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Children 0 to I I year\ of age heard ~‘onc~~tt’ \entence\ that they were ahed 

to learn. Half the xub,ject\ \\ere instructed to construct image\ Irepresenting the 

sentence meanings. The I-emaining participant+ were providd no qtratcg) in- 

structionh (control conditions. (‘onsiatcnt with previou\ outcome\. the older children 

in the imagery condition learned signticantlv more than did the older control 

Eubjectz. There was ;I blight trend favoring imapcr~ for ~.oungcr children In the 

sample. lndiviclual differenccb m short-term mrmorv and vrrhal competsncc u’~1.e 

more highly associated with performance in the imagery than in the ccmtrol 

condition. such that grezter sh~lr-t-term mem~,r-1 and verbal competence predicttd 

better \rntrncr learning in the lmaperv condition. In particular. \hort-term mcrncg 

and verbal competence made unique contribution5 (relative IO age and IO L’ach 

other) to prediction of sentence le;trmng in the irnager) condition. hut not in the 

control condition. In short, imagelo In\truciion i\ more cfl’cctive with chlldr~n 

who WC more intellectually competent. ‘, I’lX7 \~.idl’llllC l’ICI\ I,,< 

Many studies of childrcn.4 imagery were conducted in the last dc~ndc. 
stimulated in part by theories of imaginal representation (e.g., Kobslyn. 
1980; Paivio. 1971; Piaget & Inheldcr. 1971). Additional pragmatic mo- 
tivation for this research was provided by the hypothesis that improvements 
in learning, memory. and comprehension would follow from imaginal 
encoding (e.g.. Levin, 1976: Presley, 1977). The assumption in a numhcl- 
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of experiments was that children suffer from a production deficiency 
(Flavell, 1970) with respect to imagery. That is, children have the com- 
petence to produce imaginal mediators but often fail to do so when 
imagery would aid learning. An hypothesis that followed from this per- 
spective was that children’s learning would be improved if they were 
instructed to generate imaginal representations. 

As in a number of previous instructional investigations of children’s 
imagery, the main dependent variable of interest in the experiment reported 
here was memory for concrete sentences. Six- to twelve-year-old subjects 
either acquired sentences following an imagery-generation direction, or 
were left to their own devices to learn the materials (control condition). 
This latter condition was comparable to the control group in other studies 
of imagery. with the assumption that children would not use imaginal 
mediation in this condition (e.g., Digdon. Levin, & Pressley, 198.5; Gutt- 
mann. Levin, & Pressley. 1977: Levin. Bender, & Pressley. 1979: Purkel 
& Bornstein. 1980: Ruth & Levin. 1979). Following the logic of the 
production deficiency hypothesis, learning would be expected to be better 
in the imagery-instructed condition. since participants in that cell would 
be induced to use an effective coding technique that would otherwise 
not be employed. 

The production deficiency hypothesis has been supported inasmuch 
as there are many occasions when children’s learning improves following 
instructions to produce images (Ghatala & Levin. 1976: Levin, 1976: 
Pressley, 1976). Just as striking. however. are individual differences in 
susceptibility to imagery training-some children do not benefit from 
instructions to produce imaginal mediators. To date. the most frequently 
investigated individual differences variable in studies of children’s imagery 
has been age. A common outcome in these research efforts was that a 
given imagery strategy would significantly improve performance at some 
particular age level, but fail to do so with younger children. This pattern 
is replicable across many learning situations (Pressley. 1977: Pressley Bi 
Levin, 1977b. 1978), although the specific ages indexing the shift vary 
from paradigm to paradigm. 

Of particular relevance here is that this developmental pattern holds 
when children are instructed to construct imaginal representations of 
concrete sentences that they hear. Generalizing across studies, 5- to h- 
year-olds who are told how to construct imaginal representations of 
sentences fail to learn more compared to same-age control subjects. The 
benefits of imagery training first occur between 6 and 7 years of age and 
increase gradually until the end of the grade-school years (e.g.. Digdon 
et al., 198.5: Guttmann et al.. 1977: Levin et al.. 1979: Purkel & Bornstein, 
1980: Ruth & Levin. 1979). The usual interpretation is that older children 
can generate images representing sentences. whereas younger children 
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either cannot do so or do so much more variably than older children 
(e.g.. Levin, 1981: Levin & Pressley. 1981). 

A main purpose of the investigation reported here was to examine 
another individual differences variable that might be a potent predictor 
of whether children can benefit from an imagery strategy for learning 
prose, a variable less inclusive and more theoretically meaningful than 
age. Imagery-generation skill may be tied to how much information a 
learner can maintain in consciousness at any one time-that is. to,firwcrioncrl 
short-term memory (Case, 1985, Chapter 13; Dempster. 1981). Functioned 
short-term memory is a product of (a) storage capacity due to biological 
factors. (b) management of that biologically determined capacity by ex- 
ecutive factors, and (c) the learner’s knowledge base (e.g., Case, 1978: 
Chi, 1978). A main characteristic of short-term memory is that only a 
few storage and processing activities can be carried out at any one time. 
This limitation may be critical to imagery strategy use because creation 
of imaginal representations requires that the learner perform several 
activities simultaneously. For the specific case of creating images to 
represent concrete sentences. the learner must (a) hold the sentence in 
memory, tb) retrieve or construct images of each object and event rep- 
resented in the sentence. and (c) combine the component images into ;I 
coherent representation of the sentence meaning. Some children may 
lack the functional short-term memory to carry out all of these operations 
at once. If so, individual differences in short-term memory should predict 
sentence learning when children are coding imaginally. 

General verbal knowledge, as reflected hy performance on the Peabody 
Picture Vocabulary Test-Revised, was also studied here as a predictor 
of successful imagery use. Since improvements in execution of some 
verbal learning strategies are linked to changes in verbal competence 
(e.g.. Rabinowitz, 1984; Rohwer, Rabinowitz, Kc Dronkers, 1982; Tarkin. 
Myers. & Ornstein, manuscript in preparation), it seemed possible that 
a relationship with verbal knowledge might hold for imagery as well- 
generation of images representing the meanings of sentences depends in 
part on ready access to verbal concepts and the ways that concepts are 
interrelated. We were particularly interested. however. in determining 
if short-term memory would be a significant predictor of performance 
(particularly in the imagery condition). even with verbal ability accounted 
for. Such incremental validity would provide great motivation for additional 
study of short-term memory factors as predictors of str-ategy utility. 

METHODS 

One hundred thirty-four children (65 males and 68 females) aer-vcd as 
participants in the study. These included 22 grade 1, 7-O grade 2. 30 grade 
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3, 28 grade 4, 23 grade 5, and 11 grade 6 children. The subjects attended 
a public school drawing from a middle- to upper-middle-class neighborhood 
of a medium-sized North American city. The children were randomly 
assigned to the imagery and control conditions, except that (a) approx- 
imately equal numbers of girls and boys were assigned to the imagery 
and control conditions, and (b) approxiately half of the children at each 
age level were assigned to the control condition and half to the imagery 
condition. 

Meusrwes and Procedures 

The child first performed three short-term memory tasks. in counter- 
balanced order. These were followed by the sentence-learning task that 
was the dependent variable of interest here. The short-term memory 
tasks were administered before the sentence learning task so that subjects 
in the instructed condition would not have been exposed to information 
about the imagery strategy that could have conceivably had some effect 
on their performance on the short-term memory measures. Administration 
of the Peabody concluded the session. All of this testing required 45 to 
6.5 min per child. 

Sentence-lmrning task (dependent ~wiuble). Each subject was presented 
two IO-sentence lists, with the order of presentation of lists counterbalanced. 
List A consisted of 10 subject-verb-object sentences, with the sub.ject 
modified by a descriptive adjective and the object specified by color. 
List B consisted of subject-verb-object sentences, with the object modified 
by an adjective and either the location of the action or the weather 
conditions at the time of the action specified in either an introductory 
subordinate clause or in a modifying clause at the end of the sentence. 
These List A and B sentences, which are presented in the Appendix, 
were like the ones used in Levin et al. (1979) in that a subject-verb- 
object was the core relationship that was accompanied by two pieces of 
less central content. The sentences were presented in a male voice on 
audio tape, with one sentence presented every IO s. Two lists of 10 
sentences were used. with the types of sentences varying in the two 
sets, because it proved impossible to construct a list of 30 sentences 
with nonoverlapping modifying phrases and adjectives. (There are only 
so many colors. locations, and weather conditions!!) Most importantly, 
all sentences contained highly concrete meanings. Also, with 10 sentences 
per set. it was possible to avoid ceiling and floor effects for all subjects- 

pilot testing suggested that there would be floor effects with the younger 

children if one ‘O-sentence list had been employed. 
After presentation of each lo-sentence list, subjects were provided a 

series of probe questions for each sentence on the list. These questions 
required recall of four pieces of information from the sentence. For List 
A. subjects had to recall the two adjectives. the verb, and the object of 



the sentence. For instance. for the sentence. “The skinny cat sang into 
the blue telephone.” subjects wet-e asked (I) “What did the cat look 
like?” followed by (2) “What did the skinny cat do?” followed by (3) 
“What did the skinny cat sing into?” with (4) “What color was the 
telephone that the skinny cat sang into?” ending the inquiry. If a subject 
recalled a piece of information before the question tapping that piece of 
information was posed. the relevant question was simply deleted. Thus, 
if a subject responded to the third “cat” question with the answer- “blue 
telephone.” the experimenter simply gave the subject credit for knowing 
the answer to question 4 without asking the question. For List B. sub.jccts 
had to recall the verb. the object. the adjective modifying the object. 
and either the place or the weather specified in the sentence. The four 
questions for the sentence, “While hc was in the doscrt. the cowboy 
cleaned his coffee pot.” were t I) “What did the cowboy do’?“, (2) “What 
did the cowboy clean?“, (3) “What type of pot did the cowboy clean?“. 
and (4) “Where was the cowboy when he cleaned his pot?” For both 
List A and List B, a quarter point was scored for each of the pieces ot 
information recalled from a sentence, so that the maximum longer term 
sentence memory score was 30. 

The only time in the study that the imagery and control subjects were 
treated differently was during the administration of this sentence-learning 
task. Subjects in the ittltrgcJt:\ condition were informed that they would 
hear a scrics of sentences. and that their job was to remember the content 
of each enc. They were told that an easy way to do this was to make 
up a picture in their head for each sentence. The subject was then 
provided a practice sentence and was asked to generate an internal image 
representing the content of the sentence. The participant was required 
to tell the experimenter what the internal image looked like, with this 
explanation followed by the experimenter showing the sub.ject a picture 
incorporating all of the details of the sentence and explaining that an 
internal version of the picture would have been a good mental image. 
The subject’s “memory” of the sample sentcncc was also probed using 
four questions. so that the nature of the test would he clear. Before 
presentation of each of the two IO-sentence lists, sub.jects were told that 
they could forget the sample items and they were reminded to make an 
image for each sentence that they heard. 

Subjects in the c~rztr.ol condition were informed that the easy way to 
remember the sentence was “to try really hard.” They were also provided 
the practice sentence and the practice test questions. but they were not 
shown a pictorial representation for the practice item. The procedures 
otherwise were comparable to those used in the imagery condition. 

Indi~k.lrul tl~~fi~rtz~rs III~-‘~I.YII~P.Y. Three short-term memory meatiures 
were collected. One was short-term memory for word lists. a task similar 
to ones used in other studies of the development of short-term memory 
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(Daneman & Blennerhassett, 1984; Dempster, 1981, 198.5). The second 
was an abridged version of a nonverbal short-term storage measure de- 
veloped by Case and his associates. The third required immediate recall 
of sets of short sentences and was modeled after a test developed by 
Daneman and Blennerhassett (1984). 

The short-term memory jbr \cwtl lists assessment involved a male- 
voiced, audiotaped presentation of increasingly longer sets of one-syllable 
common nouns (e.g., ground. fin. barn, can. pet. ear). Subjects were 
told that they could recall list items in any order, that recall per se was 
what was important. All words were presented at a one word per second 
rate. The participants first heard a j-word list and attempted to recall 
it. A second j-word list followed. with subsequent presentation of two 
b-word, two 9-word. and two I?-word lists. The short-term word list 
score was the total number of items recalled correctly from all eight lists 
(maximum = 60). 

The Mr. Crrcutnher measure was an abridged version of the test de- 
veloped by Case f 19851. Each trial of the task began with a 2-s presentation 
of Mr. Cucumber, who had two eyes, two ears, a nose, two dimples. 
two arms, a mouth. and two legs. Trials differed as to the number (i.e., 
I to 6) and location (i.e.. eyes, ears. nose) of stickers that were placed 
on Mr. Cucumber. The child had been instructed to look carefully at 
the picture in order to remember where the spots were located. After 
the 3-s presentation of the item, the child stared at a line grid for 5 s. 
Subjects were then presented a picture of Mr. Cucumber without stickers 
with the requirements of pointing out the location of the spots. This 
sequence was repeated for I3 trials, with one-spot, two-spot, three-spot, 
four-spot, five-spot, and six-spot items (two of each item type). so that 
the total number of spots that could be recalled was 42. 

The short-term mrrnoc,fiw sc~ntewc~s test consisted of the presentation 
and attempted recall of increasingly longer sets of audiotaped sentences, 
each sentence between three and seven words long. The sentences were 
taken from primary readers not used in the participating school district. 
The sentences in a set were read with approximately a half-second pause 
between sentences. The child was signalled to recall immediately after 
the last sentence in the set was concluded. The first list consisted of 
only one sentence. This was followed by six additional sets, each containing 
one more sentence than the previous one to a maximum of seven sentences. 
The score for this measure consisted of the number of words correctly 
recalled across all seven sets (maximum score = 144). 

We were aware from the outset that the short-term sentence measure 
was more similar to the sentence-learning task that was the dependent 
variable than were the other two short-term memory assessments. This 
short-term sentence measure was included. however. because of the 
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prominence of this type of short-term memory assessment in the con- 
temporary literature (e.g.. Daneman, 1982; Daneman & Blennerhassett, 
1984). Because of the emerging visibility of this type of measure, we 
especially wanted to generate short-term sentence memory data that 
could be compared with other short-term memory data, so that informed 
decisions could be made when selecting short-term memory measures 
in our future research on prose learning strategies. We were confident 
that the shared materials variance could be taken into account in analyzing 
and interpreting the data, and, in fact, that is done in the present Results 
and Discussion sections. 

Dunn and Dunn’s (1981) revised version of the Peabody Picture Vo- 
cabulary Test (Form L) served as a grnrrcll \lr&a/ obilitq predictor 
variable in this study. 

RESULTS 

The mean levels for the individual differences variables (short-term 
memory and Peabody raw scores) and the dependent variable (sentence 
learning) are reported in Table I as a function of sex and experimental 
condition. Each of these variables was analyzed with a 2 (sex) x 2 
(condition) analysis of variance (Kirk, 1982). There was only one significant 
main effect in these analyses: As expected, performance on the dependent 
variable was better in the imagery condition than in the control condition. 
HI. 130) = 8.64. p < .004. For the next highest main effect, F‘(I. 130) 
= 2.90, p > .09. There was only one significant sex x condition interaction. 
It occurred in the Mr. Cucumber test data. F(I, 130) = 4.49, p < .04. 
Because this interaction was small, and not important in any way to any 
subsequent analyses or interpretations, it was not considered further. 

Some of the correlational and regression analyses reported subsequently 
are based on an aggregation of short-term memory for word lists, short- 
term memory for sentence lists. and Mr. Cucumber. The aggregation 
was accomplished by summing over within-condition standardized scores 
(; scores) of the three short-term memory component scores. The mean 
for the short-term memory aggregation was 0 in both conditions, since 
this variable was the sum of three complete sets of ,: scores. The SD = 
7.36 in the imagery condition; SD = 3.37 in the control condition. Such 
an aggregation has several advantages over the component scores. An 
aggregated measure generally has greater reliability than its components 
(Rushton, Brainerd, & Pressley, lY83). In addition, the aggregation better 
reflected the multiple facets of short-term memory (e.g.. Dcmpster. 1981. 
1985) than did any of the component measures. 
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TABLE I 
MEAN LEVELS AND STANDARD DEVIATIONS OF PREDICTOR VARIABLES AND PREDICTED 

SENTENCE LEARNING AS A FUNCTION or: EXPERIMENTAL CONDITION 

Condition 

Variable 

Imagery Control 
-.. 

Mean SD Mean SD 

Predictor variables 
Age” 

Male% 
Females 

Short-term word list’ 
Males 
Females 

Short-term sentence list’ 
Males 
Females 

Mr. Cucumber” 
Males 
Females 

Peabody raw scores‘ 
Males 
Females 

105.84 
104.00 

27.53 
27.91 

73.63 
72.06 

27.19 
74.14 

104.53 
104.66 

IY.05 
19.17 

4.7’) 
5.10 

I I.47 
16.92 

5.47 
3.15 

16.46 
15.79 

106.32 
lO5.4Y 

‘X.44 
27.91 

76.71 
75.8X 

Z.s.Yl 
X.24 

109.09 
104.33 

18.68 
19.57 

5.33 
4.50 

12.29 
17.74 

4.90 
4.68 

14.71 
17.0x 

Predicted performance 
Sentence Learning’ 

Males 
Females 

12.77 4.09 Il.46 3.53 
12.33 4.00 Y.77 3.72 

.~ 

Note. N = 32 and 34 males in the imagery and control conditions. respectively: 32 and 
33 female\ in the imagery and control conditions. respectively. 

” In months. 
” Number of words recalled, summed across lists; maximum = 60 
’ Number of words recalled from sentences. summed across lists: maximum = I44 
” Number of spots correctly recalled. summed across items; maximum = 42. 
’ Raw scores: maximum = 175. 
’ Number of sentences recalled. summed across lists: maximum = 70. 

Older CMdren 

The simple effect for imagery was significant among fourth, fifth. and 
sixth graders, with mean = 14.77 for imagery and mean = I I .70 for 
control subjects, t(59) = 3.64, p < .Ol (MS, = 11.07). For the younger 
subjects. there was a nonsignificant trend favoring the imagery mean 
(10.62) over the control mean (9.69). t(70) = 1.07, p > .20 (MS, = 
13.53). in summary, this pattern of results exactly replicates the pattern 
obtained in previous research, particularly in Levin et al. (1979). 
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The intercorrelations (Kirk, 1982) between the short-term memory and 
Peabody measures are displayed in Table 2 as a function of experimental 
condition. There are five important patterns that can be discerned from 
the correlational data. (a) There was a correlation with age (in months) 
for each of these variables, such that performance improved with increasing 
age. tb) Consistent with the position that the short-term memory measures 
were tapping a common construct, there were positive, signihcant in- 
tercorrelations between the three short-term measures in both the imagery 
and control conditions. (cl That none of the intercorrelations between 
short-term measures approached I .OO. however, suggests that short-term 
memory is far from unified. td) There were large part-whole correlations. 
that is. between each of the short-term memory components and the 
short-term aggregation. (e) Performance on each of the short-term memory 
tasks was positively associated with Peabody scores. 

Correlations involving the dependent variable were also conducted. 
Not surprisingly, sentence learning was positively correlated with age in 
both the imagery (f = .59. p *< .OOl) and control tr -: .40. p --I .OOl) 
conditions. These correlations did not differ significantly. % 2 I .4l, /I 
) .05. The /era-order short-term memory and Peabody correlations with 
sentence learning are presented in Table 3 (left column). Consistent with 
the perspective that short-term memory is more important in the imagery 
than in the control condition. all three short-term memory measures and 
the aggregation were associated with predicted sentence learning in the 
imagery condition, but only the short-term memory of sentences and the 
aggregation were significantly associated with sentence learning in the 
control condition. The short-term memory for word list4 and short-term 
memory aggregate correlations with sentence learning were significantly 
higher in the imagery than in the control condition, % - 3.76 and % ~= 
2.63, respectively, both p < .OI. Although the trends were in the direction 
of larger correlations in the imagery than in the control condition, the 
short-term memory for sentences and MI-. Cucumber correlations with 
predicted sentence learning did not differ significantly between the two 
conditions, % = 0.61 and Z = I .04, respectively, both I) 3 IS. Peabody 
scores were significantly associated with predicted sentence learning in 
both conditions, with the correlation significantly larger in the imagery 
than in the control condition, % = 2.49. 11 c. .01. 

A main concern was determining whether short-term memory and 
verbal competence are associated with sentence learning independent of 
the effects of age. Hence. Table 3 also contains partial correlations with 
age statistically controlled. Again. consistent with the perspective that 
short-term memory factors were more important in the imagery condition, 
three of the four correlations involving short-term memory indices were 
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TABLE 3 

CORRELATIONS AND PARTIAI CORRELATIONS tA(,r C’ONTROLI ~1)) BI.IWI oh THF SHORT-I‘LRY 
MEMORY AND PEABODY PREDICTOR MF.GURFS AND P~to~c~ro SENTENCE LLARNIN(; AS \ FLINUION 
OF EXPERIMFNTAI CONDITION 

Predictor 

Short-term word list 

Short-term sentence list 

Mr. Cucumber 

Short-term aggregate 

Peabody 

ri I’ ‘: .Ol. 

*** p c: .OOOl. 

Imagery 

.70*” 

.h?*’ ’ 

.35- 

.714” 

.71*‘” 

Imageq 

.!I’!’ 
i,.‘. . - 

.IJ 
54’ 1 ’ 
i(. / 

significant in the imagery condition. whereas only one of the short-term 
measures was significant in the control condition. As in the analyses of 
the zero-order correlations. all of the correlations involving short-term 
memory were higher in the imagery than in the control condition. The 
difference in magnitude between conditions was significant for the short- 
term memory of word lists, % = 3.38. p < .01, and for the short-term 
memory aggregation, % = 2.31, p < .05. but not for the short-term 
memory of sentence lists or for the Mr. Cucumber measure, larger % = 
0.85, p > .I_(. As was the case for the zero-order correlations, the partial 
correlation between Peabody performance and sentence learning was 
also significantly greater in the imagery than in the control condition. % 
= 2.13. p < .O.S. The association between Peabody performance and 
sentence learning was significant in the imagery. but not in the control 
condition. 

The relationships of short-term memory and Peabody scores to sentence 
learning were explored additionally in a series of regression (Draper Kr 
Smith, 1981) and LISREL (LISREL IV: Jijreskog & Siirbom. 1984) 
analyses. For reasons of economy, and because of the psychometric 
advantages of composites, we detail here only results from analyses in 
which short-term memory was calculated using all three short-term memory 
components. The short-term memory aggregation was used in the regression 
analyses. A “latent” variable was constructed for the LISREL analysts 
from the three short-term memory composite measures. Only regression 
and LISREL results that are informative over and above the outcomes 
reported thus far are presented. 

The most telling regression analyses were those in which age was 
entered as a first predictor. Age was a significant predictor when entered 
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first in both the imagery (R’ = .35, F to enter = 34.79, p < .OOl) and 
the control (I?* = .16, F to enter = 12.53, p < .OOl) conditions. In the 
imagery condition, the addition of both the short-term memory aggregation 
and Peabody to the regression equation additionally improved prediction 
of sentence learning (total R' with age, short-term aggregation, and Peabody 
in the equation = .623). This held both when short-term memory or 
Peabody was entered alone following age and when the two variables 
were entered one after the other following age. The smallest F to enter 
= 12.01, p < .OOl. That is, in the imagery condition, both short-term 
memory and Peabody scores contributed unique predictive variance relative 
to age and relative to each other. In contrast, in the control condition, 
once age was in the regression, neither short-term memory nor Peabody 
scores significantly incremented prediction (total R' with all three variables 
in the equation = .209), largest F to enter = 2.51, p > .I 1. 

Additional regression analyses were conducted beyond those reported 
above. Space limitations do not permit detailed reporting of these results. 
It was notable, however, that in both conditions, age had little effect on 
prediction if entered into the regression equation after the short-term 
aggregate or Peabody measure (largest R' change in those cases = .03). 
These outcomes underscore the point that short-term memory and verbal 
ability are better predictors of children’s performance than age per se 
(cf. Pressley & Levin, 1977a; Rohwer et al., 1982). 

LISREL (e.g., Pedhazur, 1983) analyses were conducted in order to 
assess the “causal” ordering of age, short-term memory. and verbal 
competence. Two alternative models were tested. In one of these models 
(Model A), age was specified as influencing verbal competence (Peabody) 
and short-term memory, with verbal competence having a significant 
(unidirectional) impact on short-term memory. Further, in Model A, 
verbal competence and short-term memory directly affected performance 
on the criterion measure (sentence learning). There was only one difference 
in the alternative model, Model B-short-term memory was specified as 
unidirectionally influencing verbal competence in B. 

Model A provided a better representation of the causal processes for 
both the imagery and the control conditions. In the imagery condition, 
the goodness of fit was poor for Model B. x2(7) = 30.04, p < .OOl. 
whereas a reasonably good fit was obtained for Model A, x1(7) = 10.23. 
p > .18. Similarly, the goodness-of-fit index for LISREL (which could 
vary between 0 and 1, with higher values representing better fit) showed 
better fit for Model A t.9.5) than for model B t.62). The root mean square 
residual (a goodness-of-fit index for which values representing good fit 
approach 0) was .04 for Model A and .06 for Model B in the imagery 
condition. In the control condition, there was also a reasonably good fit 
for Model A, x’(4) = 5.16, p < .27. It proved absolutely impossible to 
fit the control data to Model B. The fit was so poor that an exact value 
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of x2 could not be determined, although it was clear that the value of 
this goodness-of-fit statistic deviated greatly from zero. In short. the 
LISREL analyses clarified the direction of the relationship between short- 
term memory and verbal competence that was detected in all of the 
previous analyses. The relationship was due to verbal competence in- 
fluencing functional short-term memory rather than the reverse. 

The patterns of regression and LISREL outcomes reported here were 
also obtained when analyses were reconducted with the short-term sen- 
tences variable deleted (and thus. the materials overlap with the predicted 
measure eliminated). Given the large imagery versus control difference 
for the partial correlations involving short-term memory for words (reported 
previously), it is notable that the same pattern of regression outcomes 
was obtained with short-term memory represented by only the word list 
variable. The assumptions of LlSREI, would have been badly violated 
with only one measure of short-term memory. and thus. no LISREI> 
analyses were conducted with short-term memory for words as a sole 
indicator. 

DISCUSSION 

The usual pattern in imagery research is for the imagery over control 
difference to be large enough to be significant at an older age level. with 
only a nonsignificant trend favoring imagery at a younger age level (e.g.. 
Guttmann et al.. 1977: Levin et al., 1980). That pattern was obtained in 
the sentence-learning data reported here. 

Much more interesting than differences in outcomes as a function ot 
age. however, were the relationships between sentence-learning perfor- 
mance and individual differences in functional short-term memory. In 
particular. children with higher short-term memory scores were more 
successful in the imagery condition than were children who were less 
able to hold a number of items in consciousness simultaneously. with 
the relationship between sentence learning and short-term memory much 
less pronounced in the control condition. The conclusion that functional 
short-term memory differences are a more important determinant of success 
in the imagery condition is also bolstered by the finding that short-term 
memory was a significant predictor in the imagery condition even with 
age and Peabody scores controlled statistically. In contrast, once age 
was considered in the control condition, there was no improvement in 
prediction of sentence learning due to consideration of the short-term 
memory aggregation. (In fact, only the short-term memory for sentence 
lists was predictive in the control condition with age controlled-a tinding 
that could be accounted for by the materials overlap alone.) Consistent 
with other developmental data (Guttentag. 19X4), it seems that when 
children are given control instructions to learn sentences. they rely on 
processes that do not put great pressure on short-term memory. 
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The data obtained here linking short-term memory differences to suc- 
cessful imagery execution complement experimental demonstrations of 
improved imagery execution in young children when information processing 
demands are lowered. For instance, 7- to I(-year-olds’ successful execution 
of imagery strategies for associative learning is dependent on presentation 
of materials so that processing demands are low (e.g.. with part of the 
image provided in the form of external pictures). In contrast, older children 
can generate mnemonic elaborations even when external support for 
imagery generation is low. and thus, processing demands are high (e.g., 
Pressley & Levitt, 1977, 1978). Children can also carry out imagery 
strategies with prose if they are provided part of the image in the form 
of a picture before they can carry out the strategy given no picture 
prompts (Guttmann et al.. 1977; Ledger & Ryan, 1985; Ryan, Ledger, 
& Weed, in press). One finding obtained by Ryan et al. (in press) is 
especially relevant: When 5- to h-year-old children executed a prose 
imagery strategy given a lot of external support for the strategy in the 
form of pictures, individual differences assessments of short-term memory 
failed to predict success with the strategy. That finding makes sense from 
the perspective developed here-Short-term memory individual differences 
are only likely to predict performance when short-term memory is taxed. 

We do note a bias in the short-term memory measures that we employed, 
one that should have led to underestimation of short-term memory effects 
if it had any impact at all. Performance on many short-term memory 
measures (i.e., ones tapping what has been referred to as working memory) 
is almost certainly a product of both storage and processing factors (e.g., 
Baddeley & Hitch, 1974; Daneman & Carpenter. 1980). In contrast, the 
short-term tasks in this experiment involved storage more than trans- 
formation, with no obvious transformation of the material required for 
any of the three short-term memory components. Given that imaginal 
coding presumably involves both storage and transformation. it seems 
reasonable to hypothesize that measures requiring more transformation 
(i.e., measures of working memory) might be even more predictive of 
imagery execution skills than storage-loaded measures. Explicit contrasts 
of short-term storage and working memory measures as predictors of 
complex strategy use should be carried out. 

We also note that the short-term memory for sentences measure seems 
problematic as a measure to predict prose performance. Although measures 
similar to the short-term sentence assessment used here are being used 
in the prose/reading comprehension literature (e.g., Daneman & Blen- 
nerhassett, 1984; Daneman 81 Carpenter, 1980). the material overlaps 
between this short-term measure and prose criterion tasks are striking. 
Although no mention was made of it until this point, this overlap was 
reflected in correlated measurement errors between the short-term memory 
for sentence lists and the criterion measure during the LISREL, analyses 
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(with appropriate adjustments made!). Thus. based on our data and on 
face validity characteristics of the short-term memory for sentences task. 
we believe that interpretive caution is warranted in the use of this type 
of short-term memory measure as a predictor of prose processing. It 
should be noted that we draw this conclusion despite the fact that there 
is nothing incompatible between the data obtained in this study and the 
outcomes reported by Daneman and her associates. In particular, the 
control condition correlation between short-term sentence learning and 
predicted sentence learning was greater than the control condition cor- 
relation between short-term word list learning and predicted sentence 
learning. The ordering of these relationships mirrors the ordering of 
Daneman’s own correlations between aspects of children’s short-term 
memory and their uninstructed listening comprehension (Daneman & 
Blennerhassett, 1984). 

More optimistically, short-term learning of words (the most traditional 
measure of short-term memory used here) does not have the same face 
validity problem. There was strikingly greater predictability from this 
measure in the presumably short-term-memory-demanding imagery con- 
dition than in the less demanding control condition. Based on this outcome. 
it seems that traditional assessments of short-term memory should be 
given serious consideration for use in research on capacity determinants 
of strategy execution skill. 

The Peabody measure was included in this study largely to determine 
whether the effects of short-term memory could be separated from those 
due to simple verbal competence (Daneman & Green, 1986: Masson & 
Miller, 1983). The contributions of these two variables were separable 
to some extent in the regression analyses of the imagery condition, but 
they could not be separated using regression in the control condition. 
The LISREL analyses, however, permitted the conclusion in both con- 
ditions that verbal competence affects short-term memory more than 
short-term memory affects verbal competence. Verbally facile children 
can presumably comprehend words and sentences with less effort than 
required by less competent children. Thus. verbally capable children 
expend less short-term capacity on these subprocesses and consequently. 
they have more of their short-term memory available for learning and 
strategy execution than do less verbally able children. 

In closing, we emphasize that children’s failures to use imagery cannot 
always be reduced to simple production deficiencies that are overcome 
by instructions to generate imaginal mediators. More competent children 
(as indexed by short-term memory and verbal competence measures) are 
more likely to benefit from imagery instructions than are less competent 
children. This is probably because more capable children are better able 
to carry out the processes required to generate images than are less 
capable learners. 
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APPENDIX 
List A and List B Criterion Sentences 

List A 

The angry bird shouted at the white dog. 
The skinny cat sang into the blue telephone. 
The tiny alligator moved fast on his red scooter. 
The sleepy bear dropped his pink ice cream cone. 
The toothless man slept on the orange couch. 
The fat boy ran with the grey balloon. 
The bored woman rode the wild brown horse. 
The smiling monkey climbed on top of the purple umbrella 
The scary monster chased the yellow car. 
The crying girl stared at the green dessert. 

List B 

The rain fell on the dinosaur when he bit into the pine tree. 
It was snowing when the mailman peeked into the candy store. 
The hockey player photographed his paper airplane when he was in the mountains 
The policeman painted the circus tent on a windy day. 
It was a sunny day when the lion stood on the bowling ball. 
The pirate dropped the gold key in the middle of the jungle. 
The waitress buried the silver plate in the cornfield. 
While he was in the desert, the cowboy cleaned his coffee pot. 
The beaver attacked the cabbage patch doll that was Boating in the ocean. 
The turkey pecked at the coke can laying on the highway. 
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