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ABSTRACT 

First, this study investigated whether the modality in which stories are pre

sented to children affects their reasoning ability. Secondly, it inquired if children 

process spatial, causal, or consequential stories differently. It compared children's 

verbatim memory with their ability to draw inferences for three types of stories. 

Each child was presented with the stories either in pictures, in words, or in a 

combination of pictures and words. The results show that supporting a verbal 

presentation with images significantly increases understanding of causal and con

sequential stories. But, for all types of stories, all children drew significantly more 

correct inferences when the narrative sequences were presented to them verbally 

than when they were presented in pictures. Also, the results show that children 

perform differently on spatial stories than they do linear stories. 
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INTRODUCTION 

In 1985, Weismer reported on her research which compared constructive com

prehension abilities of a group of language-disordered children with the abilities of 

two groups of children acquiring language normally. The second grade language-

disordered children were matched to normal second graders according to their 

nonverbal cognitive abilities and to normal kindergarteners according to their lan

guage comprehension skills. 

In her experiment, she examined the level of proficiency of each group in 

remembering explicitly stated information and in constructing spatial and causal 

inferences from narrative sequences presented verbally or by pictures. The difficul

ties that the language-disordered children experienced in constructing inferences 

from verbal and pictorial presentation indicated that, in addition to a linguistic 

deficit, the language-disordered children also had a cognitive deficit. 

The aspect of her research that is of interest for this research project is that for 

most children the ability to remember explicitly stated information was increased 

by the use of pictures, but the ability to draw correct inferences was better when 

the narrative sequences were presented verbally. Although these disparities de

creased with age, the difference in modality of the stimulus still affected the older 

children. 

What was not included in her research project, and what this study investi

gated, is the effect of presenting the short stories simultaneously in picture and 

words as well as in pictures alone and in words alone. The fact that children 

receive a lot of their information in this manner from books and television gives 

it a direct relevance to education. 

Furthermore, although Weismer studied the children's ability to construct 

spatial and causal inferences from the different modalities, the data were not an



9 

alyzed separately. This project inquired whether children process spatial, causal, 

and consequential stories differently. 

I compared children's memory for implicitly stated information with their 

memory for explicitly given information for the three types of stories. I presented 

each child with the stories either in pictures, in words, or in a combination of 

pictures and words. Four questions (one true premise, one false premise, one true 

inference, and one false inference) tested their abilities. 

To improve on Weismer's small sample, I worked with two groups of thirty 

children each. The first group consisted of thirty children with a mean age of four 

years and ten months. The second group consisted of thirty children with a mean 

age of seven years and six months. 

In summary, this research project investigated whether the modality in which 

narrative sequences are presented to children affect their reasoning ability. Also, 

it inquired if children perform differently when presented with spatial, causal, or 

consequential stories. 
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REVIEW OF THE LITERATURE 

In my search to find out if a picture is really worth a thousand words, I dis

covered that interest in children's constructive comprehensive abilities is not new. 

Although some previous research projects used visual or verbal presentations or 

both to test the developmental changes in children's remembering and/or reason

ing, few showed interest in the effects of modalities per se, and none had tested 

the effects of combining pictures and words. Yet many had a general interest in 

understanding the processes involved in reasoning. 

Piaget used the term "schemata" in memory to describe the result of semantic 

integration and of associations in memory. Bartlett did not like the use of this 

term to describe the processes of assimilation and accommodation. Instead he pre

ferred the terms "active, developing patterns" and "organized settings." (Paris &: 

Lindauer, Perspectives on the Development of Memory and Cognition). Brainerd 

and Reyna refer to the processes involved in remembering and reasoning as "gist 

extraction" and "fuzzy-processing preference" (Brainerd & Reyna, in press). 

According to the theory of Brainerd and Reyna, it is age changes in the 

abilities to store and process information that account for the development of 

remembering and for the development of inferential skills. From a young age 

children can recognize patterns and directions when told a story or when presented 

with mathematical reasoning tasks. 

The children extract the essence, the gist of the information as it is presented 

to them, making appropriate adjustments as they go along. This parallel extrac

tion of the gist creates stable representations that will not decay as fast as the 

verbatim traces. 

There are of course other advantages to this procedure apart from its stability 

and durability. It allows the learner to ignore irrelevant details. It is economical, 

and yet it is accessible from many more cues than the verbatim representations. 
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The fuzzy-trace theory proposes a developmental shift from verbatim mem

ory to gist extraction (Reyna 8z Brainerd, in press). Young children can be as 

successful on verbatim memory tasks as their older peers, but their performance 

on inferential tasks improves only after they can extract, edit, and process the gist 

of an idea, ignoring the irrelevant details. 

Brainerd and Reyna suggest that the development of verbatim memory and 

the development of the abilities to process information develop at different rates. 

Children's verbatim memory is fully developed before their inferential skills fully 

mature. 

Brainerd and Reyna (1991) propose that, until the memory and inferential 

skills reach adult level, strong verbatim representations might even be detrimental 

to reasoning. Furthermore, reasoning might interfere with the memory of verbatim 

information. Later in life, the ability to reason is independent of the ability to 

remember background information. Their claim is that when fully developed, the 

two systems are independent of each other. 

Brainerd and Reyna did not have a direct interest in the effects of modalities 

on memory and on constructive comprehension abilities. Nevertheless, they did 

use visual and verbal narrative sequences and class inclusion problems to test their 

theory on interference and independence. 

Their reason for using visual aids was that, being aware that pictures improve 

children's memory (Hitch, Wooden, Baker, 1989), they could study how these 

strong memory traces could hinder children's ability to reason and show how 

resistant these traces could be to a reasoning task. 

They presented children with spatial sentences such as, "The cage is on the 

table. The bird is in the cage. The cat is under the table" and causal sentences such 

as, "The baby sits in the high chair. The baby drinks a glass of milk. The baby 

throws the glass on the floor." They subsequently tested the children's memory 



and ability to draw inferences by asking two memory questions for each story 

(one true, one false) and two inference questions (one true, one false) (Brainerd & 

Reyna, in press). 

Their results show that, in general, the better the younger children did on 

memory probes, the worse they did on the inferential part of the test. On the 

other hand, the number of reasoning questions asked prior to a memory question 

affected the results negatively, while the number of memory questions asked prior 

to a reasoning question had no effect. 

Also, the pictorial presentations that improved performance on the memory 

probes affected negatively the performance on the inferential questions. However, 

the fact that manipulation decreased the effect of reasoning on memory confirmed 

the theory that pictures strengthened memory traces. These results suggested to 

them that the two forms of interference respond to different processes. Although 

these interferences were present for all age groups, the effects were stronger in 

younger children. 

Other research projects have shown a developmental improvement in mem

ory and reasoning during the early elementary school years. These projects also 

support the theory that the processes of remembering and of reasoning develop at 

different times. 

Paris and Lindauer (1976) tested children for both memory and reasoning 

and demonstrated a developmental change in the ability to draw inferences. They 

gave children cued recall tests following presentation of such sentences as, "The 

workman dug a hole in the ground." The children were cued by explicitly stated 

information (e.g., workman) or by implied information (e.g., shovel). Young chil

dren, who were more constrained in their ability to draw inferences, performed at 

a significantly lower rate than did the older children when cued with an implied 

instrument. 



Paris, Lindauer, and Cox (1977) repeated the study, but this time using ex

plicitly stated or implied consequences for cued recall. They presented sentences 

such as, "My brother fell down on the playground (and skinned his knee)." One 

group of subjects was presented with sentences in which the consequences were 

explicitly stated, while for the other group the outcome was only implied. As in 

the previous experiment, the investigators found that children performed similarly 

when given explicit cues, but the younger children did not use the implicit cues 

with as much ease as the older children. 

On the other hand, Schmidt, Paris, and Stober (1979) tested the abilities 

of children to recognize old pictures and select new pictures that were consistent 

with the visual narrative sequences. In order to test if the temporal distance of 

the possible event would affect performance, they drew six pictures representing a 

chain of events taking place within a short interval and also drew four distractor 

pictures. They presented the children with the first three pictures of the sequence 

and tested them for memory by showing them a picture previously viewed and a 

distractor. To test their ability to draw inferences, they showed them a picture 

representing a probable consequence of the initial story and a distractor. 

Their results show that the significant improvement in ability to make narra

tive inferences goes beyond improved retention of presented material. They believe 

that developmental changes in the ability to draw inferences may depend on the 

ability to construct relationships between the images presented, rather than de

pend on improved memory. According to them, even when the memory for old 

items was held constant across age groups, there was an age improvement in the 

ability to make narrative inferences. They also showed that the temporal distance 

between the presented event and the probable consequence affected the precision 

of the judgement. 

Although the results of these studies suggest an improvement in the ability to 

draw inferences beyond the improvement in remembering the stimuli, the material 
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used, the subjects, and the situations were so different that they do not allow a 

comparison of the effects of different modalities. 

Engle, Clark, and Cathcart (1980) report that the effect of modality on short 

term and long term memory is the result of different levels of encoding of auditory 

and visual information. They show a superiority on recall test of long term memory 

for the last words of a list presented visually. But when at the time of encoding 

the subjects analyzed the words semantically (e.g., "categorize each word as either 

living or nonliving"), there was no difference in recency effect between modalities. 

These results suggest that the auditory input benefited more from analyzing an 

item semantically than did the visual input. While interesting, the results of this 

memory test apply only to the recency positions of the free recall list. They cannot 

be extended to apply to narrative sequences. 

It is the research of Susan Ellis Weismer (1985) that most stimulated my 

interest in the effect of modalities on memory and constructive comprehension. 

Weismer compared constructive comprehension abilities of a group of language-

disordered children with two groups of children acquiring language normally. She 

matched second grade language-disordered children with normal second graders 

according to their nonverbal cognitive abilities and to normal kindergarteners ac

cording to their language comprehension skills. 

In her experiment, she examined the level of proficiency of each group in re

membering explicitly stated information and for constructing spatial and causal 

inferences from narrative sequences presented verbally or by pictures. The difficul

ties that the language-disordered children experienced in constructing inferences 

from verbal and pictorial presentation indicated that, besides a linguistic deficit, 

the language-disordered children also had a cognitive deficit. 

The aspect of her research that is of interest to me is that, for most children, 

the use of pictures increased their ability to remember explicitly stated informa
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tion, but verbal presentations increased their ability to draw correct inferences. 

Although these disparities decreased with age, the modality still affected the older 

children. 

The subjects in Weismer's study were three groups of twelve children. The 

first twelve were second-grade language-disordered children with a mean age of 

8;4. They were matched to twelve normal second graders with a mean age of 8;3 

according to their nonverbal cognitive abilities and to twelve normal kindergarten 

children with a mean age of 6;2 according to certain language comprehension skills. 

She presented the children with thirty-two different narrative sequences con

sisting of three sentences or three pictures. Four questions were associated with 

each story. Two questions about explicitly stated premises tested the children's 

ability to remember verbatim information. One involved a true and one a false 

premise. Two questions concerning implicitly stated information tested their abil

ity to draw spatial or causal inferences from the narrative sequences. Again, one 

was a true inference, the other a false inference. Before presenting the stories, she 

instructed the children to try to remember the stories, as they would be askecj 

questions about them later. Of the thirty-two stories, each child was administered 

sixteen in verbal form and sixteen in picture form. 

The results show that on the verbal tasks the language-disordered and the 

younger children performed significantly worse than the normal older children, on 

both the premise and the inference items. For all groups the premise items were 

more easily correctly identified than the inference items. 

On the picture tasks, the language-disordered children and the younger chil

dren scored significantly lower than the older children on the inference items. Their 

scores on the premise items were slightly, but not significantly, lower than that of 

the older children. There was no significant difference in the performance of the 

older children between the premise and the inference items. On the other hand, 
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the performance on inference tasks for both the language-disordered group and 

the younger normal group was much lower than it was for the premise tasks. 

All groups drew proportionally more correct inferences when the narrative 

sequences were presented to them verbally than when they were presented in 

pictures. The difference in performance between the two modalities decreased 

with age. This suggests an age effect in the constructive process for spatial and 

causal inferences. 

Although studies in developmental changes in remembering and reasoning 

used pictures and words, only Weismer's study allows comparison of different 

modalities. However, her sample was small. She had no interest in investigating 

the effects of combining the modalities. Furthermore, although she used both 

spatial and causal stories in her project, the results were not analyzed separately 

for the two types of stories. 

Problem Statement 

Remembering and reasoning about narrative sequences are results of construc

tive processes. Relationships among images or sentences must be constructed, and 

this involves transformations of information. These transformations may mean the 

extraction of the essence of an idea, omitting irrelevant information. Or, in the 

process of incorporating the new information with the existing knowledge of the 

world, it may mean enriching the supplied information with additional or implied 

associations. 

Memory is constantly being reshaped by new knowledge. It is not sufficient 

to know the verbal or visual input to estimate what the viewer or the listener 

encoded. What is retrieved at the time of recall might be different from what was 

presented (Paris & Carter, 1972). 

The questions that I posed are the following: Are these processes different if 

the information is provided in pictures or words? Can children infer equally well 
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if the message is visual or verbal? Can they construct relationships among images 

or words equally well? What happens when we combine both modalities? Will 

they support each other or will they interfere with each other? 

Also, I was interested in finding out whether children process differently sev

eral different types of stories. Although some research projects have used spatial 

and causal stories, the data have not been analyzed separately. In this project I 

was comparing three different types of stories: spatial, causal, and consequential. 
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METHOD 

The purpose of this research project was first to replicate the findings of Weis-

mer. Her research relied on three groups of twelve subjects. This small number 

of subjects makes it difficult to consider the results of her study as conclusive. 

Therefore, I presented two groups of thirty children each with narrative sequences 

in words and in pictures. In addition, I presented the children with the stories 

simultaneously in words and pictures. I then asked them questions that tested 

their memory of explicitly and implicitly given information. Each child was tested 

on the three types of stories: spatial, causal, and consequential. 

Subjects 

The sixty subjects in the study consisted of two groups of thirty children each. 

The younger ones attended a private preschool in Tucson. These preschoolers 

varied in ages between limits of four years and of five years and nine months (4;0— 

5;9) with a mean age of four years and ten months (4;10). The older children 

also attended a private school in Tucson. They were first and second graders and 

varied in ages between six years and eight months and eight years and six months 

(6;8-8;6) with a mean age of seven years and six months (7;6). Written parental 

consent was obtained for each child. 

Material 

I assembled twenty seven narrative sequences consisting of three sentences 

and three pictures. The latter were a pictorial description of the sentences. These 

stories were modeled on Weismer's. Nine of them were spatial, nine were causal, 

and nine were consequential. Two of the questions, one true and one false, tested 

memory for explicitly stated information. The other two questions, also one true 

and one false, this time pertaining to implicit information, tested the ability to 

draw spatial, causal, or consequential inferences. 
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Procedure 

At the beginning of each session, I explained to each child that this was not 

a test. On the contrary, I was asking them to participate in a research project 

designed to find out if young people like themselves learned differently when they 

were shown or told stories. I told them that they would be presented with stories 

that they should try to understand and remember, as I would be asking questions 

about them later. I also informed them that they should feel free to ask questions 

about the study, and that they were also allowed to refuse to answer any or all of 

the questions. 

Before asking for their consent, I gave them a practice story. It was a causal 

story. They would be told and/or shown the practice story and asked the four 

questions. Regardless of the answers obtained on the questions, the child and I 

would reason through the story to make sure we had the same understanding of 

it. I would then ask them if they wanted to participate in this research project 

and if they had any questions to ask. I obtained verbal consent from the younger 

children. The older children were given time to read and sign the children's consent 

letter. 

I then presented each child with twenty seven stories, either in words, in 

pictures, or in a combination of words and pictures. I gave them two stories at a 

time, except for the last three that I administered at the same time. After each 

cluster of stories, I asked the children eight (or twelve) questions pertaining to 

the stories they had just heard or/and seen. I presented the stories and asked 

the questions in a random order. I used the same random assignment for cach 

modality and for each group of children. In other words, I presented the same 

random assignment six times. 

I questioned verbally the children who had been presented with narrative 

sequences in words or in the combined modalities of words and pictures. The 
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questions were asked the way they are listed for the three types of stories in 

appendix A. To those who had had a visual presentation, I showed pictures and 

asked if that particular illustration was part of the story I had shown them before 

or if that picture was consistent with the previously seen story. 

The premise questions were the same for all types of stories, for example, 

"Was this picture in the story I showed you before?" To make sense, the inferential 

questions were different for the spatial stories and for the causal and consequential 

stories. For example, for the spatial story, 

Grandma is in the boat. 

Grandpa kisses Grandma. 

Grandma winks at Grandpa. 

while showing the subject a true or a false inference picture, I would ask, "Do 

you think that grandpa could have been there in the story I showed you before?" 

For the causal story, 

The cat woke up the boy. 

The boy gives the cat a bowl of milk. 

There is an empty bowl on the floor. 

I would ask (this applies for both the causal and the consequential stories), 

"Do you thing this could have happened in the story I showed you before?" 

The children were interviewed individually in a quiet part of their school. 

Most children were tested in one session that lasted between thirty-five and forty-

five minutes. Some small children required two sessions totaling about the same 

amount of time. 
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This research project studies the effects of modalities on children's story in

ference for three different types of stories: spatial, causal, and consequential. For 

all three types of stories, the modality (3) (pictures, words, and picture-words) 

and the age (2) (young and old) were analyzed as between-subjects variables. The 

types of questions (2) (memory or inference), (2) (true or false), and the order in 

which the questions were asked (2) (early or late) were analyzed as within-subjects 

variables. 

The data were analyzed using the correct response proportions by means of 

a  m u l t i v a r i a t e  a n a l y s i s  o f  v a r i a n c e  ( M A N O V A )  i n a 3 x 2 x 2 x 2 x 2  ( m o d a l i t y  

x age x memory/inference x true/false x early/late) factorial design. Student-

Newman-Keuls tests (SNK) were used when there were more than two means or 

where interactions were observed to determine which means differed significantly. 

I will first present the results of the spatial stories. Then, I will present the 

results obtained on the causal and on the consequential stories. Finally, I will 

compare and contrast the findings on the three different types of stories. 

Spatial Stories 

The results of the MANOVAS for the spatial stories reveal that the con

trasts axe significant for all five variables: the two between-subjects and the three 

within-subjects variables. They also show a two-way interaction for true/false by 

memory/inference. Table 1 gives us the magnitude of the significant differences. 

A SNK test on the modality variable establishes that children of all ages had 

significantly more difficulty in answering the questions correctly when the narrative 

sequences were presented to them in pictures than when they were presented 

in words and picture-words simultaneously. There was no significant difference 

between the words and the combination of words and pictures (table 2). 



Table 1 

Spatial stories: MANOVA 

Variable SS DF MS F Sig of F 
Modality 1.56 

00 f-
. 

10.16 .000 

Age .34 1 .34 4.38 .042 

True/False 1.91 1 1.91 17.89 .000 

Mem/Inf 1.46 1 1.46 40.96 .000 

Early/Late .18 1 .18 7.46 .009 

True/False by Mem/Inf 5.79 1 5.79 104.20 .000 

Table 2 

Spatial stories: statistics for modality 

Variable Means sd 
Pictures .6820 .0813 

Words .7890 .1257 

Pictures and Words .8233 .0874 

Older children performed significantly better than the younger ones. The 

correct response proportions give us a mean of .7368 (sd .09) for the young children 

versus a mean of .7927 (sd .13) for the older children. 

False items were significantly easier to answer correctly than the true items. 

This holds true for all modalities and ages. However, the SNK test on the interac

tion between true/false and memory/inference reveals that this is true only for the 

inference questions. On the contrary, the true memory questions are significantly 

easier to answer than the false memory questions. The means are listed in table 3. 

Table 3 

Spatial stories: true/false by memory/inference 

Variable Memory Inference 
True .87 .52 

False .77 .89 
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The inference questions were more difficult for all children then the memory 

questions. We have a mean of .82 (sd .13) for the memory questions and a mean 

of .71 (sd .14) for the inference questions. 

Surprisingly, children did significantly better on questions asked later than 

earlier. There we have a mean of .74 (sd .12) for the early questions compared to 

a mean of .79 (sd .13) for the questions asked later. 

Discussion 

Does modality affect the ability to draw inferences? The results obtained 

on the spatial stories show that modality has an effect on both reasoning and 

remembering. Pictorial presentation produced significantly lower scores than did 

the other two modes of presentations. This applies to both the memory and the 

inferential tasks. For these stories, combining words and pictures did not improve 

the performance significantly over presenting the narrative sequences in words 

alone. 

These results support the findings of Weismer on the lack of ability to draw 

inferences from pictorial presentations. And, although they seam to differ with her 

results on the positive effect of pictures on memory, they confirm the sensitivity 

of vivid traces to interference. 

Numerous research projects indicate that pictures improve memory (Weis

mer, 1985; Hitch, Woodin, & Baker, 1989; Brainerd & Reyna, in press). Why 

are there such low scores on the memory task from pictures for these spatial sto

ries? My interpretation is that my emphasis in my explanation to the children 

on understanding of the story versus remembering details of the story interfered 

with the children's memory. Brainerd's and Reyna's research, which indicates that 

verbatim memory is highly sensitive to simultaneous tasks, supports this theory 

(Memory Indep. and Mem. Interf. in press, Brainerd & Reyna, 1989; Reyna &: 

Brainerd, 1989). 
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The lower scores on the inferential task in all modalities confirm how difficult 

it was for children to draw spatial inferences. The low scores on the memory 

probes in the picture mode indicate how much the attempt at processing the 

stories degraded their memory. 

Although the modalities did not have a significant effect on the cross-over 

interaction on the memory/inference by true/false variables, the results support 

the theory of interference caused by the reasoning task. In general, it is easier for 

children to answer correctly false items than true items. There is a novelty to the 

new item that can easily be recognized. But, it might not be so when an inference 

task interferes with the ability to remember. 

On these spatial stories, children did better on the true memory questions 

than they did on the false memory questions (table 3). The children I interviewed 

could more easily recognize what had been previously presented to them than they 

could recognize the novelty of the new item that needed to be rejected as false. 

Their attempt at integrating the story confused their memory. 

On the other hand, the high scores on the false inference task (mean .89, sd 

.18) and the low scores on the true inference task (mean .52, sd .26) indicate to 

me that many children tended to answer "no" to most inference questions, true or 

false. This may be because they were incapable of performing or uncomfortable 

with the inferential task. 

We have yet another surprising finding on these spatial stories. Intuitively, we 

think that the further back the story, the more difficult it is to answer the questions 

correctly. Memory decays fast. Yet, this is not what the findings show. They show 

that on spatial stories children performed better on the last questions than on the 

early ones. This holds true for both memory and inference and still holds across 

modalities. This suggests that, at least for these stories, the first questions serve 

to refresh the memory and access the integrated information; hence, the better 

performance on the later questions. 
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In brief, these results confirm Weismer's findings that drawing inferences from 

narrative sequences presented in pictures proves difficult for children of both age 

groups. They also confirm that pictures have a positive effect on memory, but 

also they add that memory is sensitive to noise. Due to a reasoning-to-memory 

interference on these spatial stories, children's memory was significantly lower in 

the picture modality than in the words and picture-words modalities. 

For these spatial stories, supporting verbal presentations with images did not 

improve the results over those obtained from words alone. 

Causal Stories 

The results of the MANOVAs for the causal stories show significant differ

ences for the two between-subjects variables, modality and age. They also re

veal significant distinctions for two of the within-subjects variables, true/false and 

memory / inferences. 

Three two-way interactions are recorded. They are between modality by 

memory/inference, modality by early/late, and true/false by memory/inference. 

We also have a four-way interaction between modality by true/false by mem

ory/inference by early/late. Table 4 gives us the significant figures. 

A SNK test on the modality variable shows that the picture modality was 

significantly more difficult for the children of all ages than the words and picture-

words modalities. It also shows a significant difference between the word modality 

and the combination of words and pictures (table 5). 

For all children, the inference questions were significantly more difficult then 

the memory questions. We have a mean of .88 (sd .12) for the memory questions 

versus a mean of .79 (sd .17) for the inference questions. 
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Table 4 

Causal stories: MANOVA 

Variable SS DF MS F Sig of F 
Modality 4.14 2 2.07 42.30 .000 

Age 1.23 1 1.23 25.13 .000 

True/False 1.08 1 1.0S 10.92 .002 

Mem/Inf .98 1 .98 33.96 .000 

Mod by Mem/Inf .83 2 .42 14.39 .000 

Mod by Early/Late .25 2 .13 3.50 .037 

True/False by Mem/Inf .53 1 .53 12.28 .001 

Mod by T/F by M/I by E/L .27 2 .13 3.85 .027 

Table 5 

Causal stories: statistics for modality 

Variable Means sd 
Pictures .7066 .1126 

Words .8551 .1021 

Pictures and Words .9302 .0560 

The SNK test oil the interaction between the modalities by the memory/inference 

also shows a significant difference between the memory and the inference questions 

for both the picture and the word modalities. However, although the inference 

questions seem more difficult than the memory questions in the combined mode, 

the difference is not significant (table 6). 

Table 6 

Causal stories: modality by memory/inference 

Variable Pictures Words P W 
Memory .8106 .8763 .9406 

Inference .6027 .8338 .9195 
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Similar findings are observed on the effect of modalities by early/late variables. 

The later questions are significantly more difficult to answer in the picture and 

in the word modalities, but the effect is the opposite when we combine the two 

modes, (table 7). 

Table 7 

Causal stories: modality by early/late 

Variable Picture Words P & W 
Early 77283 1$898 • .9113 

Late .6849 .8204 .9491 

As expected, older children performed better than younger children. The 

correct response proportions give us a mean of .7800 (sd .13) for the young children 

versus a mean of .8813 (sd .13) for the older children. 

False items were significantly easier to answer than the true items. This 

holds true for all modalities and ages. The SNK test on the interaction between 

true/false by memory/inference reveals that there is a significant difference be

tween the true and false item for both the memory and the inference questions. 

Discussion 

The results show that supporting stories presented verbally with images was 

highly successful for causal stories. The scores are high for both age groups. The 

children were as competent at drawing inferences as they were at remembering 

information. 

In this combined modality, the later the questions are asked, the better the 

rate of correct answers. On the other hand, the results on the other modalities 

are different (table 7). 

For both the picture and word modalities, a close look at the results of the 

seven-way interaction indicates that for the most part the early questions interfered 

with instead of promoting access to the encoded information (table S). 
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Table 8 

Causal stories: modality by true/false by memory/inference by early/late 

Variable Pictures Words P k W 
TME .8050 .8375 .9467 

TML .7646 .8958 .9217 

TIE .5357 .8013 .8607 

TIL .4451 .6758 .9099 

FME .8952 .9536 .8952 

FML .7795 .8183 1.0000 

FIE .6775 .9667 .9425 

FIL .7526 .8914 .9650 

My interpretation is that for well integrated information, as is true for the 

case of combined modality, the early questions bring the stories back into working 

memory; hence, the better rate of correct answers to the later questions. On the 

contrary, if the information is not well integrated, as it is for the picture and word 

modalities, the early questions produce noise in the working memory. 

Words alone did not produce such strong representations. In this modality, 

children scored significantly lower then they did on the combined modes on both 

the memory and the inferential tasks. The latter proved to be significantly more 

difficult than the memory task for children of all ages (table 6). Here again, the 

lower scores on remembering from pictures support the theory that the emphasis 

on the reasoning task interfered with the memory task. However, although the 

results are low on the memory task, the remarkable difference is with the lack of 

ability to draw inferences from the picture mode. 

To summarize, these results partly confirm Weismer's findings. On the one 

hand, the results show a developmental change in the ability to reason, while the 

difficulty in inferring from pictorial presentations remains. On the other hand, the 

low memory scores indicate the high sensitivity of the vivid traces to interference. 
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Combining verbal and visual narrative sequences was highly successful for 

these causal stories. In this modality, children were as proficient at reasoning as 

they were at remembering information. Furthermore, for these integrated stories, 

the rate of correct answers increased with the order in which the questions were 

presented. On the other hand, the picture and word modalities did not create 

such strong representations. Instead, the rate of correct answers decreased with 

the order in which the questions were presented. 

Consequential Stories 

The results of the MANOVAS for the consequential stories reveal that there 

are significant differences for the two between-subjects variables: modality and 

age. They also indicate a significant disparity for two of the within-subjects vari

ables: true/false and memory/inference. There are also two two-way interactions: 

modality by memory/inference and true/false by memory/inference (table 9). 

Table 9 

Consequential stories: MANOVA 

Variable SS DF MS F Sig of F 
Modality 3.35 2 1.67 28.62 .000 

Age 1.06 1 1.06 18.19 .000 

True/False .49 1 .49 3.87 .054 

Memory / Inference 1.66 1 1.66 47.49 .000 

Modality by Mem/Inf .82 2 .41 11.76 .000 

True/False by Mem/Inf .26 1 .26 4.29 .043 

The SNK test on the modality variable shows that there is a significant differ

ence between the picture mode in comparison with the word and the combination 

of picture and word modalities. There is no significant difference between the re

sults of presenting the stories in words alone versus pictures and words (table 10). 
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Table 10 

Consequential stories: statistics for modality 

Variable Means sd 
Pictures .7105 .1009 

Words .8763 .0923 

Pictures and Words .8971 .1013 

However, the two-way interaction on modality by memory versus inference 

show us that this is true only for the memory questions. There is a significant 

difference in the ability to draw inferences among all modalities (table 11). 

Table 11 

Consequential stories: modality by memory/inference 

Variable Pictures Words P & W 
Memory i8277 .9073 .9253 

Inference .5934 .8454 .8690 

Here again the inference questions were significantly more difficult to answer 

than the memory ones. We show means of .89 (sd .11) for the memory probes and 

.77 (sd .18) for the inferential task. 

Older children performed significantly better than their younger peers. Wq 

show means of .7809 (sd .12) for the young group and .8751 (sd .12) for the older 

group. 

False questions were easier to answer then true questions. The means are .80 

(sd .18) for the true questions and .86 (sd .18) for the false questions. The two-way 

interactions confirm that these differences are significant for both the memory and 

the inferential tasks (table 12). 
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Table 12 

Consequential stories: modality by true/false by memory/inference 

Variable Memory Inference 
True .88 

.90 

.71 

False .82 

Discussion 

For the consequential stories, supporting the verbal narrative sequences with 

pictures lead to better understanding and improved significantly the ability to 

draw inferences. In fact, in this combined modality, the older children performed 

as well on the inferential task as they did on the memory task. 

Still, younger children performed better on the memory task than on the 

inference task even in this combined modality. Also, combining modalities did 

not improve their memory performance over the results obtained from the ver

bal presentation. Again, the lower memory scores obtained from the pictorial 

mode suggest that the interference from the reasoning task degraded memory for 

explicitly stated details. 

Consistent with the Weismer's findings, the dramatic difference lies with the 

lack of ability to draw inferences from the picture mode—a consistently strong 

modality effect. 

In sum, for older children, combining words and pictures improve significantly 

the ability to draw consequential inferences. In this modality, older children per

formed equally well on the inferential and memory tasks. The results from the 

younger children did not show an improvement on the results obtained from the 

combined modality over those obtained from the verbal presentation. 

The low inferential scores from the picture mode confirm Weismer's findings, 

and the low memory scores in the same modality support the theory of reasoning-

to-memory interference. 
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All Types Of Stories 

The results of the MANOVAS on the combined types of stories indicate sig

nificant differences between the type of stories and three within-subjects variables: 

true/false, memory/inference, and early/late. Table 13 gives the significant fig

ures. 

Table 13 

All types of stories: MANOVA 

Variable SS DF MS F Sig of F 
True/False by type .74 2 .37 6.10 .003 

Mem/Inf by type 2.26 2 1.13 35.26 .000 

Early/Late by type .67 2 .34 9.45 .000 

The SNK tests on the three interactions mentioned above show a significant 

difference between the performance on the spatial stories and that of the causal 

and consequential stories. Tables 14, 15, and 16 give us the significant means. 

Table 14 

All types of stories: Statistics for true/false 

Variable True False 
Spatial .70 .83 

Causal .78 .88 

Consequential .80 .86 

Table 15 

All types of stories: statistics for memory/inference 

Variable Memory Inference 
Spatial .82 .71 

Causal .88 .79 

Consequential .89 .77 
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Table 16 

All types of stories: Statistics for early/late 

Variable Early Late 
Spatial 

Causal 

.74 

.84 

.79 

.82 

Consequential .83 .83 

General Discussion 

Does the modality in which children are presented with narrative sequences 

affect their ability to draw inferences? A definite "yes" is the unqualified answer 

to this question. Children of both age groups show serious difficulties in drawing 

inferences from a pictorial source, whatever the story type. These results confirm 

Weismer's finding. 

Most children respond significantly better to verbal than to pictorial presen

tations. And, at least for causal and consequential stories, some show a significant 

improvement on the inferential task when they are presented with the stories in 

words and pictures simultaneously. 

These results suggest that the details provided in the pictorial presentation 

create noise that interferes with the ability to extract and process relevant infor

mation. This theory is supported by the fact that for the causal and consequential 

stories where children can infer with more ease than they do in the spatial stories, 

performance is improved when the stories are presented in the combined modality. 

The verbal part of the presentation help children focus on the relevant details of 

the pictures. In these conditions pictures enhance instead of hinder the reasoning 

ability. 

Does the type of stories affect the performance? Although the verbal pre

sentations improved significantly the reasoning of spatial stories, the children still 
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showed difficulty compared to the scores obtained from the causal and consequen

tial stories. Furthermore, combining the modalities did not improve significantly 

their inferential abilities for these stories. 

My speculation is that for the type of linear stories presented in this experi

ment, children could use their knowledge of the world, or their own life experience 

to draw inferences. This was not the case for the spatial stories. For the latter type 

of stories, reasoning was the only resource. This difference in approach accounts 

for the lower scores obtained on the spatial stories. 

Compared to the inferential task, the memory task proved easier for all. How

ever, these results confirm the findings of many research projects suggesting that 

pictures increase memory, but also suggest that memory traces are highly sensitive 

to interference. 

The memory scores from visual presentations are the lowest for all types of 

stories and for both age groups (table 17). This suggest that the predominance of 

the inferential task in this research project interfered with the children's memory. 

Here again, this interpretation of the low memory scores from pictures is supported 

by Brainerd and Reyna's research, which indicates that verbatim memory is highly 

sensitive to simultaneous tasks (Brainerd & Reyna, in press). 

For both remembering and reasoning, the visual presentations produced the 

lowest scores. I want to take a closer look at the results obtained in this exceptional 

area. The findings show a significant developmental change in the ability to draw 

inferences from pictures for both the causal and the consequential stories. Yet, 

there is no significant difference with age for the same abilities on the spatial 

stories. We also find a similar pattern for the results on the memory task. 

At this point, I would like to step aside for a moment and look at what the 

fuzzy-trace theory tells us about developmental changes. It tells us that verbatim 

memory and the abilities to store, edit, and process gist are systems that develop 
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Table 17 
All types of stories: modality by age by memory/inference 

Variable Pictures Words P & W 
Spatial 

Young .7394 .8131 .8323 
Memory 

Old .7784 .8475 .9272 

Young .5852 .7003 .7299 
Inference 

Old .5921 .7985 .7999 
Causal 

Young .7668 .8068 .9385 
Memory 

Old .8543 .9458 .9433 

Young .5280 .7759 .8640 
Inference 

Old .6774 .8917 .9750 
Consequential 

Young .7898 .8939 .8779 
Memory 

Old .8655 .9206 .9727 

Young .5127 .8192 .7921 
Inference 

Old .6740 .8717 .9460 

at different rates and at different times (Brainerd & Reyna, in press; Reyna & 

Kiernan, 1991). 

Young children's recognition memories are fully developed before their recall 

memories reach the level they will have as an older child or as an adult. In time 

children shift from relying mainly on verbatim memory to extracting the more 

economical, stable, and accessible gist. This has been called the verbatim—>gist 

shift (Brainerd & Reyna, in press). This shift will result in an increase in chil

dren's ability to draw inferences and in a reduction of interference between the 

two systems as they become increasingly independent from each other. 
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Now, if we were to apply these theories to this research project, we would 

expect older children to perform better than the younger children on the inference 

task. We also would expect an improvement on the memory task due to the 

reduction in interference as the two systems become more independent of each 

other. 

This is exactly what we find for the causal and consequential stories in the 

picture modality. On the contrary, the spatial stories show no improvement of the 

inferential skills and no significant improvement on remembering explicitly given 

information. 

My conclusion is that not only do the development of verbatim memory and 

of the ability to store, edit, and process information occur at different rates and 

times, their development is also subject to the type of stories the children are 

given. Spatial inferences seems to require a higher level of integration than the 

linear inferences. For this research project, it appears that the verbatim—>gist 

shift would have taken place for linear stories, but not yet for spatial stories. 

There are other evidences that spatial stories rely more heavily on reasoning 

than do linear stories. For example, multiple questions asked do not produce noise 

and interference on spatial stories. On the contrary, they increase access to the 

integrated information and produce higher scores on questions asked later than 

earlier. The similar effect observed for well integrated causal stories suggest that 

spatial stories might require a higher level of integration than do linear stories. 

The lower scores attest to the difficulty of processing spatial stories. 

Furthermore, only on spatial stories could children identify more easily the 

true memory questions than they could the false memory questions. In addition, 

they performed at a significantly lower level on their ability to identify true spatial 

inferences versus true causal or consequential inferences. 
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What this tells me is that the verbatim memory of the children interviewed 

was fully developed, and that their ability to store, edit, and process gist had 

already progressed. Although already advanced enough to show an improvement 

on the linear stories, the progress did not prove sufficient to improve the results 

on the difficult spatial stories. 
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The results obtained in this research project support the theory previously 

established that pictures increase verbatim memory. It also showed that vivid 

traces are sensitive to interference and decay rapidly from memory (Brainerd & 

Kingma, 1984). 

However, the most dramatic modality effect rests with the lack of ability to 

draw inferences from the picture mode compared to the visual and the combination 

of picture and word modalities. The illustrations drawn for this project were 

pictorial description of the verbal sentences. So, intuitively one would think that 

the ability to construct relationships among descriptive images would be the same 

as constructing them from sentences. Obviously, this is not so. The descriptive 

pictures created vivid traces sensitive to interference and somehow inhibited the 

ability to relate the images to each other to create a whole. 

My recommendation is that further research is needed to study the effects of 

creating images that are more suggestive than descriptive. My assumption is that 

children's retention of descriptive images remains at the level of the details of the 

illustration. Suggestive images would force the subject to construct relationships 

among the images to complete the story. 

Also, I would add that the findings of this research project confirm that further 

research is needed to understand the different inferential processes involved with 

spatial versus linear stories. 
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Practice story (spatial): 

The woman walks down the stairs. 

There is a roller skate on the stairs. 

The woman falls down. 

Did the woman walk down the stairs? 

Did the woman walk down the street? 

Did the woman trip over the roller skate? 

Did the woman go around the roller skate? 

Spatial Stories 

(And Associated Questions) 

1. The boy in under the tree. 

The boy pets the dog. 

The dog rolls over. 

Did the boy pet the dog? 

Was the boy in the tree? 

Was the dog under the tree? 

Was the dog in the tree? 

2. The girl is in the field. 

The girl rides the horse. 

The girl is happy. 

Did the girl ride a horse? 

Was the girl sitting on a fence? 

Was the horse in the field? 

Was the horse in the stable? 



3. Grandma is in the boat. 

Grandpa kisses Grandma. 

Grandma winks at Grandpa. 

Was Grandma in the boat? 

Did Grandma kiss Grandpa? 

Was Grandpa in the boat? 

Was Grandpa on the bridge? 

4. The little girl is in the high chair. 

The girl hits the glass. 

The glass falls over. 

Was the girl in the high chair? 

Was the girl on the porch? 

Was the glass on the high chair's table? 

Was the glass on the bookshelf? 

5. Grandma is in the garden. 

The girl hugs grandma. 

Grandma looks happy. 

Was grandma in the garden? 

Was grandma in the kitchen? 

Was the girl in the garden? 

Was the girl in the kitchen? 

6. The girl is on the hill. 

The boy pushes the girl. 

The girl cries and cries. 



Was the girl on the hill? 

Did the girl push the boy? 

Was the boy on the hill? 

Was the boy in the street? 

7. The girl is under the table. 

The girl pets the cat. 

The cat closes his eyes. 

Did the girl pet the cat? 

Did the girl pet the dog? 

Was the cat under the table? 

Was the cat on a chair? 

8. The woman is under the umbrella. 

The woman kisses the man. 

She looks happy. 

Was the woman under an umbrella? 

Did the man kiss the woman? 

Was the man under the umbrella? 

Was the man in his car? 

9. The boy is under a sign. 

The man gives the boy a flower. 

The boy smiles. 

Did the man give the boy a flower? 

Did the man give the boy a ball? 

Was the man under the sign? 

Was the man under a tree? 



Causal Stories 

(And Associated Questions) 

10. The cat woke up the boy. 

The boy gives the cat a bowl of milk. 

There is an empty bowl on the floor. 

Did the boy give the cat a bowl of milk? 

Did the boy prepare the litter box for the cat? 

Did the cat drink the milk? 

Did the cat chase the mouse? 

11. The girl talks on the telephone. 

The hat is on the chair. 

The hat is crushed. 

Was the hat on the chair? 

Was the hat on a box? 

Did the girl sit on the chair? 

Did the girl sit on the bed? 

12. The girl jumps on the couch. 

A sculpture is on a table by the couch. 

The sculpture is broken. 

Did the girl jump on the couch? 

Did the girl jump on the table? 

Did the girl knock the sculpture down? 

Did the dog knock the sculpture down? 

13. The children are playing outside. 

The sky is dark and cloudy. 

The children are all wet. 



Did the children play outside? 

Did the children play inside? 

Did it rain? 

Did it snow? 

14. The boy rides his bike. 

There is a hole in the street. 

The boy falls off the bike. 

Did the boy ride his bike? 

Did the boy ride his horse? 

Did the boy hit the rock? 

Did the boy ride his bike around the rock? 

15. The dog runs down the sidewalk. 

A bucket of water in on the sidewalk. 

The water spills over. 

Was the bucket on the sidewalk? 

Was the bucket on the grass? 

Did the dog knock over the bucket? 

Did the dog run around the bucket? 

16. Grandpa is in his wood workshop. 

There are pieces of a bird house on the workbench. 

Grandpa hangs a bird house on the tree. 

Was grandpa in his wood workshop? 

Was grandpa in the living room? 

Did grandpa build a bird house? 

Did grandpa build a chair? 



17. The boy has a new puppy. 

There is a pair of shoes under the table. 

One of the shoe is all chewed up. 

Did the boy have a new puppy? 

Did the boy have a new baby? 

Did the dog chew up the shoe? 

Did the boy tear his shoe? 

18. The boy sits at the table. 

There is an empty glass on the table. 

Now, the glass is full of juice. 

Did the boy sit at the table? 

Did the boy sit on the floor? 

Did the boy pour the juice? 

Did the boy serve the cake? 



Consequential Stories 

(and Associated Questions) 

19. The girl roller skates down the sidewalk. 

She turns her head to look back. 

The girl hits a garbage can. 

Did the girl roller skate down the sidewalk? 

Did the girl push a baby carriage down the sidewalk? 

Did the girl hurt herself? 

Did the garbage can break? 

20. The boy drinks some milk. 

He throws down his glass. 

The glass hits the table. 

Did the boy throw his glass? 

Did the boy throw his teddy bear? 

Did the glass break? 

Did the table break? 

21. A big rock rolls down the hill. 

There are flowers on the hill. 

The rock rolls over the flowers. 

Were there flowers on the hill? 

Were there trees on the hill? 

Were the flowers crushed? 

Was the rock smashed? 

22. Grandpa is building a table. 

He hammers a nail. 

Grandpa hits his hand. 



Was grandpa building a table? 

Was grandpa building a chair? 

Did grandpa hurt his hand? 

Did grandpa break the hammer? 

23. The cat plays with the balloon. 

The cat sticks out its claws. 

The cat's claws poke the balloon. 

Did the cat play with balloons? 

Did the cat run in the field? 

Did the balloon pop? 

Did the claws break? 

24. The boy plays in the yard. 

The boy kicks the ball. 

The ball hits the window. 

Did the boy kick the ball? 

Did the girl kick the ball? 

Did the window break? 

Did the ball break? 

25. The girl runs in the wood. 

She closes her eyes. 

The girl hits a tree. 

Did the girl run in the wood? 

Did the girl run in a field? 

Did the girl hurt herself? 

Did the tree fall down? 



26. The pail sits on the tracks. 

The train comes down the track. 

The train hits the pail. 

Was the pail on the track? 

Was the pail on the grass? 

Was the pail smashed? 

Was the train smashed? 

27. The boy is walking his small dog. 

A big huge dog is coming their way. 

The small dog attacks the big dog. 

Was the boy walking his small dog? 

Was the boy walking his cat? 

Did the boy pull back his little dog? 

Did the big dog go hide behind a tree? 
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