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How Incremental Is Language Production? Evidence from the Production
of Utterances Requiring the Computation of Arithmetic Sums

Fernanda Ferreira and Benjamin Swets
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The incremental approach to language production assumes that the production system interleaves planning an
articulation processes. Two experiments examined this assumption. In the first, participants stated the sums of tw
two-digit numbers in one of three different kinds of utterances, the sum by itself, the sum followed by the se-
guence “is the answer,” or the frame “The answer is” followed by the sum. Problem difficulty was manipulated as
well, so that in some conditions, speakers could (in principle) state the tens component of the sum while planning
the ones. Latencies to begin to speak were the same for all three utterance types and were affected by the diff
culty of the problem as a whole. Utterance durations were unaffected by problem difficulty. In the second exper-
iment, participants were induced to speak incrementally through the use of a deadline procedure. Both latencie:
and utterance durations were influenced by the difficulty of the problem. This latter finding supports a basic prem-
ise of the incremental approach: Speakers sometimes speak and plan simultaneously. Nevertheless, the langua
production system appears not to be architecturally incremental; instead, the extent to which people speak incre
mentally is under strategic controle 2001 Elsevier Science
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Almost since the modern era of psycholinwords—so-called “lemmas” (Levelt, 1989)—
guistics began in the 1960s, researchers have and assigns them a grammatical role such a
gued for a hierarchical model of language preubject or object. Then, positional processing
duction (Fromkin, 1971; Garrett, 1975, 1976takes place: The word-forms corresponding tc
1980) in which processing proceeds from séemmas are retrieved, and the serial order of in
mantic intention to articulation. According to adividual phrases is put together. The next com
recent version of this model (Bock & Leveltponent engages in phonological processing (bu
1994) activity begins in the Message Compasee F. Ferreira (1993) for evidence that the com
nent when a speaker forms an idea of what Ipatation of the intonational and metrical fea-
wishes to say. The Grammatical Component ofures of an utterangarecederetrieval of word-
erates next, and is itself subdivided into twéorms), and from there the system sends order
stages of processing. The “Functional Level” se¢o the articulatory organs to produce speect
lects the meaning and syntactic features ebunds appropriately.

Any adequate model of language production
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fluent (Levelt, 1989). At the extreme, no compefragment of an utterance should not be depenc
tent speaker needs to pause before retrieviagt on information available in later fragments
each successive word of his utterance. of the utterance. For example, constructing the
In many recent models of how people talkinitial prosodic units of a sentence should not be
these features of speech are explained with tdependent on how the sentence will end” (p.
single assumption that language production 861). Having now saiten the speaker is com-
incremental (V. Ferreira, 1996; Levelt, 1989mitted to some sort of a global form in which
Roelofs, 1998; Wheeldon & Lahiri, 1997). Oncehe addends occur earlier in the utterance an
a piece of information at a level of processinthe sum occurs later. Therefore, a likely utter-
becomes available, it triggers activity at the nexnce given these events is something Tika
level down in the production system (Leveltand seven make seventeen
1989, p. 23: “Each processing component will The incrementality hypothesis is appealing
be triggered into activity by a minimal amounbecause it accounts for all three features o
of its characteristic input”), and this sequenchuman speech mentioned above. A concept col
may continue all the way to articulation. Thigesponding to what a speaker intends to say be
“vertical” aspect of the architecture is coordicomes activated based on information containe
nated with what we might term its “horizontal’in the message-level representation. The earl
activities: At the same time that a piece of inforactivation of the concept leads to early place-
mation works its way from idea to articulationment in the utterance. Incrementality, then, ex-
other pieces are constructed and make their wakains at least in part how speakers choose fror
through the system as well. Thus, incrementaimong different sentence forms for expressing
models assume that various levels can operateliir ideas. Syntactic variations are taken advan
parallel. At the same time, this vertical paraltage of by the production system to accommo:
lelism implies a certain amount of horizontal sedate the states of activation of information in the
riality. That is, because the system is incremeproduction system. And speakers are fluent be
tal, information at a particular level of cause they do not need to pause for long perioc
processing is not necessarily handled in paralleif time in order to plan their utterances. Instead
For example, a word at the end of an utteran@ga highly parallel system, a concept may make
would not be syntactically available in paralleits way vertically through the architecture while,
with one at the beginning, because the earlisimultaneously, other concepts are becoming
word was shunted off for phonological processctivated and encoded. Therefore, speakers d
ing after it was syntactically encoded. not need to plan whether to san and seven
To illustrate how an incremental system opermake seventeeor seventeen is the sum of ten
ates, consider a speaker who wishes to expressl sevenThe decision is made by the avail-
the fact that 17 is the sum of 10 and 7. The prability of concepts in long-term memory.
cessing events might take place as follows. First, Furthermore, the incrementality hypothesis
assume that the concept TEN becomes activategls received a fair bit of empirical support in re-
first. That activation will trigger retrieval of thecent experimental studies of language produc
corresponding lemma, which will cause th&ion. The consequence that has been most tho
lemma to take its place at the left edge of a synughly examined is the notion that syntactic
tactic frame. (Simultaneously, other concept®rms are chosen to reflect states of activation o
become activated, but their presence is not relde production system. Bock (1986) demon-
vant at the moment.) These events will cause thated that a semantically primed word tends t
word-form for TEN to be accessed, so the wordccur early in a sentence. Thus, if an experimen
ten may be articulated. A consequence of thigl participant is shown the womslorship and
architecture, then, is that the speaker could s#fyen sees a picture of lightning striking a
ten before knowing exactly how the utterancehurch, she is likely to produce a passive utter
will end. As Wheeldon and Lahiri (1997) stateance such ahe church is being struck by light-
“What a processor is doing with a particulaning. The idea is that the semantic prime cause
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the concept CHURCH to become activated. Asvahen participants were asked to prepare care
result (i.e., because the system is incrementdi)jly before beginning their utterances. Thus, if
the wordchurchgrabbed the subject position ofspeakers are allowed to speak naturally, the sy:
the sentence, which then committed the produtem behaves incrementally. As they argue
tion system to an utterance in which the othéwhen it is possible to do so, speakers preferen
nominal concept occurred later in the sentenciglly initiate articulation following the phono-
as in a passive, for example. Furthermore, if tHegical encoding of the initial phonological
system operates in this fashion, one would exord of an utterance” (p. 377).
pect that fluent production would be easier when On the other hand, some findings in the litera-
there is syntactic choice rather than when thetere are inconsistent with incrementality. For
is only one grammatical way to express a partiexample, Lindsley (1975) asked participants to
ular idea. V. Ferreira (1996) found evidence teespond as quickly as possible to a simple pic
support this implication of incrementality. Parture showing a transitive action (e.g., one persol
ticipants in his experiments saw the initial framé&uching another). He found that speakers bega
| GAVE on a computer monitor, and then eitheto phonologically encode their utterances before
the word TOYS followed by CHILDREN or the they had syntactically encoded the object of &
word CHILDREN followed by TOYS. In an- transitive action but not before they knew the
other condition, instead of | GAVE, participantsverb. In another study, Meyer (1996) used &
saw | DONATED. The idea is that if a verb perword distractor paradigm to examine how much
mits either order of the postverbal argument&mformation about the words of an utterance is
production will be faster because the system caccessed prior to articulation. Speakers (o
handle either sequencing of TOY and CHILDPutch) produced simple utterances and were
DREN. In contrast, with a rigid verb suchds presented with a spoken distractor that was ei
nate it is more difficult to produce a proper utther semantically or phonologically related to
terance when the concept CHILDREN becomesther the subject or object noun of the sentence
available sooner than TOYS. The results supdeyer found that a semantic distractor for either
ported these predictions. Because the systemnisun increased initiation times, while a phono-
incremental, it likes to have syntactic choices. logical distractor impaired performance only
Wheeldon and Lahiri (1997) conducted avhen it was related to the subject noun. Meyel
more direct test of incrementality. Participantsoncluded that sentence production requires th
received a noun phrase suchhas water(“the retrieval of the semantic/syntactic information
water” in Dutch) followed by the questioat associated with most of the utterance, but it only
zoek je("What do you seek?”), and their taskrequires the retrieval of phonological informa-
was to answer the question in a full sentend®n for the first word or phrase. Thus, Meyer’s
using the noun phrase they were given (ile., experiments provide evidence that grammatica
zoek het watdr Participants were encouraged tencoding requires simultaneous knowledge
begin to speak as quickly as possible. Wheeldabout both preverband postverbal material, a
and Lahiri recorded utterance initiation time$inding that is inconsistent with incrementality.
and found that latencies were shorter when theFurther evidence that is inconsistent with in-
first phonological word of the utterance was lesgemental production comes from a study by
complex. The characteristics of the other phon&tallings, MacDonald, and O’Seaghdha (1998),
logical words had no effect. They concludedvho examined the tendency for sentences witl
that the production system is radically incremain verbs such asansferredand introduced
mental: What determines when a speaker begittsoccur in either a canonical or a shifted form
to talk is how long it takes her to get the firste.g.,Mary introduced the new neighbor to Bill
phonological word ready. This conclusion is revs Mary introduced to Bill the new neighhoe-
inforced by results from their other three experspectively). They found that the more often a
ments, which demonstrated that latencies are akrb tended to occur in structures separating i
fected by the complexity of the entire utterancom its complement, the more likely partici-
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pants were to produce shifted structures. Mopde plan more than one word at a time, as dc
importantly, latencies to begin to speak werstudies that examine pauses and other disfluer
longer when participants produced sentenceges in spontaneous speech. On the other han
that were incompatible with the main verb'studies of syntactic choice in production seerr
shifting history, indicating that the structurego favor incrementality, as does the Wheeldon
competed to be the ultimate syntactic frame f@nd Lahiri finding that only the characteristics
the sentence. This conclusion in turn impliesf the first phonological word of an upcoming
that language production is not always incrastterance influenced latencies to initiate speect
mental: Not only were structures planned ovetvidence for quite radical incrementality comes
fairly large domains, but even more than onffom what might appear on the face of it to be &
structure became activated simultaneously. rather unlikely source, a study by Brysbaert,
Finally, just how fluent is real language proNoel, and Fias (1998) on numerical cognition.
duction? Studies of naturally occurring speechhe Brysbaert et al. results motivated to some
have shown that speakers do tend to pause b&tent the experiments described in this article
fore major syntactic constituents. For examplasp their study will be described in detail.
Henderson, Goldman-Eisler, and Skarbek The participants in Brysbaert et al. (1998)
(1966) found that periods of fluency alternatestated the sum of a one-digit number and a two
with phases during which the speaker engagedjit number as quickly as possible. For exam-
in a great deal of pausing. Also, more demangle, someone might see “2& 4” and respond
ing speaking tasks (e.g., interpreting a cartod25”. The problems were presented either with
versus merely describing it) result in less fluerthe larger number preceding the smaller or in the
speech (Goldman-Eisler, 1968). Similarly, Forather order. In addition, Brysbaert et al. testec
(1982) examined spontaneous speech for pauses groups of participants, native French speak
longer than 200 ms and found that they prers and native Dutch speakers. The reason fc
ceded about 20% of deep clauses. Holmésoking at these two groups is that the language
(1988) asked speakers to talk spontaneously differ in whether the ones or tens are pronounce
various topics and then asked another group fifst for a number such as “twenty-five”. In
participants to read the utterances the formE&rench, one says the equivalent of “twenty-five”,
group produced. She found that pauses and hbst in Dutch one says the equivalent of “five and
itations occurred before complement and rel@wenty”. Thus, if participants are faster to initiate
tive clauses in spontaneous but not read speeatticulation of the sum when the format of the
These pauses suggest that speakers disrupt fitceblem allows them to prepare the first phono-
ency in order to plan their speech (see also IBgical word (“five” or “twenty”) of their utter-
Ferreira, 1991, 1993), and the fact that they plaance more easily, then we will have support for
in units that are approximately clausal in sizeadical incrementality. This was indeed the resuls
(see also Bock & Cutting, 1992) indicates thaBrysbaert et al. reported: For no-carry items suct
the system has nonincremental aspects. Finalhs 21+ 4, French participants showed a 56-ms
Clark and Wasow (1998) have shown that disfl&dvantage for the 2% 4 order, and Dutch par-
encies in normal speech are quite common artiipants showed a 51-ms advantage for thie 4
furthermore, that they are more likely to occu2l order. Brysbaert et al. interpreted the result
the more complex the upcoming constituenas follows: “the Dutch speakers try to get acces:
Thus, although an “ideal delivery” (Clark &to the unit of the response first, because they ca
Clark, 1977) might be the speaker’s goal, undstart programming the pronunciation of the an-
most normally demanding speaking circumswer as soon as the value of the unit is known. I
stances, pauses, hesitations, and other disflueontrast, the French speakers have to capitalis
cies are fairly frequent. on the value of the ten, which they must know
Where are we so far? On the one hand, expéefore response execution can be started” (f
iments in which speakers are asked to begin ). This, then, is incrementality of the sort pro-
speak as soon as they can tend to show that pposed by Wheeldon and Lahiri (1997): Speaker:
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prefer the addends to be ordered so that the fitise utterance before speaking in all three condi:
phonological word of the sum can be computetibns (and latencies were systematically influ-
first, allowing the calculations required to deterenced by the difficulty of the arithmetic prob-
mine the other part of the sum to be done duringm). The second experiment was designed t
articulation. These results were obtained evestrongly encourage participants to adopt an in:
though carry and no-carry items were randomlgremental strategy. Speakers had to begin t
intermixed in the experiment. Furthermorespeak before a variable deadline. This manipula
when both French and Dutch participants wetteon drastically reduced utterance initiation
required to type their responses, the languati;mes and yielded some evidence for incremen
difference disappeared: Both groups preferred tality; yet, clear evidence also emerged that
have the two-digit number followed by the onespeakers planned the sum even though it wa
digit number. This result is also consistent witsentence-final. In the General Discussion, we
incrementality, because in both languages nurargue that these results support only moderat
bers appear in print with the tens before the onéscrementality. Moreover, they suggest that ever
Overall, research in language production doaghen speakers are trying to speak incremen
not provide clear evidence one way or the oth&ally, the system still engages in a certain
for the incrementality hypothesis. What doeamount of utterance planning.
seem apparent is that under some circumstances
speakers are able to begin to speak as soon as EXPERIMENT 1
they have formulated the smallest bit of linguis- The goal of this experiment was to examine
tic structure (a phonological word), but that inncrementality in language production by seeing
other situations speakers are more cautious antlether we could take the Brysbaert et al.
do not speak until a reasonably large chunk ¢1998) effect one step further. Participants
an upcoming utterance has been planned. Tlidded together two two-digit numbers and
observation reveals that the language productistated the sum in the form of an utterance. W
system is strategically incremental: An imporvaried the difficulty of computing the tens col-
tant component of speech planning is to detemmn and of computing the ones column inde-
mine whether the situation calls for “blurting”pendently. In addition, participants were told to
or for more careful planning. This perspectivstate their answers in one of three ways: The ut
suggests an important empirical question for réerance could consist of just the sum, a sentenc
searchers in language production: Even when which the sum was the grammatical subject
speakers find that it is in their interests to articwr a sentence in which the sum was a grammat
late as quickly as possible in order to hold theal object. Recall that what Brysbaert et al. re-
floor, do they still plan more than just the firsported was that speakers preferred to have th
phonological word of the utterance anyway? Aaddends arranged so that the leftmost addend &
finding that they do would suggest that the ladewed them to compute and articulate just the
guage production system mandates some pldinst phonological word of the sum. An exten-
ning regardless of the speaker’s goals and stragien of this result would be a finding that, in the
gies. sum-alone and sum-first conditions, initiation
To examine these issues, we conducted twiones are influenced only by the difficulty of
experiments that utilized an arithmetic taskalculating the tens column. Moreover, even if
much like the one used in the Brysbaert et ahis quite radical incrementality is not observed
(1998) study. In our first experiment, particiin the experiment, the design allows us to tes
pants responded to addition problems by prevhether speakers are at least somewhat incre
ducing three different types of sentence formsental. If they are, then problem difficulty (of
just the answer itself, the answer at the begithe entire problem, not just the tens column)
ning of a sentence, and the answer at the endsbiould influence initiation times but only in the
a sentence. This experiment yielded no evidencenditions in which the sum occurred utterance-
for incrementality: Participants planned the erinitially.
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Method was easy; and for the final 14, computation of
Participants All participants tested for the both tens and ones was difficult. A column was

experiment were undergraduate students G@nsidered easy if the sum was smaller than .

Michigan State University, and all participated"d hard if the sum was greater than 5 (Gean

in exchange for partial credit in their introducBOW-Thomas, & Yao, 1992). (Problems for

tory psychology courses. In the sum-only condi¥Nich €ither column summed to 5 were ex-
tion, 40 participants were tested in order to erfguded from the no-carry and carry sets.) An ex
up with 32 participants whose data could bBMPI€ of each problem type is given in Table 1.
used. To be included in the analyses, a partidle carry ‘;‘)roblfnls als”o“ part|C|!?ated n four
pant had to produce correct answers to mof@nditions, “easy”, *hard”, *harder”, and *hard-

than 75% of the problems. This criterion elimi€St"- This continuum is based on the size of the

nated 5 participants: another 3 people were gSUlting sum (Ashcraft, 1992). There were

cluded because they did not speak |oudf>f,1ree types of filler problems, those fchat in-
enough to trigger the voice-key. For the SumC_Iuded an addend smaller than 20 but did not re

frame condition (“SUM is the answer”), 3 peo_quire a carrying operation, ones that included ar

ple were not included in the analyses becau@ddend less than 20 and that did necessitate c
they made too many errors, and 2 because '¥fn9. and ones in which an addend was divisi-
voice-key problems. For the frame-sum condP!€ Py 10. The no-carry, carry, and filler prob-
tion (“The answer iISUM), 4 participants were lems were put into a random order, constrainec

excluded because of high error rates, and 1 b that two problems of the same type (sam
gcondition or filler type) did not occur in a row.

cause of voice-key errors. Thus, in total, da ' ) -
from 96 participants were analyzed, 32 in eac-ﬁhe lists were identical, except that the order of

of the three between-participants conditions. 2ddends was swapped from one list to the othe
Materials Two different stimulus lists were Procedure Participants were tested individu-

created-and a given participant saw only one oftlly: The session began with the experimente
those lists. Each list contained 168 problems: §§2ding the instructions. Participants were tolc
of those did not require a carrying operatiofat they would see an addition problem on the
(no-carry problems), 56 did (carry problems)comp“ter monitor, and their task was to state the

and 56 were filler problems. The no-carry propUMm as quickly as possible into the microphone

lems occurred in four different conditions: for! "€y were reminded that they should respond a

14 of them, computation of the tens part of th&°0n as possible, but that they should make sur

sum and the ones part of the sum was easy: tgey had the correct answer. A trial began with
ation cross located in the center of the screen

another 14, computation of the tens was eal
and of the ones was hard; for another 14, corff€ second later, the problem was presente

putation of the tens was hard and of the onddth both addends on the same line separated &
a plus sign, with spaces around the plus. The

participant responded and then pushed a butto
*All the materials were generously provided by Wim Fia£0 proceed to the next trial. He or she was al

of the Catholic University of Leuven, and Marc BrysbaerdOWed to correct the response initially given.
now of Ghent University. The experimenter pushed one key on the key

TABLE 1

Examples of the Problems Used in Experiment 1

No-carry problems Carry problems Filler problems
Condition Example Condition Example Type Example
Easy 10s, easy ones 2122 = 43 Easy 23+ 28=51 Addend< 20, no-carry 16+ 11 =27
Easy 10s, hard ones 2126=47 Hard 23+ 38=61 Addend< 20, carry 17+ 36 =53

Hard 10s, easy ones 2162 =83 Harder 23+ 58=81 Addend divisible by 10 12 70= 82
Hard 10s, hard ones 21 66 = 87 Hardest 23+ 68=91
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FIG. 1. Initiation times (in ms) for no-carry problems, Experiment 1.

board if the answer given was correct, and athe data were excluded) and if the response we
other if it was incorrect. The sessions were tapcorrect. Latencies were analyzed as>a 3 x
recorded to allow those experimenter decisiorismixed factorial. The first variable is between-
to be checked off-line, and to allow the duraparticipants and represents the three utteranc
tional properties of the utterances to be analyzégpes (sum-only, sum-frame, frame-sum). The
at a later point. other two variables are within-participants and
For the sum-only condition, participants wereoncern the difficulty of the problem: The tens
asked to state the sum by itself. For the surnelumn was either easy or harder to calculate
frame condition, they were asked to give theand similarly for the ones. (The two different
answers “in the format ‘X is the answer’, wherdists produced the same results, so all analyse
X'is the sum.” They were then given an exampleollapse over this variable.) All reported effects
(“if given 25 + 25, you would say ‘Fifty is the are significant gp < .05.
answer’”). For the frame-sum condition, they The latencies for the no-carry items are
were asked to state their answers “in the formghown in Fig. 1. People took longer to begin
‘The answer is X', where X is the sum.” Theysaying the answer when it was difficult for them
were then given an example (“if given 2525, to calculate the tens and when it was difficult to
you would say ‘The answer is fifty’”). calculate the ones. The effect of the two vari-
An experimental session lasted about 45 miaples was additive, and it was identical for all
and participants were free to take a break b#ree between-participant conditions. The statis
tween trials whenever they wished. The sessitical analyses are as follows: Participants took
began with a practice session consisting of 30nger to initiate production of the sums when
problems (with the same characteristics as thige tens were more difficult (2397 vs 2194 ms),
fillers) and ended with a debriefing in which=(1,93) = 24.22, MSe= 164606, and longer

they were told the purposes of the study. when the ones were more difficult (2433 vs
) i 2159 ms),F(1,93) = 101.86, MSe= 70999.
Results and Discussion The two variables did not interad¥(1,93) =

Latencies and accuracy data, no-carry prob2.44, MSe= 52436. There was no main effect
lems A trial was excluded if the response timef utterance typelr < 1, and no significant in-
was less than 300 ms or greater than 20 s (2%tefactions between this variable and the others
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The average latency was 2299 ms in the sursdm conditionsF < 1. There was no main ef-
only condition, 2307 ms in the sum-frame confect of the difficulty of the tens or the difficulty
dition, and 2281 in the frame-sum conditiéh, of the ones, but the two variables did interact
<1 significantly, F(1,93) = 7.04. When the tens
The latency data place constraints on the ewere easy, difficulty of the ones did not matter;
tent to which the language production system wghen the tens were difficult, accuracy was
incremental, because the difficulty of both theorse when the ones were hard as well.
tensandthe ones contributed to initiation times. The accuracy results make clear that the re
In other words, participants began their utteiquirement to produce the sum in a carrier frame
ances only once they knew both parts of thdid not impose the sort of burden on participants
sum, not just the part corresponding to the firfitat would result in lower accuracy. Further-
produced phonological word. (Recently, Brysmore, the need to hold the sum in memory while
baert and Fias have conducted a study identicalying “the answer is” does not seem to have
to this one but with Dutch-speaking participantsaused any particular burden either, as indicate
from the Catholic University of Leuven. Theyby the equivalent accuracy in the sum-frame an
have reported the same results: both the difframe-sum conditions.
culty of the tens and the difficulty of the ones in- Latencies and accuracy data, carry problems
fluence time to initiate production of the sums.Jhree percent of trials were eliminated from the
Perhaps more surprisingly, the type of utteran@nalyses because of response times less thi
in which the participant had to state the sum diB00 ms or greater than 20 s, or because of an ir
not matter at all. Indeed, not only was the patorrect response. Latencies were analyzed as a
tern the same across conditions, the absolute p¢-4 mixed factorial: The first variable is be-
action times were remarkably similar as well. ltween-participants and represents the three u
does not appear, then, that participants producttance-type conditions. The other variable is
their utterances in an incremental fashion. I&ithin-participants and concerns the difficulty
they had, then latencies in the frame-sum condif the problem as reflected in the progressively
tion would have been the same for the differemcreasing size of the sum (easy, hard, harde
problem types, because latencies would habvardest).
been controlled by the time to produce the sameThe latencies for the carry problems are
phonological word across all conditions (“Theshown in Fig. 2. Latencies were unaffected by
answer” or “the answer is”). In addition, the reutterance typeFr < 1. In general, and equiva-
quirement to produce not just the sum but aldently across all three between-participant con-
to remember to place it in a particular sort ditions, latencies were longer the larger the sum
frame does not seem to have affected latencie€3,93) = 45.97, MSe= 231628: latencies
either (and we will see next that it does not afwere 3145, 3580, 3839, and 3862 in the easy
fect accuracy). hard, harder, and hardest conditions. Accurac)
The accuracy data are given in Table 2. Acctieo was unaffected by utterance tyfpe<( 1),
racy was unaffected by the between-participanisit it did vary according to problem difficulty,
manipulation: People were 95, 94, and 94% aé43,93) = 7.78, MSe= 0.0099. People were
curate in the sum-only, sum-frame, and frame7% accurate in the easy and hard conditions

TABLE 2

Percentage Correct for No-Carry Problems, Experiment 1

Utterance type
Sum-only Sum-frame Frame-sum
Easy ones Hard on__ Easy ones Hard ones Easy ones Hard or

Easy tens 94 94 94 94 93 94
Hard tens 96 94 97 92 96 93
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FIG. 2. Initiation times (in ms) for carry problems, Experiment 1.

and 81 and 83% accurate in the harder and hadigitized at a rate of 20 kHz using Computerized
est conditions. Speech Laboratory (CSL, from Kay Elemet-
The data from latencies and accuracy for botits), and durations were measured using CSL*
the no-carry and carry problems provide littlevaveform editor. The utterance was divided into
support for the notion that the language produparts as follows, the sequertbe answer isthe
tion system is highly incremental. To exploresum, the first digit of the sum, and the seconc
the incremental hypothesis further, the duratiordigit of the sum. Any pause time before the first
of the utterances were measured and analyzedligit was included as part of its duration, and
order to assess whether participants computady pause time before the second digit was in
the sum online during utterance production (i.ecjluded as part of the second digit's duration.
as they were saying “the answer is”) as well @ne concern is that the digits themselves ar
prior to its initiation. Disfluencies were ana-different in the different experimental condi-
lyzed as well. tions (see Appendix A), and it is possible that
Utterance durations Data from the frame- some of the differences in sum durations are du
sum condition were analyzed in order to assessthe digits themselves and not the experimen
whether speakers might have engaged in sora manipulations. We will present the data any-
planning, or checking of their answers, as theyay because we wish to explore any measur
produced the frame component of their uttethat might potentially reveal incrementality, and
ances. Unfortunately, not all the recordingbecause the results are not discrepant from thos
made of the experimental sessions were of urier the answer isResults are shown in Table 3.
form quality, and therefore only 26 of the 32 For the no-carry utterances, the duration of
participants whose data were included in thiae answer isvas longer when the tens were
analyses for the frame-sum condition could beasyto compute than when they were more dif-
included in these analyses of duration and difieult (475 vs 445 ms);(1,25)= 16.84, MSe=
fluencies. (Analyses of the latencies and accli431. Also, the duration was longer when the
racy levels of just these 26 participants deteones were difficult (454 vs 467 m$)(1,25) =
mined that this subgroup showed the san®88, MSe= 1489,p < .10. These two variables
pattern as the larger one.) The utterances watiel not interactF < 1. Clearly, the pattern here
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TABLE 3

Durations of Utterances in the Frame-Sum Condition (in ms), Experiment 1

Duration of Duration of Duration of Duration of
the answer is sum digit 1 digit 2
No-carry problems
Easy 10s, easy ones 466 654 333 321
Easy 10s, hard ones 485 647 337 310
Hard 10s, easy ones 442 685 346 339
Hard 10s, hard ones 448 688 348 340
Carry problems
Sum easy 504 713 390 323
Sum hard 483 754 420 334
Sum harder 501 751 413 338
Sum hardest 485 758 422 336

is not straightforward. It appears that speakeafi, editing terms of any kind were quite rare. Of
took longer to get through the frame when theie 3854 utterances that were digitized for the
noted that the first part of the sum would be eadyration and disfluency analyses, only 69 con-
to compute, and at the same time, there wtsned a disfluency (and only 2 of those involved
some tendency for the speakers also to tatkee term “um”), and half of those occurred after
longer when the ones were difficult. the word “is”. A total of 3530 utterances were
The duration of the sum was longer when cahssociated with correct responses; 63 (1.78%
culation of the tens was difficult vs easy (687 vacluded some disfluency. A total of 324 utter-
650 ms)F(1,25)= 8.33, MSe= 2858. The du- ances were associated with incorrect response
ration of the first digit of the sum (the tens) wasnly 6 (1.85%) included a disfluency.
longer when the tens were difficult (347 vs 335 In sum, this experiment yielded little evidence
ms),F(1,25)= 2.87, MSe= 1222,p < .10, and for incrementality. A skeptic could argue, how-
similarly for the duration of the second digit—ever, that the results are due to the nature of ot
the second digit was longer when the tens htabk. The experimental situation calls for the
been difficult (340 vs 315 mdy(1,25)= 6.84, speaker to produce error-free utterances, and tt
MSe = 2273. It appears that when the tens wespeaker has no need to begin to speak quickl
more difficult speakers stretched out the timehe problems themselves were quite difficult,
they spent saying the sum. particularly the carry problems. Therefore, calcu-
For the carry utterances, the durationghaf lation might have required all the speakers’ atten
answer is the first digit, and the second digition and not permitted the participants to “dual-
were unaffected by problem difficulty (see Tablask” such that they were speaking and calculatin
3),allFs< 1. at the same time. The second experiment, ther
Analyses of disfluencies for frame-sum uttewas changed so as to encourage participants -
ances, both problem typeA laboratory assis- speak incrementally as much as possible.
tant unfamiliar with issues in psycholinguistics Before turning to the second experiment, we
and cognitive science listened to the utterancedl address one final issue concerning these re
and noted any disfluencies. Disfluencies wesellts. Recall that our goal was to try to extend
categorized into three major types, based on tBeysbaert et al’s (1998) result that seemed ftc
type of editing term the speaker used (Clark &upport radical incrementality. If French-speak-
Wasow, 1998): “uh”, “um”, and other (e.g.,ing participants (for instance) preferred #xet
words such as “geez” and profanities). Thepeorder because it allowed them to articulate the
were five potential locations for a disfluency, beens while calculating the ones column, then
fore the utterance, after “the”, after “answer’perhaps with two two-digit addends our speak-
after “is”, and after the first digit of the sum. (Neers of English would plan only the tens compo-
disfluency term occurred inside a word.) Ovenent of the sum before beginning to speak. On
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possible challenge to this logic that can almost Method

certainly_be dismissed centers around_ the Iar_"Participants Fifty participants were tested,

guage difference across the two studies. Thig of whom were undergraduates at Michigan
lead is almost certainly unpromising, because Byate University receiving partial credit in their
all relevant respects English and French afgq,quctory psychology courses. To be in-
allke._A more likely possmlh_ty focu_ses aroundy,ded in the analysis, a participant had to pro-
the difference associated with adding two Wyce correct answers to more than 75% of bot
digit addends versus adding a one-digit andige practice problems and the experimenta
two-digit addend. The former calculation i, ophjems. All participants met these criteria. An
more difficult, and perhaps is too demanding tQqjtional 4 participants were tested prior to the
allow the dual-tasking (articulation and calculaggy \hose data we are reporting. These 4 indi
tion) that incrementality in this task demands;iqyais were tested in pilot work designed to as:
The next experiment provides us with an 0ppOkass what would happen if speakers could us

tunity to evaluate this suggestion, because iy utterance form they wished (see “Pilot in-
included the simpler mixed addend problems;,ctions” below. for more details).

that Brysbaert et al. used and varied the order iny;5terials Two different stimulus lists were

which the addends occurred. created, and a given participant saw only one o
them. Each list consisted of 112 problems, 56 o
EXPERIMENT 2 the no-carry experimental items from Experi-
Because of the surprisingly strong nonincreanent 1 (all of which consisted of two two-digit
mental effects obtained in Experiment 1, waddends), and 56 new no-carry problems con
made changes to the experimental task in ordssting of a one-digit addend and a two-digit ad-
to maximize the chances that incremental beend. Computation of the ones column could be
havior could emerge. First, problems were madssy or hard, and similarly for the tens column.
easier. Second, by introducing a timing bar t8 column was considered easy if the sum wa:
the task, we gave participants an incentive toetween 1 and 5, and hard if the sum was be
begin to speak quickly rather than to wait untilween 6 and 9. Examples illustrating the condi-
they felt entirely ready. Finally, the stimulustions are shown in Table 4.
problems were left on the screen when partici- Problems were presented in a random ordel
pants began to speak, unlike in Experiment 1, ifhe lists were identical, except that the order of
which participants’ voices caused the stimuli taddends was swapped from one list to the othe
disappear. All utterances were produced in tha any given list, half of the mixed addend prob-
form “The answer is SUM” (see the section ofems had the one-digit problem to the left of the
pilot work below). two-digit problem, and half had the addends in

TABLE 4

Examples of the Problems Used in Experiment 2

Mixed addends problems Same addends problems

Condition Example Condition Example

Easy tens, easy ones 1241 =43 Easy tens, easy ones 2122 =43
41+2=43 22+ 21=143

Easy tens, hard ones 4524 =29 Easy tens, hard ones 2126 = 47
24+5=29 26+ 21 =47

Hard tens, easy ones B71=74 Hard tens, easy ones 2162 = 83
71+3=74 62+ 21=83

Hard tens, hard ones 475=79 Hard tens, hard ones 2166 = 87

75+4=179 66+ 21 =87
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the other order; for the same addend problemd, you saw 25+ 25, you would say ‘The an-
half were arranged so that the smaller addesder is fifty".
was to the left of the larger addend, and the re-Participants were also warned that the prob
maining half of the problems were arranged item on the screen would be accompanied by
the other order. timing bar, and that they should answer the
Pilot instructions The goal of this experi- question before the timing bar counted all the
ment was to allow participants to speak as increray down and produced a loud “beep” sound.
mentally as possible. As we were developinghe timing bar was a horizontal rectangle that
this experiment, we reasoned that speakegsadually shrunk in size until it disappeared,
might even choose to use different utteranaghereupon a beep sound was emitted by th
types to facilitate this goal. For example, if thegomputer. The duration of the timing bar varied
knew the sum quickly and wanted to get it out aandomly between 2 and 4 s. Participants wert
the way, they might choose to say “SUM is th&old that they should begin to speak quickly to
answer”; if they needed extra time, they mighavoid being beeped. They were also assured th
prefer the other arrangement, and they mighitey could correct their response if they believec
even want to include extra “filler” words toit to be incorrect.
stretch out the amount of planning time they The 2- to 4-s value range for the timing bar
would have before having to articulate the suithat we ultimately used for this experiment was
(e.g., “I think that the answer to that one ishe first range that we attempted, and because
SUM”). If this strategy were observed, weworked so well we saw no need to change it
would have more evidence for incrementalityQur goal at the start was to pick a value for the
as Levelt argued (1989, p. 245), speakers miglatver bound of the deadline that was long
choose the form and even the content of their l@nough that it could be beaten on almost all tri-
terance to accommodate the way that an uttexs, because we did not want to eliminate a larg
ance is evolving as it is encoded left to right. proportion of our data based on the participants
Thus, the first four participants we testethaving been beeped. The lower bound of 2 s wa
were told to use any utterance form they likedbout the average time that participants require!
except that we required them to place the suimthe first experiment to begin to respond to the
into a complete sentence. No examples wenm®-carry problems in the frame-sum condition.
provided, to prevent our biasing their responseshe 4-s upper bound was chosen simply tc
After four participants, it became clear thasllow there to be trials on which participants
speakers did not wish to take advantage of theould easily beat the deadline. After analyzing
latitude we had given them; on all 448 trialthe data from the pilot participants it became
(112 trialsX 4 participants), the speakers choselear that the deadline values we had chose
the form “The answer is SUM” (the frame-sunworked optimally: Response latencies were re-
condition of Experiment 1). The instructions foduced by more than two-thirds, and accuracy
the actual experiment, then, which excludedas not compromised (see Results and Discus
these four participants (because this latter grogjon).
received different instructions from the subse- Finally, participants were told that the prob-
guent participants), required participants to udem would remain on the computer monitor
the frame-sum format for their responses. throughout the trial. In Experiment 1, the prob-
Procedure Participants were tested individudems disappeared as soon as participants beg:
ally. The session began with the participant® speak, which may have made it difficult for
reading a set of written instructions. They werpeople to time-share the tasks of articulating the
told that they would see arithmetic problems oftame of the utterance while computing the sun
the computer monitor, and that their task was tf the problem from memory.
give the answer in the format “The answer is A trial began with a fixation cross located in
SUM”. They were then given an example, e.gthe center of the screen. Participants hit a butto
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to bring up the addition problem. They were alkatencies and Accuracy Data
lowed to correct their responses if they wished, g |atencies, a given trial was excluded if the

but only the first response was considered in C%‘sponse time was less than 300 ms or great
egorizing a trial as correct or incorrect. The eXpan 5 5, Trials associated with incorrect response
perimenter then typed in their response and hjfere also excluded (trials were considered incor
“enter” to proceed to the next trial. The sessiong if thefirst response given as part of the utter-
were tape-recorded to allow utterance duratioRg,ce was the wrong sum). Latencies were anc
to be analyzed at a later point. lyzed as a X 2 X 2 factorial. All three variables
An experimental session lasted about 35 Mifyere within-participants. The first variable was
The session began with a practice session consisitjer of addends. The other two variables con
ing of 32 problems (with the same characteristicimed the difficulty of the problem: The tens col-
and conditions as the experimental stimuli) angimn was either easy or harder to calculate, and tr
ended with a debriefing in which participantgzme was true for the ones column.
were told the purposes of the study. It is also rele- ggme addend problerso differences based
vant to evaluating the effectiveness of the timingn, order of addends were observed, so all analy
bar to note that at the beginning of the practiegs collapse over this variable. Latencies ar
trials, participants sometimes got beeped—thghown in Fig. 3. First, latencies to begin articu-
is, they allowed the timing bar to elapse. Howgtion were much faster in Experiment 2 than
ever, by the end of the practice trials, participantfey were in Experiment 1. Whereas the averag
were never beeped, nor did they allow the timingitency for frame-sum, no-carry problems in
bar to elapse during the experimental trialgxperiment 1 was 2281 ms (the exact same
Clearly, for whatever reason, participants foungroblems analyzed here), the average latency fc
the beep aversive and performed on every expefie two two-digit addend problems in this ex-
mental trial so as to avoid hearing it. periment was 634 ms. This marked difference
suggests that the changes implemented in th
task were extremely effective in getting subjects
We will first describe the latency and accuracyy respond more quickly—latencies were re-
data. We will begin with the problems consistingluced by over 70%. Even more surprisingly,
of two two-digit addends (same addend prohhis increase in speed did not compromise acct
lems), because these data are the most compagy: People were correct on 96% of trials. As
ble to the data collected in Experiment 1. Thesomparison of Table 2 and Table 5 reveals, ac
we will proceed to the problems consisting ofuracy was just as high in this experiment as ir
one- and two-digit addends (mixed addend prothe comparable conditions of the first.
lems). Next, we describe utterance durations for Contrary to the incrementality hypothesis, la-
both types of problems. The final section sumencies were longer when the ones column wa
marizes the data on disfluencies. All effects araore difficult to calculate[(1,49) = 11.84,
significant ap < .05 unless otherwise stated. MSe = 6052. For easy ones, latencies were 62

Results and Discussion

TABLE 5

Percentage Correct, All Problems, Experiment 2

Problem type
Mixed addends problems

Same addends problems Single-digit Double-digit
Smaller addend firs’ Larger addend fir addend first addend first
Easy 1s Hard 1s Easy 1s Hard 1s Easy 1s Hard 1s Easy 1s Hard
Easy tens 97 96 95 97 99 96 98 99

Hard tens 99 97 97 93 99 96 99 98
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FIG. 3. Initiation times (in ms) for all problems, Experiment 2.

ms; for hard ones, 647 ms. The difficulty of théor the order in which the small addend was to
tens had no effect: latencies were 637 ms in titlee left of the larger addend, and 95.6% for the
easy tens condition and 631 in the hard tens caspposite order}:(1,49)= 5.00, MSe= 0.0041.
dition, F < 1. There was no interaction betweei®econd, there was a significant interaction be
difficulty of the tens and the oneB(1,49) = tween the difficulty of the tens and the ones,
1.13, MSe= 2387,p > .25. F(1,49) = 5.39, MSe= 0.0046. Third, order
The pattern of results here is somewhat dignd difficulty of tens interacte#(1,49)= 5.02,
ferent from the pattern observed in ExperimeiSe = 0.0033. Finally, even the three-way in-
1: Only the difficulty of calculating the ones in-teraction was significang(1,49) = 5.58, MSe
fluenced latencies, rather than that of both thee 0.0037. The one effect that is straightforward
tens and the ones. This difference indicates that describe is the interaction between the diffi-
participants planned to a lesser extent in Expenulty of the tens and the difficulty of the ones. If
ment 2 than they did in Experiment 1, which ishe tens were easy to calculate, then the diffi
consistent with their being more incrementaktulty of the ones did not matter; if the tens were
On the other hand, the effect of ones difficultynore difficult, then accuracy was 98% in the
makes clear that, to some extent, speakezasy ones condition and 95% in the harder one
planned their utterances all the way to the ermbndition. The rest of the accuracy differences
before they began to speak. This would certaingre difficult to interpret. Fortunately, the differ-
seem to represent evidence against the argumentes are small, and our main concerns regarc
that language production is radically incremering accuracy are that error rates be relatively
tal, even in a situation that encourages incréaw (which they were) and that there be no evi-
mentality and discourages long-term planning.dence of speed—accuracy trade-offs (which ther
The accuracy data are given in Table 5. Oveawas not).

all, accuracy was very high, and performance Mixed addend problem$he latencies for the
varied little over conditions (from 93 to 99%problems consisting of a one-digit and a two-
correct). Significant effects of the manipulatedigit addend are shown in Fig. 3. Overall, partic-
variables were observed, nonetheless. Firgbants were faster to begin speaking when pre
there was a main effect of addend order (97.18%ented with these problems than with those
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consisting of two two-digit addends (594 vs 63%e-articulated order. As will be described below,
ms), F(1,49) = 20.61, MSe= 15425. In addi- the preference for thex + x order is evident in
tion, main effects were found for difficulty ofthe duration data as well, and these results ar
both the tens and the ones columns. People wenere compatible with actual incremental pro-
faster to begin to speak when the ones were eahyction.
to calculate than when they were hard to calcu- Overall, the main results for the mixed-ad-
late (583 vs 605 msk(1,49) = 8.54, MSe= dend problem types clearly show that even for
5270. The effect for the tens column went in atihese easier problems, participants do not begi
unexpected direction: Participants were faster to speak until they have taken account of at leas
begin their utterances when the tens wdifi=  some aspects of the sum. Even with a great de
cultrather than easy (603 vs 584 ni«),49)= of incentive to speak incrementally, participants
16.88, MSe= 2223. showed signs of planning all the way to the final
There is a suggestion in the data that peopierd of the utterance.
responded faster overall when given the two- The accuracy data are given in Table 5. Par
digit addend before the one-digit addend (58&ipants were more accurate when the one:
vs 600 ms for the opposite ordeF(1,49) = were easier to calculate (98.7 vs 97.0%),
3.56, MSe= 4386,p < .07. Further evidence F(1,49) = 9.04, MSe= 0.0033, and there was
for this possibility comes both from the accuno effect of tens difficulty. A significant interac-
racy data and from comments made by partidion was found between the order of addend:
pants to the experimenter during the experimeand the difficulty of the one$;(1,49) = 5.57,
tal session. First, participants were mor&Se = 0.0023. Participants were equally accu-
accurate when the two-digit number was theate for both orders of addends when the one
leftmost addend (98.4 vs 97.3% when the onerere easy (98.7%), but if the ones were hard
digit addend was on the left}(1,49) = 5.61, participants preferred to have the two-digit ad-
MSe = 0.0023 (although a significant interacdend to the left of the one-digit addend. Accu-
tion between addend order and ones difficultyacy was 98.1% for the former order and 95.9%
qualifies this main effect; see below). Secondor the latter.
after the experiment was over, participants com- To summatrize, latency data from both types
mented that when a one-digit number was thed problems revealed that, despite all of the
first addend, its position to the left of the twoehanges made to the procedure to induce partic
digit number made it difficult for them to con-ipants to speak incrementally, people nonethe
ceptualize the one-digit number as belonging tess persisted in showing nonincremental, plan
the ones column. They reported that they someing effects from the difficulty of the problems.
times incorrectly considered adding that numbéiirst, people took longer to begin to speak for
to the tens place of the second addend. the more difficult two two-digit addend prob-
This result concerning order of the addendems than for the mixed addend problems. Sec
replicates the Brysbaert et al. (1998) effect: Peond, difficulty of the ones affected initiation
ple prefer thexx + x order over its opposite. times for both types of problems. While these
They have a tendency with the other order to tdata are difficult to reconcile with a radically in-
to add the single addend to the tens column ofemental view of language production, they
the second addend because they are tryingn@y be consistent with a more moderate ver
deal with the columns in the order in which thegion. In order to test whether participants
will be spoken. Of course, the fact that this findslanned and calculated during articulation,
ing emerges in the latency data—at a point weliereby demonstrating some incremental ten
before the speaker actually has to articulate tldencies, we analyzed utterance durations.
sum—suggests that this preference is in the )
planning and not in the articulation. In otheltérance Durations
words, when speakeptantheir utterances, they  Utterances from the first 24 participants were
prefer that material unfolds in the ultimate, todigitized at a rate of 20 kHz, and durations were
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measured using a waveform editor. (We anault rather than easy to calculate (765 vs 73t
lyzed only 24 of the 50 participants’ data bems), F(1,23) = 5.17, MSe= 8211, and when
cause waveform measurements are extreméhe ones were difficult to calculate (771 vs 729
time-consuming to obtain, and based on the firsts),F(1,23)= 16.20, MSe= 5211. This result
experiment we estimated that 24 participan®uggests that while uttering the frame, partici-
would suffice to provide stable estimates gbants were planning or computing both digits of
these duration means.) Each utterance was the sum. No other significant effects were ob-
vided into three parts, the sequeltice answer served for the duration dhe answer isThe
is, the first digit of the sum, and the second digidata were similar for the duration of the sum’s
of the sum. (As with Experiment 1, it is probafirst digit. Its duration was longer when the tens
bly prudent to put more weight on the duratiowere more difficult (506 vs 453 m$j(1,23) =
data for the frame than for the sum, because th99, MSe= 22044—that is, its own duration
digits of the sum differ across conditions, anwas affected by how difficult it was for the par-
therefore intrinsic durations are not controlledijcipant to come up with its value. The duration
Incorrect trials and trials on which correction®f the tens was longer also when the ones wer
to previously given incorrect partial and/or fullmore difficult (524 vs 435 ms)F(1,23) =
answers were made were excluded from tH&.57, MSe= 24063. These two variables did
data. Results are given in Table 6. not interact. For the duration of the sum’s sec:

Overall, the duration ofthe answer isvas ond digit, only one effect was significant: the in-
longer for the more difficult two two-digit ad- teraction between difficulty of the tens and diffi-
dend problems than for the mixed addend probulty of the ones columnBE{(1,23)= 9.03, MSe
lems (750 vs 610 msf;(1,23)= 58.33, MSe= = 6313. When the tens were easy to calculate
32334. The same pattern held for the duration tife duration of the second digit of the sum was
the first digit of the sum (479 vs 417 ms)longer in the easy ones condition than in the
F(1,23) = 18.18, MSe= 20534, and the dura- hard ones condition (459 vs 400 ms). When the
tion of the second digit of the sum (435 vs 39&ns were harder to calculate, the opposite wa
ms),F(1,23) = 21.93, MSe= 7851. These dif- true (435 vs 446 ms). Again, because different
ferences are the first bit of evidence that peopdiégits are spoken in the experimental conditions
are planning as they speak, and that calculatitime duration data for the problems must be inter
and articulation may go on in parallel. preted with some caution.

Same addend problem$he duration othe Mixed addend problemsParticipants took
answer iswas longer when the tens were diffilonger to sayrhe answer isvhen the 1-digit ad-

TABLE 6

Durations of Utterances (in ms), All Problems, Experiment 2

Same addends problems

Duration of frame Duration of digit 1 Duration of digit 2
Easy tens, easy ones 703 414 459
Easy tens, hard ones 767 492 400
Hard tens, easy ones 755 457 435
Hard tens, hard ones 775 555 445
Mixed addends problems
Single-digit addend first Double-digit addend first
Duration Duration Duration Duration Duration Duration
of frame of digit 1 of digit 2 of frame of digit 1 of digit 2
Easy tens, easy ones 581 385 421 579 341 399
Easy tens, hard ones 721 529 389 670 434 360
Hard tens, easy ones 647 355 420 521 346 413

Hard tens, hard ones 654 491 388 607 456 351
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dend was presented first rather than second (626n”, and other (e.g., words such as “geez” and
vs 594 ms)F(1,23)= 20.92, MSe= 2263. This profanities). There were five potential locations
finding is similar to the results we reported in tha which a disfluency might occur, before the ut-
latency data and it replicates those of Brysbadgrance, after “the”, after “answer”, after “is”,
et al. (1998). Participants also took longer to aand after the first digit of the sum. (No disflu-
ticulate the frame when the tens column waency occurred inside a word.) If a disfluency oc-
easyrather than hard (638 vs 582 nis(j1,23)= curred during an incorrect trial or during a trial
38.52, MSe= 3904, which replicates the odd efin which a correction was made, that trial was
fect we observed in the latency data. We alswt counted.
found a large effect of ones difficulty: Partici- First, in this experiment as in Experiment 1,
pants spoke more slowly when the ones wedisfluencies overall were quite rare. Of the 268¢
difficult to calculate rather than when they weratterances that were analyzed (24 participants
easy (663 vs 557 mdj(1,23) = 59.68, MSe= 112 trials per participant), only 21 utterances
9087. There was also a significant interaction beentained any type of disfluency at all. Thus, it is
tween addend order and difficulty of the onesnportant to keep in mind that these observa:
column, F(1,23) = 6.70, MSe= 2106. Diffi- tions are based on a very small subset of all th
culty of the ones had a larger effect when the adata. The first point to make is that all but two of
dends were presented in the more difficult ordehe 21 disfluencies occurred after “is” (right be-
one-digit addend before two-digit addend. fore the articulation of the first digit of the an-
Analysis of the duration of the first digit ofswer). The other two disfluencies occurred aftel
the sum revealed only one main effect: Whethe articulation of the first digit. Second, we note
the ones were difficult, participants tended tthat of the 19 disfluencies in the postframe loca
take much longer to utter the preceding digtton, all but two occurred with problems involv-
(477 vs 356 ms)F(1,23) = 15.31, MSe= ing a difficult calculation of the ones. Therefore,
45801. The duration of the second digit wathe disfluency data are compatible with the re-:
longer for thexx + x order than for th& + xx sults observed in Experiment 1 and with the
order (405 vs 381 msl(1,23)= 7.00, MSe= main findings of this second experiment.
3922, and longer when calculation of the ones ) i ,
(i.e., itself) was more difficult (413 vs 372 ms)pomparlson of Results from Experiments 1 and Z
F(1,23)= 13.10, MSe= 6259. By comparing the latency and duration results
Clearly, the duration data overall reveal thatom the two experiments, it is possible to asses
even though speakers planned some aspectsrofwhat ways people speak differently when
even the very final word of their utterances bahey can plan carefully versus when they mus
fore they began to speak, they did not prepageab the floor quickly. Figure 4 allows the com-
well enough to enable them to speak confidentparisons to be made easily for the different
without engaging in more planning during articproblem types in both experiments. For the Ex-
ulation. This pattern is critical, because it makgseriment 1 results, all data are from the frame-
clear that the production system has both increum condition only. The top set of four bars de-
mental and nonincremental aspects. In additiopicts the data for the carry problems from the
even when people perform in a situation that afirst experiment. Clearly, speakers wait a very
most forces them to speak as incrementally &g time before beginning to speak when they
possible, they still engage in some planning. Fare confronted with these difficult arithmetic
nally, the data make clear that it is possible fgroblems. The next set of four bars represent th
people to speak and calculate simultaneously.no-carry problems from the first experiment. As
. . can be seen, latencies to speak are much short
Analyses of Disfluencies, Both Problem Types anq, as described in the Results for Experimen
Disfluencies were categorized into thred, utterance durations do not change in respons
major types, based on the type of editing terto problem type, because speakers in the first e
the speaker used (Clark & Wasow, 1998): “uh’periment dealt with problem difficulty before



74 FERREIRA AND SWETS

easy carry

e e T

w
[ 1]
£ hard carry I |
8
= harder carry I |
w

hardest carry (|
w
£ easy 10s/easy 1s | 3
m
§ easy10s/hard 15
c
— hard 10s/easy 15—
w

hard 10s hard 1 |

Same Utterances

easy 10s / easy 1s I

easy 10s/ hard 1s I § | |
hard 10s / easy 1s EEEEENE— =1 1
hard 10s hard 1s

E2, xx+xx

p -

Problem Types

easy 10s [ easy 1s — — ] 1

easy 10s / hard 1s

E2, x+xx

hard 10s / easy 1s
hard 10s hard 1s

easy 10s / easy 1s

easy 10s / hard 1s

B latency Bframe Osum

E2, xx+x

hard 10s / easy 1s

hard 10s hard 1s I ]

(=1
o
o
=]

1000 1500 2000 2500 3000 3500 4000 4500 5000

Time

FIG. 4. Time speakers spent preparing and producing frame-sum utterances, both experiments.

they began to speak, not while they were speakd experiment as well, indicating that some of
ing. Notice too how similar the striped and grathe work speakers did not do before initiating
parts of the bars (the duration thie answer is speech ended up being carried out during articula
and the sum) are for the top four bars and for tkien. In Experiment 1, the average duration of the
four bars immediately below. This visual imentire utterance was 1232 ms; in Experiment 2, i
pression is simply the result we reported in Exvas 1771 ms. This difference is statistically sig-
periment 1: Utterance durations were essentialyficant, F(1,48) = 51.89, MSe= 68795. Yet, al-
the same in the carry and no-carry conditions.though speakers extended the duration of the u
The middle set of four bars shows the data ftarance by about 500 ms when they were
the no-carry problems from the second expepressured to begin to speak quickly, it is also clea
ment. It is interesting to compare them with thieom Fig. 4 that, overall, speakers in the seconc
four bars immediately above. The problems aexperiment spent less time planning and articulat
the same (so the utterances are identical in camg their utterances overall than they did in the
tent); what is different between the two experfirst experiment—about 1 s less. Recall also tha
ments is that in the second, speakers were prggeakers were no less accurate in Experiment :
sured to begin to speak quickly. Clearly, latenciemr were they any less fluent. Thus, it can be ar
to speak are much longer in the first experimeigied that the deadline causes speakers to becot
where speakers had the luxury of planning. In adhore efficient, in that they can perform the same
dition, utterance durations are longer in the seamount of work in less time. Interestingly, even
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though this appears to be true, it is also clear thaf, the easy tens conditions, the numerals tha
left to their own devices, speakers do not choosad to be added together were similar for the
to speak in this maximally efficient manner. tens and ones. Now look at the hard tens prob
Finally, the bottom two sets of four bars shovdems. In the hard tens, easy ones condition, th
the data for the mixed addend problems used diigits used for the tens were exclusively 6 and 7
the second experiment. The level of resolutioe digits used for the ones were 1, 2, 3, and 4
permitted by this graph does not allow the difAnd in the hard tens, hard ones condition, the
ferences in performance to be seen easily. Widigits used for the tens were 6 and 7; the digit:
the figure does reveal is that the differences dused for the ones were 2, 3, 4, 5, 6, and 7. Thu
to problem difficulty in Experiment 2 are of athere was much less overlap between the tw
much smaller magnitude than the difference beelumns; indeed, the tens column in the difficult
tween carry and no-carry problems in Expertens condition virtually “popped out”. Recall the
ment 1 (and also the difference in performanasher data for the mixed addend problems
due to the deadline). demonstrating that one of the difficulties partic-
The most important conclusion that can bgants had in trying to answer them is that they
drawn from these comparisons is that the diffehad some trouble parsing the tens and one
ence in performance for the two experiments lumns properly. In the cases in which the ten:
not quite a pay-now/pay-later tradeoff: People iwere always 6 or 7, this task becomes much ea:
Experiment 2 did not need to extend their utterer, and thus latencies and utterance duration
ances by the same amount of time as they requirgdre shorter. Therefore, this finding for the
for initiation in Experiment 1. People pay later iimixed addend problems is likely of little theo-
they choose not to plan, but their debt is smallerretical significance; instead, it appears to be ¢
All in all, Experiment 2 yielded remarkablyresult of the unique properties of the stimuli
informative data about how incremental speakised for these particular problems. Moreover,
ers are or can be. The one result that is less this property of the tens items did not dilute the
operative is the odd effect of tens difficulty foeffect of ones difficulty: Latencies and utterance
the mixed addend problems. (For the two-digdurations were longer when the ones were mor
addend problems, this odd effect of tens diffidifficult to calculate, as would be expected.
culty was not observed: In the first experiment,
latenciesand durations were longer when the GENERAL DISCUSSION
tens were difficult to calculate; in the second ex- This section will be organized into three
periment, latencies were unaffected but duramajor parts. First, we will summarize the main
tions were longer for difficult tens.) results and discuss their implications for the in-
This unexpected result is likely due to an arteremental hypothesis. Second, we will describe
fact of the problems used in the mixed-adderal model of language production (F. Ferreira,
condition. The easiest way to see this property 2000) that can account for why radical incre-
to examine Appendix B, which includes all thementality of the sort proposed by Wheeldon anc
stimuli from Experiment 2. Consider only theLahiri (1997), for example, was not observed in
mixed addend problems—the ones that yieldgde experiments described here. Finally, we will
this unexpected result. Keep in mind as well thariefly consider issues relating especially to the
for these mixed addend problems, no calcularithmetic task we required our participants to
tion is required for the tens column. In the eagyerform, focusing particularly on how our re-
tens, easy ones condition, the digits in the adults compare to those obtained by Brysbaert ¢
dends for the tens place were 2, 3, 4, and 5; thé (1998).
digits in the addends for the ones place were 1, o )
2, 3,and 4. In the easy tens, hard ones Conditidﬂ,Crer“em"’lllty in Language Production
the digits in the addends for the tens place wereAccording to an incremental model of lan-
2, 3, 4, and 5; the digits in the addends for thguage production, people do not plan their utter-
ones place were 3, 4, 5, 6, and 7. Thus, in boinces completely before they begin to talk. In-
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stead, they “time-share” the tasks of planningxtensive than they were in the first experiment
and articulating, and therefore speak once thépwever. In Experiment 2, latencies were influ-
have prepared the earlier part of their utteranemced by the difficulty of the ones column but
without necessarily having formulated later elenot that of the tens; in Experiment 1, the diffi-
ments. According to a radically incrementatulty of both column calculations affected laten-
model, speakers are incremental to the exteties. For both experiments, more difficult prob-
that they initiate articulation once they know théems overall were associated with longer
first phonological word of their utterances. Plandtterance initiation times: In Experiment 1, ut-
ning of the next phonological word takes placterances for no-carry problems were initiated
during that first one’s articulation, and so omsooner than those for carry problems; in Experi-
through to the end of the utterance. ment 2, utterances for mixed addend problem:
The two experiments described here, takg@a one-digit and a two-digit addend) were initi-
together, support a limited type of incrementadted sooner than those for two two-digit addenc
production. Incrementality is not an architecproblems.
tural property of the language production sys- (3) It might be argued that Experiment 2 did
tem; instead, it is a parameter of production thahcourage people to speatore incrementally
is under speaker control. In addition, even whehan they did in Experiment 1, but that people
a speaker has every incentive to initiate speentight be capable of speaking even more incre
quickly, production latencies reveal influencementally still. This argument cannot be rebutted
of utterance-final material (in the simple, onedefinitively, but given that latencies in Experi-
clause sentences we had our speakers producegnt 2 were reduced by over 70%, and particu
Thus, language production is not radically inkarly given that they were about 650 ms on aver:
cremental—that is, speakers do not initiate prage, it is hard to imagine that people could
duction before having formulated at least somiaitiate speech any faster. After all, when people
aspects of the utterance that go beyond the care asked to simply name a single word on ¢

rent phonological word. computer monitor, their latencies are often not
The results that support these conclusions araich lower than 600 ms or so (for example,
the following. Duffy, Henderson, & Morris (1989) reported la-

(1) The task used in Experiment 1 providetencies of 608 ms on average for participants t
little incentive for people to speak incremenname the word that occurred at the end of a se
tally. Results showed that participants did nahantically neutral sentence, e.ghe woman
initiate speech until they had planned the susaw the MOUSTACHE Thus, the average la-
carefully. The extent of planning was the samiency in Experiment 2 is not much more than the
regardless of whether the sum occurred at thiene it would have taken participants simply to
beginning of the utterance, at the end, or by itead and say out loud the phrése answerYet,
self. Utterance durations were not influenced Bven with such short latencies, the reactior
problem difficulty, suggesting that speakers diimes managed to display influences of problern
not engage in arithmetic calculations while adifficulty. Furthermore, accuracy was not com-
ticulating. promised: Participants were as accurate in th

(2) The task used in Experiment 2 stronglgecond experiment as they were in the first. Nei
encouraged people to speak incrementally. Weer were speakers any less fluent: Disfluencie
found that utterance durations were influenceztcurred on 1.78% of trials in the first experi-
by problem difficulty. Therefore, it appears thament, but on less than 1% of trials in the second
speakers were calculating as they articulated. At(4) The phrasinghe answer is SUMoes not
the same time, latencies were also affected lappear to be an unnatural way for speakers t
problem difficulty, suggesting that speakerstate the sum of an arithmetic problem, as indi-
planned at least some aspects of the sum befaeted by the results of the pilot study conductec
speaking, even though the sum occurred at tive association with Experiment 2. Participants
end of the utterance. Planning effects were leg®re free to use any utterance form they wishe
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in which to state the sum, as long as they usedexall from Fig. 4 that utterances with identical
full sentence. Participants spontaneously hit arontent were overall shorter in the second ex
the formthe answer is SUMand they never wa- periment than in the first (adding together initia-
vered from it. This result should be viewed agon plus articulation time). Thus, people are ac-
tentative, because the experiment was not derally more efficient when they speak
signed to test directly whether utterance forimcrementally: They accomplish more in less
and content vary in response to online demantise. For whatever reason, however, most peo
of utterance formulation. The result may bele are notinclined to speak in this manner. Per
viewed as suggestive, however. It hints at tHeaps speaking this incrementally is simply too
possibility that the following general storytaxing (just as one may be capable of running :
might be right: Speakers might sometimeg-min mile but may prefer a more comfortable
change the form and content of an utterance d®-min pace).
line as they become aware that the utteranceMoreover, although the language operation
they are producing is not likely to end happilycan (but does not have to) operate incrementally
For example, a speaker might change fidm it does not appear that the system is radically in
one has to give money to a group that they dorctemental, in the sense that speech may be init
like what they’re doingo something likéNo one ated once the content of just the first phonologi-
has to give money to groups whose actions thegl phrase is known. Even in the second
don't approve ofn order to avoid a subjacencyexperiment, in which participants initiated utter-
violation (Chomsky, 1977). But they might beances in about 600 ms, people clearly were er
less likely to change the form and content of thgaging in arithmetic calculations as they articu-
utterance in order to give themselves more timated, and in general participants spoke in &
merely to formulate some later part of an utternaximally efficient manner; even so, latencies
ance; instead, the results of Experiment 2 sugrere still influenced by problem difficulty.
gest that they would choose instead to stretdiese results are in line with what Griffin and
out the utterance to give themselves the needeelr colleagues (1999, 2000) have observed &
time. well: When participants had to produce utter-
Clearly, the language production system iances consisting of a stock carrier phrase plus &
not structured such that “processing at all levetshject name, latencies were influenced by the
occurs in an incremental fashion with a proce$requency of the pictured object’s name even
sor being triggered by any piece of characterig¢shen the object name occurred at the end of th
tic input from the processors that feed into itsentence (i.eThey saw the OBJEQ.T
(Wheeldon & Lahiri, 1997, p. 361). In this “trig- .
gering” view, which is what we have termed! AG-Based Model of Language Production
“architectural incrementality” (and which per- The model of language production proposec
mits radical incrementality), a module of theby F. Ferreira (2000) predicts that speakers wil
language production system that encounters ibe unable to produce utterances in the radicall
formation stated in its vocabulary is called intecncremental manner proposed by Levelt (1989
action automatically, so it performs its computaand Wheeldon and Lahiri (1997). This approact
tions obligatorily (Fodor, 1983). Architecturalassumes that the representational format fo
incrementality is ruled out in favor of whatsyntactic information is a version of a Tree-Ad-
might be termed strategic incrementality: A dejoining Grammar (TAG; Frank, 1992; Joshi,
cision that every speaker must make is how ®985; Joshi, Levy, & Takahashi, 1975; Kroch &
strike the appropriate balance between plannidgshi, 1985). The basic unit of a TAG is #ie-
and initiating speech quickly. The finding thatmentary tree which consists of a lexical head
speakers are in principle capable of speaking iand the arguments the head licenses. For exar
crementally without any cost in accuracy sugle, access of the wordadwould result in acti-
gests that, in fact, speakers prefer to plan movation of not just the word but its associated ele-
carefully than they absolutely need to. Indeedhentary tree as well, as shown below.
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cp no clausal nodes are licensed by these lexice
< P items. The implication is that this DP cannot be
more than a DP—it cannot acquire a grammati

bP 1 cal role such as subject or object, because it ca
,/},P receive no clausal assignment. The only way tc
get clausal nodes is for a verb to become avail
v DP able. Thus, oncis is formulated, then a clausal
| § tree like the one shown previously is accesse
rea

along with the lexical item, and then the D
answercan be plugged into its subject position.
This structure assumes the analysis of clausiéss only at that point that phonological encod-

presented in Chomsky (1986), according tmg and articulation may begin.

which a clause is an Inflectional Phrase (abbre-This TAG-based approach to sentence pro
viated as IP), and a full clause including théuction, then, predicts that incrementality can-
node for a complementizer is a Complementizeiot be more radical than the subject plus vert
Phrase (CP). The abbreviation DP stands feequence, because a DP cannot get a gramma
Determiner Phrase (Abney, 1988). Other abbreal role in the sentence until a verb is formu-
viations are fairly standard, NP for noun phraséated. Radical incrementality is ruled out on this
PP for prepositional phrase, and VP for vertmodel. Of course, the results of Experiment 2
phrase. suggest that the system is even less increment
The verbread is the lexical head and it li- than the TAG model allows, because initiation
censes two arguments—a subject and an objeiiaes showed influences of postverbal mate:
TAG assumes that a verbal head projects naal—i.e., the sum. This much planning occurred
only its own VP node but all the clausal projeceven though the task gave speakers strong ir
tions as well (IP and CP). Thus, elementargentives to speak incrementally. In the Introduc-
trees are prototypically clause-like. Indeed, theyon and in F. Ferreira (2000), a number of stud-
are often described as corresponding roughly ims are discussed demonstrating that, unde
a simple clause (Kroch, 1987), and as beinrgpbme circumstances, speakers initiate speec
similar to Chomsky’s (1955) original kernelonce they have formulated just the sentence’
sentences (Frank, 1992). Now let us examirgibject and verb (e.g., Lindsley, 1975). How-
the amount of syntactic structure that is resver, Meyer's (1996) study provided evidence
trieved when a noun such asswerbecomes that grammatical encoding requires the simulta:
activated. neous formulation of both preverbal and
postverbal material. A critical difference might
DR, be the type of verb that heads the clause: Linds
ley’s study employed regular agent-theme verb:

p AR such agouch whereas the sentences that speak

the N ers produced in Meyer’s study were headed b
the copulato be It is worth noting that TAGs

¥ treat copular verbs differently from other verbs,

answer such that both “arguments” are in essence pre

verbal. Thus, the results reported here and i

The determinethe brings along its DP node Meyer indicating that speakers plan beyond

and licenses an NP argument. The naoswer even the verb might have been observed becau:
comes with its NP structure, and by a procespeakers usetb be as the main verb in both

known assubstitution(Frank, 1992), plugs into studies. Of course, this hypothesis will not ac-

the NP slot provided by the DP. The criticatount for Griffin’s (1999, 2000) results (the ut-

point for our purposes here is that neittiee terances speakers produced in her study cel
noranswercan project any further; in particulartered around verbs such sew), so clearly this
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issue needs further investigation. What is impofinding that people preferred to receive the ad:
tant for our purposes here is that the TAG moddends in thexx + x order suggests that people
puts a lower bound on incrementality: Speakeraight have planned the utterances roughly ir
cannot initiate a sentence until they have formahe order in which they would be articulated.
lated its subject and verb. Under some circunihe Brysbaert et al. finding, then, can be viewec
stances—perhaps when the verb is a copula,as demonstrating that, in general, speakers ai
perhaps when a demanding task such as arithelined to plan in this manner. Indeed, this is
metic is required—speakers must formulate arttle version of incrementality argued for by V.
encode even postverbal material. Ferreira (1996) in his work demonstrating that
people speak more efficiently when they have
choices regarding syntactic form than when they
One of the most important inspirations for thare constrained to just one syntactic structure
experiments reported here was the study I&n this view of incrementality, active items grab
Brysbaert et al. (1998), which seems to suppaetrlier syntactic positions, and as a result, acces
radical incrementality. Brysbaert et al. observeslibility of concepts influences syntactic form.
that speakers are faster to produce the answeétsis, syntactic plans are preferentially built up
to arithmetic problems consisting of a two-digitn the order in which words become available.
addend and a one-digit addend when the athis type of incrementality does not imply that
dends are arranged so that the first column cahonological encoding will take place on the
culated was also the first phonological word asmallest unit possible (viz. the phonological
ticulated. Thus, speakers of Dutch prefer theord), and it is compatible with our results
single digit addend to precede the double-digihowing that speakers plan the sum even in uf
addend, because numbers in Dutch are spokemnances in which the sum occurs at the end ¢
so that the ones come before the tens. Speakids utterance.
of French prefer the opposite order, becauseFurthermore, it is critical to note that Brys-
French works just like English: A number suclbaert et al. (1998) did not provide any evidence
as 44 is spoken so that the tens column precedleat speakers were not influenced by the diffi-
the ones column. This result seems consistanilty of both the tens and the ones calculation:
with radical incrementality. for the sum before beginning to speak. Their
The results of Experiment 2 are entirely constudy was not designed to address this questiol
sistent with the data (but not quite the interpretao the difficulty of the tens and the ones calcula
tion) found in Brysbaert et al. (1998). We alstions were not independently manipulated ac
found that, for mixed addend problems, speakhey were here. Indeed, we should emphasiz
ers preferred the arrangement in which the twehat the Brysbaert et al. study was not originally
digit number came first. Of course, we wouldlesigned or reported as a study of language prc
give our result a different explanation, particuduction; instead, it is an important contribution
larly because the preference for #xet x order to the literature on numerical cognition and lin-
emerged in the latency data, many syllables bguistic relativity hypothesis (Sapir, 1941;
fore speakers had to articulate the sum itself.\IWhorf, 1956). Their finding that speakers pre-
might be, then, that the Brysbaert effect corferred the articulation order is consistent with
cerns planning: Speakers want to formulate artkle idea of radical incrementality but, as we ar-
encode their utterances roughly in the order gued above, is not mandated by it. The predic
which the constituents will be articulated. Irtion that speakers of English would be influ-
other words, even if people planned the entirenced by just the difficulty of the tens column
utteranceThe answer is SUMefore beginning when producing utterances requiring the calcu:
to speak (to some extent), there is a questidation of two-digit sums was an inference we
about the order in which that planning tookirew from their reported work. As we have seen
place: Did they plan the sum and thiie an- it was not supported, probably because even il
swer is or did they plan in the other order? Theéhe original Brysbaert et al. study, speakers

Arithmetic and Language Production
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planned the entire sum before beginning tobeginning to speak. Let us emphasize that wi
speak—they simply did so in the order in whichare simply speculating at this point: Further re-
they would articulate. search must be done on these topics before ar
Another quite different possibility is that definitive arguments can be made.
speakers in the Brysbaert et al. (1998) study ,
were in fact speaking incrementally, rather thanConclusions
just planning in a left-to-right order. It might be  The two experiments that we have reportec
that when speakers produce utterances that coshed light on the important question of whether
sist simply of nominals (i.e., just the sum) orlanguage production is incremental. The an-
other types of fragments, then the TAG-basedswer that is most consistent with the results re
clausal constraint that we described above doegorted here and in previous work is that the
not operate. The constraint would be irrelevansystem is not architecturally incremental. In-
because the utterance fragment consisting oftead, the extent to which planning occurs is a
only the sum does not need to be put into deast partly under speakers’ control, and it de-
clausal structure. In this situation, perhaps a sinpends on the intentions that motivate the
gle phonological word can be formulated andspeech. Moreover, even when speakers hav
immediately produced, because the speaker imicentives to initiate speech quickly, they still
not producing a clause, so grammatical relationgippear to engage in planning that goes beyon
such as subject and object are undefined. Othe immediate phonological word. Therefore,
course, this line of reasoning must come tothe system seems to be architecturally con
terms with the finding from our first experiment strained to require planning beyond the initial
that speakers in the sum-only condition did notphonological word, particularly for clausal ut-
show evidence of being influenced by just theterances. At the same time, it is important to
tens column for the no-carry problems. Again,stress that language production can be incre
we can only speculate, but one possibility is thamental: The results of these experiments
speakers were unable to behave as incremememonstrate that speakers are capable of plal
tally as they did in Brysbaert et al. because iming upcoming portions of an utterance as they
our experiment participants had to add bothare articulating. This finding is especially
columns, and for some problems they had to enstriking given that the planning they engaged
gage in carry operations as well. Perhaps thign was arithmetic calculation, because it might
combination is critical: Many problems required have been supposed that addition of two-digi
carrying, making it difficult for the participants numbers could not be carried out concurrently
to be confident that they could deal with just thewith utterance articulation. Apparently, the two
tens independently of the oneasnd all the can go on in parallel, at least for problems tha
problems required participants to add the tenslo not require carrying operations. Thus, a fun-
column as well as the ones column. These twalamental premise of the incremental view is
characteristics together might have led partici-supported: The language production system i
pants to believe that their most efficient strategycapable of interleaving planning processes an
was to deal with the problems as a whole beforarticulation.
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APPENDIX A

TABLE Al

Problems Used in Experiment 1

81

No-carry problems Carry problems Filler problems
Prob Sum Condition Prob Sum Condition Prob Sum
21+ 22 43 EE 23+ 28 51 easy 36- 11 41
21+ 26 47 EH 23+ 38 61 hard 60+ 15 75
21+ 62 83 HE 23+ 58 81 harder 13- 79 92
21+ 66 87 HH 23+ 68 91 hardest 76- 17 87
23+ 21 44 EE 29+ 23 52 easy 75- 13 88
27+ 21 48 EH 39+ 23 62 hard 12+ 15 27
63+ 21 84 HE 59+ 23 82 harder 66+ 30 96
67+ 21 88 HH 69+ 23 92 hardest 54 11 65
21+ 24 45 EE 24+ 27 51 easy 18- 36 54
21+ 28 49 EH 24+ 37 61 hard 12+ 58 70
21+ 64 85 HE 24+ 57 81 harder 18- 72 90
21+ 68 89 HH 24+ 67 91 hardest 12 61 73
31+ 21 52 EE 28+ 24 52 easy 43+ 13 56
35+ 21 56 EH 38+ 24 62 hard 73+ 12 85
71+ 21 92 HE 58+ 24 82 harder 7# 10 87
75+ 21 96 HH 68+ 24 92 hardest 7% 19 96
21+ 32 53 EE 24+ 29 53 easy 19- 77 96
21+ 36 57 EH 24+ 39 63 hard 1A 49 66
21+ 72 93 HE 24+ 59 83 harder 106- 78 88
21+ 76 97 HH 24+ 69 93 hardest 18 46 64
33+ 21 54 EE 27+ 25 52 easy 68+ 10 78
37+ 21 58 EH 37+ 25 62 hard 62+ 11 73
73+ 21 94 HE 57+ 25 82 harder 36- 17 53
77+ 21 98 HH 67+ 25 92 hardest 36- 18 54
21+ 34 55 EE 25+ 28 53 easy 12+ 51 63
21+ 38 59 EH 25+ 38 63 hard 40t 43 83
21+ 74 95 HE 25+ 58 83 harder 60- 12 72
21+ 78 99 HH 25+ 68 93 hardest 3642 72
31+ 22 53 EE 29+ 25 54 easy 3% 60 91
35+ 22 57 EH 39+ 25 64 hard 76+ 10 86
71+ 22 93 HE 59+ 25 84 harder 7H 17 94
75+ 22 97 HH 69+ 25 94 hardest 5% 30 81
22+ 32 54 EE 26+ 27 53 easy 13- 55 68
22+ 36 58 EH 26+ 37 63 hard 18+ 13 31
22+ 72 94 HE 26+ 57 83 harder 30- 33 63
22+ 76 98 HH 26+ 67 93 hardest 1# 73 90
33+ 22 55 EE 28+ 26 54 easy 1# 14 31
37+ 22 59 EH 38+ 26 64 hard 62+ 14 76
73+ 22 95 HE 58+ 26 84 harder 19- 16 35
77+ 22 99 HH 68+ 26 94 hardest 16- 11 27
23+ 22 45 EE 26+ 29 55 easy 18- 17 35
23+ 26 49 EH 26+ 39 65 hard 50+ 16 66
23+ 62 85 HE 26+ 59 85 harder 1% 61 72
23 + 66 89 HH 26+ 69 95 hardest 16- 40 50
31+ 23 54 EE 28+ 27 55 easy 66+ 18 84
35+ 23 58 EH 38+ 27 65 hard 39+ 15 54
71+ 23 94 HE 58+ 27 85 harder 12- 70 82
75+ 23 98 HH 68+ 27 95 hardest 55 14 69
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TABLE A1—Continued

Problems Used in Experiment 1.

No-carry problems Carry problems Filler problems
Prob Sum Condition Prob Sum Condition Prob Sum
23+ 32 55 EE 27+ 29 56 easy 18- 54 72
23+ 36 59 EH 27+ 39 66 hard 19+ 69 88
23+ 72 95 HE 27+ 59 86 harder 406- 43 83
23+ 76 99 HH 27+ 69 96 hardest 12 42 54
31+ 24 55 EE 29+ 28 57 easy 14 17 31
35+ 24 59 EH 39+ 28 67 hard 45+ 30 75
71+ 24 95 HE 59+ 28 87 harder 7% 10 81
75+ 24 99 HH 69+ 28 97 hardest 65 30 95

Note EE, easy tens, easy ones; EH, easy tens, hard ones; HE, hard tens, easy ones; HH, hard tens, hard ones. Tt
“easy”, “hard”, “harder”, and “hardest” refer to the size of the sum of the carry problems.

APPENDIX B
TABLE A2

Problems Used in Experiment 2

Mixed addend problems Two-digit addend problems
Prob Sum Condition Prob Sum Condition
2+ 21 23 EE 21+ 22 43 EE
22+ 2 24 EE 23+ 21 44 EE
2+ 31 33 EE 21+ 24 45 EE
41+ 2 43 EE 31+ 21 52 EE
2+ 51 53 EE 21+ 32 53 EE
21+ 3 24 EE 33+ 21 54 EE
3+ 31 34 EE 21+ 34 55 EE
41+ 3 44 EE 31+ 22 53 EE
3+ 22 25 EE 22+ 32 54 EE
51+ 3 54 EE 33+ 22 55 EE
4+ 21 25 EE 23+ 22 45 EE
31+ 4 35 EE 31+ 23 54 EE
4+ 41 45 EE 23+ 32 55 EE
51+ 4 55 EE 31+ 24 55 EE
5+ 24 29 EH 21+ 26 47 EH
33+5 38 EH 27+ 21 48 EH
6+ 22 28 EH 21+ 28 49 EH
23+ 6 29 EH 35+ 21 56 EH
6+ 32 38 EH 21+ 36 57 EH
33+ 6 39 EH 37+ 21 58 EH
6+ 42 48 EH 21+ 38 59 EH
43+ 6 49 EH 35+ 22 57 EH
6+ 52 58 EH 22+ 36 58 EH
53+ 6 59 EH 37+ 22 59 EH
7+ 22 29 EH 23+ 26 49 EH
32+ 7 39 EH 35+ 23 58 EH
7+ 42 49 EH 23+ 36 59 EH

52+7 59 EH 35+ 24 59 EH
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TABLE A2—Continued

Problems Used in Experiment 2

Mixed addend problems Two-digit addend problems
Prob Sum Condition Prob Sum Condition
1+62 63 HE 21+ 62 83 HE
72+ 1 73 HE 63+ 21 84 HE
2+61 63 HE 21+ 64 85 HE
62+ 2 64 HE 71+ 21 92 HE
2+71 73 HE 21+ 72 93 HE
72+ 2 74 HE 73+ 21 94 HE
2+ 63 65 HE 21+ 74 95 HE
73+ 2 75 HE 71+ 22 93 HE
3+61 64 HE 22+ 72 94 HE
71+ 3 74 HE 73+ 22 95 HE
3+ 62 65 HE 23+ 62 85 HE
72+ 3 75 HE 71+ 23 94 HE
4+ 61 65 HE 23+ 72 95 HE
71+ 4 75 HE 71+ 24 95 HE
4+ 74 78 HH 21+ 66 87 HH
75+ 4 79 HH 67+ 21 88 HH
5+ 62 67 HH 21+ 68 89 HH
63+ 5 68 HH 75+ 21 96 HH
5+ 64 69 HH 21+ 76 97 HH
72+5 77 HH 77+ 21 98 HH
5+73 78 HH 21+ 78 99 HH
74+ 5 79 HH 75+ 22 97 HH
6 + 62 68 HH 22+ 76 98 HH
63+ 6 69 HH 77+ 22 99 HH
6+ 72 78 HH 23+ 66 89 HH
73+ 6 79 HH 75+ 23 98 HH
7+ 62 69 HH 23+ 76 99 HH
72+ 7 79 HH 75+ 24 99 HH

Note EE, easy tens, easy ones; EH, easy tens, hard ones; HE, hard tens, easy ones; HH, hard tens, hard ones.
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