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A Capacity Theory of Comprehension:
Indicidual Dirrefences in Working Memory

M. A. Just and P. A. Carpenter
Psychological Review, 1992, 99 (1), 122-149.
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Figure 1. First-pass reading times on by phrase for the untested sub-
jects of Ferreira and Clifton (1986) on the top and for high and low
span subjects in the present study on the bottom. (The slope for the
high span subjects between the inanimate and animate conditions indi-
cates that their processing is faster if the grammatical subject of the
sentence is inanimate; in contrast, the lack of difference between the
inanimate and animate conditions indicates a negligible influence for
Ferreira and Clifton’s subjects and the low span subjects in the present
experiment)
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Figure 2. Reading time per word for successive areas of subject- and ‘object-relative sentences, for high,
medium (Mid), and low span subjects. (The differences among the span groups are larger for the more
difficult object-relative construction, which is the more complex sentence. The differences are particu-
larly large at the verbs, which are points of processing difficulty that are expected to stress working
memory capacity. The reading times for parenthesized words are not included in the plotted points)
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Figure 3. The differences between the ambiguous (AMBIG) and un-
ambiguous (UNAMBIG) sentences in the average reading time (RT)
per word for the three regions of the sentences for the high, medium
(Mid), and low span subjects. (The high span subjects take additional
time on sentences with structurally ambiguous verbs, such as
“warned,” than those with unambiguous verbs, such as “spoke.” This
result is consistent with the hypothesis that high span subjects main-
tain the ambiguity in working memory for a longer period than do
medium or low span subjects. The error rates are indicated in the
bottom panel)
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subject reads a set of sentences that are either hard, because they con-

Figure 4. Comprehension accuracy for subject-relative and object- tair{ diftjlcult vocabula'ry, oreasy. (Ref:al[ primarily decrea'ses when the
relative sentences in the absence or presence of an extrinsic memory subject is at or near his or her capacity and the sentence is hard)

load for high and low span reading groups. (Comprehension accuracy
is lower for the low span subjects, for the more complex object-relative
clause sentences, and when subjects are simultaneously retaining a
load)
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Figure 6. Correct interpretation of a pronoun as a function of its
distance from the preceding anaphoric reference for high, medium,
and low span reading groups. (The subjects with the highest span [5
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L0 gooog 1999.10. 00O

3. googobogoogoon

gbobogoboooboobooboboobobooboobooboobobbo

CAPS 0000000O0O0O0OODOOOCOOUOOOCAPSOOOOUOO0OUOOODOODODODOOOODOOOOOO
gboooooboooooooobo

e JO0O0OO0ODOODOOUDOODOOLOOOUDLODOOOOUDLDODOODODOOO

e JO0ODOOOOODODOODOODOO

e JO0ID0O0OO0OODOOLOOODOODLOOOLOOODOODOOOODOOOO

CC READER U00O0O000O0OO0OO0O0OOOOOOCOOO READER(Thibadeau,Just,&Carpenter,1982)0 O O
0O CC READER (Capacity Constrained READER)0 00000 0OO0OOOOOO:
l. 0dodooooobooooooob oo b b0 oo ooooao
00000000000000D00000000O0000000
2. 000000000000 (0O0O .00 0O0)0 OO0 (OO0 [implicit :isa) 00)00000000O0OOO
goboooooobouoooooon
3. 0000000000000 000D00O0U0L0(D00)DD00D00UD0OO0O(@O)OD0U0DOO0OO0O0
00000000 (oooo)ooooo
4. 00000000000000000000000000O000000O00O000O0O0OO0O000O0O000
gooboool1obooooooboood
5, 00000000000000000000000000000000000O0
CCREADEROOOOO0ODDODOOOO0OODOOOO0OODOOOO0ODODOOOOOODOODOOOOOOOn
oooooOooooOo0o00000000000000000000000000000

gbooog bOooboobooooboood

e JO00I0OO0OOOODOOLOOODOODLOOOOODOOOODO

e JO000O00ODODOLDOODOLOODOUDODOLOOODODO
gboobobobooooooooooobobobooboooooooooooobooobooboobOobobOobaon
0 (Do0O0oUooOoUoooooo)oooo

e JO00IO0O0OOOODODLOOODOODLOOOLOOODOODOOOODOOOO

e JO0OOOUDOOODOODLDOOOLODLDDOOOOODOOOODOOODOOOOOOODOOOOOOOOOODOOOn

CCREADERUUOO0OOOOO CCREADEROS70D000O0O0OO0O0O0OOOOOOOOCO (TABLE 2)0

Table 2
Categories of Productions in CC Reader
Category Number Subcategory
Initialization 3 Initializing system and getting next word
Lexical access 3 Accessing lexicon

Syntactic parsing 10 Parsing noun phrases
1 Parsing verb phrases
Handling transitions between subjects,
predicates, and direct objects
12 Handling embedded clauses
Semantic analysis 6  Handling verb voice and agent-patient
assignment




OOODO I999.10. T D oo e e e e i e 11

[0O00] 1. 00oboobobooboobooogooo
2.000000000000040
. 000oobooooboon
[DO0oo0o0] l. 000ooboobooobobooobooooboooboobooooobooobooooon

00o00000D0o00o0o0oo0oO00o0o0oooU0o0ooU0(=00000)000
oooobooogo
2.000000000O00DOO0O0O0OOOOOOOODbOOOOODbOOODOOOOn
goooobooogo
. 0ooooboobooooboobooooobooboo
[00000O000] 0000000000000 00000000000O00UO00O0O0O00OOFigure 70
0000000000000000 (eg. 00 -00)O
[0oo0o] 00000o00o0oo0oo0o0/00o00o0o0oo0oooo0o0o0oooUoUoOoo
o0:0o00000boo0obobpOOoooooobbOooOooobOoooDOoooDObOOoDbobOOon
gboooobooooboboooobooooono

00000000 CCREADEROUODUOUOUOODODOUOOODDOOOO(0O,000)000000DOOOOO
gboooobooooboboooobobooooobooooooboooooan

e J0UOODO (2.5) ...Figure 8. (cf. Figure 7.)
e JOODOODO (2.3) ...Figure 9.
e JJI0OODOUDOODOIDODO (2.2) ...Figure 10.

(00000000 OO0O0OUOOOUOOOOUbOOOoOOon)

gboooboooooo

e JO0O0O0O0O:00000C0O0DO0OLOOODOODOODOOODOOOOODOOOOODOODOODOODOOn
0000000000 (bo0o0oooooooooooo)o
- Figure 300 0000000000O0DOOCO0OO0ODOOO0ODOODOO0OODOOOODOOOODOO
(00DoOO0Do0oDoDOoUoOoooOo)o

e JO0OOO0OODOOOOODO:O0O00DOO0OODOOOODOODOODOOOODOOOODOOOOOOn
0000000000o000o00o00o0ooO0(Oo000o00U000o0o0UoO)0o0oUooooUoo
000000 (0ooo0oo0oUo0)ooo0-D0O000O00O000000O0D0DO0OOO0O0O0oOOO
good



L goog 1999.10.

AMBIG - UNAMBIG (cycles)

A.  SENTENCE GRAMMAR (Main Verb)

(Relative Clause)

e

RELATIVE
PRONOUN

B. VERB PHRASE NETWORK

warned about the dangers.. (main verb)

MeesusEEEEsTesssusasEsmamsRteusRLSRC R R AR AN as P
RETURN
TRANSITIVE I } :
PAST PARTICIPLE i z:::::m

warned about the dangers.. (end of séntence
anmswanm

TRANSITIVE
n il

RETURN
Main
verb

ADV

AUXILIARY
VERB

INTRANSITIVE
VERB

Figure7. The sentence grammar, on the top, and the verb phrase network, on the bottom, that are used
by the syntactic productions. (The ambiguity between main verb sentence and the reduced relative clause
sentence is indicated in the verb phrase network by indicating that the phrase “warned about the dangers”
is compatible with two branches of the network. VP = verb phrase; NP = noun phrase; ADV = adverb;
PP = prepositional phrase; ADJ = adjective)
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Figure 8. The top graph presents the difference in the number of
cycles needed to process the ambiguous (AMBIG) and unambiguous
(UNAMBIG) sentences when the simulation, CC READER, is operat-
ing with more working memory capacity, to simulate the high span
subjects, or less, to simulate the low span readers. (The bottom graph
presents the human data for comparison with the simulation. RT =
reading time)
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Figure 9. The number of cycles expended on various parts of the subject-relative sentences (on the left)
and object-relative sentences (on the right) when the simulation, CC READER, is operating with more or
less working memory capacity. (The bottom graph presents the human data for comparison with the
simulation.)
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Figure 10. The number of cycles expended on the by phrase for sen-
tences containing inanimate and animate grammatical subjects when
the simulation is operating with more or less working memory capac-
ity. (The bottom graph presents the human data for comparison with
the simulation,)

Table 3

Total Consumption of Activation After Successive
Words of a Sentence

Units of activation consumed

Reading

capacity The reporter that the senator attacked admitted the error.

Low 92 162 16329.0 29.0 290 29.0 29.0 29.0
High 9.2 162 16.331.0 38.1 53.0 53.0 53.0 53.0

go
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