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In this experiment we compared young and older adults’ abilities to produce complex sentences under controlled
conditions. We asked participants to memorize sentence stems differing in syntactical complexity and then to
produce a complete sentence using the stem. The length, complexity, and content of voung adults’ responses varied
with the syntactical complexity of the stems, whereas older adults’ responses did not. These resulls suggest that
working memory processing limitations impose a “ceiling” on older adults’ production of complex sentences,

limiting their length, complexity, and content.

OST swudies of aging and language production have

compared oral or written language samples elicited from
young and older adults (Kemper, Thompson, & Marquis, 2001).
In contrast. controlled tasks have been widely used to assess
psvcholinguistic constraints on production (Bock, 1996). These
tasks can be used to examine how aging affects production. For
example, Kemper, Herman, and Lian (2003} found that older
adults took longer, made more errors, and produced less
complex sentences than young adults, and older adults’
production difficulties increased with the number of words they
were given to incorporate in their sentences. One limitaton of
the previous study is that participants rarely produced the sorts
of complex, multiclause constructions that have been the focus
of naturalistic studies of speech, We designed the present task o
probe participants’ abilities to produce sentences involving
complex constructions under controlled conditions.

In our task we modified the sentence generation task used by
Kemper and colleagues (2003) and combined it with a task used
by Ferreira (1991} to induce participants to generate complex
sentences. Ferreira required participants o memorize a sentence
and then repeat it when cued. The latency to respond was
a function of the syvatactic complexity of the sentence. We
revised this procedure by requiring participants to memorize
sentence fragments or stems, nol complete sentences; we also
revised it to directly examine sentence planning processes by
requiring the participants to complete the stems, The stems
varied; some were main clauses ending in thar, whar, or who and
participants were required (o complete the embedded clause;
others began with thar, whar, or whom clauses and participants
were tequired to supply a main clause. On some trials, additional
words were presented after the stem and participants were
instructed to use these words in their responses. We analyzed
memorization times, response latencies, and response ermors; in
addition, we scored sentence completions for length, proposi-
tional content, and grammatical complexicy.

METHODS
Participanis
Thirty-four voung adults, 18 to 28 vears of age, and 39 older

aduits, 70 to 80 vears of age, participated in the task. The young
adults were recruited by solicitations on campus, The older
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adults were recruited from a registry of previous research
participants. All participants were paid a modest honorarium.
Participants were required to produce at least four valid
responses out of six trials in each experimental condition. We
excluded data from 9 voung adults and 9 older adults for
excessive errors. The final group of participants consisted of 24
voung adults (M = 19.7, 50 = 1.58) and 24 older adults (M =
726, S0 = 2.31). We screened all participants for hearing
acuity, and we excluded those with clinically significant
hearing loss from participation. A hearing loss was defined as
(a) a hearing loss of greater than 40 dB at 500, 1000, 2000, or
4000 Hz according to pure tone audiometrics or (b} self-report
of six or more problems on the Hearing Handicap Inventory
(Ventry & Weinstein, 1982). There was | young adult and there
were 6 older adults whom we excluded for hearing loss. We
screened all older adults for possible dementia with the Short
Pomahle Mental Statns Questionnaire (Pfeiffer, 1973). We
administered the Digits Forward, Digits Backward, and Digit
Symbol tests (Wechsler, 1958), the Daneman and Carpenter
(1980} reading span test, the Shipley (1940) vocabulary test,
and two versions of a Stroop test o all pamicipants. The Sooop
tests required participants to name the color of blocks of Xs
printed in colored inks or to name the color of color words
printed in contrasting colored inks, such as RED printed in blue
ink; we computed an interference score. Table | summarizes
these comparisons of young and older adults. An alpha level of
o= .05 was set for these and all subsequent ¢ and F tests.

Muaterials

The stimuli consisted of two versions of each of 36 stems,
left- or nght-branching complements. All content words in the
stems were common nouns and verbs (10 or more occurrences
per million; Francizs & Kucera, 1982). All stems were three
waords in length. The stems began as main clauses consisting of
a subject, specified by a proper name, and verb. Each stem was
revised to create a pair consisting of a right-branching,
sentence-final complement stem and a left-branching, sen-
tence-initial complement stem. Right-branching stems began
with a main clause and ended with that, what, or who, Lefi-
branching stems began with that, what, or whom. Participants
were required to complete the embedded clause in response to
right-branching stems and to supply a main clause in response
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Table 1. Characteristics of the Participants

Churacterstic

Older Aduls

Young Adolts F(1, 28) ]
Fducation 15.2 (2.54) 18.1 (2.8) =<1.0 =50
Vocabulary 33.0(3.3) 36.9 (1.8) 16.67 <.001
[igits foraard 9.5 2.2) 3.8 (2.1} =1.0 =30
Digits backward 9.1 (2.4) 5.8 (1.6) 9.67 =001
Reading span 3.7 (0.6) 3.1 (05) .43 =001
Digit symbol 333 (4.4) 245 (3.8} 35009 =001
Stroop X blocks per 45 5 BET (L3 T84 (16.8) b.43 =20
Srroop words per 45 s 88,6 (10.6) 426 (12.1) 31337 <001
[nterfarence (s — words2s) = 100 153 (8.7 43.5 (6.4} 5248 <00
Ware! Means are given in the table; stondurd deviations ars shown parentheticaily,
to left-branching stems. We assumed left-branching stems Coding

impose greater processing demands than right-branching stemns
hecause they require the speaker to anticipate the main clause
while producing the embedded clause (Ferreira, 1991). Speak-
ers can complete right-branching stems by first producing the
stern and then planning and producing the continuation,

In addition, a set of 27 nouns referming to human characters,
such as dentist, butcher, and waiter, and 27 nouns referring to
locations, such as kitchen, office, and store, were also selected;
(2, 1 (a character or a location), or 2 (a character and a location)
were presented after the stem, and the participants were
instructed to use these words in their responses. All were
common nouns (10 or more occurrences per million words).

Procedure

We used EFRIME (Schneider, Eschman, & Zuccolotto,
2002 to present the stmuli and collect responses. We
counterbalanced the stems for presentarion such thar each
participant was tested on 18 sentence-initial and 18 sentence-
final stems, but on only one item from each pair of stems. Stems
were presented with zero, one, or two additional words to be
incorporated in the semtence. The additional words were
randomly selected for presentation. Each trial consisted of
a fixation point presented for 2 s followed by the presentation of
a stern, The participant was instructed to memorize the stem,
and told that he or she would be required to produce a sentence
beginning with the stem. When the participant had memorized
the stem, the participant pressed a response key. The time 1o
memorize the stem was automatically recorded. When the
participant pressed the response key, zero, one, or two
additional words would appear along with a cue tw respond.
If no additional words were presented. the response cue was
presented alone. The participants were nstructed to “produce
a sentence, as guickly as possible, using the stem and any
additional words presented on the computer screen.” They were
further reminded thar their sentence should begin with the stem,
and they were instructed to “use all of the words presented”
and encouraged to “add other words to make a complete,
gramrmatical sentence.” The words remained on the screen until
the participant spoke into a microphone. As soon as a response
box connected to the microphone detected a vocal response, the
words were removed from the computer screen. Response
latencies were recorded from the onset of the response cue to
the onset of the participant’s respense, The participant’s
tesponse was aundiorecorded and later transcribed.

We initially classified each response as a response ermor or
a valid response. We subcategorized response errors as (a)
nonfluent responses with lexical or nonlexical fillers, or false
starts; (b) responses that wers anomalous or meaningless; (c)
sentence fragments; and (d) memory errors including incorrect
or partial recall of the stem or stimulus words. Multiple errors
could occur on a single trial.

We coded valid responses for propositional density (PDen-
sity, computed as the number of propositions expressed in the
sentence divided by the number of additional words used in the
sentence dmes 100, grammatical complexity in terms of
developmental level (Dlevel) and developmental sentence
scoring (DS5), and length in words (the number of additional
words used in the sentence), using procedures described by
Kemper and colleagues (2003). PDensity is a measure of the
amount of information contained in a response, relative to the
number of words in the response; DLevel and D35S are
measures of grammatical complexity. DLevel assesses the
averall complexity of the response whereas D335 assesses the
complexity of pronouns, main and embedded verbs, and other
sentence constiuents, Coded examples are given in Table 2.
We assessed intercoder reliability for each level of coding.
Relability averaged better than 90% for all levels of coding,

RESULTS

We analyzed valid responses, memorization times, response
latencies, and ermors by a 2 (age group) % 3 (additional words) =
2 (locus of embedding) mixed analysis of wvariance. We
‘ransformed memorization times and response latencies o log
reaction times (RTs) 1o correct for highly skewed distributions.
Table 3 sumnmarizes the results.

Valid Responses

Sentence length.—The overall main effect of age group was
significant for sentence length, F{1, 28)= 12834, p < 01, 'rf':
27; sentence length differed as a functdon of the number of
additional words, F(2, 27)=7.43, p < .01, ° = .36, and locus
of embedding, F(1, 28) = 13.40, p = .01, n* = .32. In addition,
the Age group X Locus of embedding interacton was
significant, F(1, 28) = 5.57, p = .05, n° = .17. Young adults
produced longer responses with right-branching stems (M =
0.8, 5D = 3) than left-branching stems (M = 7.5, 5D = .6),
whereas older adults’ responses did not vary in length with
locus of embedding (M = 6.6, 5D = 4).
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PDensity.—The overall main effect of age group was
significant for PDensity, F{l, 28) = 137537, p < 01, " =
65, PDensity differed as a function of the number of additional
words, F(2, 27) =8.55. p < 01, n* = .39, and the Additional
words X Age group interaction was significant, F(2, 27)=5.51,
p=.01, 0" = .21. Young adults produced more propositions as
the number of additional words increased, increasing from
PDensity = 4.2 (5D = .2) with zero additional words to
PDensity = 6.4 (5D = .3) with two additional words: older
adults limited their sentences to an average of PDensity = 4.4
(5D = 3) regardless of the number of additional words. Further,
PDensity varied with locus of embedding, Fil, 28) =641, p=
02, n* = .19, and the Locus of embedding X Age group
interaction was significant, Fi(1, 28) = 4.91, p = .02, Nt =27
Young adults produced more propositions for right-branching
stems (PDensity = 6.5, 3D = .2) than for left-branching stems
(PDensity = 4.3, §0 = .2), whereas older adults averaged
PDensity =4.4 (8D = .3) regardless of the locus of embedding.

DLevel. —The overall main effect of age group was not
significant for DLevel, F(1, 28) < 1.0. DLevel did not differ
gverall as a function of the number of additional words, F(1,
28) = 1.0: however, the Age group ¥ Additional words inter-
action was significant, F(2, 27)=4.79, p < .02, n* = .26. For
young adults, DLevel scores increased from an average of 4.7
(8D = 2) for zero additional words to an average of 5.2 (D=
.2) for two additonal words, DLevel scores for older adults did
not vary with the number of additonal words (M =3.7, 8D =3).
DLevel scores also varied with locus of embedding, Fi(l1,27) =
758.336, p < .01, n* =.96. As expected, DLevel scores for left-
branching stems were systematically higher (M = 3.0, $D = .1}
than those for right-branching stems (M = 2.1, §D = .28),
reflecting the scoring system.

DES. —The overall main effect of age group was significant
for DSS, F(1, 28) = 21.54, p < .01, n° = .44. DSS varied as
a function of the number of additional words, Fi(2, 27) = 9.64,
p = .01, 1'13 = 42, and the Additional words X Age group
interaction was significant, F(2, 27)=10.70, p < .01, n° = 44,
DSS scores for young adults increased monotonically with the
number of additional words from 7.3 (5D = .6) points per
sentence with zero additional words to 13.5 (§D = .8) points per
sentence with rwo additional words. DSS scores for older adults
did not vary with the number of additional words, averaging 7.2
(5D = .6) points per sentence. In addition, DSS scores varied
with the locus of embedding, F(1, 28} =10.27,p < .01, n° =
27, and the Locus of embedding % Age group interaction was
significant, F(1, 28) = 19.89, p < .01, n*=.59. DSS scores for
voung adults were higher for right-branching stems (M = 11.4,
5D = 5) than for left-branching stems (M = 9.3, 5D = .5),
whereas DS5 scores for older adults did not vary with the locus
of embedding (M =7.2, 3D = 8).

Memgrization time.—The latency to memorize the stem
did not vary with age group, locus of embedding, or the number
of addidonal words. Participants required an average of 3.2 s
(5D = .2} to memorize the stems.

Response latency.—The latency to produce a fluent sentence
using the stem and all additional words did vary with age

KEMPER ET AL,

Table 2. Responses Coded for Sentence Length in Words,
D35, DLevel, Propositions, and PDensity

Words DSS DLevel Propositions

Response
Right-branching stems
Robert ordered that a pizza be

delivered. 4 9 5 3
Henry cur whar he was holding at

the office. 5 11 5 3
Amne took whar the purse was wearing

and put it in the closet. 3 12 7 5
Tom saw who was robbing the store, 4 9 3 2
(reorge thought that he would

remode! his kitchen. 5 3 5 2

Laft-branching stems

That Joan stole the jewelry was a

SuTprise. 5 9 5 2
Whar Billy found was money at

the store. 4 9 5 3
Whom Mary ordered o go to the

library was me. & 5 7 3
What Henry coar was the et on

the cliff, 3 9 5 3
Thar Alice said she saw the golumnist

n the pags wasn't e, 8 18 7 4

Nores: The stem iz itolicized and any additional presented words are
underlined, The measures of sentence length in words, DSS points, and PDen-
sity do not inclede the stems, PDensity = propesitional density; DLevel = de-
velopmental level; DS5 = developmental sentence sconng,

group, F(1, 28) = 25.04, p < .01, n* = .48. Response latency
increased with the number of additional words, F(2, 27) =
12.67, p < .01, n° = 49. Young and older adults’ latencies
increased with the number of additional words; 0 =32 s (5D =
3) 1 =236 (8D =.2), 2=44 (8D = 3). What was more
interesting was thar the Age group X Locus of embedding
interaction was significant, Fi(l, 28)=7.73, p < .01, I'|1 = 48,
Older adults (M =11.38, 5D = .49) responded more slowly than
voung adults (M = 3.8 5, 0 = .2), and older adults responded
more slowly to left-branching stems (M = 4.4, 3D = 3) than 1o
right-branching stems (M = 13.2, 8D = .3). Young adults’
response latencies did not vary with locus of embedding.

Response Errors
Young adults made one or more errors on 10% of the trials,

_whﬂrea.s older adults made one or more errors on 26% of the trials.

Nonfluent responses.—Both main effects for age group and
locus of embedding as well as the Age group X Locus of
embedding interaction, {1, 28) = 15.39, p < .01, n’ = .36,
were significant. Older adults (M = 16.0%, 5D = 4.3) produced
more nonfluent responses than voung adults (M = 2.0%,
5§D = 1.3), and nonfluent responses by older adults were more
common in response to lefi-branching stems (M = 20.3, 5D =
3.3) than in response to right-branching stems (M =11.4, S0 =
8

Sentence fragments.—The main effect of age group was
significant, F(1, 28) =4.44, p = .05, n° = .14, as was the Age
group X Locus of embedding interaction, F(1, 28)=32.56,p <
01, n* = 65. Older adults produced more sentence fragments
(M = 15.5%, §D = 4.1) than young aduits (M = 13.0%, 5D =
2.4). More sentence fragments occurred in response o lefi-
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Table 3. Linguistic Characteristics of the Participants' Responses o the Left- and Right-Branching Stems as well as
Stern Memorization Times and Response Latencies

Left-Branching Stems: Additional Words

Right-Branching Stems: Addigonal Words

Charactenstic 0 1 2 0 1 2

Young Adults
Sentence length (words) 6.9 (4 7.2 04) 3.5 40 5.6 (4 2305 11.5 {.6)
PDensity 2.6 (3 5004 6.5 {.3) 5803 63 (N 75 (4
DLevel 6.0 {.2) 6.2 [2) 6.5 .2 3403 15(.2) 3.9(3)
Dss 6.8 {.6) 2.6 (.5) LB {3 7.8 L5 11.3 (.6 15.1 (T
Memorization time (s} 3042 1202 334 3243 3405 3204
Response laency (s) 2.8 (.3} 2.9 (3 334{4 2405 3008 3204

Older adults
Sentence length (waords) 6.1 (3} 5.5 (4} T34 6.2 {4 H.d (4) T6[5)
PDensity 42 (3) 4.4 (2} 4.6 (3] 4.4 (3 4.2 (3) 4.4 (3)
DLevel 3705 3.7 (4) 4.2 (3 3103 35D 3.6 (.5
ok 6.8 (.5} &3 (.6} 7.2 (4) 7.2 1.8) T4 (.5 7.5 (.6)
Memorization tme (5} 3.0002) 202 KB ] 3.2(3) 3.0 (3) 4.4 (4)
Response latency (s) 3.6 0.3) 4.2 () 5503 2.8 (.2 3.0 {2) 3.7 (48

Notes: PDensity = propositional density; DLevel = developmental level; DES = developmental sentence scoring. Means are given in the wable; standard devia-

tions arz shown parenthetically,

branching stems (M = 20.1%, $D = 7.9) than in response to
rght-branching sterns (M = 8.3%, 50 = 3.0

Anomalous sentences.—The main effects for locus of
embedding and age group were significant, as was the Age
group X Locus of embedding interaction, F(1, 28 =10.72, p <
01, n* = 28. More anomalous sentences were produced in
response to left-branching stems (M = 10.4%, 50 = 3.2) than in
response to right-branching stems (M = 4.2%, 5D = 3.3) by
older adults; young adults produced few anomalous sentences
in response to either type of stem (M = 1.1%, 3D = 1.4).

Memory errors.—The main effect of locus of embedding
was significant, F(1, 28) = 18.59, p < 01, n° = .39, More
memory errors were committed in response o left-branching
stems (M =8.6%, S0 =12.8) than in response (o right-branching
stems (M = 3.4%, 5D =37,

Discussion

The length, grammatical complexity, and propositional
content of the young adulis’ valid responses varied with locus
of embedding; hence syntactic complexity. The responses were
longer, more informative, and more complex when the young
adults were given right-branching stems to complete than when
they were given left-branching stems to complete, particularly
when they were given two or three additional words to use in
their response. This finding is consistent with theoretical
arguments and experimental demonstrations of the asymmetries
between left- and right-branching constructions (Gibson, 1998),
Left-branching constructions impose a greater burden on
working memory during production because they reqguire the
speaker to anticipant and plan for the main clause while
producing the embedded clause,

The length, content, and complexity of older adults” responses
did not vary with locus of embedding. Indeed, the older adults’
responses appeared to be limited to 6.5 additonal words,
PDensity = 4.4, DLavel =3.7, and 7.2 DSS points regardless of
the type of stem or the number of additional words. Their
response latencies were slower for left-branching than right-

branching stems and increased when they were given 2 or 3
additional words o incorporate into their response. Whereas
young adults made few errors, older adults produced many
nonfluent responses, sentence fragments, and anomalous sen-
tences; further, older adults’ errors were more frequent in
response 1o left-branching stems than in response to right-
branching stems. This pattern of results suggests that the
mncreased memory load imposed by the left-branching stems
and by the additional words impaired older adults’ ability to
produce valid responses,

The present study, like that of Kemper and colleagues
(20033, suggests that there is a “celling” on older adult's
speech at DLlevel = 3.7 and PDensity = 4.4 because the
complexity and content of older adults’ sentences do not nse
above these averages when they are asked to complete sentence
stermns, even left-branching stems. These results also confirm
earlier findings based on the analysis of oral and wrinen
language samples {Kemper et al., 2001) in showing that older
adults produce less complex sentences than young adults.
Processing limitations, ansing from reduced working memory,
inhibitory deficits, or slowed processing speed, may impose this
ceiling by limiting older adults’ abilities 1o construct complex,
-informative sentences, even during controlled production tasks.
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