual spe~d, working memory remaine.d the most important predictor 

of performance errors-for both reading grade levels. Working memory also increased 

sLightly in predicti_ve importance for passages requiring higher reading grade levels. 

Results indicating the .differential importance of predictors as a function of 

pas's:age reading grade le.veJ have severaJ interesting iruplications. Of particular interest, 

working memory ·surf aced as the most important predictor of variance a_ssociated with 

Search-for-Answer performan.ce errors. Recall that the. initial mean age difference 

investigation of performance ·errors in-dic.ated that increased errors were closely tied to 

Flesch-Kinkaid reading grade level In and of itself,. this finding is quit~ interesting. 

EffectiveJy, a 2 level passage charaeteristic markedly differentiates age differences in 

resp.Qnse errors. Howev·er, building on this finding, the present prediction analysis 

implies that performance errors increase for passages requidng a.higher reading grade 

level ·partly as a function Qf individual differences in working memory. The tmportan:ce 

of working memory in the performcJ]lce error prediction equations suggests that 

restrictions in working memory resources are partly responsible-for increased errnrs, 

Parallels can be drawn between the present findings and previous res·earch by 

Norman et al. (1991 ). The argument proposed by Norman et al. suggests that complex 

syntactic constructions place demands on ef dedy adults working memory that exceed 

available capacity. For the purposes- of the present investigation.,. this hypothesis can be 

adapted to suggest that pass'ages requiring a higher reading grade level might exceed the 

cap·acity of participant's working memory resources. Our findings support this 

hypothesis: in several ways .. Most notably, working memory represents-the most 
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imp01:tant predictor of performance errors thereby underscoring its influence on .response 

perfonnance. The inference. is that working memory is not only an important .aspect of 

correct Search-for-Answer respons.es (as indicated by the. importance of working memory 

.in total res:ponse latency prediotion equations} but. also plays an important role _for 

response errors (as indicated by its importance. for predicting. v:arianee assodated with 

performance errors), Arguably, the prediction results provide indirect evidence that 

poorer working memory function is related to more errors on the Search~for-Answer task. 

As further support of a .fundamental relation between working memory and performanc:e 

.errors, we would expect working memory to be highly related to performance errors, 

particularly for older adults. ·Tables 5, 6, 7. and 8 indicated that working memory was the 

only cognitive indicator to be significantly related to error performance for all age groups. 

Further, the magnitude of this relationship was most noticeably accentuated for the Old­

Old age group. 

Although the importance of working memory for predicting errors as a function of 

passage characteristics appears promising, one c~veat should be mentioned. Specifically. 

although some ey,idence exists fo favour ·of the increase in importance of both working 

memory and percep.tual speed for mor.e cognitively demanding passage characteristics, 

these increases may simply be a functjon of increased ,age vari(l.Ilce associated with these 

characteristics. Indeed, simple regression analyses indicated that mo.re a:ge-related 

variance w.as assodated with passages requir.ing higher re.adin_g ability. Thus, it is 

conceivable that the increase. in importance-of perceptual speed for higher Flesoh~Ki·nkaid 

reading grade levels may simply be a facet. of an increase in overall age variance. 
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Although this was nor tested, indirect support for such a relation was derived from the 

importance of perceptual speed as a predictor Qf age-related varianc~e for performance 

errors. fo effect, increasing the demands: of the task .also increased the amount of 

performance variabiLity related to age .. As age-:related variability was largely accounted 

for by perceptu.aJ .speed, it stands. to reason that more demanding passage charact~ristics 

would be better predicted by perceptual speed due to increased age-related variance. In 

fact. the results· support this notion. Although working memory represented the most 

fmpmtant predietor for both low and high reading grade level. perceptual SJ?eed also 

exerted considei;able influence. Further,. given the faqk of clarity regarding differences 

between working memory and perceptual speed as resource predictors, increases in the 

importance of predictors for more demanding passage characteristics may logically be a 

function ofincreases in age-related variance. The importance of both these resources for 

explaining age-related variance has already been demonstrated. In sum, the potential 

relation between increases in importance of predictors an4 increases in age-related 

variance for higher reading grade levels indirectly supports a _general res.ource account of 

cognitive aging (Salthouse, 1991a). 

As· a final comment, the contributions of more specific measures such as episodk 

memory has been largely overlooked. The. fact that very little total ac<>uracy variance was 

accounted for even with the inclusion of multiple cogn~tiye measures repre.senting general 

resourc.es w.as an important finding. At best, the models tested accounte.d for 20% of 

performance error variance. Further, the relation between performance errors and age 

was marginal. Obviously, a large proportion of variance associated with performance 
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errors remainep to be ac.counted for. Thus, the significance of epis:odk memory over- and 

above all the general resource measures s_uggests. that other more spec.ific indicators of 

accuracy performance deserve -attenti_on in future research. Factors to further consider 

include task specific abilities such as familiaritx with computers, practice trials, as well as. 

other task specific abilities. 

Predicting All Passages Correct Versus One or More Errors Response Latency 

Performance 

The third and final rese.arch objeetive -addressed by this investigation focused on 

determini-ng whether predictors of Search-for-Answer p~rformance-wo_uld vary in 

importance as a function of perfect performanc.e, for all passages ve;s_us 1 or more errors­

ac_ros.s all passages. Understanding similaritie•s and differences for predictors qf perfect 

and error passage performa:nc.e is-an important issue to examine. To this point, analyses 

considering performance latency have analyzed varhmce associated with both c·o.rrect 

responses, and errors. Analyzing this composite measure of variance, howeyer, may result 

in a biased predio,tion estimate artificially inflating the importance of certain response 

latency predictors. The importance of this an;tlysis concerns whether Searcb-fOT-Answer 

performance errors unduly influence response. latency as a function of predi~tors that 

dlffer from those that account for perfec~ performance on all pas.sages. Specifical1~, it 

was suggested that the importance. of working memory as a p:i;edictor of response. latency 

may represent a biased estimate of influence. Although working memory most certainly 

reflects an important predictor of total latency v.ariance, its importance may be a fun_ction 

of errors made on the task and not trial performance itself. Thus, it was hypothesized that 
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cognitive .measures would differentially predict perfect and error passage performance. In 

particular, it was sugge_sted that w0rkin·g memory would share.a strongei: association with 

participants performance characterized by 1 or more e·rrors whereas perceptual speed 

would share a stronger relation with performance for pan:icipants who responded 

perfectly no all 15 passages. 

As hypotbesize_d, the predictive importance of cognitive measures varied as a 

fonc.tion of perfect versus error group perlormance. For perfeot performance on all 

passages;, comparison of the perceptual speed and working me_r.nory hierarchical models 

inaicated t,bat ~perceptual speed was the me.st influential predictor of re.sponse latency. 

Conversely, for the prediction of perfonnanGe including errors on at least 1 passage. 

working memory r~presen:ted the most influential predictor of respo_nse latency. Prior to 

discussing the implications of these difforential patterns of prediction, an additional 

measure req\lires consideration. Given that semantic sp.eed represented the best predictor 

oI the composite measure of total fatency vari~~-, hs influet)ce. must be considered in the 

pre·senc model. Of note, alth01lgh perceptual speed accounted for a respectable 35% of 

variance associ_ated with perfect performance on all passages, semantic speed accoanted 

for .an eY-en mor.e impresstve 56% of perfect passage variance. Futther, a)though 

acco.unting for a lesser 35% of the variance, the semantic speed composite also 

represented the best predictor of performance for ·participants who made 1 or more errors. 

However:, fn partial support of the differential prediction hypothesis, the predictive 

importance of wmking memory more than doubled for error passage performapce 

compared with perfect passage: performance. 
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Several implications surface based on these results that directly concern the 

interpretation of pre.dictor_s of total latency perfo.onarrce. First c.onsidering only the 

influence of perceptual speed and working memory~ these .r~s_ults suggesr obvious 

differences in patterns of variaJ;lce prediotion as a function of performance accuracy. 

These differe_nc_es imply that pro.cesses related to individual diffetence.s in _perceptual 

speed are more important for predicting petfe.ot performance on all passages whereas 

processes related to individual differences in working memory are more important for 

predicting participants' performance that included I or more errors across passages. One 

possible interpretation df these results is th_at a failure: to find the correct response for. a 

particular passage seems more li'kely a function of.failures in working memory as 

opposed t0 re:Strictions io processing speed, Our findings indirectly support such a claim 

as the predictive importance ·of wor:.king memory doubled for participants who made 1 or 

more errors .. Interestingly, the.se findings are not consistent with resource restrictions 

proposed in Salthouse's limited time .or sirnu.I.taneity mechanism. ( l-996b). Acc_or_ding to 

the simultaneity mechanism, it might be expected that age differenc.es in performance ar:e 

a consequence of previously eneounter:.ed information ·n·ot being available for integration 

into later processing, For example, failure to pro~e.ss. the targe.t question _prior to reading 

the first sentence in a passage would result in a failure to find the target rnsponse. In this 

example, _p•e-rfortnance differences a:_re a consequence of limited time to process the 

requisite information. However, an equally plausible account suggests. that the target 

question r:ead at the beginning of each S.earch-for-Answer passage may be forgotJ:1/.n• In 

thjs instance, increases in performance errors are not tbe result of limited proc,essing time 
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but rather a breakdown 'in memorial processes-. Albeit indirectly, the results 1ndic~te that 

the underlying mechanism may be more a function of restrictions in working memory as 

opposed to perceptual speed. Further, although the above analysis did not focus on age­

related variance alone, previous results from this investigation indicated that working 

memory-was of primary impon:ance for the prediction ofage~related varianc,e in 

performance errors. 

These findings support the hypothesis that the inclusion of .error trials in latency 

variance being_ predicted impacts the. relative impqrtance of predictors. Thus, the 

importance of predictors may be partially ·a function of the varianc;~ being, analyzed. It is 

imperative to consider .this fact when interpretjng tl1e influence. of predictors. Again, 

consider that errors on the . .Se:arch-for-Answer task are penalized in the form ofrequ:idng 

eacb participant to reread the entire passage. ihus,. it could be argued that the importance 

of working memory ·or processing-speed for total latency prediction might partially 

depend on the ratio of participants who performed pe.rfe.c.tly on ail passages compared 

with ·those who made 1 or more .err.ors. In the present case, only l 0% of participants 

completing the .Search~for-Answer task did so without making any errors across all 15 

passages (the perfect passage performance group, n = 61 ). Thus1 given the large number 

of participants who committed errors in this sample (90% reread at least 1 of the 15 

passages), we might expect working memory to reflect a very important' predictor of 

latency variance. 

Ultimately, further understanding the prediction of 1atency performance must 

con·sider several issues. Without ques.tion, consideration must be given .to whether 
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individuai differences· in working memory truly pt:edict Search-fot-AnsweI response 

latency or whether they simply repre.sent an important predictor of response errors which 

in tum impact Search-for-Answer response latencies. Recall that aithough response 

errors did n_ot attenuate all age-related variance associated with Seareh-for-Answe.r 

latencies, a consider.ab.le 53% of the age-reiated yariance was attenuated. Furtliler, a 

closer examination of the s.imilarities and djfference.s between working memory and 

perceptual speed is required. The· importance of ·working memory in the. present case may 

simp)y reflect inclividual differences in the psychomotor speed component of the 

resource, as suggested by Salthouse ( 19-96b). Finalfy, future research might consider 

more markedly varying dernand_s placed on resources req~ired for Search-for-Answer task 

performanee. Experimentally manipulating resource requirements may provide a clearer 

picture of the m_ost important predictors of petformanc·e. 

The second. implication of the. differential importance of perceptual speed and 

work.i.ng memory concerned .the _additional role semantic speed served jn the prediction of 

perfect and error passage performance. Based on the comprehension model findjngs 

(Hultsch et al, 1998), it is necessary to consider the_jnfluence of semantic speed in 

addition· to perc.eptual speed and wecking mem0ry. As was implied for working memory 

in the previous analys'is, the importance. of semantic speed in the comprehension model 

.(Hultsch et al.. l 998) may be overestimated -as a function of Search-for-Answer task 

variance analyzed. However, unlike the comprehensron model, the-present investigation 

included a mea.sure of perceptual speed. Essentially, the inclusion of b,oth ·pe.rceptu-al 

speed and seman.tic speed in the same prediction model addresses both the absolute 
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importanc-e ot' -semantjc speed for predicting comprehension speed as well as indicates the 

relative importance of general versus task specific influences. Cons1stent with the finding 

that -semantic speed represents the best predictor of t_ptal resp'onse latency,, the adilition of 

semantic speed t◊ the perfect/errqr passage analyses inilicated that it is the most important 

predictor for both performance groups. Thus, the domfaance of semantic speed as :a 

predictor ,of both per.feel and error performance on Search-for-Answer passages is 

consistent. with its importance, as a re.source in ·the comprehension model. Even with the 

irlclusion of perceptual &peed, the findings imply that semantic :speed would remain a 

relatively strong influence on comprehension speed in a ·path model. However, the 

relative itnportance: of semantic speed and working memory ilid shift for predicting 

perfonnanpe of passage errors. Al.though still the. strongest predictor. the importance of 

semanric speed decreased slightly whereas the importance of working memory 

dramatically increased. Future research nee.ds to r~consider the mediational capacity of 

comprehension speed. Of particular interest will be both the direct .and indirect path 

relations among working memory, semantic speed. perceptual speed, ·and age. As 

semantic speed was the most important pr~dictor of all class.es of l~,t.ency variance, the. 

present re·sults- indicate that its importance in the comprehension model is not without 

justification. However, as the relative importance of predictors changed for perfect 

compared with error passage performance,, a more dire.ct structural b:ivestigation including 

perceptual speed might shed fu'rther light on this is•sue, 

In sum, pre.diction patterns for perfect versus ~rror passage performance analyse_s 

support the mediation of semaQtic :speed and working memory by comprehen.slon -speed 
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in the Hul_tsch et al. ( 1998) structural model. However, the results also indicated that 

working .memory was an important predictor of comprehension sp.eed due in part to the 

variance analyzed. Interestingly, perceptual sp~ed exerted a strong predictive m{lu:ence 

for peefect passage performance even though semantic speed still accounted for the. most 

variance as·sociated with perfect_ performance. 

Based on the differential patterns of prediction in the above findings, it seems 

prudent to evaluate whether predictors of perfect petlormance on all passages are-reail y 

tb~t different from predictors of other speeded measures. A fin.al _i_nvestigation examined 

simi'Iariti►s and differences between predictors of two separate speed measures. Previous 

structural equation models have indicated that comprehension speed and reading 

·comprehension speed load well on a single latent factor (Hultsch et al._, 1990; Bultscb et­

a!., 1992), In an attempt to bew~r understand whether perfect performance on Searcb-for­

Answer pa_ssages was similar to other speeded me·asures. hierarchical prediction equations 

were specified for both perfect passag_e latency performance and reading comprehension 

latency. Response latency asso~iated with reading com:pre&ension is simply a function of 

tbe time it takes to read through a p;is-sage with the intent of preserving inform~tion (Le, 

speed of reading fqr comprehension). Given tbe diff~rential importance of predictors for 

perfect and error perfo.1;mance groups., it was hypothesized that predictors forperlect 

pa·ssage perfonnance would pe similar to predictors of reading compr:ehension spe.ed. 

Thus, the mai'n pu'1:>ose of this analysis was to determine, whether predictors of p·erfect 

Search-for-Answer performance are more similru: to predictors of other sp-eed measures 

compared with predictors of passage errors or total latency variance. As. the gen~ral 
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r_esearch goal was to simply compare genei:al patterns of variance accounted for and not 

the relative influence of predictors, only a perceptual speed model was specified. 

The res.ults did not support the hypothesis. Whereas 60% o.fresponse latency 

variance was accounted for in perfect passage performance by perceptual ·speed. semantic 

speed, working_ memory, and episodic memory. only 15% of reading speed variance was 

accounte.d for by the same predictors for the-very same. participants. Thus. altho.ugh 

predictors were found to differ in importanc.e for perfect and error passage performance, 

the current results do not support the contention that prediotors of perfect passage 

performance will more closely approximate predictors of other speed measures. 

Implications of this finding rebut criticisms of the comprehension model as simply an 

in•stantiation of basic· resources. These find_i_ng-s underscore that indeed the Search-for­

.Answer task has & complex: cognitive structure and not simply by virtue of the inclus.ion 

of v.ariance assodated with performance errors. Although predictors do differ for perfect 

and error passage performance groups, the present resuhs indicate that tb:e prediction ·of 

even perj'ect passage performance differs from the prediction of other conventional 

measures of speed. Thus, all results inclusive associated with the third research objecti'ie 

suggest that the importance of working memory anp. semantic speed as predictor-s of 

comprehensjon speed does not simply reflect a -spurious relatiqu drive.n by the inGlusion 

of p~ss.age error variance. The Search-for~Answer task does indeed have a complex 

structure that is influenced by both general resources such as perceptual speed and 

working memory as well as more task $pecific influences. such as semantic, speed. 

However, ir should be-emphasized that these results are both preliminary and tentative. It 
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is imperative that future reseg.rch specifi~ally identify in what way errors are influencing 

latency performance outcomes. Although previous res,e'1,.rch demonstrated similarities 

between reading speed and comprehension speed (Hultsch et al ., 1990; Hultsch et al., 

1992), comparison of pe(fect passage petfonnance to either speeded measures might yield 

very different results. 

Summary 

In summary, the results of this, investigation suggest that mean :age differences in 

Search-for-Answer compr~hension speed performanc,e are accentuated as a funotipn of 

varying ,passage characteristics. Generally speaking, more demanding passages result fo 

poorer Sear:ch-for-Answer performance. However, p~sage difficulty appear.s to be 

inextricably .linked with both age and available resources. In support ofthis hypothesis, 

results from hierarchical prediction models indicated that individual differences in 

cogrutive processing variables. were associated with both total and age-related Search-fo.r­

Answer t~l( variance. However,. of even greater interest was the differential importance 

of predictors. depending on the type of variance analyzed. A£ addressed at the outset of 

this thesis1 this investigation. was concerned wjth borh task specific arid general influences 

of :speed on Search-for-Answer performance. Th.e re_sult-s· for total latency and error 

variance p.redjction suggest that semantic speed rep.resents a more impoctant p,redict0r of 

S:earch-for-Answer performance than perceptual speed. Such a pattern of variance 

accounted for underscores the importance of task specific influences of comprehension 

speed performance:. Conversely, the prediction of age-related latency and accuracy 

variance indicate·s that perceptual speed is the most important. predictor. Thus, although 
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task specific influences of Search-for-Answer performance exist in the form of semantic 

speed, general influences in the form of perceptual speed also serve an important role. 

Interestingly, these findings support both the Hultscb et aL (1998) comprehension model 

findings as well as Salthouse's (1996b) processing speed theory: Despite the inclusion of 

perceptual speed in these analyses, semantic speed represents the most important 

indicator of total latency consistent with the comr,rebens.iQn model findings. However, 

the fact that perceptual speed is the most important pred'ictpr of .age-related variance is 

consistent with age differences in pe;rformance. based.on individual di.tJerences in 

process.ing speed 

The Search-for-Answer task is most assuredly a c:;omplex cognitive measure. 

Although the jmportanee of predict.ors and influence of passage cbara.cteristics wru-e 

exaITUI)ed, these findings only indirectly speak to the complexities of Search-for-Answer 

task performance. Future research nee.ds to consider a componential analysis in which the 

tMk is decomposed into its constituent components (see Laux & Lane, 1985). S\Jch an 

approach will provide a more precise indication of the relatfve influence of performance 

pre.dictors. In addition, future inve-stigations of Se.arch-for-Answer performance might 

also consider lqoking rnore closely at the relation between performance errors and failures 

of working memory. This c:ould be accomplished by asking p~i~ipants to recall the 

initial question after reading and responding to the final sentence of'the pass.age. As 

presently configured, participants- either indicate that they have found the correct r(!sponse 

or they indicate that they would like to see the next sen.tenc.e. If they request the next 

sentence after reading the· target sentence, they must read through the passage again. It 
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would be inrerestjng to ask all subjects after rea..ding the _last sentence (i.e., the target 

sentence of each passage) to recite back wharthe initial question was. Evidence in 

support of failures .in. worlcing memory might indicate that participants who do not 

respond correctly are also less likely to remember· the initial question for which they \vere 

in• ·search of a response. Assessing the importance of .attention a,s a predictor of Search­

for-Answer performance must also be properly c.onsidere.d in future research. The 

inclusion of seve.ral mu.Hiple indieators of attention may indi'cate. the importance of 

attentional p.rocesses (as opposed to working memory pro.cesses) and the role they play in 

response accuracy. Conceivably, errors on the Search-for~An.swer task may in fact be 

related to attentional deficits. Additional studies such as these are required to tr.uly 

understand the complexities of the Se.arch-for-Answer task. 

The present analysi_s was important for n'Ot only investigating age-related decline 

.and. examining component processes of comrreb~nsion speed, but to further promote 

1nvestigatio.ns of age-related decline in general. Arguably, tbe:Hultsch .et al. (1998) 

comprehension model findings indicate that 'the story of cognitive aging is: mos.t likely 

more complex than the explanations several robust expl:anatory measures can provide. 

Indeed, the Search-for-Answer task may prove an invafoable key for the (ield of cogni tive· 

aging in thls regard. 
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