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vation tasks in children with specific language impairment (SLI)

and their typically developing peers. Children with SLI exhibit
delayed language development in the absence of frank neurological,
hearing, emotional, or intellectual impairments. These children typically
have a delayed onset and slower progression of developing language
skills, characterized by lexical, syntactical, and especially morphological
difficulties (for a detailed review, see Leonard, 1998). Although by defi-
nition, children with SLI have normal nonverbal intelligence, there is a
substantial and growing body of research suggesting deficits on a range
of nonverbal tasks as well (for a detailed review, see Bishop, 1992;
Leonard, 1998). Some of these difficulties include problems with manip-
ulating mental images in mental rotation tasks (Johnston & Ellis
Weismer, 1983), deficits in hypothesis testing (Nelson, Kamhi, & Apel,
1987; Ellis Weismer, 1991), poor haptic recognition (Kamhi, Catts,

I his study investigated mental representation of Piagetian conser-
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Koenig, & Lewis, 1984; Montgomery, 1993), and delayed
acquisition of Piagetian conservation (e.g., Inhelder, 1963;
Evans, Alibali, & McNeil, 2001; Kamhi, 1981; Siegel,
Lees, Allan, & Bolton, 1981).

The basic logic of conservation tasks is that a quan-
tity stays the same across transformations unless more
is added or some is taken away. Conservation tasks can
be administered using liquid, countable objects, sticks of
certain length, or shapeable mass. Each of these tasks
begins with establishing the initial equality of two quan-
tities. For example, the investigator pours the same
amount of water into two identical glasses. After the
child agrees that the two amounts are the same, the in-
vestigator transforms one of the items so that it ap-
pears different, although the amount is unchanged. For
example, the investigator pours the water in one of the
glasses into a shorter, wider one. Next, the investigator
asks the child to judge whether there is more in the
unchanged item, more in the changed item, or the same
amount in both. A judgment is regarded as conserving if
the child indicates that the amounts are the same, and
nonconserving if the child indicates that the amounts
are different. Typically developing children between the
ages of 6 and 7 conserve across the full range of tasks,
including liquid, number, length, and mass (Siegler,
1981).

Studies of children with SLI document delays in
conservation performance. For example, Siegel et al.
(1981) and Kamhi (1981) reported that children with SLI
between the ages of 4 and 6 performed less well than
typically developing, age-matched children, but better
than typically developing, language-matched children.
Studies of older children with SLI, however, indicate
that ultimately these children are able to perform suc-
cessfully on conservation tasks, albeit 3-4 years later
than their typically developing peers. For example,
Inhelder (1963) and Johnston and Ramstad (1983) both
observed older children with SLI (9-11-year-olds) to
exhibit fully conserving performance. Taken together,
these studies suggest that children with SLI eventually
develop the concept of conservation, but they are delayed
in its acquisition.

These early studies of conservation in SLI were
based on the idea that the core, underlying deficit in SLI
is poor ability for symbolic representation (Kamhi, 1981;
Morehead & Ingram, 1973). However, many studies fo-
cusing on symbolic deficits failed to show clear-cut evidence
for arelation between language age and conservation per-
formance (e.g., Kamhi, 1981). These early studies com-
pared the performance of children with SLI to that of
typically developing controls in terms of the number of
same—different judgments and developmental stage
scores. These studies did not focus on the way in which
children with SLI conceptualized the conservation tasks
themselves.

More recent studies of conservation in typically de-
veloping children have focused on how the concept of
conservation is represented and how these representa-
tions change during developmental transitional states
(e.g., Church, 1999). In this context, mental representa-
tion refers to ways in which children think about the
conservation tasks. Children’s representations are typ-
ically investigated by asking the children to explain
their thinking about the conservation task after the fact.
The explanations that children express in both speech
and gesture can be coded. An example of an explanation
expressed in speech would be “Because you poured that
one”; an example of an explanation expressed in gesture
would be a motion imitating pouring. When learning the
concept of conservation, typically developing children
progress from nonconserving performance (always judg-
ing the quantities as “different”) to conserving perfor-
mance (always judging the quantities as the “same”). In
between nonconserving and conserving states, typically
developing children display transitional knowledge of
conservation before reaching fully conserving perfor-
mance (Church & Goldin-Meadow, 1986). During tran-
sitional states, children’s judgments may vary from task
to task, and children may sometimes express more ad-
vanced explanations, and sometimes developmentally
earlier explanations. Furthermore, children sometimes
express different explanations in speech and gesture on
the same task (Church & Goldin-Meadow, 1986).

One account of the transition from nonconservation
to conservation in typically developing children is a pro-
gressive shift from perceptual to more “cognitive” repre-
sentations (Piaget, 1965; Schultz, 1998). The basic idea
is that in order to develop a strong concept of conser-
vation, the child has to move away from focusing on the
perceptual attributes of the current situation (e.g., the
height of the glass) and be able to refer to an internal
representation or memory of what happened before (e.g.,
the initial equality or the transformation). It is impos-
sible to tell for certain if a tall skinny glass has the same
amount of liquid as a short wide one without referring
back to an internal representation of the initial equality
of the liquid and the type of transformation that was
conducted (e.g., pouring liquid from one glass to another).
To successfully perform the task, one has to repress the
“incorrect” or misleading external perceptual cues and
refer back to an internal representation of the initial
equality. Therefore, continued reliance on external fea-
tures and lack or weakness of internal representations
could be one account of delay in acquiring conservation.

This view is compatible with Zhang’s (1997) dis-
cussion of the interplay of internal and external rep-
resentations in problem solving in typical adults. This
hypothesis is also consistent with recent parallel
distributed processing computer modeling conducted
by Shultz (1998). The networks started out basing their
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judgments on external perceptual features such as
length, but as the networks gradually constructed a
representation of transformation knowledge (i.e., an in-
ternal representation), a sudden shift from nonconserv-
ing to conserving performance was observed.

Rethinking conservation tasks in terms of both the
external perceptual features of the task and the internal
mental representation of the transformation may have
implications for understanding the delayed acquisition
of conservation in children with SLI. Across a number of
domains, there is evidence to suggest that the mental
representations of children with SLI may differ from
those of their peers (Bishop, 2000). For example, studies
suggest that (a) phonological representations may be
holistic or less precise in children with SLI (Dollaghan,
1998), (b) semantic representations of children with
SLI may contain less detail than those of typical peers
(McGregor & Appel, 2002; McGregor, Newman, Reilly,
& Capone, 2002), and (c) representations of syntactical
constructs may be weak in children with SLI (Evans,
2002). The question remains whether weak or imprecise
representations in children with SLI are specific to lan-
guage tasks or extend to nonverbal cognitive tasks as
well. Johnston (2004) presented some evidence that the
difficulty children with SLI experience with nonverbal
cognitive tasks may be due to difficulty in forming in-
ternal representations of the task in question. If the
developmental trajectory in successfully solving conser-
vation tasks is such that children move from focusing
primarily on external features to focusing on internal
mental representations as the internal representations
gradually develop (Piaget, 1965; Schultz, 1998), then
if children with SLI have difficulty building internal
representations (Inhelder, 1963; Johnston, 2004) and rely
mostly on external cues, this could account for their de-
layed performance.

On the basis of evidence from children’s speech and
gestures, Evans et al. (2001) have suggested that chil-
dren with SLI may be in an extended transitional state
with respect to conservation. That is, they may continue
to activate multiple ideas, including both developmen-
tally earlier and later ideas about conservation tasks, for
an extended period of time, relative to their typically
developing peers. However, Evans et al. did not directly
examine whether children with SLI rely more on ex-
ternal perceptual representations rather than internal
mental representations to solve the conservation tasks.
Before one can assume that delayed conservation per-
formance in children with SLI is a manifestation of
weak internal representations, we need to look directly
at whether children with SLI are relying less on such
internal representations.

Based on this view, it was hypothesized that chil-
dren with SLI focus less on internal representations and

more on external features in conservation tasks, and,
therefore, they are slow to acquire the concept of conser-
vation. To test this hypothesis, we coded the explana-
tions that children with SLI expressed in speech and
gesture on conservation tasks. We classified the expla-
nations into two categories: external ones, which focus on
external, perceptual, currently present features of the task,
and internal ones, which focus on internal representations
of what happened before. It was predicted that children
with SLI would (a) exhibit difficulties in correctly judging
amount in the conservation tasks, as compared to a group
of chronological age-matched (CA) controls, (b) express
more external and fewer internal explanations of their
thinking when compared with typically developing CA
peers, and (c) express comparable rates of internal and
external explanations when compared with younger con-
servation judgment-matched (CM) controls.

Method
Participants

Twenty-nine children participated in the study, in-
cluding 12 children with SLI (ages 7;0—10;5) and 17 typ-
ically developing controls (ages 5;4-10;9). All children
met the following inclusion criteria: (a) passed a pure-
tone audiometric screening at 20 dB HL at 500, 1000,
2000, and 4000 Hz; (b) had nonverbal intelligence at or
above 85 as measured by the Columbia Mental Maturity
Scale (Burgemeister, Hollander Blum, & Lorge, 1972), the
Leiter International Performance Scale (Roid & Miller,
1997), or the Test of Nonverbal Intelligence (Brown,
Sherbenou, & Johnsen, 1990); (¢) came from English-
speaking monolingual homes; and (d) did not have oral
and speech motor disabilities. Children were excluded if
they had any of the following conditions based on parent
report: emotional or behavioral disturbances, cognitive
delay, motor deficits, or frank neurological signs includ-
ing seizure disorders or use of seizure medications. In the
SLI group, 4 children were African American, and 8 were
White. All of the typically developing children were White.

Children with SLI were administered the expres-
sive and receptive subtests of the Clinical Evaluation of
Language Fundamentals—Revised (CELF-R; Semel,
Wiig, & Secord, 1987). A criterion of an expressive lan-
guage score one standard deviation below the standard
mean or lower in standard scores was used for inclusion
in the SLI group. Nine of the 12 children with SLI also
exhibited receptive deficits, with receptive language scores
on the CELF-R one standard deviation below the stan-
dard mean or lower in standard scores. None of the typ-
ically developing children received speech and language
or special education services, and all of them were placed
in age-appropriate classrooms. To screen the language
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Table 1. Child idenfification code, group, age in months, gender, standard scores for nonverbal infelligence (IQ), expressive language score (ELS),
Oral Directions receptive subtest (OD), and receptive language score (RLS), and percentage of words recalled on the Competing Language
Processing Task (CLPT) for children in the specific language impairment (SLI) and chronological age-matched (CA) groups.

Child Group Age Gender IQ ELS oD® RLS CLPT?
N Su 84 M 92¢ 59 7 76 2.4
S2 Su 85 M 116° 82 4 70 0
S3 su 88 M 89¢ 64 6 83 24
S4 Su 102 M 108¢ 62 5 80 28.6
S5 Su 102 M 102¢ 62 9 65 0
Sé6 su 105 F 107¢ 76 5 91 19
S7 Su 113 F 97¢ 62 8 50 2.4
S8 Su 114 F 103¢ 74 4 78 54.8
S9 N 116 F 100¢ 62 3 54 33.3
S10 Su 122 M 1150 78 4 89 38.1
S11 Sul 124 F 95b 64 8 74 214
S12 su 125 M 105¢ 72 11 97 47 .6
M 106.67 102.42 68.08* 6.17* 75.85 20.8*
SD 14.87 8.43 7.80 2.44 14.22 19.7
Tk CA 77 F 107¢ 91 9 — 26.2
T2 CA 86 F 116° 130 15 — 45.2
T3 CA 88 F 98¢ 97 4 87 33.3
T4 CA 103 M 112¢ 106 14 — 54.8
15" CA 103 F 99° 93 9 — 35.7
Té6 CA 104 F 110¢ 104 9 — 47.6
7 CA 109 M 112¢ 99 10 — 43
T8 CA 116 M 109¢ 112 11 — 69
T9 CA 116 F 111¢ 115 14 — 66.7
T10 CA 125 F 111¢ 91 11 — 66.7
T11 CA 125 F 93k 118 11 — 595
T12 CA 129 F 102° 106 9 — 61.9
M 106.75 106.67 105.17* 10.5* 50.8*
SD 16.62 7.01 12.0 3.0 14.4
Note. Dashes indicate that test was not administered.

“Standard score from the Columbia Mental Maturity Scale (M = 100, SD = 15). ®Standard score from the Leiter International Brief IQ (M = 100, SD = 15).
“Standard score from the Test of Nonverbal Intelligence (M = 100, SD = 15). dClinical Evaluation of Language Fundamentals: Expressive Language score
(M =100, SD =15). *Clinical Evaluation of Language Fundamentals: Oral Directions receptive subtest score (M = 10, SD = 3). ‘Clinical Evaluation of Language
Fundamentals: Receptive Language subtest score (M = 100, SD = 15). 9Words recalled on Competing Language Processing Task. "Child was also in the

conservation judgment-matched (CM) group.

*p < .05, two-tailed.

skills of the typically developing children, we administered
the three expressive subtests of the CELF-R and one
receptive subtest, the Oral Directions subtest. If the
typically developing children failed the Oral Directions
screening (subtest score one standard deviation below
the mean, subtest score of 7), the entire receptive battery
was administered. Fifteen of the 17 typically developing
children received subtest standard scores of 8 or higher
in the Oral Directions receptive subtest; however, 2 chil-
dren in this group received standard scores below 7 (T3
and T'17). These two typically developing children were

administered the remaining two subtests of the CELF-R
to ensure that receptive language abilities were within
normal limits. These children’s total receptive language
scores of 97 and 87 were within the normal range. To
confirm SLI or typical language status, all of the chil-
dren were also administered a verbal working memory
task, the Competing Language Processing Task (CLPT;
Gaulin & Campbell, 1994). This task has been shown to
effectively distinguish between children with and with-
out language disorder (Ellis Weismer & Thordardottir,
2002; Rodekohr & Haynes, 2001). See Table 1.
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Two control groups were included in this study: a
chronological age-matched group (CA) and a conserva-
tion judgment-matched group (CM). Each of the 12 chil-
dren with SLI had an age-matched, typically developing
counterpart (matched within +/— 7 months). These typi-
cally developing children formed the first control group,
the CA group. The SLI and CA groups’ standard scores
for the expressive language scores were significantly dif-
ferent, t(22) = 8.00, p < .05, n° = 1.00, as were their stan-
dard scores for the Oral Directions receptive subtest,
#22) = 3.93, p < .05, n% = .41. The SLI and CA groups
did not differ significantly in nonverbal 1Q, #(22) = 1.34,
p = .19, 02 = .08; however, according to Mervis and
Robinson (1999), p values higher than .5 should be ob-
tained to convincingly show that the groups are well
matched; therefore, IQ was entered as a covariate in the
SLI versus CA analyses. The SLI group differed signif-
icantly from the CA group in percentage of words re-
called on the CLPT, #(22) = 4.25, p < .05, n° = .45.

A second group of 10 of the 12 children with SLI
(SLI-C group; ages 7;1-10;5) were matched to typically
developing children solely based on conservation knowl-
edge as evidenced by judgments (see Table 2). The two
groups were matched on their number of same judg-
ments in the conservation task. This group of typically
developing children formed the second control group, the
CM group (ages 5;4-9;1). Five of the 10 children in the
CM group were also in the CA group, but were matched
to different children with SLI based on their same judg-
ments in the conservation task. The remaining 5 CM
children were not part of the CA group and served as
matches for the remaining children with SLI. The over-
lap in children in the two control groups, CA and CM, did
not violate assumptions of statistical independence, be-
cause these two groups were not directly compared with
each other or entered into the same statistical analysis.
Instead, the CA group was compared with the SLI group,
and the CM group was compared with the SLI-C group.
No individual child was included twice in any statistical
analysis. Thus, the group comparisons were indepen-
dent. See Ellis Weismer and Hesketh (1996) for a similar
matching strategy.

The language abilities for the SLI-C and CM groups
did not differ significantly. The SLI-C group did not dif-
fer significantly from the CM group in raw score on the
Formulated Sentences subtest of the CELF-R (SLI-C
M=31.50,SD=5.02;CMM=230.90,SD =12.99), £(11.63) =
1.40, p = .89, 02 = 0 (unequal variances assumed), raw
score on the Recalling Sentences subtest of the CELF-R
(SLI-CM =47.00,SD =10.21;CM M =54.7,SD = 12.08),
t(18)=-1.54, p = .14, n? = .12, or the raw score of the Oral
Directions receptive subtest of the CELF-R (SLI-C M =
11.40,SD =5.44;CM M = 11.40, SD = 6.04), £(18) = 0.14,
p = 1.0, 1% = 0. The SLI-C and CM groups also did not
differ significantly in percentage of words recalled on the

Table 2. Child identification code, group membership, number of
same judgments (Jud) on the conservation tasks, age in months,
standard scores for nonverbal infelligence (IQ), expressive language
score (ELS), Oral Directions receptive subtest (OD), receptive language
score (RLS), and percentage of words recalled on the Competing
Language Processing Task (CLPT) for children in the specific language
impairment (SLI-C) and conservation judgment-matched (CM) groups.

Child Group Jud Age IQ ELs? oOD® RLS' CLPT®

S9 su-C 0 116 100° 62 4 54 333
S2 su-c 2 85 116° 82 6 70 0

S12 SU-C 2 125 105¢ 72 9 97 476
S8 su-c 5 114 103° 74 5 78 548
S4 su-c 6 102 108° 62 8 80 284
S11 SU-C 6 124 95P 64 4 74 214
S7 su-c 7 113 97° 62 3 50 24
S5 su-c 8 102 102° 62 4 65 0

S6 Su-c 8 105 107¢ 76 8 91 19

S10 Su-C 8 122 1150 78 11 89 38.1

M 52 110.8 1048 694 620 74.8 24.52
SD 29 125 7.0 7.83 2.66 155 19.60
T4 CM 0 66 111° 95 11 — 0

T6 CM 1 76  113° 93 10 — 357
5 CM 2 69  120° 06 11 — 0

M3 CM 5 64 128° 124 14 — 40

kM 6 77 107° 91 9 — 262
@M 6 88 98° 97 4 87 333
M7 C™M 7 76 127° 95 5 97 476
4 cM 8 103  112° 106 14 — 548
s cM 8 103 99° 93 9 — 357
7" cM 8 109 1120 99 10 — 43

M 51 831 1149 999 970 31.6
SD 303 166 1114 993 3.27 18.4

Note. Dashes indicate that test was not administered.

Standard score from the Columbia Mental Maturity Scale (M = 100,
SD = 15). *Standard score from Leiter International Brief IQ (M = 100,
SD = 15). “Standard score from the Test of Nonverbal Intelligence

{M =100, SD = 15). “Clinical Evaluation of Language Fundamentals:
Expressive Language score (M = 100, SD = 15). *Clinical Evaluation of
Language Fundamentals: Oral Directions receptive subtest score (M= 10,
SD = 3). Clinical Evaluation of Language Fundamentals: Receptive
Language subtest score (M = 100, SD = 15). ®Words recalled on Com-
peting Language Processing Task. PChild was also in the chronological
age-matched (CA) group.

CLPT (SLI-C M =24.50,SD =19.61; CM M =31.60,SD =
18.43),t(18) = 0.84, p = .41, n? = .04. Interestingly, this
indicates that although the CM group was not selected
to match the SLI group on measures of language and
verbal working memory, the two groups had similar lan-
guage and verbal working memory abilities. This sug-
gests that reasoning in the conservation task, language
abilities, and verbal working memory are closely related.
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Experimental Task

All children completed eight Piagetian conservation
tasks: two liquid, two number, two length, and two mass.
Children were presented the tasks in a fixed order as
follows: liquid, number, length, and mass.' The proto-
col followed four steps for each task: (a) initial equality,
(b) transformation, (c¢) judgment, and (d) explanation.

Initial equality. Each task began with the investi-
gator presenting the child with two quantities with the
same amount. In the case of liquid, the child saw two
identical glasses; in the case of number, two identical
rows of six checkers; in the case of length, two identical
sticks; and in the case of mass, two identical balls of
playdough. The investigator then asked the child the
following questions while indicating the quantities by
pointing. In the liquid tasks, the child was asked, “Is
there more water in this glass, more water in this glass,
or do they both have the same amount?” In the number
task, the child was asked, “Are there more checkers here,
more checkers here, or do they both have the same
number?” In the length tasks, the child was asked, “Is
this stick longer, is this stick longer, or are they both the
same length?” Finally, in the mass tasks, the child was
asked, “Is there more playdough here, more playdough
here, or do they both have the same amount?” If the child
did not agree that the initial amounts were the same,
then changes were made to the items (e.g., more water
was added to one of the glasses), and the child was again
asked if the two amounts were the same. This phase was
repeated until the child agreed that the two quantities
were the same amount. All of the children answered the
questions appropriately, and their behavior indicated
that they understood the task and the questions.

Transformation. After establishing that the quanti-
ties were equal, the investigator performed a transfor-
mation to one of the items without changing the actual
quantity. In the first liquid task, the water in one of the
glasses was poured into a short wide glass; in the second
liquid task, the water was poured into a tall skinny glass.
In the first number task, one of the rows of checkers was
spread out; in the second number task, one of the rows
was moved into a circle shape. In the first length task,
one of the sticks was moved over; in the second length
task, one stick was moved perpendicular to the other,
forming a T shape. In the first mass task, one of the balls
of playdough was flattened out into a flat, wide pancake-
like shape; in the second mass task, one of the balls of
playdough was rolled out into a long, skinny sausage-like
shape.

Judgment. Following the transformation, the chil-
dren were asked the same questions they were asked in

10ne child received the tasks in a different order. This child’s task order was
as follows: liquid, length, number, mass.

the initial equality phase (e.g., “Is there more water
in this glass, more water in this glass, or do they both
have the same amount?”). A child’s judgment was re-
garded as conserving if the child indicated that the
amounts were the same following the transformation. A
child’s judgment was regarded as nonconserving if the
child indicated that the amounts were different following
the transformation.

Explanation. Finally, after the children gave their
judgments, they were prompted to explain their think-
ing with a series of four questions: “How can you tell?”
“How else can you tell?” “Is there any other reason?” and
“Anything else you can think of ?” The investigator then
moved the items back to the initial equality state, and
moved on to the next task. Because each child completed
eight tasks, he or she was given a chance to give a total of
32 explanations. Children did not, however, give expla-
nations after all of the prompts. Children with SLI gave
an average of 12.33 explanations (148 in total), and typi-
cally developing children an average of 12.00 explana-
tions (204 in total).

Coding Judgments

Children’s verbal responses for the judgment phase
of the experimental task were coded as either same or
different to determine whether the children were exhib-
iting conserving reasoning.

Coding Explanations

The experimental tasks were recorded on both video-
and audiotape. Children’s verbal responses and ac-
companying gestures were coded separately. All of the
children’s utterances following each experimenter
prompt were transcribed and coded using Church and
Goldin-Meadow’s (1986) conservation coding system.
Verbal responses were transcribed from the audiotapes.
Gestured responses were transcribed from the video-
tapes with the sound turned off. Children’s hand move-
ments were coded for explanation types based on shape,
orientation, placement, and motion of the hand(s).

Each verbal and gestured explanation could receive
one or more of the following codes: description, compar-
ison, missed compensation, compensation, identity, iden-
tity by counting, one-to-one correspondence, initial
equality, transformation, reversibility, and add—subtract.
Definitions and examples of each explanation type are
presented in Table 3. In addition, as seen in Table 3,
the Church and Goldin-Meadow (1986) system was re-
fined to include one additional category: general rule—
hypothetical.

Each verbal and gestured response after the four ex-
perimenter prompts was then classified as either reflect-
ing a focus on external features or internal representations

1272 Journal of Speech, Language, and Hearing Research ® Vol. 49 o 1267-1279 © December 2006



(suoyoup|dxe

[puIa§x® 995) UoKDsUSdLWIOD passiw 1o ‘uoypsuadiod ooIByUI
‘uostipdwiod ‘uoydidsap sp papod spm Bulupsw ayy Ldn 1ayBiy ji <ow> sjeb S9INQLKD By} YIYM Ul sAom [pIausB ynogp
[pusB4u| ‘seinqLyp ayy o paunisab piyo syt 4| yosads ul sjgissod AuQ JjM4s JBIUUDYS PUD JBIUUIYS SI SIY],  UOHDULIOJUI LHIM PBUIGUIOD SBINCLKD UO $Nd04  [payayjodAH—sa|ni [pisuss)

(yiBus| Jo uoyduiossp oso)
Ajiqis1aray /uoiisod [Pyl O} 3P SSAOWY /3PNS PaULIO)SUD.Y

[PusSpy| ay4 Jo sjutodpug /sedpys puoy [panau ‘spuoy yiog * | P0] WaY} 3A0W puD ***,  UOHDWLIOJSUD} 8y} O AjijIqisiansl By} uo sndo Aiqssenay
ojul Inog /uoyows Butinog
[PutS}y| /ssp|B pauiojsupy syt aroqy /adoys O pupy 4aT | LWaY} arow jsnl nok ‘Aspg,  PajPNPUOD SPM DU} UOHDWIOJSUDY S} UO SN0 UOLOWLIOJSUDI |
[PusSjy| 195 DJOP SIY} Ul 3D ON| Buippp ou s aiay asnp),, Aomp usxp} 1o pappp som BuiyioN PoHNS—PPY
[ouaiu| 195 DJOP SIY} UI $3SDD ON| ,2Iojeq esnodag,, sayyuonb sy jo Ajonbs [pyIUI U sNd04 Ayjonbs [oyiuj
{uno?) /auo Aq 8UO JBXPBY YODB O} SjUIOd /MOl LS1 @y ynw uonpnyis yussaid ayy ul Jaquinu Jo
[PuseXg pawLojsuDy Ul sI19PaYd JaAQ) /adoyspupy [p4nau puby 4o *| moy poay 1noA junod uod nok puy, Bunnspaw 1o ‘Jequinu ‘Buyunod uo sndo Buyunod Aq Ausp

9ouspuodsa.i0d 8Uo-04-8uQ
/Mo pawwiojsuniun Ui suo Buipuodsaliod of mol

POWLIOJSUD UL JS}IBYD YO0 WO S8ID] /SMOU moJ pauniojsupiy ut ppdisjunod
[Puseg yioq u1 sexydayd Yop3 /sadoys pupy [oA4nau ‘spuby yiog * | A2upnd b spy auo yoos asno)), D SDY MOJ PBWLIOJSUDUN Ul J8%d8Yd YoP]  8ouspuodsaLiod 8uo-oj-8uQ
yBnopApid pswuojsupiy jo yybiaH /uoyow oN
/8Bpsnos yBnopApd jo doj ug /jutod pupy yybry °z (Biq pup poys ‘|pws pup Auunys 6-9)
yBnopAn|d paw.ojsupy jo yibue]/uoyow oN/,e60snos,, A3||PWs s1 8UO siyy sI Swiayl Ysb} Yo 4o aUo 4o sanqupo Buyos
[PuseXg ybnopAod jo sjurodpug /sedpyspupy [oinau ‘spuby yiog * | 3UO SIy} puD JOPIM I BUO SIy| , -uadwioouou Jnq JuBIBIP OM} UO SNDOJ uoypsuadwod passiyy
(5pi 4nq 10ys ‘|jok ing
ssp|b PaWLIOJSUD JO ipIM PUD 1yBiey /sso|b Auupys *68) swiayl yjsp} Yjoq 1o auo jo
[PuseXg punouo sedpu] /ssp|B poys 4o (oA JajpAN /utod pupy ya1 t| 4eyBiy seob §i pup Jsiuupys st duo s1y] , suoisuawip Buyosuadwod omj uo sndog uonpsuadwio’

$9ssD|B pawLiojsuD. puUD pawLIojsUDIUN
§o 1yBiaH /ssp|B pawiojsupy JO Wil Of seAO /ssp|B

el pawuojsuniun 4o wii Ag/edpys pupy [pynau pupy ye] | Joybly s joy) pup moj si siy} asnpdag,, SWIB}! XSO} Y10q JO SJNGLHD SUO UO SN0 uostiodwod
sso|B |04 jo 1yBiaH /uoyow o /abpa doj yo 1yBiay so yons
[PuIBlxg ‘ssp|B |04 4o epig /edoys pupy [pynau pupy by *| 9| [P} S 41 @snpdag, ‘Waj! S0} BUO JO BYNGLYO BUO UO SN0 uondusagg
[pussjul o (Bulupaw /uoyow /juswadnid /adpyspuny) sdwpxa ainjsaq s|dwbxa |pqJap uoniuysq adA} uoyoupjdxg

|pusapxe :adA|

“Apnis siyt ur uapyiyd Aq a1nysab pup yosads ui passaidxe sad4} uoypup|dxe Jo ssjdwox3 *g 8|qo]

1273

Mainela-Arnold et al.: Conservation Performance in SLI



according to the following principles: (a) responses that
focused on only the external perceptual features of the
task (i.e., features that were present at the time the
children were explaining their judgments) were coded as
external and (b) responses that focused at least partly on
mental internal representations of the task (i.e., features
that were not present at the time children were explain-
ing their judgments) were coded as internal. The follow-
ing paragraphs describe how the explanation types from
Church and Goldin-Meadow’s (1986) system were clas-
sified into external and internal categories.

External responses reflect a focus on external fea-
tures of the task. The following explanation types were
coded as external: description, comparison, compensation,
missed compensation, identity by counting, and one-to-one
correspondence. Table 3 presents examples of the expla-
nation types. In description, comparison, compensation,
and missed compensation the focus is on the attributes
of the task items before the child, such as height and
width. In description, the focus is on one attribute of one
task item (e.g., height); in comparison, on one attribute
of both task items; in compensation, on two compensat-
ing dimensions of one or both task items (e.g., tall but
skinny, short but wide); and in missed compensation, on
two different but noncompensating attributes of one or
both task items (e.g., tall and big). Identity by counting
reflects a focus on counting the objects before the child.
One-to-one correspondence is only possible in the num-
ber task, and the focus is on the fact that each checker in
the transformed row has a counterpart in the untrans-
formed row. If a response included external explanation
types only, it was coded as external.

Internal responses reflect a focus on features of the
task that were not present at the time children were
explaining their judgments. The following explanation
types were coded as internal: initial equality, transfor-
mation, reversibility, add—subtract, and general rule—
hypothetical. In initial equality, the focus is on the state
of the quantities before the transformation (e.g., the two
glasses of water were exactly the same before one of
them was poured in a glass of different type); in trans-
formation, the focus was on the change that was con-
ducted (e.g., water was poured to a new glass of different
shape); in reversibility, the focus was on the reversibility
of the change (e.g., water could be poured back into the
original glass of same shape); and in add—subtract, the
focus was on the fact that nothing was added or taken
away (e.g., no additional water was added to the new
glass from the pitcher). General rule—hypothetical ex-
planations focus on attributes, but the attribute infor-
mation was combined with a general rule about how the
attributes behave (e.g., in general, when a glass is wider,
the water level is lower than if the glass is skinnier). Ifa
response included any of the internal explanation types,
it was coded as internal.

Reliability

To assess reliability, we randomly selected 17% of
the children, including 2 of the 12 children with SLI and
3 of the 17 typically developing children (including chil-
dren from both CA and CM groups). A second coder recoded
their explanations in gesture and speech. Agreement for
coding verbal responses as internal or external was 94%,
and agreement for coding gestured responses as internal
or external was 86%. In addition, agreement was calcu-
lated separately for external and internal responses. It
was 94% for external verbal responses, 97% for internal
verbal responses, 86% for external gestured responses,
and 88% for internal gestured responses.

Results
Same Judgments

The number of same judgments was calculated in
order to investigate whether, consistent with previous
findings, the children with SLI exhibited difficulties
in the conservation task. Controlling for nonverbal 1Q,
the SLI group expressed significantly fewer same judg-
ments than the CA group (SLI M = 4.50, SD = 3.12; CA
M=1.67,SD=0.78),F(1,21)=12.52,p < .05,n% = .37. This
suggests that children in the SLI group did in fact ex-
hibit significant difficulty in the conservation task rela-
tive to their age-matched peers.

Explanations

SLI and CA groups. We next investigated the nature
of the explanations expressed in speech and gesture by
children in the SLI and CA groups. For each individual,
we calculated the proportion of total explanations that
were internal for each modality. The data are presented
in Figure 1. Nonverbal I1Q was used as a covariate. Chil-
dren with SLI produced proportionately fewer internal
explanations in the verbal modality, compared with their
age-matched peers, F(1, 21) = 5.88, p < .05, 2 = .22.
However, children in the two groups produced compa-
rable proportions of internal explanations in gesture,
F(1,21)=0.58, p = .45, 1% = .03.

SLI-C and CM groups. We also analyzed the pro-
portion of internal explanations in each modality for the
SLI-C and CM groups. The data are presented in Figure 2.
Children in the SLI-C group produced a comparable pro-
portion of verbal explanations that were internal, com-
pared with their judgment-matched peers, F(1, 17) =
0.93, p = .35, 0% = .05, and also produced a comparable
proportion of gestured explanations that were internal,
compared with their judgment-matched peers, F(1, 17) =
0.04,p =.85,n2=0.
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Figure 1. Mean proportion of total explanations that were internal,
caleulated separately for speech and gesture, for children in the
specific language impairment (SLI) and chronological age-matched
(CA) groups. The error bars represent standard errors.

Figure 2. Mean proportion of total explanations that were internal,
calculated separately for speech and gesture, for children in the
specific language impairment (SLI-C) and conservation judgment-
matched (CM) groups. The error bars represent standard errors.
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We also investigated whether the two groups ex-
pressed internal explanations at similar rates when their
conservation judgments denoted conserving thinking.
For each child, we calculated the proportion of internal
explanations expressed when the judgment was a con-
serving same judgment and when the judgment was a
nonconserving different judgment. This was done for
speech and gesture separately. Figures 3 and 4 present
these data. Only children who exhibited partially con-
serving knowledge (i.e., expressed a combination of same
and different judgments) could be included in this anal-
ysis. This resulted in 5 children with SLI and 5 CM
controls. We conducted a Group x Modality x Judgment
analysis of variance with proportion of internal explana-
tions as the dependent variable.

The children with SLI did not differ from the
judgment-matched controls in any significant way. The
main effect of group was not significant, F(1, 10) = 0.08,

Figure 3. Mean proportion of internal explanations when the
judgment was either conserving (same) or nonconserving (different),
calculated separately for speech and gesture, for children in the SLI-C
group. The error bars represent standard errors.
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p =.78,n% = .01, suggesting that, overall, the proportions
of internal explanations expressed in both speech and
gesture were similar for both groups. The Group x
Modality interaction was also not significant, F(1, 10) =
1.08, p = .32, n? = .10, suggesting that the two groups
did not differ in the proportions of internal explanations
expressed in speech and in gesture. The three-way inter-
action of Group x Modality x Judgment did not reach
significance either, F(1, 10) = 0.13, p = .72, 1 = .01.

The significant main effect of judgment, F(1, 10) =
29.36, p < .05, 1% = .75, indicated that when the children
expressed same judgments, they were far more likely to
express internal explanations than when they expressed
different judgments. This was the case for both children
with SLI and their peers; the Group x Judgment inter-
action was not significant, F(1,10) = 1.67, p = .23, 1% = .14,
suggesting that children in both groups were likely to
express internal explanations when their judgment was

Figure 4. Mean proportion of internal explanations when the
judgment was either conserving (same) or nonconserving (different),
calculated separately for speech and gesture, for children in the
CM group. The error bars represent standard errors.
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same and unlikely to express internal explanations when
their judgment was different.

The significant main effect of modality, F(1, 10) =
6.53, p < .05, n? = .40, indicated that in both groups, the
proportion of internal explanations was higher in speech
than in gesture. The Modality x Judgment interaction did
not reach significance, F(1, 10) = 3.26, p = .10, n* = .25.

Correlations

To further explore the association between language
testing, verbal working memory, and performance in the
conservation task, we also investigated correlations be-
tween scores on the CELF-R Formulated Sentences,
Recalling Sentences, and Oral Directions subtests; verbal
working memory score from the CLPT; number of same
judgments; proportion of internal explanations expressed
in speech; and proportion of internal explanations ex-
pressed in gesture for the SLI-C and CM groups. This
was done only for the SLI-C and CM groups because the
CA group was close to ceiling in judging the quantities
(i.e., most children in the CA group judged the quantities
in all of the tasks correctly as the same). Table 4 presents

Table 4. Pearson’s correlations between Formulated Sentences (FS)
subtest score, Recalling Sentences (RS) subtest score, Oral Directions
(OD) receptive subtest score, Competing Language Processing Task
(CLPT), number of same judgments on the conservation task (Jud),
proportion of internal explanations expressed in speech on the conser-
vation task (Int Sp), and proportion of internal explanations expressed in
gesture on the conservation task (Int Ges) for the SLI-C and CM groups.

Variable FS® RS> OD° CLPTY Jud IntSp IntGes
SL-C FS — 40 59 .31 12 .06 21
RS — .15 -13 .54 46 14
oD - 72 02 -05 .01
CLPT — =26 -39 -24
Jud — 79" .51
Int Sp — .48
Int Gest —
FS RS OD CLPT Jud IntSp IntGes
™M FS — 50 36 74 .68 A4 .59
RS — 45 .29 41 47 1
oD — .18 .18 .26 .54
CLPT — 76 54 69"
Jud — 92* .66
Int Sp — .51
Int Gest —

°Clinical Evaluation of Language Fundamentals: Formulated Sentences
subtest score. °Clinical Evaluation of Language Fundamentals: Recalling
Sentences subtest score. “Clinical Evaluation of Language Fundamentals:
Oral Directions receptive subtest score. “Words recalled on Competing
Language Processing Task.

*p < .05.

Pearson’s correlations among these variables for the
SLI-C and CM groups. For both groups, a significant
correlation between proportion of internal explanations
expressed in speech and number of same judgments was
observed, SLI-Cr=.79,p < .05; CM r = .92, p < .05. In-
terestingly, we found that the CLPT verbal working mem-
ory scores were correlated with both number of same
judgments, r = .76, p < .05, and proportion of internal
explanations expressed in gesture, r = .69, p < .05, for
the CM group, but for the SLI-C group, CLPT was not
significantly correlated with any of the conservation
measures.

Discussion

Consistent with previous studies, the present re-
sults indicate that children with SLI exhibit difficulty
in conservation tasks. Children with SLI expressed sig-
nificantly fewer same judgments when compared with
their age-matched peers. The children with SLI did not
differ from the younger conservation judgment-matched
peers in raw language subtest scores, nor on words re-
called on the CLPT, suggesting that conservation knowl-
edge, language skills, and verbal working memory are
closely related.

It was hypothesized that children with SLI have
difficulty in conservation tasks because they have weak
internal mental representations of the conservation task,
and therefore rely more on external representations of
perceptual features of the task objects. This hypothesis
was supported in that the SLI group expressed a smaller
proportion of internal explanations in speech as com-
pared with the CA group. When the children with SLI
were compared with a younger conservation knowledge-
matched group, the CM group, no differences were found
in the distribution of explanations. Furthermore, we
observed that when children in both groups judged the
quantities in the task correctly, they were likely to pro-
vide internal explanations in both speech and in gesture.
These results suggest that children with SLI continue
to have weak internal representation of the concept of
conservation, similar to those of younger children, until
the late elementary school years.

Furthermore, because the CM group did not differ
from the SLI-C group in their raw language or working
memory scores, it appears that weak internal represen-
tations may be closely related to language and verbal
memory skills. The relationship between language abil-
ities and verbal working memory is not surprising. It
is unclear from the data in this study, however, as to
what is the direction of the relations among language,
working memory, and development of conservation
skills. It is possible, as has been suggested in the past
(Kambhi, 1981; Morehead & Ingram, 1973) that a general
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representational ability underlies both language skills
and internal representations of the conservation tasks.
It is also possible that language skills mediate internal
conservation knowledge, either in that the children need
a certain level of language ability in order to express
internal conservation explanations or in that children
need a certain level of language ability to be able to have
fully internal conservation representations. It is also
possible that verbal working memory ability mediates
the development of both language and internal conser-
vation representations.

The present results could also be interpreted within
the framework of limited processing capacity. It has been
argued that limited processing capacity may underlie
difficulties seen in SLI (Leonard, 1998). It is possible
that children with SLI are slower and less efficient in
processing the nonverbal elements of the conservation
task and therefore have difficulty maintaining internal
representations in working memory. This could lead to
reliance on external features, which need not be held
internally, when judging the quantities. Zhang (1997)
has shown that individuals inappropriately rely on ex-
ternal features in problem solving when processing all
solution possibilities exceeds their processing capacity.
Similarly, inefficient processing in children with SLI
might have caused them to rely on the external features.
Interestingly, we found a correlation between verbal work-
ing memory span on the CLPT and performance on the
conservation task for typically developing children, but
not for children with SLI. Recent reevaluations of per-
formance on working memory span tasks suggest that
individual differences in children’s performance on these
tasks can be accounted for by the efficiency with which
the processing operations, verbal and nonverbal, are
executed, rather than individual differences in overall
storage capacity (Towse, Hitch, & Hutton, 1998). The
correlation between verbal working memory span and
conservation performance, therefore, may suggest that
efficiency of language (and potentially nonverbal) pro-
cessing is linked to conservation performance in typi-
cally developing children. Performance on the CLPT
verbal working memory span and conservation perfor-
mance were, however, not correlated in children with
SLI. This may indicate a qualitatively different ap-
proach to conservation tasks in children with SLI.

A possible explanation for this qualitatively differ-
ent approach to conservation may be related to gestur-
ing. Prior work has suggested that children with SLI
may rely on gesture to augment their poor language
skills (Evans et al., 2001). In the present study, we ob-
served that the pattern of internal and external ex-
planations in gesture differed from that observed in
speech, and also differed from what was expected. It was
expected that if children with SLI have weaker inter-
nal conservation representations that are comparable to

younger children, they would express fewer internal and
more external explanations as compared with CA peers
in gesture as well as in speech. This was not case: Chil-
dren with SLI did not differ from CA peers in the pro-
portion of internal explanations expressed in gesture.
Therefore, it is possible that children with SLI had in-
ternal representations comparable to CA peers but were
not able express this knowledge in speech. However,
children in all groups expressed more external and fewer
internal explanations in gesture; the patterns were simi-
lar for the SLI groups and both control groups. If children
with SLI had internal conservation representation com-
parable to age-matched peers but were able to only ex-
press this knowledge in gesture, then we should have
found a greater proportion of internal explanations ex-
pressed in gesture for the SLI-C group than the CM
group. Therefore, the data are the most consistent with
the idea that, whereas external explanation types can be
readily expressed in both speech and gesture, it is harder
to express internal explanations in gesture. It is possible
that greater reliance on gesture in communication in the
children with SLI results in greater attention to external
features and therefore leads to weaker internal represen-
tations. Consistent with this idea, prior work suggests
that gesturing may promote a focus on external repre-
sentations in typical children. When children were pro-
hibited from gesturing on a set of conservation tasks,
they provided more internal explanations than when they
were allowed to gesture (Alibali, Kita, Bigelow, Wolfman,
& Klein, 2001). Thus, a greater reliance on gestures may
lead to a greater emphasis on the external perceptual fea-
tures of the task. Reliance on gesture and a focus on ex-
ternal features may also explain the decoupling of verbal
processing in the verbal working memory task and con-
servation performance found in children with SLI. A clin-
ical implication of this finding is that promoting gesture as
an augmentative medium of communication may lead to
cognitive representations that are qualitatively different
from those used when speech is relied on more heavily.
Further investigations are needed to address whether
gesturing plays a causal role in greater reliance on ex-
ternal features in children with SLI.

The present work suggests that children with SLI
rely more on external features of conservation tasks,
rather than generating detailed internal mental repre-
sentations. These findings are consistent with work by
Johnston and Ellis Weismer (1983), who suggested that
children with SLI have difficulties with nonlinguistic
representational processes, specifically generating, main-
taining, or interpreting internal representations. Problems
in generating, maintaining, or interpreting internal rep-
resentations of the conservation task may explain the dif-
ficulties children with SLI exhibited on the conservation
task in this study. Language abilities, processing capacity,
or relying on gesturing to augment communication may
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be related to the development of internal representa-
tions in nonverbal tasks. One goal of future work should
be to identify the mechanisms that underlie the deficits
seen in children with SLI in generating strong internal
mental representations of cognitive tasks.
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