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ABSTRACT

The present study extends previous research on motoric 

activity and imagery production to the text processing of 

Native American learning-disabled students and third-grade 

regular-education students. Two experiments were developed 

to test predictions derived from Glenberg's (1997) 

"indexical hypothesis". Experiment 1 was performed with 

learning-disabled Native American students listening to 

narrative passages under one of three randomly assigned 

listening strategies: free-study, visual, and manipulate. 

Experiment 2 was performed with regular-education Native 

American third graders reading similar passages under one 

of three randomly assigned reading strategies: reread, 

observed manipulation, and manipulation. With the learning-

disabled students, statistically significant improvements 

in memory for story events, locations, objects, and actions 

were observed on cued- and free-recall outcomes when toys 

representing story characters and settings were present 

during encoding. Facilitative strategy transfer was not 

apparent when the toys were removed. With the third-grade 

students, similar benefits were found when the toys were 

present. In addition, students who had access to the toys 

during a training period performed significantly better on 
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cued- and free-recall measures relative to reread students 

when the toys were no longer present. 
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Chapter 1

Introduction

Numerous observational studies of Native American 

populations provide rich contextual details and suggestions 

for educational interventions (see Brenner, 1998; and 

Dehyle & Swisher, 1997, for relevant reviews). Fewer quasi-

experimental studies provide a limited amount of evidence 

regarding the effectiveness of programs and learning 

strategies with Native Americans (Rosier & Farella, 1976; 

Tharp, 1982).  A recent review of the educational 

literature was unable to unearth a single scientifically 

valid investigation (i.e., a study incorporating random 

assignment to control for initial group differences) of a 

learning strategy or reform model with an exclusively 

Native American sample (Marley & Levin, in press). 

It is currently unknown how well common learning 

strategies generalize from mainstream populations to Native 

Americans and little if any effort has been invested to 

address this knowledge gap. This leads to an unfortunate 

situation where educators are selecting scientifically 

based educational interventions that are untested with the 
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children they serve. This assumes interchangeability of 

children from very different contexts, which shows little 

understanding of the socio-cultural influences of history, 

tradition, community, and so forth. 

The purpose of this dissertation is to begin to 

address this lack of scientifically based knowledge through 

the experimental study of a text-processing strategy that 

emphasizes a combination of motoric action and visual 

imagery. The populations of interest in this study are 

cross-categorical learning-disabled and regular education 

students from a Native American community in the 

Southwestern United States.

Learning Disabilities

Learning disabilities are generally in one or more of 

the following specific areas: receptive language, 

expressive language, basic reading skills, reading 

comprehension, written expression, mathematics 

calculations, and mathematical reasoning (Lyon, 1996). 

Identification of learning disabilities is commonly based 

on a discrepancy between intelligence quotient (IQ) and 

academic achievement. With this method of identification it 
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is estimated that between 5% and 10% of the school age 

population are eligible for special education services 

(Mather & Goldstein, 2002). These students are typically of 

normal or above average intelligence but have considerable 

difficulty in one or more academic areas (Kamphaus, 2000; 

Keogh & MacMillan, 1996). Causes of the IQ-achievement 

discrepancy exclude the effects of mental retardation, 

poverty, culture, and second-language acquisition. 

Large numbers of Native American students are being 

identified as learning disabled using the aforementioned 

criteria. Current estimates indicate that greater than 18 

percent of native students served by Bureau of Indian 

Affairs (BIA) schools are eligible for special services. In 

the public schools, 10% of native students are eligible for 

special services (Bureau of Indian Affairs, 2000; Pavel, 

1997). These students are predominantly second-language 

speakers who have fluency in their native language and live 

in regions of high poverty. Some argue that with an IQ-

achievement discrepancy formula, over-identification may be 

occurring in minority populations because such students may 

be academically behind because of language, poverty and/or 

minority status (Zhang & Katsiyannis, 2002). To circumvent 

this problem, second-language learning, disabled students 
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are often identified in school districts by comparing the 

student’s academic advancement relative to the progress of 

other second-language learners served by the district 

(Swanson, Harris, & Graham, 2003). If the student is not 

progressing at a comparable rate to similar background 

peers, he or she is then considered eligible for special 

educational services. 

Learning-disabled Native Americans are at risk for 

academic failure, with high numbers dropping out of school. 

Although national figures reflecting the prevalence rates 

of high-school dropouts are difficult to obtain because of 

the small percentage of the population that is Native 

American, several states with large native populations 

indicate a serious dropout problem. For example, in 

Arizona, a state with a very large Indian population, the 

2001-2002 dropout rates are 17.6% and 14.7% for males and 

females, respectively. These figures are well above those 

of any other ethnic group represented by the state (Arizona 

Department of Education, 2002). Although no data exist 

regarding the percentage of these dropouts who are learning 

disabled, it is fair to assume that many have experienced 

years of academic failure due to a learning disability.
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Indications That Native Americans Learn Differently

Several studies on Native American learning styles 

indicate an activity-physical learning preference (Berry, 

1969; More, 1989; Shubert & Cropley, 1972). Participant 

observation research with Alaska natives found that 

Kwakiutl children learned through observation, manipulation 

and experimentation with physical objects in the home 

(Rohner, 1965). 

Research based on the Wechsler Intelligence Scale for 

Chilren (WISC), the WISC-R, the WISC-III, and the Kaufman 

Assessment Battery with Native American students from 

various tribes consistently finds that native students’ 

performance IQ scores are at or above the national norming 

group. However, the average native child tends to score one 

to two standard deviations below the national norms on 

verbal IQ. Cultural biases of the tests, language 

acquisition, health issues, field dependence, and 

hemispheric dominance of the right brain are just a few of 

the explanations for the discrepancy between performance 

and verbal IQs (McCullough, Walker, & Diessner, 1985; 

McShane, 1980, McShane & Plas, 1984; Naglieri, 1984; 
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Tanner-Halverson, Burden, & Sabers, 1993; Teeter, Moore, & 

Petersen, 1982; Whorton & Morgan, 1990). 

Based on these studies it appears that Native 

Americans have inherent intellectual strengths for visual-

and performance-oriented tasks. This suggests that teachers 

of native children should exploit such children’s strengths

with educational strategies that employ visual and “hands-

on” tasks. Yet, when students are sent to public schools, 

instruction emphasizes learning through verbal and written 

modalities. The preference of teachers to use written and 

verbal instruction in all likelihood does not take full 

advantage of native students’ inherent intellectual 

strengths.

It is possible that listening and reading 

comprehension techniques could be developed that are more 

effective with native students, due to the alignment of the 

strategies with what is known about native students’ 

cognitive strengths. The observational and psychometric 

findings lead to the conclusion that an educational 

intervention that capitalizes on visual and motor 

modalities should be developed and scientifically tested 

with Native American students. 
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Currently in education, it is commonly believed that 

hands-on activities are an effective means for attaining 

academic goals with all students. Much of this belief is 

based on scientific studies that compare instruction using 

visual imagery and motoric action with traditional 

instruction in a verbal modality. In numerous studies, a 

reliable improvement in cognitive performance has been 

observed with child and adult learners. However, none of 

these studies was performed with an exclusively Native 

American sample. The purpose of this dissertation is to 

extend these findings to a Native American population while 

testing key suppositions of Glenberg's indexical 

hypothesis.
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Chapter 2

Review of the Literature

In the this chapter, a review of the theoretical 

explanations and scientific evidence for the effectiveness 

of multiple modality learning strategies is presented. 

These studies are directly relevant to the present study. A 

modicum of generalizibility to Native American students has 

to be assumed, as all of the reviewed studies were 

performed with non-native populations. 

Modes of Cognitive Representation

Piaget’s (1962) constructivist theory of cognitive 

development suggests that children from ages two to seven 

(preoperational stage) cannot produce internal visual 

representations in the absence of motor activity. In the 

context of comprehending a narrative passage, it would be 

posited that a young child is unable to understand fully 

the events that are taking place unless there is 

accompanying activity. This dependence on activity was 

evident in Piaget’s findings that until around the age of 



21

eight (the beginning of the concrete operational stage), 

children do not represent events internally and cannot 

reproduce an object’s location from the perspective of 

another individual. That is, preoperational children depend 

on their body positions in relationship to the objects 

being manipulated.

Jerome Bruner (1964) later theorized that human beings 

make sense of their environment through three modalities: 

action, imagery, and language, which he labeled enactive 

representation, iconic representation, and symbolic 

representation, respectively. As with Piaget, Bruner found 

that young children were dependent primarily on enactive 

representations in their earliest years. As a child 

matures, he or she becomes less dependent on enactive 

learning and begins to produce iconic representations. 

These iconic representations are tied to “perceptual 

events.” Later, when symbolic representations (such as 

words) are used for acquiring information, the binding of 

the modality to concrete representations is weakened. For 

example, the word “four” initially does not represent four 

objects any better than, say, the number “three.” The 

meaning attached to the word, albeit commonly agreed upon, 

is arbitrary. This raises the possibility that students are 
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being asked to perform tasks in a more advanced mode (such 

as iconic or symbolic) prematurely. An example of this 

would be when students are required to read text or 

comprehend verbal instructions. Both text and verbal 

instructions require that the receiver is capable of 

binding the written or spoken words to concrete objects or 

concepts. When a child processes a story without iconic or 

enactive support, an inability to represent the 

interactions symbolically decreases his or her ability to 

comprehend the story.

The Role of Motor Activity in Imaginal Representation

In two associative-learning experiments, Wolff and 

Levin (1972) provided evidence for the contentions that: 1) 

motor activity and visual imagery can enhance young 

children’s memory; and 2) a direct connection exists 

between enactive and iconic representational modes. In Exp. 

1, kindergartners and third graders were exposed to 16 toy 

pairs under one of four conditions: control (rote 

memorization), child-produced imagery (participants 

imagined the toy pairs interacting), child-produced motor 

activity (participants manipulated the toy pairs), and 
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experimenter-produced motor activity (experimenter 

manipulated the toy pairs in a predetermined manner). With 

kindergartners, a positive memory effect was associated 

with both experimenter- and child-produced motor activity 

over imagery and control. In contrast, third graders’ 

performance in the imagery condition approximated that in 

the two activity conditions, all of which were 

statistically superior to performance in the control 

condition. This finding, as anticipated from Piaget’s and 

Bruner’s work, suggests that the younger children were

unable to generate facilitative internal iconic 

representations in the absence of motor activity.

To explore the existence and functioning of the 

enactive modality further, Wolff and Levin (1972) conducted 

a second experiment with presumed preoperational children 

(kindergartners and first graders), with toy pairs similar 

to those used in the first experiment. In one condition 

(imagery), the children held the toys in their hands behind 

a curtain and, without actually moving them, were asked to 

imagine the toys interacting. Children in a second 

condition (unseen motor activity + imagery) were given the 

same toys and instructed to play with the toys behind the 

curtain while imagining them interacting. Children in the 



24

second condition exceeded those in the first on the later 

memory measure. Because the only difference between the two 

conditions was the motor activity per se (i.e., with no 

visual feedback), it can be concluded that engaging the 

children’s enactive modality helped foster internal imagery 

production.

A subsequent experiment by Varley, Levin, Severson, 

and Wolff (1974) found age-related differences similar to 

the ones described from the Wolff and Levin (1972) study. 

In this experiment, 80 kindergartners and 80 first graders 

were randomly assigned to receive imagery-strategy training 

under one of five conditions, which included an imagery-

control condition and four different motor-activity 

variations. Participants in each condition were trained and 

practiced with eight toy pairs. After training, 

participants in all conditions studied 15 paired associates 

with instructions to think back to their previous training 

experience. That is, in the actual memory tests, all 

children were given imagery instructions in the absence of 

their specifically trained activity. Comparisons were made 

between the imagery-control condition (iconic 

representations) and the four activity conditions (enactive 

representations). With kindergartners, a statistically 
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significant difference was found between the imagery-

control and activity conditions, with the latter showing a 

marked benefit. This difference disappeared with first 

graders, where all five training variations were equally 

efficacious. Between kindergarten and first grade, the most 

dramatic increase in post-training performance was 

associated with the imagery-control condition.

Because the post-training conditions under which the 

participants studied were identical across conditions, the 

difference can be attributed to the previous training with 

the eight paired associates. With kindergartners unable to 

benefit from simple imagery instructions, this finding 

supports the contention that there is a relationship 

between the ability to produce dynamic internal visual 

representations (imagery) and age. However, this study 

shows that the relationship can be moderated by activity in 

previous learning experiences that capitalize on similar 

cognitive processes. This leads to the conclusion that 

effective educational strategies for preoperational 

children should include enactive representations either 

during or prior to learning tasks that involve iconic 

representations.
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Other Relevant Activity/Imagery Memory Research

Dual Coding Theory

Much research has also been conducted on the 

comparative efficacy of pictorial vs. verbal modes in 

learning associated pairs. Since the visual modality is 

presumed to be engaged during enactive learning, research 

documenting the facilitative effects of pictures (visual 

illustrations and visual imagery) is included as limited 

evidence supporting the importance of enactive learning 

strategies. Dilley and Paivio (1968) found that learning 

items as pictures frequently improves subsequent memory for 

those items, relative to that of items encoded solely as 

words. Multiple replications have found this to be one of 

the most robust scientific findings in cognitive psychology 

(Homzie, Noyes, & Lovelace, 1973; Levin, 1976; Paivio, 

1971; Thompson & Paivio, 1994). Paivio (1971) offered a 

theoretical explanation for this finding in his “dual 

coding" theory, which essentially claims that items learned 

pictorially are encoded with both visual codes (as images) 

and verbal codes (as names or labels). Memory is enhanced 

in picture learning conditions because of the accessibility 
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of two separate, yet interdependent, routes of retrieval 

(Paivio, 1971). Learning situations that require 

motor/visual activities take advantage of the nonverbal 

(iconic) and verbal (symbolic) representations that have 

been found to be successful in the dual-coding literature 

(see also Mayer, 2001; and Mousavi, Low, & Sweller, 1995). 

In addition, motor/visual learning strategies add the 

effect of enactment, which has been found to be a salient 

form of encoding.

Subject-Performed Tasks

Beginning in the 1980s, an extensive amount of 

research was conducted to document what is called the 

subject-performed task (SPT) effect. The SPT effect occurs 

when a person physically performs the actions directed by a 

sentence with his or her body in relation to imaginary or 

real objects (Cohen, 1981; Engelkamp & Zimmer, 1989; Kormi-

Nouri, Nyberg, & Nillson, 1994; Saltz & Donnenwerth-Nolan, 

1981). These studies, primarily with adult samples, 

compared SPTs with traditional verbal tasks (VTs), with 

variations to tease out the contributions of each modality. 

In these studies, it has been consistently found that 
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participants studying lists of phrases such as “wash the 

car” and “brush your teeth” remember considerably more 

phrases when they perform the action taking place during 

encoding than when only reading or hearing the phrases. 

This effect has also been observed in both paired-associate 

and free-recall tasks with seven- to nine-year-old children 

(Saltz & Dixon, 1982). As with the earlier studies by 

Levin, Wolff, and their colleagues, much effort has been 

made to disentangle the effects of different modalities.

Such findings support the notion that powerful 

learning strategies can be developed that exploit multiple 

modalities. Evidence pointing to the effectiveness of 

visual and verbal modes has been supplied by dual-coding 

researchers and the effectiveness of activity-based 

learning is seen in the early findings of Levin and others, 

and more recently by SPT researchers. It stands to reason 

that a combination of the three forms of representation 

suggested by Bruner (enactive, iconic, and symbolic) will 

result in the most robust instructional strategies for 

learners with diverse cognitive styles.
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Learning-Strategy Distinctions

Levin’s (1972, p. 20) “imposed” vs. “induced” 

distinction is a useful concept to include in the 

discussion of reading and listening comprehension 

strategies. An imposed strategy is an organizational 

structure that is provided by a teacher or experimenter. A 

teacher providing an outline prior to students’ reading a 

text passage is an example of an imposed strategy. Induced 

strategies are organizational structures that learners 

themselves generate when facing cognitive tasks. In terms 

of the previous example, an induced strategy might be when 

students are requested to outline the passage as they read 

it. The distinction has implications for the use of 

multiple representational learning strategies in that 

providing a learner with physical props and explicit 

enactive cues during reading or listening to a passage is 

an imposed organizational strategy. If the same props are 

not provided but the learner is instructed to represent the 

passage internally in an analogous way that is meaningful 

to the learner, the strategy is induced. Reformulating the 



30

Wolff and Levin (1972) findings in terms of this 

distinction, young children around the ages of six and 

seven (preoperational) are unable to generate memory-

enhancing interactions when induced to do so, whereas older 

children have little difficulty. However, when interactions 

involving the items are experimenter imposed, even 

preoperational children experience success and performance 

differences between them and concrete operational children 

are considerably reduced. 

According to Levin (1986), understanding, remembering, 

and applying are interrelated general cognitive outcomes 

desired of a learning strategy. Understanding refers to 

comprehending what is being learned when the material is 

initially present, remembering is being able to recall 

information when the learning material is no longer there, 

and applying is the transfer of previously learned material 

to novel situations. It is doubtful that a single strategy 

will serve as a “magic bullet” that effectively addresses 

all three cognitive outcomes. Teachers more than likely 

will find that the efficacy of various strategies is 

dependent on a unique combination of characteristics of the 

student, characteristics of the instructional materials, 

and the desired cognitive outcomes. Given these 
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assumptions, a reasonable expectation is that a text-

processing strategy will be more powerful when it is 

formulated at the appropriate developmental level (e.g., 

imposed vs. induced) and designed to enhance selected 

cognitive outcomes (remembering vs. understanding vs. 

applying). It is also hypothesized that students with low 

verbal skills (e.g., Native American children to be 

included in the present study) will benefit from a 

multiple-modality strategy not only when the aforementioned 

matches are made, but also when their predominant 

physical/activity learning preferences are engaged. As with 

the basic research discussed previously, the instructional 

strategies tested engage two or three of Bruner’s 

representational modes for processing the information in 

written or oral text passages.

Pictures, Activity, and Students’ Learning from Text

The prototypical study of the effect of text-relevant 

pictures on student's text processing has combined iconic 

representations (visual illustrations and imagery) with 

symbolic representations (verbally or orally presented 

information). Pictures have been shown to improve students’ 
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understanding, remembering, and application of text 

information (see reviews by Carney & Levin, 2002; Levin, 

Anglin, & Carney, 1987; Mandl & Levin, 1989; Peeck, 1993; 

and Pressley, 1977). In empirical research comparing the 

effectiveness of pictures and text with text alone, 41 of 

51 comparisons were found to be statistically significant, 

favoring the former (Levie & Lentz, 1982). Facilitative 

effects of pictures are not guaranteed, as much is 

dependent on the type of learner and the alignment of the 

pictures with the text (Carney & Levin, 2002; Levin & 

Mayer, 1993). If the conditions are appropriate though, 

“moderate to substantial prose-learning gains can be 

expected” (Levin et al., 1987). 

Mayer and Gallini (1990) provide evidence that the 

combination of text and illustration improves remembering 

and applying compared to text alone. In this set of 

experiments, college students were assigned to study 

various mechanical apparati using one of four methods: no 

illustrations, parts illustrations, steps illustrations, 

and parts and steps illustrations. With the same 

illustrations in each condition, the parts condition 

labeled the primary components of the mechanisms studied, 

the steps condition provided textual explanations of how 
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various components interacted, and the parts and steps 

condition provided labeling of both the parts and steps. 

Three important findings resulted: 1) the parts and steps 

condition improved conceptual knowledge (remembering) 

relative to the other conditions, 2) the parts and steps 

condition improved problem solving (applying) relative to 

the other conditions, and 3) these two effects were 

differentially experienced, with low knowledge learners 

enjoying the largest gains.

In a study bearing directly on the particular 

theoretical position to be tested here, Lesgold, Levin, 

Shimron, and Guttmann (1975) extended work with 

illustrations and text to include enactive representations. 

In Exp. 2a, 48 first graders were assigned to one of four 

conditions: picture after, where participants used plastic 

cutouts on a background to illustrate the story after 

listening to a passage; control after, where participants 

colored geometric patterns after the passage; picture 

during, where participants used the plastic cutouts and 

background to illustrate after each sentence in a passage; 

and control during, where participants colored geometric 

patterns after each sentence. Subsequent performance on 

free- and cued-recall outcomes was statistically superior 
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in the two active illustration conditions. This finding 

suggests that having students physically manipulate iconic 

representations during or after listening to a passage 

increases remembering. In addition, the authors found that 

the children’s picture construction in both illustrated 

conditions was generally appropriate, which implies that 

the students had an adequate understanding of the text 

passages while processing and constructing them.

Rubman and Waters (2000) recently performed a study 

very similar to that of Lesgold et al. (1975) using plastic 

cutout figures on a background storyboard. The rationale 

for the study was that poor text-comprehending readers are 

deficient in proposition integration, and so to test this 

theory students read stories with inconsistencies embedded 

in the text. In the study, 192 students (half third graders 

and half sixth graders) were assigned to one of two 

conditions, storyboard or read only. Students in the 

storyboard condition, regardless of age, detected more 

proposition inconsistencies and recalled more critical 

propositions than did students in the read only condition. 

Consistent with the findings of Lesgold et al. (1975), 

analysis of the storyboards found very high levels of 

correctness, with 95% of the students in the storyboard 
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condition constructing accurate representations.

Drawing while learning text from a science book 

engages enactive, iconic, and symbolic representations. Van 

Meter (2001) found that this combination increased 

students’ free recall of key facts relative to students who 

were instructed only to read the passage. There were two 

variations of the drawing condition tested in that study: 

in one, students drew with a target illustration; and in 

another, students drew without the illustration. It was 

discovered that in addition to higher performance, students 

who had the target illustration engaged in more self-

monitoring behavior (e.g., self-questioning, looking back 

at the examples) than did students in the unaided drawing 

condition. This has implications for the application of 

activity with objects when learning new vocabulary, text, 

or directions – namely, that understanding and remembering 

of text can be enhanced when all of Bruner’s hypothesized 

representations are engaged.

 In summary, studies of applied text-processing 

strategies indicate that the inclusion of enactive and 

iconic representations increases measures of students’ 

understanding, remembering, and applying. These studies 

further indicate that certain student characteristics 
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moderate the efficacy of a strategy, with differential 

benefits in favor of lower ability (or lower prior 

knowledge) students often being observed. An intuitive 

conclusion is that readers and listeners with basic 

decoding and listening skills but who exhibit comprehension 

problems can be “induced” to comprehend by engaging their 

enactive and iconic modalities (Levin, 1973).

Glenberg’s Model of Comprehension, Learning, and Memory

Glenberg’s (e.g., Glenberg, 1997; Glenberg & 

Robertson, 1999, 2000) activity-based model of cognitive 

performance posits that language comprehension is embodied

and that there is a connection between modalities and the 

act of language comprehension. The associated indexical 

hypothesis proposes a three-component process comprised of 

indexing objects to symbols, deriving affordances, and the 

meshing of affordances.

The first part of the process requires the indexing of 

objects to symbolic representations. This consists of a 

learner first generating an enactive or iconic 

representation of the object and then linking it to a 

symbolic representation, such as a word. An example of this 
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would be the object commonly known as a ladle. If a teacher 

were to say “ladle” to a second-language learner, (s)he 

might respond in a puzzled manner. The teacher in turn 

might describe the ladle as an object with a big bowl 

attached to a shaft for dipping soup. After hearing this 

explanation, the learner might say, “Oh, you mean a big 

spoon?” However, the learner might not know what a “shaft” 

and/or a “bowl” are. What if all the symbolic 

representations used to define what a ladle is are unknown 

to the learner? This results in what is known as a symbol 

grounding problem, where the meaning of the symbol cannot 

be conveyed with other symbols (Harnad, 1990). Because the 

symbolic representations of the objects are amodal and 

arbitrary, the teacher might quickly end up in a quandary 

if the only way to define the word is through symbolic 

representation. Unless an object or picture is presented in 

a form that looks similar enough (or is a ladle, for that 

matter), the teacher will never be able to help the student 

associate the word “ladle” with the physical object known 

as a ladle. This is to say, the symbolic representation 

requires grounding in a perceptual symbol, be it 

experiential or visual.

The second part of the process is the generation of 
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affordances, as derived from certain Gibsonian concepts 

(e.g., Gibson, 1979). Affordances are possible/potential 

actions that can be performed with objects. A ladle has 

many potential uses beyond dishing out soup and for some 

individuals, dishing out soup is not a potential usage. For 

example, the affordances of a ladle available to a baby are 

quite different from those available to an adult. An adult 

can work in a soup kitchen serving individuals with the 

ladle or stand at a sink and wash the ladle, whereas a baby 

physically cannot. On the other hand, a baby may be very 

content to put parts of the ladle in his or her mouth for 

hours, which would be an unusual (though possible) action 

for an adult. Awareness of affordances contributes to more 

efficient text processing in that the learner becomes more 

aware of the realm of possible actions.

The third part of the process is the meshing of 

affordances. Meshing is the syntax-guided combination of 

affordances. When a child reads or listens to a passage, 

syntax limits the infinite number of affordances available 

to those that are context relevant. Without the limitations 

imposed by meshing, a potential for an explosion of 

affordances exists. In the ladle example, the affordances 

derived are quite different for an infant than an adult. A 
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competent reader or listener who is aware of these 

affordances will quickly determine the particular 

affordances described in a passage by how the affordances 

are meshed. If the learner is unaware of available 

affordances and the syntax directs unknown possibilities, 

comprehension of the story will be disrupted. An example of 

poor meshing of affordances may be found in the previously 

described Rubman and Waters (2000) study, in which 

storyboards were used by children to detect inconsistencies 

in text. One story’s syntax described a strainer that holds 

water and allows spaghetti to pour through it onto a plate. 

An affordance-aware reader would quickly notice that the 

syntax of the story is guiding the affordances into 

impossible combinations. Studies by Glenberg and his 

colleagues have yielded supportive results, further 

indicating that individuals taught with activity-based 

learning strategies understand and remember better than 

those taught exclusively using symbolic (verbal) 

representations. 

Experimental Studies of Glenberg's Indexical Hypothesis

A number of recent experimental investigations have 
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attempted to test aspects of Glenberg’s activity-based 

learning model, interpreting the results within an embodied 

cognition framework. Each study is presented here in order 

of its perceived importance (less to more, relative to this 

chapter’s theme) for providing evidence that activity-based 

learning strategies can improve students’ understanding, 

remembering, and application of text information. 

Adults’ Cognitive Performance

Glenberg and Robertson (1999) tested the efficacy of 

indexing symbolic representations to iconic 

representations. In that study, 95 women with no prior 

knowledge of using compasses for navigation were taught how 

to use a compass in four conditions: listening to a script 

(L), listening to and reading a script (LR), listening with 

pictures (LP), and listening and indexing (LI). In the LI 

condition, participants viewed a videotape that showed an 

actor’s hands interacting with a compass and map components 

described by the script. According to the Glenberg model, 

by showing the interaction of the actor with the object, 

improved indexing of perceptual symbols to symbolic 

representations should occur. Statistical differences were 



41

found among conditions on a performance task that required 

participants to record bearings of various landmarks in a 

room, with LR and LI both showing improved performance 

relative to the other conditions. However, when the number 

of times that participants referred to the script 

(presumably to remind themselves of the compass and map 

components) was assessed, a statistical difference between 

LI participants and LR participants emerged, with the 

former needing to refer to the script on average only about 

half as many times as the latter. A reasonable 

interpretation of these results is that more efficient 

indexing was exhibited by LI participants, which in turn 

improved their ability to apply previously learned material 

in a novel context. This suggests that indexing while 

learning provides useful information that might not be 

accessed as well (or at all) by listening and reading alone 

– which in turn lends support to the notion that the 

enactive/iconic learning component of the indexical 

hypothesis has the potential to improve students’ 

processing of text passages.

Seasoned actors often state that they remember 

dialogue from scripts better when they act out the script 

during practice. Noice and Noice (2001) investigated this 
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phenomenon with college students who had entry-level acting 

training. In Exp. 1, 23 beginning acting students were 

randomly assigned to one of three conditions; bodily 

movement with verbal communication (movement); verbal 

communication (verbal), and memorization (control). Upon 

completion of the scripts in each condition, participants 

were tested on three outcomes: verbatim recall, near 

verbatim recall, and acceptable verbatim recall. Each 

outcome assessed degree of recall, from almost 100% to 

better than 50%. Subsequent analysis of students’ 

performance indicated that on all three measures students 

in the movement condition recalled relatively more aspects 

of the script compared with students in the two other 

conditions. In Exp. 2, 54 inexperienced acting students 

from the general college population were assigned to the 

same three conditions as in Exp. 1. Type of learning 

strategy was found to be statistically significant in favor 

of the movement condition, thereby replicating the results 

of the first experiment. An interaction between learning 

strategy and type of speech (a within-subjects factor) was 

also found to be significant, with participants in the 

movement condition better remembering speech that was 

enacted relative to speech that was not enacted.
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Children’s Recall of Narrative Texts

The best recent evidence for activity-based learning 

propositions is provided in a series of three experiments 

with children, using farm and house scenarios that could 

depict the objects and actions described in short text 

passages (Glenberg, Gutierrez, Levin, Japuntich & Kaschak, 

2004). The conditions in this study closely resembled 

actual reading situations in educational environments. 

Individuals who work where students are provided with 

intensive one-on-one tutoring or small group instruction 

should readily see the relevant applications.

In Exp. 1 of this study, 32 first graders were 

randomly assigned to one of two conditions: children’s 

visual and physical interaction with toys represented in 

the stories during reading (manipulation) and children’s 

reading (read). Immediate assessment of free and cued 

recall of targeted sentences resulted in large 

statistically significant differences favoring the 

manipulation condition over the read condition. However, at 

a subsequent "maintenance" phase when activity/visual 

support in the manipulation condition was removed, the 
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difference between the two conditions vanished. This 

suggests that a manipulation learning strategy may require 

more intensive, more prolonged support (in the form of 

training, practice, and metacognitive monitoring and 

feedback) if internalized strategy maintenance is the 

objective (e.g., Ghatala, Levin, Pressley, & Goodwin, 

1986).

In Exp. 2, 28 children were randomly assigned to 

conditions that were similar to those described for Exp. 1. 

A large recall difference was found favoring the 

manipulation condition over a condition where the children 

were provided with a second opportunity to read each 

sentence (reread) – for the latter condition’s rationale, 

see Levin, Bender, & Lesgold (1977). In addition, 

participants were evaluated on a spatial relations and 

associated justification outcome, which respectively 

assessed location of various objects mentioned in the text 

and the children’s reasoning behind their answers. 

Statistical analyses found superior performance on both 

measures, favoring the manipulation condition over the 

reread condition. As in Exp. 1, a statistically significant 

strategy maintenance effect was not evident when the 

manipulatives were removed.
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Exp. 3 was performed with 25 second-semester first-

and second-grade children, to investigate further the 

previous findings from Exps. 1 and 2, where maintenance of 

the manipulation strategy was not evident when the physical 

props were removed. This experiment was very similar to the 

previous ones, with the exception that children’s actual 

manipulation of the toys (the previous manipulation 

condition) was replaced with instruction in and practice 

with children’s imagining the toys interacting (imagined 

manipulation). Children in the reread condition were again 

asked to read each sentence of the passage a second time. 

In addition, half the children in the imagined manipulation 

condition were given a specific reminder to imagine during 

the maintenance session. In the initial experimental 

session, children in the imagined manipulation condition 

recalled more sentences, correctly answered more spatial 

inference questions, and were better able to justify their 

answers to spatial inference questions when compared with 

children in the reread condition. Benefits of imagined 

manipulation were still present in the maintenance session, 

with no main effects or interactions associated with the 

reminder instruction.
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Native American Students’ Learning from Text

The results of Glenberg et al.’s (2004) study suggest 

that: 1) indexing (through physical manipulation) of 

objects to symbols enhances memory for text, 2) indexing of 

objects improves application of information on spatial 

inference tasks, and 3) physical manipulation can be 

replaced by imagined manipulation after training. The study 

also outlines a practical procedure that might be 

applicable to teachers of Native American students. With 

this procedure, students practice reading stories and 

manipulating the objects in the stories. In time they are 

taught to imagine the objects interacting with each other 

during manipulation. Eventually the objects are removed 

altogether, with the students instructed to imagine the 

objects interacting.

Three aspects of the Glenberg et al. (2004) study need 

to be addressed. The first aspect is that the effects of 

individual manipulation have not been disentangled from 

visual access. The previous indexical hypothesis reading 

study compared reading plus manipulation with different 

variations of reading. A possibility exists that reading 
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plus observed manipulation (i.e., watching someone else 

manipulate objects described by text) can account for all 

or most of the effects observed by Glenberg and associates.

The second aspect is that a strong test of the 

"meshing of affordances" process has not been performed. 

According to Glenberg (1997), affordances are possible 

actions that can be performed with an object by an actor. 

Affordances are then meshed through syntax, which restricts 

the number of actions possible with objects in a text 

passage. An actor in a story performing unlikely but 

possible actions with objects (e.g., a farmer putting a 

bucket over a chicken to keep it from running away) 

presents an opportunity to test the affordance process. 

According to the indexical hypothesis, an outcome measure 

that asks “What?” questions about uses of objects (e.g., 

“What did the farmer use the bucket for?”) should show 

differences between children who have had an opportunity to 

index while reading compared to children who have not had 

an opportunity to index. In other words, Glenberg's 

indexical hypothesis leads to the prediction that 

participants who use an activity-based indexing strategy 

will experience relatively greater benefits over 

nonactivity control participants when the actions are 
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associated with unusual affordances than when they are 

associated with usual affordances.

The third aspect of the Glenberg at al. (2004) study 

(and other learning strategy studies for that matter) is 

that Native American populations have not been 

investigated. Therefore, generalizability of the beneficial 

effects of text processing strategies to Native populations 

is questionable. It is possible that some strategies are 

more effective with Native American populations, while 

others are less effective (or, even worse, not effective at 

all).  It is known that the matching of an individual 

student’s cognitive style to his or her preferred modality 

of instructional presentation results in extremely powerful 

learning strategy effects (Riding & Douglas, 1993; Riding & 

Mathias, 1991).  The reviewed observational and 

psychometric studies suggest that Native Americans have an 

activity-physical cognitive learning style. Matching of 

activity-based reading comprehension strategies with a 

population that prefers to learn through a physical 

modality may result in a powerful educational intervention.

The following two chapters describe the methods, 

results and conclusions of two experiments.  These 

experiments were conducted for two primary reasons. First, 
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as previously discussed, no scientifically valid studies of 

learning strategies with Native American populations could 

be found in the literature. Due to this lack of research, 

it was important to determine whether there is a modicum of 

generalizibility of indexical hypothesis findings from 

commonly studied populations to a Native American 

population. Second, the meshing of affordances, as proposed 

by Glenberg (1997), has not been empirically tested in any 

population. Therefore, this two-experiment study attempted 

to: (1) further the external validity of previous indexical 

hypothesis findings; and (2) test two core theoretical 

facets of the indexical hypothesis (namely, affordances and 

meshing).
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Chapter 3

Experiment 1

The primary purpose of Experiment 1 was to establish 

the generalizibility of Glenberg et al.'s (2004) previous 

findings by testing the three primary experimental 

hypotheses that indexing through manipulation improves: 

1) students' memory for story events; 2) students' memory 

for spatial relations; and 3) students' ability to generate 

beneficial visual imagery.

Method

Participants and Design

Forty-five third- through sixth-grade cross-

categorical learning-disabled students from a rural Indian 

reservation located in the southwestern United States 

participated in the study. Participants were students 

attending one of three schools served by the region's 

school district. In at least one of the past three years 
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(2002-2004) all three schools failed to make adequate 

yearly progress (AYP) as defined by the No Child Left 

Behind Act of 2002. Students attending the district's three 

elementary schools are generally of lower socioeconomic 

status, with 54%, 70%, and 78% of the students at each 

respective school eligible for free or reduced lunch in 

2004. Additionally, a large percentage of the students are 

second-language learners who primarily speak their native 

language in their homes. 

Treatments were administered individually, with 

students randomly assigned in equal numbers (n = 15) to 

receive one of three listening strategies (manipulate, 

visual, or free study). The three strategies differed in 

quality of support provided as participants listened to 12-

sentence stories that described events occurring at a zoo 

or a farm. In the manipulate condition, participants moved, 

as directed by the text, toys that represented the stories' 

characters, objects, and settings. Visual strategy 

participants closed their eyes for all sentences while the 

experimenter moved the toys as directed by the text. Free-

study participants listened to the stories in standard 

verbal fashion with a three-second pause at the end of each 

sentence. In addition, sentence type (action vs. no-action) 
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represented a within-subjects factor. Depending on the 

sentence type assigned, participants were instructed to 

manipulate the toys or close their eyes while the 

experimenter moved the toys. The sentence type alternated 

with every other sentence being an action sentence. 

However, in the free-study and visual conditions during 

stories 2 and 3 the within-subjects factor was inoperative 

(i.e., only students in the manipulate condition alternated 

between closing their eyes and manipulating the toys). A 

second between-subjects factor, story character (primary 

vs. secondary) consisted of which of two classes of story 

characters upon which the students were instructed to act. 

In the stories, primary character sentences revolved around 

a single central character performing actions, and 

secondary character sentences revolved around several other 

characters performing actions.

Materials

One 6-sentence practice story and four 12-sentence 

study stories were created with alternating primary 

(focusing on single main character of the story) and 

secondary (all the other story characters) sentences. Story 
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topics centered on events that happen at a farm and a zoo, 

with two stories for each setting. These settings were 

physically represented with commercially manufactured 

manipulatives (Playmobil). See Appendices A and B, for 

story texts and photographs of the manipulatives.

Outcome measures of free recall and cued recall 

designed to assess participants' memory for story 

characters, objects, events, and spatial relations were 

created. The free-recall measure consisted of the 

experimenter asking the student to “tell me everything you 

can remember about the story”. Participants were prompted 

three times with questions such as “Is there anything else 

you remember?” to increase completeness in students' 

recall. Cued recall consisted of 12 questions, one for each 

sentence of a story, asking about events and spatial 

relationships (e.g., “What did the farmer do with the 

cart?”). See Appendix C for free- and cued-recall measures.

Procedure

See Table 1 and Appendix D for a general overview of 

study procedures and scripts for each condition, 

respectively. All participants were tested individually in
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Table 1

Experimental Events in Each Strategy Condition

Free Study Visual Manipulate
Story 1 Participants in all conditions listened to one of four stories (Farm1, Farm2, Zoo1 or Zoo2), were given a two-minute 

distractor task, and were assessed on free- and cued-recall.

Strategy Practice
(Toys present in 
Visual and 
Manipulate 
conditions)

1. Students trained to "think 
about" what they heard during 
pause that followed each 
sentence.
2. Students practiced with 
grocery store story.

1. Every sentence red. Students trained 
to "close their eyes" and to "think 
about what is happening in the story" 
when they saw the red card while the 
experimenter manipulated the toys.
2. Students practiced with grocery 
store story and toys.

1. Alternating red and green card sentences. 
Students trained to "close their eyes" and 
to "think about what is happening in the 
story" while the experimenter manipulated 
the toys when they saw the red card, and to 
move the toys themselves when they saw the 
green card.
2. Students practiced with grocery store 
story and toys.

Familiarization 1 Participants in all conditions were familiarized with toys representing Story 2's characters, objects and setting.

Story 2 (Toys 
present in Visual 
and Manipulate 
Conditions)

1. The toys were covered.
2. Students listened to Story two 
as trained.

1. The toys were not covered.
2. Students listened to Story two as 
trained.

1. The toys were not covered.
2. Students listened to Story two as trained 
with red and green cards alternating 
depending on sentence type assigned (primary 
or secondary).

Familiarization 2 Participants in all conditions were familiarized with a new setting, if Stories 1 and 2 took place on the farm Stories 3 
and 4 took place on the zoo, and vice versa.

Story 3 (Toys 
present in Visual 
and Manipulate 
Conditions)

1. After familiarization with the 
new setting the procedures were 
the same as Story 2.

1. After familiarization with the new 
setting the procedures at this time 
were the same as Story 2 with one 
exception, the students were instructed 
to "make pictures" in their heads of 
story events when presented with a red 
card.

1.  After familiarization with the new 
setting the procedures at this time were the 
same as Story 2 with one exception, the 
students were instructed to "make pictures" 
in their heads of story events when 
presented with a red card.

Story 4 (Toys 
absent in all 
conditions)

1. Students were instructed to 
"make picture in their head" when 
presented with the red card. The 
red card alternated depending on 
sentence type assigned (primary 
or secondary)

1. Students were instructed to "make 
picture in their head" when presented 
with the red card. The red card 
alternated depending on sentence type 
assigned (primary or secondary)

1. Students were instructed to "make picture 
in their head" when presented with the red 
card. The red card alternated depending on 
sentence type assigned (primary or 
secondary)

Note: All stories were followed with a 2 minute distractor task ("Simon" an electronic memory game), and free- and cued-recall 
measures.
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a quiet conference room. Participants listened to stories 

in a partially counterbalanced order, with approximately 

one quarter of students in each condition randomly assigned 

to each story order. Each story, regardless of condition, 

was followed by a two-minute filler task (“Simon”, an 

electronic memory game). After the filler task, students 

were assessed on free- and cued-recall outcome measures, 

respectively.

Story 1. All students individually listened to one of 

four stories (Farm1, Farm2, Zoo1 or Zoo2) without any toys 

present, followed by administration of the filler task and 

outcome assessments. Resultant scores on the two outcome 

measures were included as covariates in subsequent 

statistical analyses.

Strategy training. In this part of the study, students 

in each condition were introduced to the learning strategy 

that they were to apply in Story 2. Participants were 

instructed in their condition's strategy using a six-

sentence story that described events taking place at a 

grocery store (see Appendix E). Participants in the 

manipulate condition listened to each sentence of the 

story, followed by the experimenter's presentation of 

either a red card or a green card. The red card signaled 
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that the participant should cover his or her eyes while the 

experimenter moved the toys (sentence type = no action), 

whereas the green card signaled that the participant should 

perform the action described by the story (sentence type = 

action). In the visual and free-study conditions, a red 

card was shown after every sentence. Instructions were 

given to participants in these conditions that during the 

red card pause they should think about what was happening 

in the story. In the visual condition, the experimenter 

moved the toys during the pause. Outcome measures were not 

administered at this time; students were reminded that they 

would use the taught strategy on the next story and that 

they would be tested on the story information.

Story 2. After the practice passage, all participants 

viewed a setting and manipulatives that represented the 

objects and actors associated with story versions 1 and 2 

(farm or zoo, depending on the student's assigned order). 

Participants were familiarized with significant characters 

and objects from the story setting. In the free-study 

condition, a covering of the setting and manipulatives 

(with a blanket) followed this. All participants listened 

to the story as described in the strategy-training 

paragraph above. Following story presentation, the filler 
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task and outcome measures were administered across 

conditions, as was described for Story 1.

Story 3. All participants were shown a new set of 

toys. If Stories 1 and 2 took place at the farm, Stories 3 

and 4 took place at the zoo, and vice versa. In the free-

study condition the procedure was exactly the same as for 

Story 2. The visual and manipulate conditions were largely 

the same, with the notable exception that participants were 

instructed to “make pictures in your head” of story events 

when they manipulated the toys or closed their eyes. 

Following story presentation, the filler task and outcome 

measures were administered in all conditions, as was 

described for Story 1.

Story 4. Participants in all three conditions listened 

to a final story without the external support of the toys. 

When presented with the red card, participants in the all 

strategy conditions were instructed to “make pictures in 

their head” of story events, which alternated depending on 

sentence type, as they did for Stories 1 and 2. After story 

presentation, students in all conditions were administered 

the filler task and the free- and cued-recall measures.
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Scoring

All protocols were "blinded" with respect to 

individuals' identity and experimental condition. Cued-

recall responses were scored as incomplete (0 points), 

partially complete (1/2 point), and complete (1 point). For 

example, in Farm 1 the question "Where did the rooster 

fly?" was asked. If the participant responded "somewhere" 

it was scored 0 points, "up top" was scored a 1/2 point, 

and "on the roof of the barn" was scored a full point. With 

6 points possible for both the primary and secondary 

sentences, this resulted in a combined score of 12 points 

possible for each of the four stories.

Two independent scorers scored the free-recall 

responses for memory of propositions, characters, objects, 

actions, and locations (see Appendix F for the scoring 

rubric). When disagreements occurred between the raters, 

areas of difference were discussed until a consensus was 

reached.

For memory of propositions, participant responses were 

matched with the essential meaning in a sentence (for how 

stories were divided into propositions see Appendix G). For 

example, the sentence from Farm 1, "The farmer picked up 

the bucket of water next to the cart and went around the 
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barn to the big pig" was divided into two propositions: (1) 

the farmer picked up the bucket of water; and (2) the 

farmer walked around the barn to the big pig.  If a 

participant responded with the "the farmer grabbed the 

bucket next to the cart," the response matches the first 

proposition and so it would be scored as a full point.  In 

cases where a participant's response was incomplete and the 

scorer was able to match the response with a proposition, a 

half point was awarded (e.g., "the farmer got something 

next to the cart"). The maximum number of propositions 

possible for the four stories was 24. 

Recall of characters and objects was scored similarly 

to the propositions. After the participants' responses were 

aligned with their respective propositions, the number of 

characters and objects were counted at the proposition 

level. This technique fixes the number of times a character 

or object could be counted in relation to the frequency 

that an entity appeared in the target proposition and 

prevents repetitive responses from inflating the measure. 

Recall of characters and objects was awarded a full point 

if the correct noun, pronoun, synonym, or implied but 

improperly labeled term was present (e.g., the use of the 
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word "thingie of water" for bucket of water). The maximum 

number of objects possible for the four stories was 31.

Verb recall was scored in a comparable manner to 

character and object recall. Descriptions of actions and/or 

verbs from participants' responses were matched with the 

actions described by a proposition and were awarded a 

point. In cases where synonyms and descriptions of actions 

captured the fundamental action that was present in the 

proposition, the verb was awarded a full point (e.g., the 

student said "went" instead of "walked"). The maximum 

number of verbs possible for the four stories was 24.  

Story locations were scored by the presence of a 

location described in a proposition.  As with characters, 

objects and actions, if a location was described using 

language other than that presented in the actual story, a 

full point was awarded (e.g., the student said "the place 

where rabbits stay" instead of "rabbit house"). The maximum 

number of locations possible for the four stories was 21.  

Cued-Recall Results

Sentence type (action and no action) and total score 

means for each story are provided in Table 2. A repeated 
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Table 2

Mean Cued Recall for Each Strategy Condition

Free Study Visual Manipulate

Mean Mean Mean
Story 1 (baseline) 
Sentence Type

Action
No Action

Total1

      MSe

2.15
2.35
4.51

1.86
2.02
3.88
5.91

          2.76
2.92
5.68

Story 2 (Toys Present) 
Sentence Type

Action
No Action

Total1

      MSe

3.18
3.34
 6.52a

4.63
4.77
 9.40b

3.17

5.17
4.92

         10.09b

Story 3 (Toys Present) 
Sentence Type

Action
No Action

Total1

      MSe

3.22
3.03
6.26a

4.73
4.85
 9.58b

2.92

5.21
4.98
10.20b

Story 4 (Toys Absent)
Sentence Type

Action
No Action

Total1

      MSe

2.47
2.40
4.87

2.33
2.10
4.44
4.07

2.45
2.32
4.78

Note: Story 1 means are adjusted for Story 1 identification.  Stories 2-4 means are adjusted for Story 1 z-scores and outcome 
story identification. For each measure, condition means with different superscripts are statistically different from one 
another based on a familywise Type I error probability of .05.

1 Maximum score possible is 12
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measures analysis of variance was performed using sentence 

type as a within-subjects factor. For Story 1, each of the 

four story versions were separated, z-scores were 

calculated within the versions, and the resultant scores

were combined to form a single z-score variable. As a 

result of the coding system applied, the interaction of 

story character and sentence type is actually the main 

effect of story character (primary vs. secondary 

characters) and the main effect of story character is 

really the interaction of story character and sentence 

type. Analyses were performed with α = .05 per family, 

incorporating Story 1 z-scores and a story identification 

number as control variables. 

Story 2 (Toys Present). Table H.1 of Appendix H shows 

the results of the repeated measures analysis. As expected, 

the main effect of strategy was statistically significant 

(p < .00001). Post hoc Fisher least significant difference 

comparisons (Levin, Serlin, & Seaman, 1994) revealed that 

participants in both the visual and manipulate conditions 

outperformed those in the free-study condition, F(1,35) = 

19.18 and 28.64, respectively, both ps < .0001, with no 

statistical difference between manipulate and visual, p = 

.31. 
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An effect size measure was calculated for the visual 

versus free-study condition and for the manipulate versus 

free-study condition, using d = (M1-M2)/ eMS , the estimated 

difference between condition means divided by the adjusted 

pooled within-condition standard deviation (Cohen, 1988; 

Levin, 1997).  This, therefore, represents the adjusted 

difference in means expressed in standard deviation units. 

The value of d for the visual versus free-study comparison 

was 1.61 and that for the manipulate versus free-study was 

2.00, each of which indicates a very large effect size.  

The interaction of strategy and sentence type was not 

statistically significant (p = .70). This finding is 

surprising in that memory would be expected to be 

facilitated most when the participant manipulates the 

objects described by a sentence. The interaction of Story 1 

z-scores with sentence type was statistically significant 

(p = .04). To further explore this interaction, Story 1 z-

scores were converted to a binary variable (low and high) 

using a median split, and Story 2 performance was examined 

by this classification and sentence type. An interpretable 

account of the resultant pattern of cell means was not 

apparent, however.
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Story 3 (Toys Present). Table H.2 of Appendix H shows 

the results of the repeated measures analysis. As expected, 

the main effect of strategy was statistically significant 

(p < .00001). Post hoc Fisher comparisons revealed that 

participants in both the visual and manipulate conditions 

outperformed those in the free-study condition, F(1,35) = 

27.81 and 37.64, respectively, both ps < .00001, with no 

statistical difference between manipulate and visual, p = 

.35. The value of d for the visual versus free-study 

comparison was 1.94 and that for manipulate versus free-

study was 2.30, each of which again indicates a very large 

effect size.

As with the previous analysis, the interaction of 

strategy and sentence type was not statistically 

significant. However, the interaction of story character 

and sentence type was significant.  As a result of the 

data-coding scheme, this interaction actually represents 

the main effect of story character. Comparison of the cell 

means indicated that secondary sentences were recalled 

better than primary sentences. A suggested explanation for 

this outcome is provided in the discussion section.

Story 4. (Toys Absent) Table H.3 of Appendix H shows 

the results of the repeated measures analysis. In contrast 
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to what was found for Stories 2 and 3 (when the toys were 

present in the visual and manipulate conditions), the main 

effect of strategy was not statistically significant. The 

interaction of story character with sentence type was 

significant, F(1,35) = 19.22, p < .00001, which again 

reflects students' better memory for secondary than primary 

sentences (to be discussed later).

Free-Recall Results

All free recall analyses were performed with α = .05, 

incorporating Story 1 proposition z-scores and story 

identification code as control variables. As with the cued 

recall z-scores, Story 1 proposition z-scores were 

calculated by separately calculating z-scores within each 

story and combining the resultant scores into a single 

variable. A repeated measures analysis of variance was 

performed using sentence type (action vs. no action) as a 

within-subjects factor. Table 3 shows the adjusted means 

for the primary free-recall outcomes of interest: 

propositions, objects, actions and locations.
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Table 3

Mean Free Recall, By Strategy Condition and Sentence Type on the Major Outcomes

Propositions1 Objects2 Verbs3 Locations4

Free Study Visual Manipulate Free Study Visual Manipulate Free Study Visual Manipulate Free Study Visual Manipulate

Story 1 (baseline)
Sentence Type

Action
No Action

Total
    MSe

1.41
1.51
2.92

1.35
1.63
2.99
5.36

1.95
2.26
4.22

2.80
3.14
5.95

 2.65
 3.23
5.88

19.92

 3.71
3.96
7.68

1.91
2.28
4.20

 1.72
 2.02
3.75
7.53

 2.25
 2.82
5.08

 .62
 .42
1.04

 .65
 .51
1.16
1.87

 .85
1.24
2.10

Story 2 (Toys Present)
Sentence Type

Action
No Action

Total
    MSe

2.22
3.23
5.45a

4.68
4.23
8.91b

9.68

4.16
3.80
7.96b

3.69
5.80
9.49a

 8.79
 8.09
16.88b

20.01

 7.77
 6.07
13.84b

2.76
3.84
6.60a

 5.85
 4.95
10.81b

14.13

 4.82
 4.10
 8.93ab

1.05
1.69
2.74

2.34
2.02
4.36
4.31

2.12
2.14
4.26

Story 3 (Toys Present)
Sentence Type

Action
No Action

Total
    MSe

2.37
3.17
5.55a

4.16
4.17
8.33b

7.54

4.82
3.51
8.33b

4.23
5.53
9.76a

 7.58
 6.38
13.96b

17.67

 8.63
 5.81
14.45b

2.87
3.62
6.49a

 5.25
 5.38
10.63b

11.98

 6.16
 4.65
10.82b

1.38
1.65
3.03

1.69
2.39
4.08
4.32

1.97
2.26
4.23

Story 4 (Toys Absent)
Sentence Type

Action
No Action

Total
    MSe

2.62
2.58
5.20

1.34
1.98
3.33
8.77

2.59
1.70
4.29

4.63
4.51
9.15

 2.29
 3.66
5.96

23.54

 4.92
 3.28
8.20

3.11
3.09
6.21

 1.59
 2.67
4.27

14.49

 3.46
 2.32
5.79

1.10
 .87
1.97

 .50
 .80
1.31
2.72

1.06
1.15
2.22

Note: Story 1 means are adjusted for Story 1 identification.  Story 2-4 means are adjusted for Story 1 z-scores and outcome story identification. 
For total scores on each measure, condition means with different subscripts are statistically different from one another based on a familywise 
Type I error probability of .05. 

1Maximum total score possible is 24.
2Maximum total score possible is 31.
3Maximum total score possible is 24.
4Maximum total score possible is 21
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Story 2 (Toys Present): Propositions 

Table H.4 of Appendix H presents the results of the 

repeated measures analysis with propositions as the 

dependent variable. The main effect of strategy was 

statistically significant (p = .014). Post hoc Fisher 

comparisons revealed that participants in both the visual 

and manipulate conditions outperformed those in the free-

study condition, F(1,35) = 9.14, p = .004, and F(1,35)= 

4.49, p = .04, respectively, with no statistical difference 

between manipulate and visual, p = .42. The standardized 

mean difference (d) between the visual and free-study 

conditions was 1.10 and that between the manipulate and 

free-study conditions was .80, both large effect sizes. As 

with Story 3 and 4 cued recall analyses, the interaction of 

story character with sentence type was significant (p < 

.0001), which again indicates that secondary sentences were 

better remembered than primary sentences. 

Story 2 (Toys Present): Other Measures of Interest

Objects. Table H.5 of Appendix H shows the results of 

the analysis of Story 2 objects. Fisher LSD comparisons 
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revealed significant strategy related differences, with 

students in the visual and manipulate conditions each 

outperforming those in the free-study condition, F(1,35) = 

20.23 and 6.53, p < .001 and p = .01, respective ds = 1.65 

and .97. No statistically significant difference was 

observed between the manipulate and visual conditions, p = 

.07. The interaction of story character and sentence type 

was statistically significant, F(1,35) = 9.92 with p = 

.003, which indicates that secondary sentence objects were 

more memorable than primary sentence objects. The 

interaction of strategy and sentence type was also 

significant F(2,35)= 3.64, p = .04 (See Figure 1). Follow-

up Fisher interaction contrasts (Marascuilo & Levin, 1970) 

revealed that children applying the manipulate and visual 

strategies performed relatively better than the free-study 

strategy when activity was present than when it was not, 

t(35) = 2.68 and 1.99, p = .005 and .02 (one-tailed), 

respectively. The corresponding difference in differences 

between visual and manipulate strategies was not 

significant, t(35) = .70, p = .24 (one-tailed).
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Figure 1: Story 2 Objects
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Verbs. Results of the analysis of the Story 2 verbs 

outcome are presented in Table H.6 of Appendix H. The main 

effect of strategy was significant (p = .01). Fisher 

comparisons revealed that participants in the visual 

condition outperformed those in the free-study condition, 

F(1,35) = 9.25, p = .004. However, no statistically 

significant difference between manipulate and either the 

visual or free-study conditions were observed, ps = .19 and 

.11, respectively. The d for the visual versus free-study 

comparison was 1.11. Additionally, the interaction of story 

character and sentence type and action was significant, p < 

.0001, with secondary sentence verbs better recalled than 

primary sentence verbs.

Locations. Results for the analysis of Story 2 

locations are shown in Table H.7 of Appendix H. No 

statistical differences associated with conditions were 

found. The story character by sentence type interaction was 

significant, p < .001, with secondary locations better 

recalled than primary locations. 
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Story 3 (Toys Present): Propositions

Table H.8 of Appendix H shows the results of the 

repeated measures analysis with propositions as the 

dependent variable. The main effect of strategy was 

significant, p = .012. Post hoc Fisher comparisons revealed 

that participants in both the visual and manipulate 

conditions outperformed those in the free-study condition, 

F(1,35) = 7.66, p = .008, and F(1,35) = 7.05, p = .01, with 

both ds = 1.01. No statistically significant difference 

between manipulate and visual conditions was observed, p = 

.99. As with Story 2, the story character by sentence type 

interaction was significant, p < .001, with secondary 

propositions better recalled than primary propositions. 

Story 3 (Toys Present): Other Measures of Interest

Objects. Table H.9 of Appendix H presents the results 

of the repeated measures analysis of Story 3 objects. The 

main effect of strategy was significant, p = .009. Fisher 

LSD comparisons revealed significant differences, with 

students in the visual and manipulate conditions 

outperforming those in the free-study condition, p = .009 
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and .006, and ds = .99 and 1.11, respectively. No 

statistically significant difference was observed between 

the visual and manipulate conditions, p = .76. As with 

previous outcomes, the interaction of story character and 

sentence type was significant, p < .001, with secondary 

sentence objects remembered better than primary sentence 

objects. The interaction of strategy and sentence type was 

also statistically significant, F(2,35) = 5.11, p = .01 

(see Figure 2). Follow-up Fisher interaction contrasts 

revealed that children applying the manipulate and visual 

strategies performed relatively better than those applying 

the free-study strategy when activity was present than when 

it was not, t(35) = 3.28 and 1.99, p = .001 and .02 (one-

tailed), respectively. The interaction contrast between the 

visual and manipulate conditions was not found to be 

significant, t(35) = 1.29, p = .10 (one-tailed).

Verbs. Table H.10 of Appendix H shows the results of 

the repeated measures analysis of Story 3 verbs. The main 

effect of strategy was statistically significant. Follow-up 

Fisher comparisons found that visual and manipulate 

condition participants recalling a greater number of verbs

than free-study condition participants, F(1,35) = 10.71 and 

10.77, ps = .002, and ds = 1.19 and 1.24, respectively.
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Figure 2: Story 3 Objects.
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No significant difference between the visual and manipulate 

conditions was observed, F(1,35) = .01, p = .88. The story 

character by sentence type interaction was significant, p < 

.001, with secondary verbs better recalled than primary 

verbs.

Locations. Table H.11 (Appendix H) presents the 

results of the repeated measures analysis of Story 3 

locations. The main effect of strategy was not 

statistically significant, F(1,35) = 1.41, p = .25. The 

story character by sentence type interaction was 

significant, p < .001, with secondary locations better 

recalled than primary locations.

Story 4 (Toys Absent): Propositions 

Table H.12 of Appendix H shows the results of the 

repeated measures analysis with propositions as the 

dependent variable. The main effect of strategy was not 

statistically significant, F(2,35) = 1.49, p = .23. The 

interaction of strategy and sentence type was significant, 

however, F(2,35) = 3.37, p = .04 (see Figure 3). Follow-up 

interaction contrasts revealed a significantly greater 
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Figure 3: Story 4 Propositions.

Strategy by Sentence Type

0

0.5

1

1.5

2

2.5

3

No Yes

Action

# 
o

f 
P

ro
p

o
si

ti
o

n
s 

R
ec

al
le

d

Free-Study
Visual
Manipulate



76

difference between the visual and manipulate conditions 

when imagery was prompted than when it was not, 

t(35) = 2.09, p = .02 (one-tailed). Interaction contrasts 

comparing manipulate with free-study and visual to free-

study were not found to be statistically significant, t(35) 

= 1.16 and -.93 (one-tailed), respectively. The story 

character by sentence type interaction was significant, p < 

.001, with secondary propositions better recalled than 

primary propositions.

Story 4 (Toys Absent): Other Measures of Interest

Objects. Table H.13 of Appendix H shows the results of 

the repeated measures analysis with objects as the 

dependent variable. The main effect of condition was not 

statistically significant, F(2,35), p = .19. The 

interaction of strategy and sentence type was significant, 

F(2,35) = 3.87, p = .03 (see Figure 4). Follow-up Fisher 

interaction contrasts revealed a significantly greater 

difference between the visual and manipulate conditions 

when imagery was prompted than when it was not, t(35) = 

2.89, p = .003 (one-tailed). 
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Figure 4: Story 4 Objects.
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The interaction contrasts comparing manipulate with free-

study, and visual with free-study, were not significant, 

t(35) = 1.46 and –1.43, ps = .07 and .91 (one-tailed). The 

interaction of the Story 1 covariate with action was also 

significant F(1,35) = 5.07, p = .03. The covariate was 

dichotomized at the median to explore this interaction, but 

a theoretically meaningful interpretation was not evident. 

The story character by sentence type interaction was 

significant, p < .001, with secondary objects better 

recalled than primary objects.

Verbs. The results of the repeated measures analysis 

with verbs as the dependent variable are provided in Table 

H.14 of Appendix H. The main effect of strategy was not 

statistically significant, F(2,35) = 1.06, p = .35. The 

interaction of strategy and sentence type was significant 

F(2,35) = 4.49, p = .01 (see Figure 5). Follow-up Fisher 

interaction contrasts revealed a significantly greater 

difference between the visual and manipulate conditions 

when imagery was prompted than when it was not, t(35) = 

3.12, p < .001. The interaction contrasts comparing 

manipulate with free-study, and visual with free-study, 

were not significant, t(35) = 1.57 and –1.54, ps = .06 and 

.93 (one-tailed). 
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Figure 5: Story 4 Verbs.
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The story character by sentence type interaction was 

significant, p < .001, with secondary verbs better recalled 

than primary verbs.

Locations. Results for the repeated measures analysis 

of Story 4 locations are presented in Table H.15 of 

Appendix H. No between- or within-subjects statistically 

significant differences were observed.

Discussion

With no main effects observed between the visual and 

manipulate conditions, the results are in alignment with 

previous studies that provide narratives along with visual 

representations (i.e., pictures and text). The first 

prediction of the indexical hypothesis—-that indexing 

through manipulation will improve memory for story events, 

relative to observing without manipulating, is not strongly 

supported by the results of Exp. 1. However, when the 

manipulate and free-study conditions were compared on 

Stories 2 and 3, statistically significant condition by 

action interactions were found, with the difference being 

greater when action was present than when it was not. That 

these interactions were observed with objects as the 
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outcome is of interest. As objects are the concrete 

components of the stories, it stands to reason that 

physically manipulating them provided an opportunity for 

students to index concrete representations to symbolic 

representations of the objects.

A second prediction of the indexical hypothesis that 

was tested is that indexing through physical manipulation 

will improve memory for spatial relationships. On the cued 

recall measure, which asked spatially oriented questions, 

no significant differences were observed between the visual 

and manipulate conditions on Stories 2 and 3. Although 

students in both the visual and manipulate conditions 

answered a significantly greater number of questions 

correctly in comparison to the free-study participants, the 

absence of a difference between the visual and manipulate 

conditions is not supportive of the indexical hypothesis. 

In addition, on free recall, locations was the only measure 

where statistically significant differences were not found 

among conditions. 

The third prediction derived from the indexical 

hypothesis is that the generation of imagery will be 

improved in students who have had the opportunity to 

physically index objects. Some degree of support for the 
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prediction is provided by the strategy by sentence type 

interactions observed on Story 4 outcomes. Comparisons of 

the manipulate and visual conditions revealed that when 

imagery was prompted the difference between these two 

conditions was significantly greater than when it was not 

present. 

Two experimental design features may account for the 

lack of strategy-related improvements in imagery 

production. One, 25 minutes on average had elapsed at the 

beginning of Story 4 and the learning-disabled participants 

may have been fatigued. Second, in contrast to Glenberg et 

al.'s (2004) study, the specific story settings changed for 

Story 3, making it possible that the students did not have 

an ample opportunity to become familiar with the settings.

Although Exp.1 does not provide strong support for the 

indexical hypothesis, the findings are educationally 

significant. Native American learning-disabled students who 

had visual and physical access to the manipulatives 

described by the story enjoyed a marked improvement 

(greater than 1.5 standard deviations) on cued- and free-

recall outcomes when compared to students who listened to 

the stories in a standard verbal format. This finding 

indicates that the added effort to include visual and 
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motoric support during lessons is well worth the effort 

with this population. 

Of ancillary interest is that throughout the 

experiment secondary sentences were better remembered on 

both free- and cued-recall outcome measures. Research on 

memory for text has regularly found what is known as the 

"seductive details" effect (Garner & Gillingham, 1989; 

Wade, Shraw & Buxton, 1993). Seductive details are story 

units that are novel, interesting, and/or concrete. Studies 

of seductive details find that these story units are often 

better remembered than generic details on subsequent 

outcome measures. In the experimental stories, the six 

primary sentences all revolved around one character (the 

zookeeper or farmer) performing actions. The six secondary 

sentences, on the other hand, revolved around many 

different characters (e.g., the zoo setting had a family 

and animals that performed actions). The uniqueness or 

novelty of each actor in the secondary sentences may have 

enhanced the recall of the actions performed by the actors.
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Chapter 4

Experiment 2

Experiment 2 tested four suppositions derived from 

Glenberg's indexical hypothesis. The primary experimental 

hypotheses to be addressed were: 1) participant 

manipulation during a reading task improves memory for the 

meshing of affordances; 2) participant manipulation during 

a reading task improves memory for spatial relationships; 

3) participant manipulation during a reading task improves 

the ability to generate imagery when physical access to the 

objects is removed; and 4) participant manipulation during 

a reading task improves performance relative to observed 

manipulation.

Method

Participants and Design

Forty-five regular education third-grade students from 

the same rural Indian reservation as Experiment 1 

participated in the study. Treatments were administered 

individually, with students randomly assigned in blocks of 

three to one of three conditions (reread, visual, and 
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manipulate) and to one of twelve story orders. In the 

manipulate strategy condition participants read a nine-

sentence story. Six of these sentences ended with a green 

sign. At the green sign, participants manipulated Playmobil 

toys (farm or zoo depending on assigned story order), as 

directed by the text. Visual strategy condition 

participants observed the experimenter manipulate the toys, 

as directed by the text. When arriving at a green sign, 

reread strategy condition participants read the sentences 

ending with a green sign a second time. In addition, 

affordance type (typical vs. atypical) represented a 

within-subjects factor, with three propositions of each 

type included in the stories. 

Materials

One 6-sentence story (strategy practice) and four 9-

sentence experimental stories were developed for this 

experiment. The strategy practice story was the grocery 

store story from Experiment 1. Baseline and experimental 

stories took place at the zoo and farm settings used in 

Exp. 1. All story settings were physically represented with 

the commercially manufactured toys from the previous 
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experiment (Playmobil). Within each story, sentences 

alternated between typical (e.g., “The monkey picked up the 

rake and cleaned the ground with it") and atypical (e.g., 

“The monkey picked up the rake and threw it at the zebra”) 

interactions of characters with objects. Alternations were 

assigned randomly in blocks of two; see Appendix I for 

examples of story content and alternations.

To assess participants' memory for story characters, 

objects, actions, events, spatial relations, and 

affordances, free- and cued-recall measures were 

administered after each story. The free-recall measure 

consisted of the experimenter asking the student to “tell 

me everything you can remember about the story”. 

Participants were prompted three times with questions such 

as “Is there anything else you remember?” to increase 

completeness of recall. Cued recall consisted of six 

questions measuring the following two constructs: atypical 

affordances and typical affordances, with three items each. 

See Appendix J for examples of free- and cued-recall 

measures. 
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Procedure

See Table 4 for an overview of study procedures for 

each strategy condition. All participants were randomly 

assigned to a setting (farm or zoo) that participants read 

in a partially counterbalanced order for Stories 2-4, with 

half the students in each condition assigned to each 

setting. Students assigned to the farm setting read the 

first story that took place on a zoo with all typical 

affordances as the baseline story (Story 1), and vice 

versa. Story 1 was followed by a one-minute filler task 

(“Simon”, as in Exp. 1) and assessment on free recall. 

Stories 2-4 were followed by the one-minute filler task and 

then students were assessed on free-recall and cued-recall 

outcome measures (See Appendix K for scripts of Stories 1-4 

for each condition).

Story 1 (Toys Absent). All students individually read 

baseline stories aloud without external supports (i.e., 

manipulatives). The experimenter corrected reading errors 

by supplying the correct word. Following the student's 

reading of the passage, the filler task and free recall 

outcome were administered. Free-recall scores were used as 

a covariate in subsequent statistical analyses.
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Table 4

Experimental Events in Each Strategy Condition

Reread Visual Manipulate
Story 1 Participants in all conditions read one of two stories (Farm 1 typical or Zoo 1 typical), were given a one-

minute distractor task, and were assessed on free- and cued-recall.

Strategy Practice 
(Toys present in 
Visual and 
Manipulate 
conditions)

1. Students trained to reread 
what they had read when they 
saw a green sign.
2. Students practiced with 
grocery store story.

1. Students trained to watch the 
experimenter manipulate the toys 
when they saw a green sign.
2. Students practiced with grocery 
store story and toys.

1. Students trained to manipulate the 
toys when they saw a green sign.
2. Students practiced with grocery 
store story and toys.

Familiarization Participants in all conditions were familiarized with toys representing Story 2-4's characters, objects and 
setting. If Story 1 took place on the farm Stories 2-4 took place at the zoo, and vice versa.

Story 2 (Toys 
present in Visual 
and Manipulate 
Conditions)

1. The toys were covered.
2. Students read Story two as 
trained.

1. The toys were not covered.
2. Students read Story two as 
trained.

1. The toys were not covered.
2. Students read Story two as 
trained.

Story 3 (Toys 
present in Visual 
and Manipulate 
Conditions)

1. Students read Story two as 
trained.

1. Procedures at this time were the 
same as Story 2 with one exception, 
the students were instructed close 
their eyes and "make pictures in 
their head" when they came to a 
green sign. Then to open their eyes 
and observe the experimenter 
manipulate the toys. 

1.  Procedures at this time were the 
same as Story 2 with one exception, 
the students were instructed close 
their eyes and "make pictures in 
their head" when they came to a green 
sign. Then to open their eyes and 
manipulate the toys.

Story 4 (Toys 
absent in all 
conditions)

1. Students were instructed 
to "make picture in their 
head" when they saw the green 
sign.

1. Students were instructed to "make 
picture in their head" when they saw 
the green sign.

1. Students were instructed to "make 
pictures in their head" when they saw 
the green sign.

Note: All stories were followed with a 2 minute distractor task ("Simon" an electronic memory game), and free- and cued-recall 
measures.
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Strategy training (Practice Toys Present in Visual and 

Manipulate Conditions). In this part of the study, students 

in each condition were introduced to the learning strategy 

that they were to use for Story 2. Participants were 

instructed in their condition's strategy using a six-

sentence story that described events taking place at a 

grocery store. All participants read each sentence of the 

story until they came to a green sign. When the reread

participants came to the green sign they were instructed to 

read the preceding sentence a second time. Participants in 

the visual condition were instructed to watch the 

experimenter manipulate the toys as directed by the 

sentence. Manipulate condition participants were instructed 

to move the toys as directed by the sentence. Also, in the 

manipulate condition, participants were told that if they 

made an error the experimenter would ask them to close 

their eyes and then he would move the toys to their correct 

locations. Outcome measures were not administered at this 

time; students were reminded that they would use the taught 

strategy and be tested on the next story.

Story 2 (Toys Present). Following the practice 

passage, all participants were familiarized with 
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manipulatives that represented Stories 2-4 objects, actors, 

and setting. After the participants were familiarized with 

their assigned setting the toys were covered in the reread 

condition, and remained visible in the other two 

conditions. All condition participants then read Story 2 as 

described in the strategy-training paragraph above. Upon 

completion of reading the story, the filler task and free-

and cued-recall outcome measures were administered.

Story 3 (Toys Present). All participants read the 

third story in a similar manner to Story 2, with one 

notable exception. In the activity and visual conditions, 

the students were instructed to close their eyes before 

manipulating (or viewing the experimenter's manipulation 

of) of the toys and to "make pictures" in their head of the 

toys being moved to the positions described by the text. 

Then, students were to open their eyes and move or watch 

the toys as they had imagined. Following the student's 

reading of the passage, the filler task and free- and cued-

recall outcome measures were administered.

Story 4 (Toys Absent). All participants read a new 

story that took place at the same setting as the previous 

two stories without the toys present. At this time, all 

participants were instructed to “make pictures" in their 
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head of story events when they saw the green sign at the 

end of each sentence. Following the student's reading of 

the passage, the filler task and free-recall outcome were 

administered.

Scoring

Protocols were scored in a similar manner as Exp. 1 

(see Appendix L for scoring rubric). All protocols were 

"blinded" with respect to individuals' identity and 

experimental condition. Cued-recall responses were scored 

as incomplete (0 points), partially complete (1/2 point), 

and complete (1 point), with 3 points possible for both the 

typical and atypical affordances. Free-recall protocols 

were scored similarly to Exp 1., resulting in scores for 

recall of propositions (maximum possible = 16), objects 

(maximum possible = 21), verbs (maximum possible = 18), and

locations (maximum possible = 10). In addition, each story 

had three nonaction sentences, which were divided into 

meaning units (i.e., propositions), so that an additional 

score for nonaction propositions was calculated (see 

Appendix M for how stories were divided into individual 

propositions). In addition, Story 1 was scored solely for 
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total number of propositions recalled and was used as a 

covariate in all of the analyses. 

Cued-Recall Results

Affordance type (typical and atypical) and total score 

means for each story are provided in Table 5. A repeated 

measures analysis of variance was performed using 

affordance type (typical vs. atypical) as a within-subjects 

factor. Analyses were performed with α = .05 per family, 

incorporating Story 1 z-scores and outcome story 

identification code as control variables. For Story 1 z-

scores, each of the two story versions (Farm 1 typical and 

Zoo 1 typical) were separated, z-scores were calculated 

within the groups, and the resultant scores were merged 

into a single z-score variable. Significant omnibus tests 

of strategy condition differences were followed by Fisher 

least significant difference comparisons. 

Story 2 (Toys Present). Table N.1 of Appendix N shows 

the results of the repeated measures analysis.
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Table 5

Mean Proportion Correct on Cued Recall for Each Strategy Condition

Reread Visual Manipulate

Mean Mean Mean
Story 2 (Toys Present)
Affordance Type

Typical
Atypical

Total
     MSe

.84

.68

.76

.85

.86

.85

.02

.91

.73

.82

Story 3 (Toys Present)
Affordance Type

Typical
     Atypical
Total
     MSe

.81

.63
.72a

.94

.87
.90b

.02

.92

.76
.84b

Story 4 (Toys Absent)
Affordance Type

Typical
Atypical

Total
     MSe

.81

.49

.65

.80

.62

.71

.03

.80

.64

.72

Stories 2-4 means are adjusted for Story 1 z-scores and outcome story identification. For each measure, condition 
means with different superscripts are statistically different from one another based on a familywise Type I error 
probability of .05.
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Contrary to expectations, the main effect of strategy was 

not statistically significant, F(2,36) = 1.15, p = .32. In 

addition, the strategy by affordance type interaction was 

not significant, F(2,36) = 1.53, p = .22. However, the main 

effect of affordance type was statistically significant, 

F(1,36) = 5.4, p = .02, with typical affordances better 

recalled than atypical affordances. Mean recall of typical 

and atypical affordances was 2.63 and 2.30, respectively, d 

= .50.

Story 3 (Toys Present). Table N.2 of Appendix N shows 

the results of the repeated measures analysis. The main 

effect of strategy was significant, F(2,36) = 5.77, p = 

.006. Post hoc Fisher comparisons revealed that students in 

both the visual and manipulate conditions outperformed 

those in the reread condition, F(1,36) = 11.12 and 4.63, p 

= .001 and .03, respectively. The standardized difference 

for the visual versus reread comparison was 1.23 and that 

for manipulate versus reread was .81, each of which 

indicates a large effect size. However, the interaction of 

strategy with affordance type, which was of primary 

theoretical interest, was not statistically significant, 

F(1,36) = .74, p = .48. The main effect of affordance type 

was significant, F(1,36) = 11.32, p = .001, with typical 



95

affordances better recalled than atypical affordances. Mean 

recall of typical and atypical affordances was 2.66 and 

2.22, respectively, d = .79. 

Story 4 (Toys Absent). Table N.3 of Appendix N shows 

the results of the repeated measures analysis. The main 

effect of strategy was not statistically significant, 

F(2,36) = .54, p = .58. The interaction of strategy with 

affordance type was also not statistically significant, 

F(2,36) = .89. The main effect of affordance type was 

significant, F(1,36) = 17.09, p < .001, with typical 

affordances better recalled than atypical affordances. Mean 

recall of typical and atypical affordances was 2.41 and 

1.71, respectively, d = .96.

Free-Recall Results

An overview of free-recall scores for each condition 

is presented in Table 6. All free-recall analyses were 

performed with α = .05 per family, incorporating the 

previously calculated Story 1 proposition z-scores and 

story identification code as control variables.
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Table 6

Mean Free Recall By Strategy Condition on the Major Outcomes

Total Propositions1 Objects2 Verbs3 Locations4 Non-Action5

Reread Visual Manipulate Reread Visual Manipulate Reread Visual Manipulate Reread Visual Manipulate Reread Visual Manipulate

Story 1
(baseline)

MSe

4.05 4.57

6.12

4.47 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Story 2 
(Toys 
Present)

MSe

4.37a 6.36b

4.88

6.74b 8.33 10.03

13.50

11.52 4.66a 6.42a

5.18

7.39b 1.81a 3.10a,b

2.26

3.35b 1.00 0.70

0.48

1.20

Story 3 
(Toys 
Present)

MSe

5.82a 7.31a,b

4.49

8.08b 9.57a 12.55b

11.92

12.22b 5.97a 7.74b

5.47

8.42b 1.93a 3.73b

1.63

3.27b 1.67a 0.92b

0.63

1.21a,b

Story 4 
(Toys 
Absent)

MSe

4.37a 6.07b

4.17

6.40b 6.88a 9.67b

8.69

10.46b 4.29a 6.33b

4.35

6.59b 1.53a 2.20a,b

1.37

2.68b 1.29 1.18

1.05

1.45

Note: Story 1 means are adjusted for Story 1 identification.  Story 2-4 means are adjusted for Story 1 z-scores and outcome 
story identification. For total scores on each measure, condition means with different superscripts are statistically different 
from one another based on a familywise Type I error probability of .05.

1Maximum score possible is 16.
2Maximum score possible is 21.
3Maximum score possible is 18.
4Maximum score possible is 10.
5Maximum score possible is 3.
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Statistically significant omnibus tests were followed by 

Fisher LSD planned comparisons. 

Story 2 (Toys Present): Propositions

Table N.4 of Appendix N presents the analysis of 

variance with total propositions (measure includes typical, 

atypical, and non-action propositions) as the dependent 

variable. The main effect of strategy was statistically 

significant, p = .02. Post hoc Fisher comparisons revealed 

that participants in both the visual and manipulate 

conditions outperformed those in the reread condition, 

F(1,36) = 5.24 and 7.46, p = .02 and  < .01, respectively, 

with no statistical difference between manipulate and 

visual conditions, p = .65. The standardized mean 

difference between the visual and reread conditions was .89 

and that between manipulate and reread conditions was 1.07, 

both large effect sizes.

Story 2 (Toys Present): Other Measures of Interest

Objects. Table N.5 of Appendix N shows the results of 

the analysis of variance with objects as the dependent 
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variable. The main effect of strategy was not statistically 

significant, p = .10.

Verbs. Table N.6 of Appendix N shows the results of 

the analysis of variance with verbs as the dependent 

variable. The main effect of strategy was significant, p = 

.01. Fisher LSD comparisons revealed significant 

differences, with students in the visual and manipulate 

conditions each outperforming those in the reread 

condition, F(1,36) = 20.10 and F(1,36) = 48.37, both ps < 

.05, respective ds = .77 and 1.19.

Locations. Results of the analysis of variance of 

Story 2 locations are presented in Table N.7 of Appendix N. 

The main effect of strategy was significant, p = .03. 

Follow-up Fisher LSD comparisons found significant 

differences, with students in the visual and manipulate 

conditions each outperforming those in the reread 

condition, F(1,36) = 4.76 and 6.76, both ps < .05, 

respective ds = .85 and 1.01.

Nonaction. Results of the analysis of variance of 

Story 2 non-action propositions are presented in Table N.8 

of Appendix N. The main effect of strategy was not 

statistically significant, p = .20.
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Story 2 (Toys Present): Supplementary Analysis

Table 7 displays students' mean recall of typical and 

atypical affordance propositions at Stories 2-4. Recall of 

typical and atypical propositions was analyzed with the 

same repeated measures analysis used with cued recall (see 

Table N.9 of Appendix N for results). The main effect of 

strategy was statistically significant, F(2,36) = 8.23, p = 

.001. Follow-up Fisher comparisons revealed statistically 

significant differences between participants, with students 

in the visual and manipulate conditions each outperforming 

those in the reread condition, F(1,36) = 12.28 and 12.87, 

both ps < .05, respective ds = 1.37 and 1.40. No 

significant difference was observed between the visual and 

manipulate conditions, p = .93. The interaction of strategy 

and affordance type was nonsignificant, F(2,36) = .87, p = 

.49. Also, the main effect of affordance type was 

nonsignificant, p = .49.
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Table 7

Mean Proportion of Typical and Atypical Affordances Recalled in Each Strategy 
Condition

Reread Visual Manipulate

Mean Mean Mean
Story 2 (Toys Present)
Affordance Type

Typical
Atypical

Total
     MSe

.43

.30
.36a

.61

.68
.64b

.04

.68

.62
.65b

Story 3 (Toys Present)
Affordance Type

Typical
     Atypical
Total
     MSe

.40

.48
.44a

.75

.74
.75b

.03

.73

.71
.72b

Story 4 (Toys Absent)
Affordance Type

Typical
Atypical

Total
     MSe

.34

.35
.35a

.53

.48
.51b

.03

.53

.42
.47b

Stories 2-4 means are adjusted for Story 1 z-scores and outcome story identification. For each measure, condition 
means that share a superscript are not statistically different from one another based on a familywise Type I 
error probability of .05.
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Story 3 (Imagery Instruction in Visual and Manipulate 

Conditions with Toys Present): Propositions

Table N.10 of Appendix N presents the analysis of 

variance with total propositions as the dependent variable. 

The main effect of strategy was significant, F(2,36) = 

4.12, p = .02. Follow-up contrasts found a statistically 

significant difference between participants in the 

manipulate and reread conditions, with manipulate 

participants recalling a greater number of propositions, 

F(1,36) = 7.82, p <.01, d = 1.06. In addition, visual 

condition participants recalled a greater number of 

propositions than those in the reread condition, F(1,36) = 

3.61, p = .06, d = .54. No significant difference was 

observed between the visual and manipulate conditions, 

F(1,36) = .89, p = .35.

Story 3 (Toys Present): Other Measures of Interest

Objects. Table N.11 of Appendix N displays the results 

of the analysis of Story 3 objects. The main effect of 

strategy was significant, F(2,36) = 3.25, p = .05. Pairwise 

comparisons found statically significant differences 
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between the visual and reread conditions, F(1,36) = 5.45, p 

= .02, d = .86; and between the manipulate and reread 

conditions, F(1,36) = 4.06, p = .05, d = .76. No 

significant difference was observed between the visual and 

manipulate conditions, F(1,36) = .06, p = .80. 

Verbs. Results for the analysis of Story 3 verbs are 

presented in Table N.12 of Appendix N. The main effect of 

strategy was statistically significant, F(2,36) = 4.13, p = 

.02. Follow-up pairwise comparisons found significant 

differences between strategy conditions, with students in 

the visual and manipulate conditions each outperforming 

those in the reread condition, F(1,36) = 4.17 and 7.57, ps 

= .04 and .009, respective ds = .75 and 1.04. No 

significant difference was observed between the visual and 

manipulate conditions' participants, p = .45.

Locations. The analysis of Story 3 location results is 

presented in Table N.13 of Appendix N. The main effect of 

strategy was significant, F(2,26) = 7.80, p < .001. 

Pairwise comparisons revealed significant differences 

between strategy conditions, with students in the visual 

and manipulate conditions each outperforming those in the 

reread condition, F(1,36) = 14.47 and 7.53, ps = .0005 and 

.009, respective ds = 1.40 and 1.03. No significant 



103

difference was observed between the visual and manipulate 

conditions' participants, p = .35. 

Nonaction. Analysis of variance results for nonaction 

propositions is presented in Table N.14 of Appendix N. The 

main effect of strategy was significant, F(2,36) = 3.27, p 

= .04. Post hoc Fisher comparisons revealed significant 

differences between visual and reread participants, with 

reread participants recalling a greater number of nonaction 

propositions, F(1,36) = 6.43, p = .01. No significant 

differences were observed between manipulate and reread 

participants, p = .14, or manipulate and visual 

participants, p = .34, on this outcome.

Story 3 (Toys Present): Supplementary Analysis

As with Story 2, recall of typical and atypical 

propositions was analyzed using a repeated measures 

analysis (see Table N.15 of Appendix N for results). The 

main effect of strategy was statistically significant, 

F(2,36) = 11.49, p < .001. Statistically significant 

differences between strategy conditions were found, with 

students in the visual and manipulate conditions each 

outperforming those in the reread condition, F(1,36) = 
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18.86 and 14.86, both ps < .001, respective ds = 1.60 and 

1.47. No significant difference was observed between the 

visual and manipulate conditions, p = .72. The interaction 

of strategy with affordance type was nonsignificant, 

F(2,36) = .41, p = .73. Also, the main effect of affordance 

type was nonsignificant, p = .73.

Story 4 (No Toys Present): Propositions

Table N.16 of Appendix N shows the results of the 

analysis of variance with Story 4 total propositions as the 

dependent variable. The main effect of strategy was 

significant, F(2,36) = 3.81, p = .03. Follow-up Fisher 

comparisons found significant differences, with students in 

the visual and manipulate conditions each outperforming 

those in the reread condition, F(1,36) = 4.71 and 6.65, ps

.03 and .01, respective ds = .82 and .98. No significant 

difference was observed between the visual and manipulate 

conditions, p = .48.
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Story 4 (No Toys Present): Other Measures of Interest

Objects. Results from the analysis of Story 4 objects 

are presented in Table N.17 of Appendix N. The main effect 

of strategy was statistically significant, F(2,36) = 5.48, 

p < .01. Post hoc comparisons revealed significant 

differences between strategy conditions, with students in 

the visual and manipulate conditions each outperforming 

those in the reread condition, F(1,36) = 6.17 and F(1,36) = 

9.97, ps = .01 and .003, respective ds = .82 and .98. No 

significant difference was observed between the visual and 

manipulate conditions, p = .48.

Verbs. Table N.18 of Appendix N shows the results of 

the analysis of Story 4 verbs. The main effect of strategy 

was significant, F(2,36) = 4.93, p = .01. Follow-up 

pairwise comparisons found visual and manipulate strategy 

participants recalling a greater number of verbs than 

reread strategy participants, F(1,36) = 6.59 and 8.26, both 

ps = .01 and .006, ds = .97 and 1.10, respectively. No 

significant difference was observed between the visual and 

manipulate conditions, p = .73.

Locations. The results of the analysis of Story 4 

locations are presented in Table N.19 of Appendix N. The 
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main effect of strategy condition was statistically 

significant. Follow-up comparisons revealed manipulate 

condition participants recalling a greater number of 

locations than reread condition participants, F(1,36) = 

6.49, p = .01, d = .97. No significant differences were 

observed between the visual condition and manipulate or 

reread conditions, ps = .13 and .28, respectively.

Nonaction.  The results of the analysis of Story 4 

nonaction propositions are presented in Table N.20 of 

Appendix N. The omnibus test found no strategy-related 

differences, F(2,26) = .25, p = .78.

Story 4 (Imagery Instruction in All Conditions No Toys 

Present): Supplementary Analysis

As with Stories 2 and 3, recall of typical and 

atypical propositions was analyzed using a repeated 

measures analysis (see Table N.21 of Appendix N for

results). The main effect of strategy was statistically 

significant, F(2,36) = 3.34, p = .04. Follow-up pairwise 

comparisons revealed statistically significant differences 

between strategy conditions, with students in the visual 

and manipulate conditions each outperforming those in the 
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reread condition, F(1,36) = 6.25 and 3.87, p = .01 and .05, 

and ds = 1.60 and 1.47, respectively. No significant 

difference was observed between the visual and manipulate 

conditions, p = .60. The interaction of strategy and 

affordance type was nonsignificant, F(2,36) = .54, p = .58. 

Also, the main effect of affordance type was 

nonsignificant, p = .25.

Discussion

The results of Exp. 2 do not provide support for the 

hypothesis that participant manipulation during a reading 

task improves memory for the meshing of affordances. On 

both cued- and free-recall outcomes, the expected strategy 

by affordance type interaction was nonsignificant. Two 

potential explanations for why the expected interaction of 

condition with affordance type was not observed are: 1) the 

test of the meshing of affordances was not properly 

operationalized, or 2) the theory is incorrect. It is 

difficult to ascertain which of these two explanations is 

more reasonable. In Stories 2-4, the main effect of 

affordance type was significant in the cued-recall 

analyses, with typical affordances better remembered than 
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atypical. This indicates that the affordance types were 

functioning as expected during cued recall. However, with 

free recall, the main effect of affordance type was not 

significant, which indicates that the two types of 

affordances were operating comparably. 

The evidence provides limited support for the second 

hypothesis, that participant manipulation during a reading 

task improves memory for spatial relationships. Manipulate 

condition participants recalled a significantly greater 

number of locations compared to reread participants. 

However, the lack of a statistically significant difference 

between the observed and participant manipulation 

conditions suggests that the difference between the reread 

and manipulate conditions may be due simply to having 

visual access to the toys during the reading task.  

The results provide partial support for the third 

hypothesis. Participant manipulation during a reading task 

did improve students' ability to generate imagery upon 

removal of physical access to the objects. Students in the 

visual condition benefited in a similar manner and degree 

to students in the manipulate condition. This finding 

provides further evidence for the following conclusion 

regarding the fourth hypothesis. 
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Exp. 2 does not support the fourth hypothesis, that 

participant manipulation during a reading task improves 

performance relative to observed manipulation. With no 

significant differences observed between the visual and 

manipulate conditions, the results suggest that visual 

access alone can account for the difference between the 

these two conditions as compared to the reread condition.



110

Chapter 5

General Discussion

Community members of a southwestern Indian reservation 

located in the United States were participants in two 

experiments. In Exp. 1 predictions derived from Glenberg's 

indexical hypothesis were tested with third- through sixth-

grade learning-disabled students on a listening task. Exp. 

2 tested similar predictions with regular education third-

grade students on a reading task. Results from Experiments 

1 and 2 are of theoretical and educational importance. The 

discussion will first focus on the theoretical implications 

of the findings.

Theoretical Implications

Glenberg's indexical hypothesis posits that 

participants who physically manipulate objects described by 

a story will have improved performance on outcome measures 

assessing memory for story locations and events (Glenberg, 

1997). 

The theoretical explanation for this facilitative 

effect is that manipulation enhances the "indexing" of 
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objects to their symbolic representations (i.e., words). 

Because of indexing, students will then demonstrate a 

greater awareness of potential affordances and the possible 

combinations of affordances (i.e., the meshing of 

affordances). In other words, manipulation provides 

additional knowledge that informs the student of possible 

actions that characters in a story may perform with objects 

(i.e., available affordances). This greater awareness of 

affordances should improve the listener's or reader's 

ability to detect atypical affordances. Additionally, 

according to the indexical hypothesis, students who have 

had an opportunity to index in this manner will have an 

improved ability to mentally represent story characters, 

locations, and events. This improved ability manifests 

itself when the student generates dynamic internal imagery 

during listening and/or reading tasks. The following 

discussion will relate this study's findings to each of the 

primary predictions

Improved Indexing through Manipulation

 In both experiments, no incremental benefit was 

apparent when participants had an opportunity to manipulate 
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the objects as described by the stories, in comparison 

simply to observing the manipulated objects. This finding 

is in accord with the previous finding of Wolff and Levin 

(1972) that third graders benefited equally from 

experimenter- and child-produced motor activity on paired-

associate memory tasks, while kindergarteners showed 

enhanced recall when they had an opportunity to manipulate 

the objects themselves. 

The present study found significant strategy by 

sentence type (action vs. noaction) interactions in Exp. 1, 

providing limited support for the indexical hypothesis. 

Notable about this finding is that two of the four 

interactions were observed for the free recall of objects, 

the story components most likely to be indexed, due to 

their concreteness. Results from previous subject-performed 

task (SPT) studies have direct relevance to this finding. 

Previous comparisons of subject-performed tasks and 

experimenter-performed tasks (EPT) on free recall of lists 

have found differences favoring SPTs within subjects on 

short lists, and between subjects on long lists (Golly-

Haring & Engelkamp, 2003; Engelkamp & Zimmer, 1983). In the 

current study, the short stories are thematic with 

information from previous sentences informing subsequent 



113

sentences, unlike the SPT studies. However, the stories are 

12 sentences long, which is similar to the length of the 

lists included in SPT studies and the finding of a within 

subjects activity effect coincides with previous findings.  

Improved Memory for Meshing of Affordances

Exp. 2 does not support the prediction that 

manipulation during a reading task improves memory for the 

meshing of affordances. With the main effect of affordance 

type significant on cued-recall outcomes at Stories 2-4, 

the affordances can be considered qualitatively different. 

Therefore, the lack of a strategy by affordance type 

interaction is inconsistent with the indexical hypothesis. 

Two explanations exist for why the predicted 

interaction did not occur in the study. The first 

explanation is that readers often encounter unlikely events 

in fictional stories; in fiction, the combination of 

unlikely affordances is commonplace. In fact, combining 

unlikely affordances is what makes stories entertaining to 

read. To expect readers of a narrative to have a heightened 

awareness of unusual affordance combinations, as proposed 
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by the indexical hypothesis, is unwarranted. If so, a 

similar test with a nonfiction passage may be warranted. 

The second explanation is that the outcome measure did 

not explicitly ask participants to demonstrate awareness of 

unlikely events occurring in the story. In a similar study, 

Rubman and Waters (2000) asked general questions such as 

"Did everything in the story make sense?" and "Was there 

anything wrong with the story?" to assess whether 

storyboard participants had a greater awareness of 

inconsistencies in text. If the present study had 

incorporated this assessment strategy, it is possible that 

the strategy-related differential recall of affordances 

would have emerged.   

Imagery Production

Exp. 1 provided little evidence for an improved 

ability to generate meaningful internal imagery among 

participants who manipulated objects as directed by the 

stories. Unlike the results of the Glenberg and associates 

study (2004), the main effect of strategy was not 

significant, indicating that manipulate strategy 

participants did not exhibit the expected imagery benefits 
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of the previous training strategy. However, the 

statistically significant strategy by sentence type 

interaction on Story 4 does provide limited support for the 

contention that manipulation improves imagery generation, 

which justifies future exploration. 

There are several possible explanations for why the 

Native American learning-disabled students did not display 

facilitative strategy transfer during Story 4 in Exp. 1. 

First, the students were learning disabled and an inability 

to generate imagery at a minimal level could have 

contributed to their eventual identification as learning

disabled. Second, many of the students were second-language 

learners and it is possible they did not understand the 

directions to "close your eyes and make pictures in your 

head" provided for Story 4. Third, the amount of time 

required to study the four stories may have exceeded the 

limits of the students' attention. Lastly, unlike the 

stories used by Glenberg and associates, which were all in 

the same setting, the present stories changed from a zoo to 

a farm setting (or vice versa) on Story 3, and vice versa 

depending on assigned story order. This could have resulted 

in the participants not having the level of familiarity 
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with the setting, characters, and objects required to 

produce facilitative imagery. 

In Exp. 2, Native American third graders' memories for 

narrative events were greatly enhanced by text-relevant 

motor activity. After removing the manipulatives on Story 

4, a positive effect of imagined manipulation was observed 

in the manipulate condition, relative to the reread 

condition on the free-recall measure. However, observed 

manipulation improved free recall to a similar degree when 

imagined manipulation was prompted, suggesting that the 

hypothesized incremental benefit of participant 

manipulation was not present. 

The current study's results correspond with those from 

studies exploring the efficacy of visual vs. verbal modes 

of presentation (Dilley & Pavio, 1968; Homzie, Noyes, & 

Lovelace, 1973; Levin, 1976; Mayer & Gallini, 1990; Pavio, 

1971; Thompson & Pavio, 1994). In general, the results of 

such studies are consistent with Paivio's (1971) Dual 

Coding Theory (DCT). DCT hypothesizes that two forms of 

cognitive representation exist: verbal and visual. With 

concrete objects, visual and verbal codes unite through 

referential connections. These referential connections 

between symbolic and iconic representations are enhanced by 
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visual presentation. When presented with concrete visual 

stimuli individuals verbally code them automatically, which 

improves subsequent recall. Although not explicitly stated,

the indexical hypothesis suggests that referential 

connections can be forced (or "imposed" using Levin's, 

1972, terminology) through physical manipulation, which in 

turn should improve subsequent performance on memory tasks 

relative to visual presentation. However, in both the 

learning-disabled (Exp. 1) and third-grade regular 

education (Exp. 2) samples, the performance of observed 

manipulation participants was comparable to that of 

participants who engaged in text-relevant manipulation. 

This finding suggests that the dominant mode of indexing, 

or making referential connections, is through visual 

processing. Motoric encoding may be occurring, as 

demonstrated by studies that explore motoric encoding 

(e.g., Cohen, 1981; Wolff & Levin, 1972), but the effect is

overwhelmed by the large effect associated with visual 

processing alone. 
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Educational Implications

From a classroom perspective, the study provides 

evidence of the effectiveness of two learning strategies 

with learning-disabled and regular education Native 

American children in tutoring contexts: student 

manipulation and observed manipulation. For both study 

samples, comparable memory advantages were observed when 

either manipulation or observed manipulation was present. 

In addition, third-grade regular education students 

exhibited positive strategy transfer when the manipulatives 

were removed, which indicates that providing external 

supports is a powerful method of improving children's 

abilities to generate imagery.

The large effects observed hint at promising 

educational interventions. In terms of Levin's (1972) 

imposed vs. induced strategy distinction, these 

interventions would provide students with external support 

by beginning with an imposed strategy (i.e., providing 

physical or visual access to objects described by a story) 

and gradually tapering the level of support to an induced 

strategy (i.e., instructing the learner to imagine story 

events). 
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Thoroughly familiarizing students with story 

characters and settings before and during a narrative is 

expected to improve students' understanding and recall of 

story events. With similar benefits gained regardless of 

manipulation type, a greater number of classroom activities 

are available that take advantage of the underlying 

cognitive processes identified by this study. 

For example, a classroom teacher involved in student 

or small-group tutoring sessions could instruct students to 

play with objects that represent the characters and setting 

of a story that they are about to read or hear. After a 

period of play, the teacher would arrange the objects in 

positions that they would be in at the start of the story 

segment. Then, during the reading or listening activity the 

students would update the position of the objects to 

reflect the events in the story. With time, the teacher 

would teach the students to close their eyes and imagine 

the toys moving to story events as they occur. After 

imagining the toys moving, the students would take turns 

moving the toys, or one student would be designated as the 

one to do all of the manipulations. Eventually, the toys 

would be removed and the students receive instructions to 

close their eyes and imagine moving the toys as directed by 



120

the text. From this study, it is expected that students 

taught to generate imagery during reading and listening 

tasks in this manner would improve their recall on 

subsequent assessments. 

Future Studies

While the classroom lesson described above is 

appealing, more research is necessary to:  1) further 

explore the underlying mechanisms associated with the 

memory benefits observed in this study, and 2) determine 

the conditions under which the strategy is effective. 

A further exploration of cognitive mechanisms 

associated with present study's findings is warranted. One 

possible direction would be to assess whether individuals 

who have had an opportunity to index through physical 

manipulation enjoy an ability to match a symbolic 

representation to its concrete representation more rapidly. 

A possible route to determining this would be to have a 

matching task were subjects originally encode unfamiliar 

objects to words in two different mediums. A manipulate 

group would practice matching objects through manipulation 

and an observed manipulation would watch someone perform 
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the same task. A subsequent outcome measure would require 

participants to match symbolic to concrete representations, 

or vice versa.

Another direction of theoretical inquiry would be to 

use measures that are assumed to assess different 

dimensions of memory. It is possible that the current

outcomes are biased in favor of students who verbally 

encoded, which may have reduced the differences between 

strategies. A better match between encoding and retrieval 

conditions could be made to remedy this potential bias 

(Tulving & Thompson, 1973) -- for instance, asking 

participants to position objects in locations described by 

a story as an outcome measure. Using this as an outcome 

would favor the manipulation and observed manipulation 

conditions but would provide a fuller understanding of the 

conditions under which the strategies are effective.

The present study findings indicate that both observed 

and participant manipulation are useful in a one-on-one 

tutoring context. However, much of the instruction that 

takes place in classrooms is in larger group settings. This 

necessitates additional studies to explore the underlying 

cognitive processes with small and classroom-sized groups 

of students. 
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Paired-associate memory tasks (Wolff & Levin, 1972; 

Levin & Pressley, 1978) have identified developmental 

differences in children's ability to generate imagery. 

These early findings should be extended to the listening 

and reading tasks employed in this study. The improved 

ability of students to generate imagery observed in Exp. 2 

may not occur when children are prematurely encouraged to 

generate text-relevant imagery. 

Further exploration of activity-based learning 

strategies with native students who have an activity 

preference is merited (i.e., students with a high 

performance IQ and a low verbal IQ). It is possible that 

the interaction of activity learning preference with an 

activity-based learning strategy could result in a powerful 

educational intervention that strengthens a child's 

weakness through his or her strength. Although this study 

is one of very few with this unique population, matching of 

learner characteristics and strategy was not explored here.

In the SPT studies, Engelkamp & Zimmer (1997) 

recognized that the effect of participant manipulation 

exhibits itself when the experimental lists are longer. A 

future study with longer stories, or one that revolves 

around an entire book, could find the beneficial effect of 
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manipulation predicted by the indexical hypothesis. 

Extending the length of the experimental stories and 

changing the unit of analysis from individuals to groups 

would enhance the external validity the current study's 

findings.

Conclusion

This study may be the first scientifically valid 

exploration of a learning strategy with a Native American 

population. In general, learning-strategy researchers have 

neglected Native American students. Observational studies 

indicate that Native American students may have a 

preference for activity/physically-oriented learning tasks. 

Psychometric studies provide converging evidence for the 

observational studies, with Native children scoring at or 

above the national norms on performance elements of IQ 

tests.

Such findings indicate that Native American students 

may derive substantial benefits from learning strategies 

that engage multiple representations –- enactive and iconic 

representations, in particular. Numerous theoretical 

perspectives have been pursued in attempts to explain the 
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consistent improvement that occurs in non-native students’ 

associative learning and text processing when multiple 

modalities are engaged. This research provides a long 

history of evidence supporting the efficacy of activity-

and imagery-based learning strategies, regardless of the 

specific theoretical perspective taken.  

What is more important from an applied standpoint is 

the universality of a promising strategy’s utility. 

Empirical studies show that the proper matching of 

individual characteristics and desired outcomes with the 

learning strategy has the most powerful results. This 

indicates that a student’s developmental stage and reading 

proficiency, along with the level of external support and 

the type of learning outcome desired (understanding, 

remembering, or applying) should be considered when 

matching an strategy and a learner. When the match is 

appropriately made, pronounced strategy benefits can be 

expected.  With Native American students it is expected 

that undiscovered effects of this kind exist, specifically 

with multiple-modality learning strategies. Little 

empirical evidence confirming this expectation appears to 

exist, due to the neglect of this population by educational 

researchers.
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Glenberg’s (1997) indexical hypothesis attempts to 

explain why the results from multiple theoretical 

perspectives converge. However, with visual and manipulate 

students remembering a comparable amount of story details 

in both experiments, the current study provides limited 

support for this perspective.

Future research embodying Glenberg’s indexical 

hypothesis as a unifying theoretical framework will provide 

multiple directions of inquiry. If fruitful, that sort of 

inquiry should result in powerful methods for improving 

Native American children's memory for oral and written 

text. With carefully controlled programmatic 

investigations, it is hoped that learning-strategy 

researchers adopting this theoretical perspective will not 

continue to neglect the educational needs of America’s 

first people.



126

APPENDIX A

Stories Created for Experiment 1



127

A Day on the Farm (Farm 1)

1. Early in the morning the rooster with the red head flew 
to the very top of the barn and sang, “cock a doodle doo”, 
to wake everyone up.___

2. The farmer picked up the bucket of water next to the 
cart and went around the barn to the big pig.___

3. The hen came out of her nest and pecked at her two baby 
chicks.___

4. The farmer left the bucket of water for the pig to drink 
and went out front to get something from the cart.___

5. The dog in the backyard chased the baby pig once in a 
circle around the sunflower.___

6. The farmer climbed up the ladder to the upstairs part of 
the barn and looked around for the pitchfork.___

7. The bird in the tree flew to the side roof of the barn, 
but it was slippery when it landed so it fell to the 
ground.___

8. The pitchfork was not upstairs and so the farmer climbed 
down the ladder and looked under the cart.___

9. Outside the barn, the little girl went to the hen's nest 
and put her eggs in the basket to take home later.___

10. The farmer found the pitchfork behind the door next to 
the bench, and put it in the cart.___

11. The little boy took a basket of vegetables to the 
rabbits and fed them the lettuce and carrots.___

12. The farmer was tired and went and sat on the bench.___
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Closing the Farm for the Night (Farm 2)

1. In the top of the barn the cat climbed on the hay bale 
to go to sleep for the night.___

2. Baby cow was in the wrong part of the barn, and so the 
farmer took it around to its mother’s side.___

3. The little girl gathered the rabbits from the ground one 
at a time, and put one in each side of the rabbit house.___

4. The farmer came out front and pushed the cart into the 
barn.___

5. The little boy put one water dish on each side of the 
rabbit house, and then closed the doors___

6. The farmer came out of the barn and saw that the pigs 
were under the big tree outside of their pen___

7. The mother hen wanted to put her three chicks in the 
nest for the night, but one was missing and so she only put 
two in the nest.___

8. The farmer chased the pigs into their pen and closed the 
fence.___

9. The rooster with the red head looked behind the bench 
for the missing chick, found the chick, and took it back to 
the nest.___

10. The farmer went to the front of the barn, shut the 
doors without locking them, and walked back to the dog.___

11. The dog climbed on the bench and looked through the 
barn window at the sleeping cows.___

12. The farmer saw that the door to the barn was not 
locked, and so the farmer pushed the lock all the way 
around until it locked.___
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Baby Tiger gets away (Zoo 1)

1. The zookeeper took the bone that was on the table around 
to the front of the tigers’ cage and opened the gate.___

2. The mother grabbed her camera off the ground and took a 
picture of the two children sitting in their chairs.___

3. The zookeeper walked into the cage and over to the big 
tiger without closing the gate.___

4. The zebra behind the tree walked to the brown feeding 
trough to get some food.___

5. The zookeeper opened the sliding glass door and threw 
the bone in for the big tiger.___

6. Baby tiger saw its chance and ran through the gate and 
over to the bottom of the stairs.___

7. The zookeeper gave the big tiger a pat and closed the 
sliding door.___

8. Baby tiger ran up the stairs and hid in the corner 
behind the empty yellow chair.___

9. The zookeeper saw that the baby tiger was not in the 
cage, and so the zookeeper ran out of the tigers’ cage to 
look for it by the yellow table in the work area.___

10. The little girl saw the baby tiger in the corner and 
she walked over to try to pet it.___

11. The zookeeper could not find the tiger in the work area 
and so the zookeeper ran around the cage to the bottom of 
the stairs.___

12. The baby tiger was afraid of the little girl and so it 
jumped out and ran back to the bottom of the stairs where 
it was caught by the zookeeper.___
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A Tough Day at the Zoo (Zoo 2)

1. The zookeeper took the red bucket from the shelf and 
filled it with water from the yellow table tap.___

2. The mom was getting tired of her kids fighting and so 
she walked up the stairs and sat on the yellow chair.___

3. The zookeeper took the bucket of water over to the two 
elephants and used the blue brush to start washing the big 
elephant.___

4. The big elephant did not feel like getting washed and so 
it kicked over the red bucket.___

5. The zookeeper picked up the bucket and took it over to 
the yellow table to refill with water.___

6. The little girl put her teddy bear on the green bench, 
and then went back to fight with the little boy.___

7. The zookeeper took the bucket of water and put it in 
front of the little elephant so the little elephant could 
drink.___

8. The giraffe used its mouth to pick up the little girl’s 
teddy bear and then threw it down into the tigers’ cage.___

9. The zookeeper saw what the giraffe did and so the 
zookeeper went over to the tigers’ cage and opened the 
gate.___

10. The big tiger went to the back of the cage to protect 
the baby tiger.___

11. The zookeeper got the teddy bear and threw it over the 
fence to the children.___

12. The little girl picked up her teddy bear and gave it a
big hug.___



131

APPENDIX B

Settings and Manipulatives Used in Experiments 1 and 2
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Grocery Store Setting

Farm Setting
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Zoo Setting
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APPENDIX C

Free- and Cued-Recall Measures for Experiment 1
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Free Recall

Assessment directions: "Now I would like you to tell me 
what happened in the story. Tell me everything you can 
remember"

Note: Cover the Toys______

Free Recall (Tape record for accuracy)

Prompts to use:

Did anything else happen in the story?
Do you remember anything else?

For partial response ask the following:

Who did that?
What did she/he/it do?

Actor Action
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Cued Recall

A Day on the Farm (Farm1)

"Now I'm going to ask you questions about where people and 
things are in the story, and what happens to them"

Spatial inference and justification

1. Where did the rooster fly? (To the top of the barn)

2. Where did the farmer pick up the bucket of water? (Next 
to the cart)

3. Where did the hen come from to peck at her baby chicks? 
(The nest)

4. Where did the farmer leave the bucket of water? (Next to 
the big pig)

5. Where did the dog chase the baby pig? (In the backyard)

6. What did the farmer use the ladder for? (To go upstairs)

7. What happened when the bird tried to land on the side of 
the barn? (It fell to the ground)

8. Where did the farmer look for his pitchfork after he 
climbed down the ladder? (Under the cart)

9. Where did the girl put the hen’s eggs? (In her basket)

10. Where did the farmer find his pitchfork? (Behind the 
door)

11. Where did the boy take the basket of vegetable? (To the 
rabbits)

12. What did the farmer do at the end of the story? (He sat 
on the bench)
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Closing the Farm for the night (Farm2)

"Now I'm going to ask you questions about where people and 
things are in the story, and what happens to them"

Spatial inference and justification

1. Where was the cat in the story? (in the top of the barn)

2. Where did the farmer take the baby cow? (To its mother’s 
side)

3. Where were the rabbits when the little girl picked them 
up? (on the ground)

4. Where did the farmer push the cart? (Into the barn)

5. Where did the little boy put the water dishes? (in the 
rabbit house)

6. Where did the farmer see the pigs? (Outside of their 
pen)

7. Where did the mother hen put her chicks? (Into her nest)

8. Where did the farmer chase the pigs? (Into their pen)

9. Where did the rooster find the missing chick? (Behind 
the bench)

10. After the farmer closed the barn door, where did the 
farmer go? (He walked back to his dog).

11. After the farmer closed the barn door and walked back 
to his dog, where did the dog go? (He jumped through the 
window into the barn).

12. What did the farmer do at the end of the story? (He 
realized the door was not locked so he pushed it shut with 
his hands)
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Baby Tiger Gets Away (Zoo1)

"Now I'm going to ask you questions about where people and 
things are in the story, and what happens to them"

Spatial inference and justification

1. Where did the zookeeper pick up the bone? (On the table)

2. Where were the children when their mother took their 
picture? (In their chairs)

3. Where did the zookeeper take the bone? (Into the tigers’ 
cage)

4. Where did the zebra go to get food? (To the brown 
feeding trough)

5. What did the zookeeper do before he threw the bone into 
the big tiger’s cage? (He opened the sliding door).

6. Where did the little tiger run when it first escaped? 
(to the bottom of the stairs)

7. Before the zookeeper closed the sliding glass door what 
did he do to the tiger? (He gave the tiger a pat)

8. After baby tiger ran up the stairs where did it hide? 
(behind the chair).

9. When the zookeeper saw that baby tiger had escaped, 
where did the zookeeper look first? (in the work area).

10. When the little girl saw the baby tiger, what did she 
do? (she walked to the corner to pet him).

11. When the zookeeper did not find the baby tiger in the 
work area, where did the zookeeper look next? (ran to the 
bottom of the stairs).

12. What did the baby tiger do when the girl tried to pet 
it? (It ran down the stairs).
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Tough Day at the Zoo (Zoo2)

"Now I'm going to ask you questions about where people and 
things are in the story, and what happens to them"

Spatial inference and justification

1. Where did the zookeeper get the red bucket? (From the 
shelf)

2. When the mom left her kids where did she go? (Upstairs)

3. What did the zookeeper use to wash the big elephant? 
(The blue brush)

4. What did the elephant do when the zookeeper was washing 
it? (It kicked over the bucket)

5. After the elephant kicked over the bucket of water, 
where did the zookeeper take the bucket? (At the workbench)

6. Where did the little girl put her teddy bear? (on the 
bench)

7. Where did the zookeeper put the bucket after he refilled 
it? (in front of the little elephant).

8. Where did the giraffe throw the teddy bear? (Into the 
tigers’ cage).

9. Where did the zookeeper go after he saw the giraffe 
throw the teddy bear? (He went and opened the cage).

10. What did the big tiger do when the zookeeper opened the 
gate? (The tiger went to the back of the cage).

11. What did the zookeeper do with the teddy bear when he 
got it? (He threw it over the fence)

12. What did the little girl do with the teddy bear? (Held 
it in her arms).
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APPENDIX D

Strategy Scripts for Experiment 1
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Free Study Script.

Time 1:

Insert stories in the sequence checked on front page

(Set up story scenario set up beforehand. Covered with 
sheet)

Directions: “I’m going to read you a story. Please listen 
the best you can. Try to remember the people and things in 
the story, where they are, and what happens to them. When 
we finish the story I’ll ask you questions just like your 
teacher does in class”

(Follow with appropriate story, 2 minutes of distractor, 
and assessment. Make sure it is the assigned story for the 
sequence)

Assessment directions: "Now I would like you to tell me 
what happened in the story. Tell me everything you can 
remember"

Time 2:

Training Session:

“I am going to ask you to listen to this story in a special 
way. After each sentence I will stop for a few seconds and 
when I do that I want you to think about what is happening 
in the story. O.K.? Let’s practice” 

"This story takes place at the checkout counter of a 
grocery store."

The woman picked up her chair and put it in front of the 
cash register. (red)

The man took the bottle of soap from the red basket and put 
it on the checkout counter. (red)

The woman sat on the chair in front of the register. (red)
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The man took the milk out of the basket it put it next to 
the soap. (red)

The woman rang up the items and put them at the end of the 
checkout counter.(red)

The man put the items in his red basket and was ready to 
leave. (red)

"I'm not going to ask you questions about this story, but 
the next story I will."

Note: No toys to put away

Time 2 (cont.)

Orientation (Point to objects as listed):

If Farm: "The next story I will read to you takes place on 
a farm. At this farm a farmer, a little girl, and a little 
boy work. The farm has a barn that has big doors in the 
front. The barn has an upstairs were the farmer keeps 
things. There's also a rabbit house, a bird's nest, and a 
pen for the pigs.  Around the side of the barn is a big 
sunflower."

If Zoo: "The next story I will read to you takes place at a 
Zoo. A zookeeper works at the zoo. A mother and her son and 
daughter have come to visit for the day. There is a cage 
for tigers with a gate to let in the zookeeper. In the back 
of the tiger cage is a sliding glass door. On the roof 
above the tigers' cage, there's a place with chairs for 
people to sit. In the zookeeper's work area there is a 
table that has a tap to get water".  

Cover toys

Directions: “I am going to ask you to listen to this story 
in the way we just practiced. 
When I stop after each sentence, I want you to think about 
what is happening in the story. When we finish the story 
I’ll ask you questions just like your teacher does in 
class"
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(Follow with appropriate story, 2 minutes of distractor, 
and assessment. Make sure it is the assigned story for the 
sequence)

Assessment directions: "Now I would like you to tell me 
about the story you just heard when you thought about what 
was happening in the story. Tell me everything you can 
remember"

Time 3: (After assessing participant give him or her game, 
take down old scenario and put up new. Use checklist map to 
ensure toys in proper order

Orientation (Point to toys as listed):

If Farm: "The next story I will read to you takes place on 
a farm. At this farm a farmer, a little girl, and a little 
boy work. The farm has a barn that has big doors in the 
front. The barn has an upstairs were the farmer keeps 
things. There's also a rabbit house, a bird's nest, and a 
pen for the pigs.  Around the side of the barn is a big 
sunflower."

If Zoo: "The next story I will read to you takes place at a 
Zoo. A zookeeper works at the zoo. A mother and her son and 
daughter have come to visit for the day. There is a cage 
for tigers with a gate to let in the zookeeper. In the back 
of the tiger cage is a sliding glass door. On the roof 
above the tigers' cage, there's a place with chairs for 
people to sit. In the zookeeper's work area there is a 
table that has a tap to get water".  

Cover Toys

Every sentence red in next story.

Directions: “Now we will read the story the same way we did 
before. When I stop after each sentence, I want you to 
think about what is happening in the story. When we finish 
the story I’ll ask you questions just like your teacher 
does in class”
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(Follow with appropriate story, 2 minutes of distractor, 
and assessment. Make sure it is the assigned story for the 
sequence)

Assessment directions: "Now I would like you to tell me 
about the story you just heard when you thought about what 
was happening in the story. Tell me everything you can 
remember"

Time 4:

Every other sentence red (depending on sentence type: 
primary or secondary)

Directions: “Now we will read the story the same way we did 
before. When I stop after each sentence, I want you to 
think about what is happening in the story. When we finish 
the story I’ll ask you questions just like your teacher 
does in class”

(Follow with appropriate story, 2 minutes of distractor, 
and assessment. Make sure it is the assigned story for the 
sequence)

Assessment directions: "Now I would like you to tell me 
about the story you just heard when you thought about what 
was happening in the story. Tell me everything you can 
remember"
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Visual Script.

Time 1:

Insert stories in the sequence checked on front page

(Setup story and training scenarios set up beforehand. Both 
covered with separate sheets)

Directions: “I’m going to read you a story. Please listen 
the best you can. Try to remember the people and things in 
the story, where they are, and what happens to them. When 
we finish the story I’ll ask you questions just like your 
teacher does in class”

(Follow with appropriate story, 2 minutes of distractor, 
and assessment. Make sure it is the assigned story for the 
sequence)

Assessment directions: "Now I would like you to tell me 
what happened in the story. Tell me everything you can 
remember"

Time 2: (Toys setup prior to participants arrival).

Training Session:

“I am going to ask you to listen to this story in a special 
way. After some parts of the story, I will hold up this red 
card. When I do that I want you to tilt your head back, 
close your eyes and cover them with your hand like this 
(experimenter shows). When your eyes are covered, think 
about what is happening in the story while I move the toys 
for you. O.K.? Let’s practice with this set of toys” 
(Grocery Toys)

"This story takes place at the checkout counter of a 
grocery store."

The woman picked up her chair and put it in front of the 
cash register (red)

The man took the bottle of soap from the red basket and put 
it on the checkout counter. (red)
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The woman sat on the chair in front of the register. (red)

The man took the milk out of the basket it put it next to 
the soap. (red)

The woman rang up the items and put them at the end of the 
checkout counter.(red)

The man put the items in his red basket and was ready to 
leave. (red)

"I'm not going to ask you questions about this story, but 
for the next story I will."

Note: Put Toys Away

Time 2 (cont.)

Orientation (Point to objects as listed):

If Farm: "The next story I will read to you takes place on 
a farm. At this farm a farmer, a little girl, and a little 
boy work. The farm has a barn that has big doors in the 
front. The barn has an upstairs were the farmer keeps 
things. There's also a rabbit house, a bird's nest, and a 
pen for the pigs.  Around the side of the barn is a big 
sunflower."

If Zoo: "The next story I will read to you takes place at a 
Zoo. A zookeeper works at the zoo. A mother and her son and 
daughter have come to visit for the day. There is a cage 
for tigers with a gate to let in the zookeeper. In the back 
of the tiger cage is a sliding glass door. On the roof 
above the tigers' cage, there's a place with chairs for 
people to sit. In the zookeeper's work area there is a 
table that has a tap to get water".  

Every sentence red in next story.

Directions: “I am going to ask you to listen to this story 
in the way we just practiced. When I show you the red card, 
I want you to tilt your head back, close your eyes and 
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cover them with your hand, and think about what is 
happening in the story while I move the toys for you. When 
we finish the story I’ll ask you questions just like your 
teacher does in class"

(Follow with appropriate story, 2 minutes of distracter, 
and assessment. Make sure it is the assigned story for the 
sequence)

Assessment directions: "Now I would like you to tell me 
about the story you just heard when I moved the toys while 
your eyes were closed and you were thinking about what was 
happening in the story. Tell me everything you can 
remember"

Time 3: (After assessing participant give him or her game, 
take down old scenario and put up new. Use checklist map to 
ensure toys in proper order)

Orientation (Point to objects as listed):

If Farm: "The next story I will read to you takes place on 
a farm. At this farm a farmer, a little girl, and a little 
boy work. The farm has a barn that has big doors in the 
front. The barn has an upstairs were the farmer keeps 
things. There's also a rabbit house, a bird's nest, and a 
pen for the pigs.  Around the side of the barn is a big 
sunflower."

If Zoo: "The next story I will read to you takes place at a 
Zoo. A zookeeper works at the zoo. A mother and her son and 
daughter have come to visit for the day. There is a cage 
for tigers with a gate to let in the zookeeper. In the back 
of the tiger cage is a sliding glass door. On the roof 
above the tigers' cage, there's a place with chairs for 
people to sit. In the zookeeper's work area there is a 
table that has a tap to get water".  

Every sentence red in next story.

Directions: “Now we will read the story the same way we did 
when I moved the toys for you. The only thing that will be 
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different is that when you tilt your head back and cover 
your eyes with your hand you should try to make a picture 
in your head of what is happening in the story. Try to see 
in your head what is happening to the toys while I move 
them for you. When we finish the story I’ll ask you 
questions just like your teacher does in class”

(Follow with appropriate story, 2 minutes of distractor, 
and assessment. Make sure it is the assigned story for the 
sequence)

Assessment directions: "Now I would like you to tell me 
about the story you just heard when I moved the toys while 
you were making pictures in your head of what was happening 
in the story. Tell me everything you can remember"

Time 4:

Every other sentence red (depending on sentence type: 
primary or secondary)

Directions: “Now think back to the last story where you 
made pictures in your head while I moved the toys. This 
time when I read the story to you there will be no toys.  
When I show you the red card, I still want you to close you 
eyes and try to get a picture in your head of what is 
happening in the story just like last time. When we finish 
the story I’ll ask you questions just like your teacher 
does in class "

(Follow with appropriate story, 2 minutes of distractor, 
and assessment. Make sure it is the assigned story for the 
sequence)

Assessment directions: "Now I would like you to tell me 
about the story you just heard when you closed your eyes 
and made pictures in your head of what was happening in the 
story. Tell me everything you can remember"
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Manipulate Script.

Time 1:

Insert stories in the sequence checked on front page

(Setup story and training scenarios beforehand. Both 
covered with separate sheets)

Directions: “I’m going to read you a story. Please listen 
the best you can. Try to remember the people and things in 
the story, where they are, and what happens to them. When 
we finish the story I’ll ask you questions just like your 
teacher does in class”

(Follow with appropriate story, 2 minutes of distractor, 
and assessment. Make sure it is the assigned story for the 
sequence)

Assessment directions: "Now I would like you to tell me 
what happened in the story. Tell me everything you can 
remember"

Time 2: (Toys setup prior to participants arrival).

Training Session:

“I am going to ask you to listen to this story in a special 
way. After some parts of the story, I will hold up the 
green side of this card (Show Card). When I do that I want 
you to take the toys and move them like the people in the 
story are doing. For other parts of the story I will hold 
up the red side of the card.  When I do that I want you to 
tilt your head back, close your eyes and cover them with 
your hand like this (experimenter shows). When your eyes 
are covered, think about what is happening in the story 
while I move the toys for you. O.K.? Let’s practice with 
this set of toys” (Grocery Toys)

"This story takes place at the checkout counter of a 
grocery store."

The woman picked up her chair and put it in front of the 
cash register (red)
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The man took the bottle of soap from the red basket and put 
it on the checkout counter. (grn)

The woman sat on the chair in front of the register. (red)

The man took the milk out of the basket it put it next to 
the soap. (grn)

The woman rang up the items and put them at the end of the 
checkout counter.(red)

The man put the items in his red basket and was ready to 
leave. (grn)

"I'm not going to ask you questions about this story, but 
for the next story I will."

Note: Put training toys away

Time 2 (cont.)

Orientation (Point to objects as listed):

If Farm: "The next story I will read to you takes place on 
a farm. At this farm a farmer, a little girl, and a little 
boy work. The farm has a barn that has big doors in the 
front. The barn has an upstairs were the farmer keeps 
things. There's also a rabbit house, a bird's nest, and a 
pen for the pigs.  Around the side of the barn is a big 
sunflower."

If Zoo: "The next story I will read to you takes place at a 
Zoo. A zookeeper works at the zoo. A mother and her son and 
daughter have come to visit for the day. There is a cage 
for tigers with a gate to let in the zookeeper. In the back 
of the tiger cage is a sliding glass door. On the roof 
above the tigers' cage, there's a place with chairs for 
people to sit. In the zookeeper's work area there is a 
table that has a tap to get water".  

Every other sentence red (depending on sentence type: 
primary or secondary)
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Directions: “I am going to ask you to listen to this story 
in the way we just practiced. When I show you the green 
card, you move the toys. When I show you the red card, tilt 
your head back, close your eyes and cover them with your 
hand, and think about what is happening in the story while 
I move the toys for you. When we finish the story I’ll ask 
you questions just like your teacher does in class"

(Follow with appropriate story, 2 minutes of distracter, 
and assessment. Make sure it is the assigned story for the 
sequence)

Assessment directions: "Now I would like you to tell me 
about the story you just heard when you moved the toys and 
you were thinking about what was happening in the story. 
Tell me everything you can remember"

Time 3: (After assessing participant give him or her game 
boy, take down old scenario and put up new. Use checklist 
map to ensure toys in proper order)

Orientation (Point to objects as listed):

If Farm: "The next story I will read to you takes place on 
a farm. At this farm a farmer, a little girl, and a little 
boy work. The farm has a barn that has big doors in the 
front. The barn has an upstairs were the farmer keeps 
things. There's also a rabbit house, a bird's nest, and a 
pen for the pigs.  Around the side of the barn is a big 
sunflower."

If Zoo: "The next story I will read to you takes place at a 
Zoo. A zookeeper works at the zoo. A mother and her son and 
daughter have come to visit for the day. There is a cage 
for tigers with a gate to let in the zookeeper. In the back 
of the tiger cage is a sliding glass door. On the roof 
above the tigers' cage, there's a place with chairs for 
people to sit. In the zookeeper's work area there is a 
table that has a tap to get water".  

Every other sentence red (depending on sentence type: 
primary or secondary)
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Directions: “Now we will read the story the same way with 
you moving the toys. The only thing that will be different 
is that when I show you the red card and you tilt your head 
back and cover your eyes with your hand, you should try to 
make a picture in your head of what is happening in the 
story. Try to see in your head what is happening to the 
toys while I move them for you. When we finish the story 
I’ll ask you questions just like your teacher does in 
class”

(Follow with appropriate story, 2 minutes of distracter, 
and assessment. Make sure it is the assigned story for the 
sequence)

Assessment directions: "Now I would like you to tell me 
about the story you just heard when you moved the toys and 
were making pictures in your head of what was happening in 
the story. Tell me everything you can remember"

Time 4:

Every other sentence red (depending on sentence type: 
primary or secondary)

Directions: “Now think back to the last story where you 
made pictures in your head when your eyes were closed. This 
time when I read the story to you there will be no toys.  
When I show you the red card, I still want you to close you 
eyes and try to get a picture in your head of what is 
happening in the story just like last time. When we finish 
the story I’ll ask you questions just like your teacher 
does in class "

(Follow with appropriate story, 2 minutes of distractor, 
and assessment. Make sure it is the assigned story for the 
sequence)

Assessment directions: "Now I would like you to tell me 
about the story you just heard when you closed your eyes 
and made pictures in your head of what was happening in the 
story. Tell me everything you can remember"
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APPENDIX E

Grocery Store Story
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Shopping at Bashas

1. The woman picked up her chair and put it in front of the 
cash register 

2. The man took the bottle of soap from the red basket and 
put it on the checkout counter. 

3. The woman sat on the chair in front of the register. 

4. The man took the milk out of the basket it put it next 
to the soap. 

5. The woman rang up the items and put them at the end of 
the checkout counter.

6. The man put the items in his red basket and was ready to 
leave.
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APPENDIX F

Free-Recall Scoring Rubrics for Experiment 1
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Scoring Rubric

Outcome 1 (Propositions)

Each story has 12 propositions. Match student's response to 
the original proposition then score on whether the response 
is correct, partially correct, or a non-match. Score 1 
point for correct, a half point for partially correct, and 
zero for incorrect. For redundant sentences and blended 
sentences piece together as described in earlier outcome 
descriptions.

Examples:

Target: Farm 2 Sentence 5. "The little boy put one water 
dish in each side of the rabbit house, and then closed the 
doors"

Full point: Student response (>80% of main ideas present):

"After putting water in the cage, the boy closed the 
doors".

"The boy gave the rabbits water and closed the doors".

1/2 point: Partially correct student response (20%-80% of 
main ideas present)

"The boy put water in the cage"

"The boy closed the doors of the cage"

"Doors closed"

O points: Incorrect student responses (<20%):

"The rabbit house"

"Rabbits"

"The zoo had an upstairs" (Not part of this story so no 
point given)
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Outcome 2 (Actors and Objects)

Each sentence has a number of actors and objects. First, 
student responses are to be matched with the original 
target proposition. Score one point for each actor and 
object that is present in the original target sentence.  In 
some cases, this may be within two or more student response 
lines. Redundant sentences of this nature, and correct 
responses over several sentences will be combined with each 
actor and object scored once. Pronouns and descriptive 
phrases (e.g. "the thingie that opens") that allow the 
inference of who the actor or object is in the student 
response will be recorded as half a point. An exception
being the farm stories that have only one possible "she" 
which will be scored as one point. After scoring, sum the 
points of each sentence for sub-scores A and B, and total 
T. Additionally, locations should not be scored as objects; 
they should be scored as locations L (outcome 3).

Examples:

Target Zoo 1 Sentence 1. "The zookeeper took the bone that 
was on the table around to the front of the tigers' cage
and opened the gate".

Points
Zookeeper 1
Bone 1
Table(location) 0
Cage(location) 0
Gate (location) 0
Total 2

Student Response:
"The zookeeper took the bone and opened the cage."

Points
Zookeeper 1
Bone 1
Cage(location) 0
Total 2
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Redundant sentences:

"He got the bone"
"The bone was on the table he took it to the cage"

Actors and objects Points
He (The zookeeper) 1
Cage (location) 0
Bone 1
Table (location) 0
Total 2

Blended sentences

When there is a combination of two sentences, points need 
separating by sentence.

Target Zoo 1 sentence 1. "The zookeeper took the bone that 
was on the table around to the front of the tigers' cage 
and opened the gate".

Target Zoo 1 sentence 5. "The Zookeeper opened the sliding 
glass door and threw the bone into the big tiger.

Student Response
"The zookeeper took the bone from the table and gave it to 
the tiger"

Sentence 1 score

Actors and objects Points
Zookeeper 1
Bone (or it) 1
Table(location) 0
Total 3



159

Sentence 5 score

Actors and objects Points
Zookeeper 1
Bone (or it) 1
Tiger 1
Total 3

Usage of Pronouns or descriptive words (As long as you can 
infer what actor or object is being described give a full 
point):

Target Zoo 1 sentence 5.  "The Zookeeper opened the sliding 
glass door and threw the bone into the big tiger.

Student Response:
"He opened that sliding thingie and gave the bone to the 
tiger".

Actors and objects Points
He (Zookeeper) 1
Thingie (location) 0
Bone 1
Tiger 1
Total 3

In some cases several words may be used that describe one 
object.

Example: 

"The Zookeeper got a bucket of water".

Bucket of water is one object

Score water or bucket as one point. So if the sentence 
reads:

"The Zookeeper got a bucket"

OR:

"The Zookeeper got water"
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The number of points is the same as the first example.

Same for words like "children" or "boy and girl". Only 
count as one point.

Additionally do not count locations as objects.
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Outcome 3 (Actions)

Each sentence describes a number of actions. Score each 
action verb, synonym for the action verb, and/or 
descriptive phrase of the action as 1 point. Again, student 
response sentences are matched with the original target 
sentences.  After scoring, sum the points of each sentence 
type A or B into sub-scores, and add for the total score. 

Examples:

Target Zoo 1 sentence 1. "The zookeeper took the bone that 
was on the table around to the front of the tigers' cage 
and opened the gate".

Student Response:
"He taked the bone and undid the gate"

Action Points
Taked (took) 1
Undid (open) 1
Total 2

Blended sentences

When there is a combination of two sentences, points need 
separating by sentence.

Target Zoo 1 sentence 1. "The zookeeper took the bone that 
was on the table around to the front of the tigers' cage
and opened the gate".

Target Zoo 1 sentence 5. "The Zookeeper opened the sliding 
glass door and threw the bone into the big tiger.

Student Response
"The zookeeper took the bone from the table and gave it to 
the tiger"

Sentence 1 score

Action Points
Taked (took) 1
Total 1
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Sentence 5 Score

Action Points
Gave (threw) 1
Total 1
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Outcome 4 (Locations)

Each sentence describes one or more locations. Score one 
point for each event that occurs at a specific location 
mentioned by the student. Again sum sub-scores and report 
as A and B, and sum for total score. Mark any sentences you 
are unsure of with a "?".

Original Sentences
Target Zoo 1 sentence 1. "The zookeeper took the bone that 
was on the table around to the front of the tigers' cage 
and opened the gate".

Student Response:

"He took the bone on the table and opened the gate"

Location Points
On table 1
Total 1

No point given for "opened the gate", because the child did 
not describe the location at the front of the cage.

Another example:

Target Zoo 1 sentence 5. "The little boy put one water dish 
in each side of the rabbit house, and then closed the 
doors"

Student Response:

"The boy gave the rabbits water"

Location Points
No location 0
Total 0

"The boy took water to the rabbit house"

Location Points
Rabbit house 1
Total 1
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APPENDIX G

Story Propositions for Experiment 1
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A Day on the Farm (Farm 1)

B 1. (p1)Early in the morning the rooster with the red head 
flew to the very top of the barn/ (p2)and sang, “cock a 
doodle doo”, to wake everyone up.___

A 2. (p3)The farmer picked up the bucket of water next to 
the cart/ (p4)and went around the barn to the big pig.___

B 3. (p5)The hen came out of her nest/ (p6)and pecked at 
her two baby chicks.__

A 4. (p7)The farmer left the bucket of water for the pig to 
drink/ (p8)and went out front to get something from the 
cart.___

B 5. (p9)The dog in the backyard chased the baby pig once 
in a circle around the sunflower.___

A 6. (p10)The farmer climbed up the ladder to the upstairs 
part of the barn/ (p11)and looked around for the 
pitchfork.___

B 7. (p12)The bird in the tree flew to the side roof of the 
barn,/ (p13)but it was slippery when it landed so it fell 
to the ground.___

A 8. (p14)The pitchfork was not upstairs and so the farmer 
climbed down the ladder/ (p15)and looked under the cart.___

B 9. (p16)Outside the barn, the little girl went to the 
hen's nest/ (p17)and put her eggs in the basket to take 
home later.___

A 10. (p18)The farmer found the pitchfork behind the door 
next to the bench,/ (p19)and put it in the cart.___

B 11. (p20)The little boy took a basket of vegetables to 
the rabbits/ (p21)and fed them the lettuce and carrots.___

A 12. (p22)The farmer was tired and went and sat on the 
bench.___
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Closing the Farm for the Night. (Farm 2)

B 1. (p1)In the top of the barn the cat climbed on the hay 
bale/ (p2)to go to sleep for the night.___

A 2. (p3)Baby cow was in the wrong part of the barn,/ 
(p4)and so the farmer took it around to its mother’s 
side.___

B 3. (p5)The little girl gathered the rabbits from the 
ground one at a time,/ (p6)and put one in each side of the 
rabbit house.___

A 4. (p7)The farmer came out front/ (p8)and pushed the cart 
into the barn.___

B 5. (p9)The little boy put one water dish on each side of 
the rabbit house,/ (p10)and then closed the doors___

A 6. (p11)The farmer came out of the barn/ (p12)and saw 
that the pigs were under the big tree outside of their 
pen___

B 7. (p13)The mother hen wanted to put her three chicks in 
the nest for the night,/ (p14)but one was missing and so 
she only put two in the nest.___

A 8. (p15)The farmer chased the pigs into their pen/ 
(p16)and closed the fence.___

B 9. (p17)The rooster with the red head looked behind the 
bench for the missing chick,/ (p18)found the chick,/ 
(p19)and took it back to the nest.___

A 10. (p20)The farmer went to the front of the barn,/ 
(p21)shut the doors without locking them,/ (p22)and walked 
back to the dog.___

B 11. (p23)The dog climbed on the bench /(p24)and looked 
through the barn window at the sleeping cows.___

A 12. (p25)The farmer saw that the door to the barn was not 
locked,/ (p26)and so the farmer pushed the lock all the way 
around until it locked.___
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Baby Tiger gets away. (Zoo 1)

A 1. (p1)The zookeeper took the bone that was on the table/ 
(p2)around to the front of the tigers’ cage/ (p3)and opened 
the gate.___

B 2. (p4)The mother grabbed her camera off the ground/ (p5) 
and took a picture of the two children/ (p6)sitting in 
their chairs.___

A 3. (p7)The zookeeper walked into the cage/ (p8)and over 
to the big tiger without closing the gate.___

B 4. (p9)The zebra behind the tree walked to the brown 
feeding trough to get some food.___

A 5. (p10)The zookeeper opened the sliding glass door/ 
(p11)and threw the bone in for the big tiger.___

B 6. (p12)Baby tiger saw its chance and ran through the 
gate/ (p13)and over to the bottom of the stairs.___

A 7. (p14)The zookeeper gave the big tiger a pat/ (p15)and 
closed the sliding door.___

B 8. (p16)Baby tiger ran up the stairs/ (p17)and hid in the 
corner behind the empty yellow chair.___

A 9. (p18)The zookeeper saw that the baby tiger was not in 
the cage,/ (p19)and so the zookeeper ran out of the tigers’ 
cage/ (p20)to look for it by the yellow table in the work 
area.___

B 10. (p21)The little girl saw the baby tiger in the 
corner/ (p22)and she walked over to try to pet it.___

A 11. (p23)The zookeeper could not find the tiger in the 
work area/ (p24)and so the zookeeper ran around the cage to 
the bottom of the stairs.___

B 12. (p25)The baby tiger was afraid of the little girl and 
so it jumped out/ (p26)and ran back to the bottom of the 
stairs where it was caught by the zookeeper.___
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A Tough Day at the Zoo (Zoo 2)

A 1. (p1)The zookeeper took the red bucket from the shelf/ 
(p2)and filled it with water from the yellow table tap.___

B 2. (p3)The mom was getting tired of her kids fighting and 
so she walked up the stairs / (p4)and sat on the yellow 
chair.___

A 3. (p5)The zookeeper took the bucket of water over to the 
two elephants/ (p6)and used the blue brush to start washing 
the big elephant.___

B 4. (p7)The big elephant did not feel like getting washed 
and/ (p8)so it kicked over the red bucket.___

A 5. (p9)The zookeeper picked up the bucket/ (p10)and took 
it over to the yellow table to refill with water.___

B 6. (p11)The little girl put her teddy bear on the green 
bench,/ (p12)and then went back to fight with the little 
boy.___

A 7. (p13)The zookeeper took the bucket of water/ (p14)and 
put it in front of the little elephant so the little 
elephant could drink.___

B 8. (p15)The giraffe used its mouth to pick up the little 
girl’s teddy bear/ (p16)and then threw it down into the 
tigers’ cage.___

A 9. (p17)The zookeeper saw what the giraffe did/ (p18) and 
so the zookeeper went over to the tigers’ cage and opened 
the gate.___

B 10. (p19)The big tiger went to the back of the cage to 
protect the baby tiger.___

A 11. (p20)The zookeeper got the teddy bear/ (p21)and threw 
it over the fence to the children.___

B 12. (p22)The little girl picked up her teddy bear/ 
(p23)and gave it a big hug.___
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APPENDIX H

Experiment 1 Analysis of Variance Tables
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Table H.1

Repeated Measures Analysis of Variance for Story 2 (Cued Recall)

Source SS DF MS F P

Between Subjects

Strat 52.58578   2 26.29289 16.56278 < .00001
Char  2.68687 1  2.68687  1.69255  0.20177
Strat X Char  2.45705 2  1.22852  0.77389  0.46895
ZS1tota  6.10908 1  6.10908  3.84832  0.05779
S2idb 30.08263 3 10.02754  6.31669  0.00154
Error       55.56138   35    1.58747

Within Subjects

Type         0.00867   1    0.00867  0.00870  0.92620 
Type X Strat  0.70751 2    0.35375   0.35501  0.70366 
Type X Char  2.19342   1  2.19342  2.20123  0.14685
Type X Strat X Char  0.08357 2  0.04178  0.04193  0.95898
Type X ZS1tot  4.42979   1  4.42979    4.44557  0.04222
Type X S2id  1.20651 3  0.40217  0.40360 0.75130
Error       34.87577 35  0.99645
Note: Strat = Strategy, Type = Sentence Type, and Char = Character. 
a Z-scores for Story 1 cued recall
b Story 2 identification (Based on 2 farm stories and 2 zoo stories)
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Table H.2

Repeated Measures Analysis of Variance for Story 3 (Cued Recall)

Source SS DF MS F P

Between Subjects

Strat 66.16237 2 33.08118 22.64120 < .00001
Char  0.22019 1  0.22019  0.15070  0.70022
Strat X Char  3.37264 2  1.68632  1.15414  0.32704
ZS1tota 11.93299 1 11.93299 8.16709  0.00714
S3idb 29.24973 3  9.74991  6.67297  0.00111
Error       51.13870 35    1.46111 

Within Subjects

Type         0.22326 1    0.22326  0.23513  0.63077
Type X Strat  0.50647 2    0.25323  0.26669  0.76745
Type X Charc 19.22307 1 19.22307 20.24452 < .00001
Type X Strat X Char  0.56951 2  0.28476  0.29989  0.74279
Type X ZS1tot  0.07263 1  0.07263  0.07649  0.78373
Type X S3id  1.14424 3  0.38141  0.40168  0.75266
Error       33.23405 35  0.94954
Note: Strat = Strategy, Type = Sentence Type, and Char = Character.
a Z-scores for Story 1 cued recall
b Story 3 identification (Based on 2 farm stories and 2 zoo stories)
c Due to the coding scheme, the interaction of type and character is the main effect of 
character.
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Table H.3

Repeated Measures Analysis of Variance for Story 4 (Cued Recall)

Source SS DF MS F P

Between Subjects

Strat  0.73878 2  0.36939  0.18121  0.83504
Char  0.45348 1  0.45348  0.22246  0.64010
Strat X Char  2.12139 2  1.06370  0.52181  0.59799
ZS1tota 15.93033 1 15.93033  7.81479  0.00836
S4idb 43.49261 3 14.49754  7.11191  0.00075
Error       71.34700 35    2.03849

Within Subjects

Type         0.44843 1    0.44843  0.33092  0.56880
Type X Strat  0.08666 2    0.04333  0.03198  0.96856
Type X Charc 13.97920 1 13.97920 10.31596  0.00283
Type X Strat X Char  2.28823 2  1.14412  0.84430  0.43842
Type X ZS1tot  2.86222 1  2.86222  2.11217  0.15504
Type X S4id  2.97944 3  0.99315  0.73289  0.53941
Error       47.42864 35  1.35510
Note: Strat = Strategy, Type = Sentence Type, and Char = Character.
a Z-scores for Story 1 cued recall
b Story 4 identification (Based on 2 farm stories and 2 zoo stories)
c Due to the coding scheme, the interaction of type and character is the main effect of 
character.
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Table H.4

 Repeated Measures Analysis of Variance for Story 2 Propositions 

Source SS DF MS F P

Between Subjects

Strat  46.84301 2 23.42150  4.83454  0.01400
Char   3.41171 1  3.41171  0.70423  0.40706
Strat X Char   8.83071 2  4.41536  0.91139  0.41129
ZS1tota  52.03163 1 52.03163 10.74009  0.11267
S2idb  31.11238 3 10.37079  2.14068  0.00237
Error       169.56169 35   

Within Subjects

Type          0.09685 1    0.09685  0.04819  0.82751
Type X Strat   9.69425 2    4.84712  2.41209  0.10438
Type X Charc  44.16815 1 44.16815 21.97953  0.00004
Type X Strat X Char   3.72789 2  1.86395  0.92756  0.40502
Type X ZS1tot   0.02573 1  0.02573  0.01281  0.91055
Type X S2id   4.20670 3  1.40223  0.69780  0.55969
Error        70.33295 35  2.00951
Note: Strat = Strategy, Type = Sentence Type, and Char = Character.
a Z-scores for Story 1 propositions
b Story 2 identification
c Due to the coding scheme, the interaction of type and character is the main effect of 
character.
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Table H.5

 Repeated Measures Analysis of Variance for Story 2 Objects

Source SS DF MS F P

Between Subjects

Strat 204.08693 2 102.04347 10.19618 0.00032
Char   3.69569 1   3.69569  0.36927 0.54732
Strat X Char   9.26684 2   4.63342  0.46297 0.63321
ZS1tota 164.54126 1 164.54126 16.44095 0.00027
S2idb  89.98051 3  29.99350  2.99695 0.04373
Error       350.28049 35    10.00801

Within Subjects

Type          0.20433 1     0.20433  0.02709 0.87021
Type X Strat  55.02769 2    27.51385  3.64790 0.03639
Type X Charc  74.87929 1  74.87929  9.92781 0.00333
Type X Strat X Char   4.59224 2   2.29612  0.30443 0.73948
Type X ZS1tot   0.60460 1   0.60460  0.08016 0.77875
Type X S2id  18.11349 3   6.03783  0.80052 0.50200
Error       263.98317 35   7.54238
Note: Strat = Strategy, Type = Sentence Type, and Char = Character.
a Z-scores for Story 1 propositions
b Story 2 identification
c Due to the coding scheme, the interaction of type and character is the main effect of 
character.



175

 Table H.6 

Repeated Measures Analysis of Variance for Story 2 Verbs

Source SS DF MS F P

Between Subjects

Strat  65.57574 2 32.78787  4.64018 0.01631
Char  12.60067 1 12.60067  1.78326 0.19037
Strat X Char   7.79641 2  3.89821  0.55168 0.58091
ZS1tota  72.88144 1 72.88144 10.31427 0.00283
S2idb  50.18569 3 16.72856  2.36745 0.08747
Error       247.31271 35    7.06608

Within Subjects

Type          0.70176 1    0.70176  0.22899 0.63525
Type X Strat 17.29884 2    8.64942  2.82234 0.07305
Type X Charc  65.38984 1 65.38984 21.33697 0.00005
Type X Strat X Char   1.62049 2  0.81025  0.26439 0.76920
Type X ZS1tot   4.71139 1  4.71139  1.53735 0.22326
Type X S2id  13.93879 3  4.64626  1.51609 0.22741
Error       107.26195 35  3.06463
Note: Strat = Strategy, Type = Sentence Type, and Char = Character.
a Z-scores for Story 1 propositions
b Story 2 identification
c Due to the coding scheme, the interaction of type and character is the main effect of
character.
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 Table H.7

Repeated Measures Analysis of Variance for Story 2 Locations

Source SS DF MS F P

Between Subjects

Strat  11.97726 2  5.98863  2.77467 0.07612
Char   3.45398 1  3.45398  1.60031 0.21422
Strat X Char   2.87914 2  1.43957  0.66699 0.51965
ZS1tota  10.62544 1 10.62544  4.92302 0.03308
S2idb  26.72997 3  8.90999  4.12821 0.01316
Error        75.54116 35    2.15832

Within Subjects

Type          0.29675 1    0.29675  0.23745 0.62909
Type X Strat   3.47436 2  1.73718  1.39005 0.26247
Type X Charc  20.24549 1 20.24549 16.19999 0.00029
Type X Strat X Char   4.36190 2  2.18095  1.74515 0.18947
Type X ZS1tot   0.07038 1  0.07038  0.05632 0.81380
Type X S2id   5.19759 3  1.73718  1.38633 0.26311
Error     43.74029 35  1.24972
Note: Strat = Strategy, Type = Sentence Type, and Char = Character.
a Z-scores for Story 1 propositions
b Story 2 identification
c Due to the coding scheme, the interaction of type and character is the main effect of 
character.
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Table H.8

Repeated Measures Analysis of Variance for Story 3 Propositions

Source SS DF MS F P

Between Subjects

Strat  37.38641 2 18.69324  4.95479 0.01274
Char   4.11668 1  4.11668  1.09116 0.30338
Strat X Char   6.23352 2  3.11676  0.82612 0.44610
ZS1tota  49.53948 1 49.53948 13.13086 0.00091
S3idb  70.95077 3 23.65026  6.26870 0.00161
Error       132.04628 35    3.77275

Within Subjects

Type          0.63668 1    0.63668  0.23499 0.63086
Type X Strat  15.55608 2    7.77804  2.87083 0.07007
Type X Charc  53.42335 1 53.42335 19.71827 0.00009
Type X Strat X Char   5.09304 2  2.54652  0.93991 0.40030
Type X ZS1tot   3.18021 1  3.18021  1.17380 0.28603
Type X S3id  10.61276 3  3.53759  1.30570 0.28799
Error        94.82666 35  2.70933
Note: Strat = Strategy, Type = Sentence Type, and Char = Character.
a Z-scores for Story 1 propositions
b Story 3 identification
c Due to the coding scheme, the interaction of type and character is the main effect of 
character.
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Table H.9

Repeated Measures Analysis of Variance for Story 3 Objects

Source SS DF MS F P

Between Subjects

Strat  95.24245 2  47.62122  5.38915 0.00911
Char  12.87523 1  12.87523  1.45705 0.23549
Strat X Char  36.41977 2  18.20989  2.06076 0.14253
ZS1tota  93.04608 1  93.04608 10.52974 0.00259
S3idb 172.13945 3  57.37982  6.49350 0.00131
Error       309.27754 35     8.83650

Within Subjects

Type         18.36959 1     18.36959  3.12297 0.08592
Type X Strat  60.13100 2     30.06550  5.11136 0.01128
Type X Charc 143.06108 1 143.06108 24.32145 0.00002
Type X Strat X Char   6.50040 2   3.25020  0.55256 0.58041
Type X ZS1tot   8.69852 1   8.69852  1.47881 0.23210
Type X S3id   8.49973 3   2.83324  0.48167 0.69714
Error       205.87331 35   5.88209
Note: Strat = Strategy, Type = Sentence Type, and Char = Character.
a Z-scores for Story 1 propositions
b Story 3 identification
c Due to the coding scheme, the interaction of type and character is the main effect of 
character.
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Table H.10

Repeated Measures Analysis of Variance for Story 3 Verbs

Source SS DF MS F P

Between Subjects

Strat  86.56758 2  43.28379  7.22586 0.00236
Char   4.39273 1   4.39273  0.73333 0.39763
Strat X Char  16.06045 2   8.03023  1.34058 0.27480
ZS1tota  87.10336 1  87.10336 14.54117 0.00053
S3idb 118.89768 3  39.63256  6.61632 0.00117
Error       209.65418 35   

Within Subjects

Type          1.01567 1     1.01567  0.30407 0.58485
Type X Strat  18.68906 2     9.34453  2.79754 0.07463
Type X Charc 108.07418 1 108.07418 32.35497 0.00001
Type X Strat X Char   6.29291 2   3.14645  0.94198 0.39952
Type X ZS1tot   1.31886 1   1.31886  0.39484 0.53385
Type X S3id  12.58171 3   4.19390  1.25556 0.30459
Error       116.90929 35   3.34026
Note: Strat = Strategy, Type = Sentence Type, and Char = Character.
a Z-scores for Story 1 propositions
b Story 3 identification
c Due to the coding scheme, the interaction of type and character is the main effect of 
character.
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Table H.11

Repeated Measures Analysis of Variance for Story 3 Locations

Source SS DF MS F P

Between Subjects

Strat  6.10842 2  3.05421  1.41243  0.25709
Char  3.77349 1  3.77349  1.74506  0.19507
Strat X Char  0.48804 2  0.24402  0.11285  0.89361
ZS1tota 20.85586 1 20.85586  9.64485  0.00375
S3idb 33.60527 3 11.20176  5.18028  0.00456
Error       75.68340 35    2.16238

Within Subjects

Type         4.01800 1    4.01800  5.41351  0.02589
Type X Strat  0.86366 2    0.43183  0.58181  0.56420
Type X Charc 13.53740 1 13.53740 18.23914  0.00014
Type X Strat X Char  0.40773 2  0.20387  0.27467  0.76144
Type X ZS1tot  1.23044 1  1.23044  1.65779  0.20635
Type X S3id  1.24798 3  0.41599  0.56047  0.64466
Error       25.97760 35  0.74222
Note: Strat = Strategy, Type = Sentence Type, and Char = Character.
a Z-scores for Story 1 propositions
b Story 3 identification
c Due to the coding scheme, the interaction of type and character is the main effect of 
character.
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Table H.12 

Repeated Measures Analysis of Variance for Story 4 Propositions

Source SS DF MS F P

Between Subjects

Strat  13.14717 2  6.57359  1.49758 0.23765
Char   2.04457 1  2.04457  0.46579 0.49942
Strat X Char   0.15759 2  0.07880  0.01795 0.98222
ZS1tota  15.30826 1 15.30826  3.48750 0.07023
S4idb  86.31161 3 28.77054  6.55445 0.00124
Error       153.63137 35    4.38947

Within Subjects

Type         0.21937 1    0.21937  0.18294 0.67148
Type X Strat  8.10351 2    4.05176  3.37880 0.04553
Type X Charc 13.43189 1 13.43189 11.20098 0.00196
Type X Strat X Char  0.77948 2  0.38974  0.32501 0.72468
Type X ZS1tot  7.02803 1  7.02803  5.86074 0.02081
Type X S4id  1.94875 3  0.64958  0.54169 0.65694
Error       41.97100 35  1.19917
Note: Strat = Strategy, Type = Sentence Type, and Char = Character.
a Z-scores for Story 1 propositions
b Story 4 identification
c Due to the coding scheme, the interaction of type and character is the main effect of 
character.
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Table H.13 

Repeated Measures Analysis of Variance for Story 4 Objects

Source SS DF MS F P

Between Subjects

Strat  39.86328 2 19.93164  1.69327 0.19864
Char   8.76496 1  8.76496  0.74462 0.39406
Strat X Char   0.92356 2  0.46178  0.03923 0.96157
ZS1tota  59.40315 1 59.40315  5.04654 0.03109
S4idb 239.21336 3 79.73779  6.77405 0.00101
Error       411.98753 35   11.77107

Within Subjects

Type          0.36821 1    0.36821  0.09062 0.76518
Type X Strat  31.51700 2   15.75850  3.87820 0.03011
Type X Charc  24.71195 1 24.71195  6.08166 0.01870
Type X Strat X Char   2.62862 2  1.31431  0.32345 0.72579
Type X ZS1tot  20.61710 1 20.61710  5.07391 0.03066
Type X S4id   1.30995 3  0.43665  0.10746 0.95518
Error       142.21755 35  4.06336
Note: Strat = Strategy, Type = Sentence Type, and Char = Character.
a Z-scores for Story 1 propositions
b Story 4 identification
c Due to the coding scheme, the interaction of type and character is the main effect of 
character.
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Table H.14

Repeated Measures Analysis of Variance for Story 4 Verbs

Source SS DF MS F P

Between Subjects

Strat  15.45236 2  7.72618  1.06639 0.35517
Char   1.92243 1  1.92243  0.26534 0.60971
Strat X Char   1.02591 2  0.51296  0.07080 0.93178
ZS1tota  15.63815 1 15.63815  2.15842 0.15072
S4idb 140.48781 3 46.82927  6.46352 0.00134
Error       253.58091 35   

Within Subjects

Type          0.01365 1    0.01365  0.00716 0.93303
Type X Strat  17.13269 2    8.56635  4.49506 0.01830
Type X Charc  29.21568 1 29.21568 15.33048 0.00040
Type X Strat X Char   1.41412 2  0.70706  0.37102 0.69271
Type X ZS1tot  10.63305 1 10.63305  5.57953 0.02386
Type X S4id   1.48243 3  0.49414  0.25929 0.85420
Error        66.70037 35  1.90572
Note: Strat = Strategy, Type = Sentence Type, and Char = Character.
a Z-scores for Story 1 propositions
b Story 4 identification
c Due to the coding scheme, the interaction of typee and character is the main effect of 
character.
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Table H.15

Repeated Measures Analysis of Variance for Story 4 Locations

Source SS DF MS F P

Between Subjects

Strat  2.33903 2  1.16951 0.85801 0.43273
Char  1.17692 1  1.17692 0.86344 0.35914
Strat X Char  0.56869 2  0.28435 0.20861 0.81271
ZS1tota  2.82787 1  2.28787 2.07466 0.15865
S4idb  2.43380 3  0.81127 0.59518 0.62237
Error       47.70686 35    1.36305

Within Subjects

Type         0.05987 1    0.05987 0.08872 0.76757
Type X Strat  1.05502 2    0.52751 0.78176 0.46543
Type X Charc  0.85748 1  0.85748 1.27077 0.26729
Type X Strat X Char  1.12013 2  0.56007 0.83000 0.44445
Type X ZS1tot  1.13575 1  1.13575 1.68315 0.20299
Type X S4id  1.16748 3  0.56583 0.83854 0.48194
Error       23.61707 35  0.67477
Note: Strat = Strategy, Type = Sentence Type, and Char = Character.
a Z-scores for Story 1 propositions
b Story 4 identification
c Due to the coding scheme, the interaction of typee and character is the main effect of 
character.
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APPENDIX I

Stories for Experiment 2
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Affordances are in parentheses with typical listed 
first and atypical listed second.

Monkey Fun (Zoo 1)

1. Zookeeper was in the workshop getting ready for the day. 

2. A tired monkey came down from the tree and (sat on, 
jumped up and down on) the green bench ±
3. Then, the monkey picked up the rake and (cleaned the 
ground with it, threw it at the zebra). ±
4. The zookeeper saw what the monkey had done and laughed 
at him.

5. The monkey got mad and (pushed the cart into the blue 
shelf, hid under the cart). ±
6. The hungry Zebra went to the brown trough and (ate, 
smelled) the carrots. ±
7. The zookeeper took the red bucket that was on the shelf 
and filled it with (water from the table tap, flowers from 
the table). ±
8. The zookeeper took the bucket to the elephant and (put 
it, dumped it) in front of the elephant. ±
9. The elephant was glad that the zookeeper came to see 
him.
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A Visit to the Zoo (Zoo2)

1. At the zoo, a dad and his children went to see the 
tigers. 

2. The little boy got out of his stroller (and opened the 
gate of the tiger cage and went in; and crawled through the 
bars of the gate into the tiger cage). ±
3. His older brother sat on the (yellow chair, blue baby 
stroller) and watched what was happening. ±
4. The little boy liked the little tiger so much that he 
(petted; waved "hello" to) it with his hands. ±
5. Big tiger did not want the boy in his cage and so he 
came from the back and (pushed; sat in front of) the little 
boy. ±
6. The little boy was scared and he started to cry.

7. The dad threw the big tiger a (bone to eat; balloon to 
play with). ±
8. After a long day with lots of action, the little tiger 
(ran around the cage; lay down to sleep). ±
9. The giraffe could not believe what had just happened in 
the cage.



188

Lunch at the Zoo (Zoo 3)

1. On the roof, the mom had finished getting lunch ready.

2. The boy gave his sister a push and she (fell down, ran 
down) the stairs. ±
3. The mom yelled at the children to stop fighting and come 
to the table.

4. The girl was hurt and so she went up the stairs ( to her 
mother; and started sweeping the floor with the broom) ±
5. The mom knew that the girl was sad and she (gave her a 
teddy bear to play with; put a green hat on the girl's 
head). ±
6. The mom picked up her camera and (took a picture of the 
girl, put it around her own neck). ±
7. The boy sat down on the (blue pot, yellow chair) next to 
the table. ±
8. The mom gave the boy a bowl of soup and he (started to 
eat, turned it over onto the table). ±
9. The mom was mad at the boy for being so naughty
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A Day on the Farm (Farm 1)

1. The farmer had not started working, because it was too 
early in the morning.

2. The rooster flew to the very top of the barn and (sang; 
danced) to wake everyone. ±
3. The cat went over to the ladder and (climbed it down; 
jumped) to the ground downstairs. ±
4. The cart was dirty and so the farmer took the bucket of 
soapy water and (poured it on the cart; put it in the 
barn). ±
5. The dog wanted to play and so he came out of the barn 
and (chased the cat in a circle; sat in front of the cat) ±
6. The farmer needed his pitchfork, but he was not sure 
where the pitchfork was.

7. The farmer (looked, crawled) through the window to see 
if the pitchfork was in the pigpen. ±
8. The rooster watched the farmer look for the pitchfork. 

9. The farmer found the pitchfork behind the barn door and 
(he put it in the cart; closed the barn door with it). ±
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Having Fun on the Farm (Farm 2)

1. A girl and her older brother were almost finished with 
the day's work.

2. The girl took the brown basket to the nest and put the 
(eggs; hen) in the basket. ±
3. The girl put the basket (by the cow inside the barn; 
behind the soccer goal) for the night. ±
4. The boy got on his bike and then (rode it around the 
hen's nest; got off it and turned it over on its handle 
bars). ±
5. The girl yelled at her brother for playing while she was 
still working.

6. The little pig went to the ball and (pushed it into the 
soccer goal; rested its head on it). ±
7. The girl took the skateboard and (rolled it under the 
bench, waved it like a fan to cool herself down). ±
8. There was still a bag of flour that needed to be put 
away.

9. The girl wanted to put the bag of flour away and so she 
(dragged it into the barn; looked inside the opening of the 
bag) ±
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Taking Care of the Animals (Farm 3)

1. After riding her horse in the field, the girl needed to 
take care of the horse.

2. The girl grabbed the brown brush off the ground and 
(brushed the horse; brushed her shoes). ±
3. The girl put the (hay; red bucket) in the blue feeder 
for the horse. ±
4. The girl was happy that she had her own horse.

5. The little pig (went through an opening in; climbed 
over) the fence and went to the rabbit house. ±
6. The big pig came out of the pen, went to the sunflowers 
and (started eating them; smelled them). ±
7. The little boy was taking care of his pet rabbit.

8. The little boy picked up the (rabbit; little pig) and 
put it in the rabbit house. ±
9. Then the little boy took the lettuce and (put it in the 
rabbit house also; ate it). ±
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APPENDIX J

Free- and Cued-Recall Measures for Experiment 2
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Free Recall

Assessment directions: "Now I would like you to tell me 
what happened in the story. Tell me everything you can 
remember"

Note: Cover the Toys______

Free Recall (Tape record for accuracy)

Prompts to use:

Did anything else happen in the story?
Do you remember anything else?

For partial response ask the following:

Who did that?
What did she/he/it do?

Actor Action
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Student ID# _____

Monkey Fun (Cued Recall)

1. What did the monkey do on the green bench? 

2. What did the monkey do with the rake? 

3. When the monkey was mad, what did he do with the cart? 

4. What did the zebra do with the carrots? 

5. What did the zookeeper fill the red bucket with? 

6. What did the zookeeper do with the red bucket he took to 
the elephant?
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Student ID# _____

A Visit to the Zoo (Cued Recall) 

1. How did the little boy get into the tigers' cage? 

2. What did the older brother sit on? 

3. What did the little boy do to the tiger with his hands? 

4. When the big tiger did not want the little boy in the 
cage what did he do? 

5. What did the dad throw to the tiger? 

6. After a long day that was full of action, what did the 
little tiger do?  
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Student ID# _____

Lunch at the Zoo (Cued recall)

1. When the boy pushed his sister what happened? 

2. When the girl was hurt what did she do? 

3. What did the mom give the girl? 

4. What did the mom do with the camera? 

5. What did the boy sit on next to the table? 

6. What did the boy do with the bowl of soup? 
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Student ID# _____

A Day on the Farm (Cued Recall)

1. What did the rooster do after it flew to the top of the 
barn? 

2. What did the cat use the ladder for? 

3. What did the farmer do with the bucket of soapy water? 

4. What did the dog do to the cat? 

5. What did the farmer do at the window? 

6. What did the farmer do with the pitchfork?
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Student ID# _____

Having Fun on the Farm (Cued Recall)

1. What did the girl put in the brown basket? 

2. Where did the girl put the basket for the night? 

3. What did the boy do with his bike? 

4. What did the pig do with the ball? 

5. What did the girl do with the skateboard? 

6. What did the girl do with the bag of flour? 
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Student ID# _____

Taking Care of the Animals (Cued Recall)

1.  What did the girl do with the brown brush?  

2.  What did the girl put in the feeder for the horse? 

3.  What did the little pig do get out of the pen?  

4.  What did the big pig do to sunflowers? 

5.  What animal did the boy put in the rabbit house? 

6.  What did the boy do with the lettuce?  
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APPENDIX K

Strategy Scripts for Experiment 2
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Control Script.

Time 1:

Insert stories in the sequence checked on front page (If 
primary scene is the farm, time 1 will be zoo with typical 
affordances, and vice versa)

(Second story and training scenarios set up beforehand. 
Both covered with separate sheets)

Directions: “Let's read a story. Please read the best you 
can. If you are stuck on a word, I will read it to you. Try 
to remember the people and things in the story, where they 
are, and what happens to them. When we finish reading the 
story I’ll ask you questions just like your teacher does in 
class. Please start reading aloud now”

(Follow with appropriate story, 1 minute of distractor, and 
assessment. Make sure it is the assigned story for the 
sequence)

Assessment directions: "Now I would like you to tell me 
what happened in the story. Tell me everything you can 
remember about the story"

Time 2:

Training Session:

“I am going to ask you to read this story in a special way. 
After some sentences, you will see a green sign, when you 
see the green sign, read the sentence you just read a 
second time. O.K.? Let’s practice with this set of toys” 

(Grocery story)

"This story takes place at the checkout counter of a 
grocery store. Please start reading"

The man was standing at the counter. He was ready to pay.

The woman sat on the chair in front of the cash register 
(green)

The man was not sure if he had enough money.
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The man put the milk he had in his hand on the counter. 
(green)

The woman rang up the items and put them at the end of the 
checkout counter. (green)

"I'm not going to ask you questions about this story, but 
for the next story I will."

Note: No toys to put away

Time 2 (cont.)

Orientation (Point to objects as listed):

If Farm: "The next story I will read to you takes place on 
a farm. At this farm a farmer, a teenage boy, a little 
girl, and a little boy work and play. The farm has a barn 
that has big doors in the front. The barn has an upstairs 
were the farmer keeps things. There's also a rabbit house, 
a pen for the pigs, a sunflower, a brown brush, a blue 
feeder, a bale of hay, a hen's nest with eggs in it, a 
soccer goal, and a bag of flour."

If Zoo: "The next story you will read takes place at a zoo. 
A zookeeper works at the zoo. Two different families have 
come to visit for the day. Next to the tiger cage are a 
father and his oldest and youngest sons. The tiger cage has 
a gate to let in the zookeeper. On the roof above the 
tigers' cage, there's a place with chairs for people to 
sit. A mother and her son and daughter are visiting this 
part of the zoo. In the zookeeper's work area there is a 
table that has a tap to get water and a blue shelf".  

(Cover toys)

Directions: “I am going to ask you to read this story in 
the way we just practiced. When you see the green sign, you
read the sentence you just read a second time. When you 
finish reading the story, I’ll ask you questions just like 
your teacher does in class. Please start reading aloud now 
"

(Follow with appropriate story, 1 minutes of distractor, 
and assessment. Make sure it is the assigned story for the 
sequence)
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Assessment directions: "Now I would like you to tell me 
about the story you just read. Tell me everything you can 
remember about the story"

Time 3:

Directions: “I am going to ask you to read this story in 
the same way as the last story. When you see the green 
sign, you read the sentence you just read a second time. 
When you finish reading the story, I’ll ask you questions 
just like your teacher does in class. Please start reading 
aloud now "

(Follow with appropriate story, 1 minutes of distractor, 
and assessment. Make sure it is the assigned story for the 
sequence)

Assessment directions: "Now I would like you to tell me 
about the story you just read. Tell me everything you can 
remember about the story"

Time 4:

Directions: “Now you will read the next story a little 
differently. What will be different is that when you see 
the green sign you should close your eyes and make a 
picture in your head about what is happening in the story. 
Try to see in your head what is happening to the people, 
animals, and things in the story at each green sign. So, 
what are you going to do? (Repeat until the student 
understands the directions) When we finish reading the 
story I’ll ask you questions just like your teacher does in 
class. Please start reading aloud now”

(Follow with appropriate story, 1 minutes of distractor, 
and assessment. Make sure it is the assigned story for the 
sequence)

Assessment directions: "Now I would like you to tell me 
about the story you just read when you made pictures in 
your head of what was happening in the story. Tell me 
everything you can remember about the story"
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Visual Script.

Time 1:

Insert stories in the sequence checked on front page (If 
primary scene is the farm, time 1 will be zoo with typical 
affordances, and vice versa)

(Second story and training scenarios set up beforehand. 
Both covered with separate sheets)

Directions: “Let's read a story. Please read the best you 
can. If you are stuck on a word, I will read it to you. Try 
to remember the people and things in the story, where they 
are, and what happens to them. When we finish reading the 
story I’ll ask you questions just like your teacher does in 
class. Please start reading aloud now.”

(Follow with appropriate story, 1 minute of distractor, and 
assessment. Make sure it is the assigned story for the 
sequence)

Assessment directions: "Now I would like you to tell me 
what happened in the story. Tell me everything you can 
remember about the story"

Time 2: (Toys setup prior to participant's arrival).

Training Session:

“I am going to ask you to read this story in a special way. 
After some sentences, you will see a green sign. When you 
see the green sign, I will take the toys and move them to 
show what the people in the story are doing. O.K.? Let’s 
practice with this set of toys” 

(Grocery Toys)

"This story takes place at the checkout counter of a 
grocery store. Please start reading"

The man was standing at the counter. He was ready to pay.

The woman sat on the chair in front of the cash register 
(green)
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The man was not sure if he had enough money.

The man put the milk he had in his hand on the counter. 
(green)

The woman rang up the items and put them at the end of the 
checkout counter. (green)

"I'm not going to ask you questions about this story, but 
for the next story I will."

Note: Put training toys away

Time 2 (cont.)

Orientation (Point to objects as listed):

If Farm: "The next story I will read to you takes place on 
a farm. At this farm a farmer, a teenage boy, a little 
girl, and a little boy work and play. The farm has a barn 
that has big doors in the front. The barn has an upstairs 
were the farmer keeps things. There's also a rabbit house, 
a pen for the pigs, a sunflower, a brown brush, a blue 
feeder, a bale of hay, a hen's nest with eggs in it, a 
soccer goal, and a bag of flour."

If Zoo: "The next story you will read takes place at a zoo. 
A zookeeper works at the zoo. Two different families have 
come to visit for the day. Next to the tiger cage are a 
father and his oldest and youngest sons. The tiger cage has 
a gate to let in the zookeeper. On the roof above the 
tigers' cage, there's a place with chairs for people to 
sit. A mother and her son and daughter are visiting this 
part of the zoo. In the zookeeper's work area there is a 
table that has a tap to get water and a blue shelf".  

Directions: “I am going to ask you to read this story in 
the way we just practiced. When you see the green sign, I
will move the toys to show what the people in the story are 
doing. When we finish reading the story I’ll ask you 
questions just like your teacher does in class. Please 
start reading aloud now.”
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(Follow with appropriate story, 1 minutes of distracter, 
and assessment. Make sure it is the assigned story for the 
sequence)

Assessment directions: "Now I would like you to tell me 
about the story you just read when I moved the toys after 
you saw the green sign. Tell me everything you can remember 
about the story"

Time 3:

Directions: “Now you will read the story the same way as 
the last one with me moving the toys at the green sign. The 
only thing that will be different is that when you see the 
green sign you should close your eyes and make a picture in 
your head of moving the toys like the story says, then open 
your eyes and watch me move the toys. Try to see in your 
head what will happen to the toys and then I will move 
them. So, what are you going to do? (Repeat until the 
student understands the directions) When we finish reading 
the story, I’ll ask you questions just like your teacher 
does in class. Please start reading aloud now.”

(Follow with appropriate story, 1 minutes of distractor, 
and assessment. Make sure it is the assigned story for the 
sequence)

Assessment directions: "Now I would like you to tell me 
about the story you just read when you made pictures in 
your head of what was happening in the story and then I 
moved the toys. Tell me everything you can remember about 
the story"

Time 4:

Directions: “Now think back to the last story where you 
made pictures in your head before I moved the toys. This 
time when you read the story there will be no toys.  When 
you see the green sign I want you to close your eyes and 
try to get a picture in your head of me moving the toys 
like the story says. So, what are you going to do? (Repeat 
until the student understands the direction) When we finish 
the story I’ll ask you questions, just like your teacher 
does in class. Please start reading aloud now.”
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(Follow with appropriate story, 1 minute of distractor, and 
assessment. Make sure it is the assigned story for the 
sequence)

Assessment directions: "Now I would like you to tell me 
about the story you just read when you closed your eyes and 
made pictures in your head of me moving the toys. Tell me 
everything you can remember about the story"
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Manipulate Script.

Time 1:

Insert stories in the sequence checked on front page (If 
primary scene is the farm, time 1 will be zoo with typical 
affordances, and vice versa)

(Second story and training scenarios set up beforehand. 
Both covered with separate sheets)

Directions: “Let's read a story. Please read the best you 
can. If you are stuck on a word, I will read it to you. Try 
to remember the people and things in the story, where they 
are, and what happens to them. When we finish reading the 
story I’ll ask you questions just like your teacher does in 
class. Please start reading aloud now.””

(Follow with appropriate story, 1 minute of distractor, and 
assessment. Make sure it is the assigned story for the 
sequence)

Assessment directions: "Now I would like you to tell me 
what happened in the story. Tell me everything you can 
remember about the story"

Time 2: (Toys setup prior to participant's arrival).

Training Session:

“I am going to ask you to read this story in a special way. 
After some sentences you will see a green sign. When you 
see the green sign, take the toys and move them to show 
what the people in the story are doing. If you make a 
mistake, moving the toys, I'll ask you to close your eyes 
and then I'll move the toys for you while your eyes are 
closed. O.K.? Let’s practice with this set of toys” 

(Grocery Toys)

"This story takes place at the checkout counter of a 
grocery store. Please start reading"

The man was standing at the counter. He was ready to pay.

The woman sat on the chair in front of the cash register 
(green)
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The man was not sure if he had enough money.

The man put the milk he had in his hand on the counter. 
(green)

The woman rang up the items and put them at the end of the 
checkout counter. (green)

"I'm not going to ask you questions about this story, but 
for the next story I will."

Note: Put training toys away

Time 2 (cont.)

Orientation (Point to objects as listed):

If Farm: "The next story I will read to you takes place on 
a farm. At this farm a farmer, a teenage boy, a little 
girl, and a little boy work and play. The farm has a barn 
that has big doors in the front. The barn has an upstairs 
were the farmer keeps things. There's also a rabbit house, 
a pen for the pigs, a sunflower, a brown brush, a blue 
feeder, a bale of hay, a hen's nest with eggs in it, a 
soccer goal, and a bag of flour."

If Zoo: "The next story you will read takes place at a zoo. 
A zookeeper works at the zoo. Two different families have 
come to visit for the day. Next to the tiger cage are a 
father and his oldest and youngest sons. The tiger cage has 
a gate to let in the zookeeper. On the roof above the 
tigers' cage, there's a place with chairs for people to 
sit. A mother and her son and daughter are visiting this 
part of the zoo. In the zookeeper's work area there is a 
table that has a tap to get water and a blue shelf".  

Directions: “I am going to ask you to read this story in 
the way we just practiced. When you see the green sign, you
will move the toys. Please read the best you can. If you 
are stuck on a word, I will read it to you. If you make a 
mistake I will ask you to close your eyes and then I will 
move the toys for you. When we finish reading the story, 
I’ll ask you questions just like your teacher does in 
class. Please start reading aloud now"
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(Follow with appropriate story, 1 minutes of distractor, 
and assessment. Make sure it is the assigned story for the 
sequence)

Assessment directions: "Now I would like you to tell me 
about the story you just read when you moved the toys after 
seeing the green sign. Tell me everything you can remember 
about the story"

Time 3:

Directions: “Now you will read the story the same way as 
the last one, with you moving the toys at the green sign. 
The only thing that will be different is that when you see 
the green sign you should close your eyes and make a 
picture in your head of moving the toys like the story 
says, then open your eyes and move the toys. Try to see in 
your head what will happen to the toys and then move them. 
So, what are you going to do? (Repeat until the student 
understands the direction) When we finish reading the story 
I’ll ask you questions, just like your teacher does in 
class. Please start reading aloud now”

(Follow with appropriate story, 1 minutes of distracter, 
and assessment. Make sure it is the assigned story for the 
sequence)

Assessment directions: "Now I would like you to tell me 
about the story you just read when you made pictures in 
your head of what was happening in the story and then moved 
the toys. Tell me everything you can remember about the 
story"

Time 4:

Directions: “Now think back to the last story where you 
made pictures in your head before moving the toys. This 
time when you read the story there will be no toys.  When 
you see the green sign I want you to close your eyes and 
try to get a picture in your head of moving the toys like 
the story says. So, what are you going to do? (Repeat until 
the student understands the direction)  When we finish the 
story I’ll ask you questions, just like your teacher does 
in class. Please start reading aloud now "
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(Follow with appropriate story, 1 minute of distractor, and 
assessment. Make sure it is the assigned story for the 
sequence)

Assessment directions: "Now I would like you to tell me 
about the story you just read when you closed your eyes and 
made pictures in your head of you moving the toys. Tell me 
everything you can remember about the story"
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APPENDIX L

Scoring Rubric for Experiment 2
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Scoring Rubric

Note: Story 1 will be scored solely for propositions.

First make sure story affordance(aff) number aligns on 
response and story. 

Outcome 1 (Propositions)

Each sentence is comprised of propositions. Match student's 
response to the original proposition then score on whether 
the response is correct, partially correct, or a non-match. 
Score 1 point for correct, a half point for partially 
correct, and zero for incorrect. For redundant propositions 
and blended propositions piece together the proposition. 
Each proposition should be scored as typical affordance, 
atypical affordance, or non-action. Typical affordances are 
events and actions that are more likely to occur, and 
atypical affordances are events actions that are less 
likely to occur. Scoring should result in five scores.

1. Total propositions
2. Typical propositions (3 points possible per story)
3. Atypical propositions (3 points possible per story)
4. Sum of atypical and typical propositions (6 points 

possible)
5. Non action propositions

Example:

F3.9aff2. "The little boy picked up the little pig(1)/ and 
put it in the rabbit house(2)".

Correct Student responses (>80% of main ideas present):

"The boy put the pig in the rabbit house" (score 1 for 
second proposition)

"The boy picked up the pig" (score 1 for the first 
proposition)

Partially correct student responses (20%-80%: Of main ideas 
present)

"The boy something in the cage" (score .5 for the second 
proposition)
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"The boy picked up something" (score .5 for the first 
proposition)

Incorrect student responses (<20%):

"The rabbit house"

"Rabbits"

"The zoo had an upstairs" (Not part of this story so no 
point given)

Note: Proposition 2 in the above example is from an 
atypical affordance. Therefore, a point would be awarded to 
the atypical score.

Blended propositions

Target propositions:
F1.2aff1. "(p1)The girl grabbed the brown brush off the 
ground and (p2typ) brushed the horse".

Student response

(p1)"She grabbed the brush"
"She took the brush /(p2typ) and brushed the horse"

Scores:
Total=2
Typ=1
Atyp=0 (none were possible for this sentence)
Non-action=0 (none were possible for this sentence)
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Outcome 2 (Nouns)

Each sentence has a number of actors and objects. First, 
student responses are to be matched with the original 
target sentence. Score one point for each actor and object 
that is present in the original target sentence.  In some 
cases, this may be within two or more student response 
lines. Redundant sentences of this nature, and correct 
responses over several sentences will be combined with each 
actor and object scored once. Pronouns and descriptive 
phrases (e.g. "the thingie that opens") that allow the 
inference of who the actor or object is in the student 
response will be recorded as one point. After scoring, sum 
the points of each sentence for sub-scores A (actors) and O 
(objects), and total T. Additionally, locations should not 
be scored as objects; they should be scored as locations L 
(outcome 3). Examples:

Original Sentence:
F1.2aff1. "The girl grabbed the brown brush off the ground 
and brushed the horse".

Actors and objects Points
Girl 1
Brush 1
Horse 1
Total (A=2, O=1) 3

Student Response
"She grabbed the thingie and brushed the horse."

Actors and objects Points
She 1
Thingie (brush) 1
Horse 1
Total (A=2, O=1) 3

Redundant sentences:

"She grabbed the brush"
"She took the brush and brushed the horse"
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Actors and objects Points
She 1
Brush 1
Horse 1
Total (A=2,O=1) 3

Blended sentences

When there is a combination of two sentences, points need 
separating by sentence.

Original Sentences
F1.2aff1. "The girl grabbed the brown brush off the ground 
and brushed the horse".

F1.3aff1. "The girl put the red bucket in the blue feeder 
(note: this is a location) for the horse"

Student Response
"The girl brushed and gave the horse a red bucket"

Sentence 2 score

Actors and objects Points
Girl 1
Brush 1
Horse 1
Total (A=2,O=1) 3

Sentence 3aff1 score
Actors and objects Points
Girl 1
Horse 1
Bucket 1
Total (A=2,O=1) 3

Usage of Pronouns or descriptive words (As long as you can 
infer what actor or object is being described give a 
point):
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Original Sentence:
F1.3aff1. "The girl put the red bucket in the blue feeder 
for the horse"

Student Response:
She put the red thingie in the feeder.

Actors and objects Points
She 1
Thingie 1
Total (A=1,O=1) 2

In some cases several words may be used that describe one 
object.

Example: 

Z1.8aff1. "The zookeeper took the bucket to the elephant 
and dumped it in front of the elephant"

Bucket of water is one object

Score water or bucket as one point. So if the sentence 
reads:

"The Zookeeper took the bucket and dumped it"

OR:

"The Zookeeper took the water and dumped it"

The number of points is the same as the first example.

Same for words like "children" or "boy and girl". Only 
count as one point.

Additionally do not count locations as objects.
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Outcome 3 (Actions)

Each sentence describes a number of actions. Score each 
action verb, synonym for the action verb, and/or 
descriptive phrase of the action as 1 point. Again, student 
response sentences are matched with the original target 
sentences. Example:

Original Sentence:
Z1.8aff1. "The zookeeper took the bucket to the elephant
and dumped it in front of the elephant"

Student Response:
"He took the bucket and turned it over it in front of the 
elephant."

Action Points
Took 1
Turned it over (dumped) 1
Total 2

Blended sentences

When there is a combination of two sentences, points need 
separating by sentence.

Original Sentences
F1.2aff1. "The girl grabbed the brown brush off the ground 
and brushed the horse".

F1.3aff1. "The girl put the red bucket in the blue feeder 
(note: this is a location) for the horse"

Student Response
"The girl brushed and gave the horse a red bucket"

F1.2aff1. score

Action Points
Brushed 1
Total 1
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F1.3aff1. score

Action Points
Gave (put) 1
Total 1
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Outcome 4 (Locations)

Each sentence describes one or more locations. Score one 
point for each event that occurs at a specific location 
mentioned by the student. 

Original Sentences
F1.3aff1. "The girl put the red bucket in the blue feeder
for the horse"

Student Response:

"She put it in the blue feeder."

Location Points
Blue feeder 1
Total 1

F3.9aff2. "The little boy picked up the little pig and put 
it in the rabbit house".

Student Response:

"The little boy picked up the pig"

Location Points
No location 0
Total 0

"The boy put it in the rabbit house"

Location Points
Rabbit house 1
Total 1
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APPENDIX M

Story Propositions for Experiment 2
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Student ID# _____
Affordance 1

A Day on the Farm

(np1)The farmer had not started working,/(np2) because it 
was too early in the morning.

(p3)The rooster flew to the very top of the barn/ (tp4) and 
sang to wake everyone. ±
(p5)The cat went over to the ladder and/(ap6) jumped to the 
ground downstairs. ±
(p7)The cart was dirty/(p8) and so the farmer took the 
bucket of soapy water/(tp9) and poured it on the cart. ±
(p10)The dog wanted to play/(p11) and so he came out of the 
barn/(ap12) and sat in front of the cat. ±
(np13)The farmer needed his pitchfork,/(np14) but he was 
not sure where the pitchfork was.

(tp15)The farmer looked through the window/(p16) to see if 
the pitchfork was in the pigpen. ±
(np17)The rooster watched the farmer look for the 
pitchfork. 

(p18)The farmer found the pitchfork behind the barn door/ 
(ap19) and closed the barn door with it. ±
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Student ID# _____
Affordance 1

Having Fun on the Farm

(np1)A girl and her older brother were almost finished with 
the day's work.

(p2)The girl took the brown basket to the nest/ (ap3) and 
put the hen in the basket.  ±
(tp4)The girl put the basket by the cow inside the barn for 
the night. ±
(p5)The boy got on his bike/(tp6) and then rode it around 
the hen's nest. ±
(np7)The girl yelled at her brother/(np8) for playing while 
she was still working.

(p9)The little pig went to the ball/(ap10) and rested its 
head on it. ±
(p11)The girl took the skateboard and/(ap12) waved it like 
a fan to cool herself down. ±
(np13)There was still a bag of flour/(np14) that needed to 
be put away.

(p15)The girl wanted to put the bag of flour away/(tp16) 
and so she dragged it into the barn. ±
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Student ID# _____
Affordance 1

Taking Care of the Animals

(np1)After riding her horse in the field,/(np2) the girl 
needed to take care of the horse.

(p3)The girl grabbed the brown brush off the ground/(tp4) 
and brushed the horse. ±
(ap5)The girl put the red bucket in the blue feeder for the 
horse.±
(np6)The girl was happy that she had her own horse.

(ap7)The little pig climbed over the fence/(p8) and went to 
the rabbit house. ±
(p9)The big pig came out of the pen,/(tp10) went to the 
sunflowers and started eating them. ±
(np11)The little boy was taking care of his pet rabbit.

(tp12)The little boy picked up the rabbit/(p13) and put it 
in the rabbit house. ±
(p14)Then the little boy took the lettuce/(ap15) and ate 
it. ±
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Student ID# _____
Affordance 1

A Day on the Farm

(np1)The farmer had not started working,/(np2) because it 
was too early in the morning.

(p3)The rooster flew to the very top of the barn/(ap4) and 
danced to wake everyone. ±
(p5)The cat went over to the ladder and/(tp6) climbed it 
down to the ground downstairs. ±
(p7)The cart was dirty/(p8) and so the farmer took the 
bucket of soapy water/(ap9) and put it in the barn. ±
(p10)The dog wanted to play/ (p11)and so he came out of the 
barn/(tp12) and chased the cat in a circle. ±
(np13)The farmer needed his pitchfork,/ (np14) but he was 
not sure where the pitchfork was.

(ap15)The farmer crawled through the window /(p16) to see 
if the pitchfork was in the pigpen. ±
(np17)The rooster watched the farmer look for the 
pitchfork. 

(p18)The farmer found the pitchfork behind the barn door / 
(tp19)and he put it in the cart. ±



226

Student ID# _____
Affordance 2

Having Fun on the Farm

(np1)A girl and her older brother were almost finished with 
the day's work.

(p2)The girl took the brown basket to the nest/(tp3) and 
put the eggs in the basket. ±
(ap4)The girl put the basket behind the soccer goal for the 
night.±
(p5)The boy got on his bike/(ap6) and then got off it and 
turned it over on its handlebars. ±
(np7)The girl yelled at her brother/(np8) for playing while 
she was still working.

(p9)The little pig went to the ball/(tp10) and pushed it 
into the soccer goal. ±
(p11)The girl took the skateboard/(tp12) and rolled it 
under the bench.±
(np13)There was still a bag of flour/(np14) that needed to 
be put away.

(p15)The girl wanted to put the bag of flour away/(ap16) 
and so she looked inside the opening of the bag. ±
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Student ID# _____
Affordance 2

Taking Care of the Animals

(np1)After riding her horse in the field,/(np2) the girl 
needed to take care of the horse.

(p3)The girl grabbed the brown brush off the ground/(ap4) 
and brushed her shoes. ±
(tp5)The girl put the hay in the blue feeder for the horse. 
±
(np6)The girl was happy that she had her own horse.

(tp7)The little pig went through an opening in the 
fence/(p8) and went to the rabbit house. ±
(p9)The big pig came out of the pen,/(ap10) went to the 
sunflowers and smelled them. ±
(np11)The little boy was taking care of his pet rabbit.

(ap12)The little boy picked up the little pig/(p13) and put 
it in the rabbit house. ±
(14)Then the little boy took the lettuce/(tp15) and put it 
in the rabbit house also. ±
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Student ID# _____
Affordance 1

Monkey fun

(np1)Zookeeper was in the workshop getting ready for the 
day. 

(p2)A tired monkey came down from the tree/(ap3) and jumped 
up and down on the green bench. ±
(p4)Then, the monkey picked up the rake/ (tp5) and cleaned 
the ground with it. ±
(np6)The zookeeper saw what the monkey had done/(np7) and 
laughed at him.

(p8)The monkey got mad/ (tp9) and pushed the cart into the 
blue shelf. ±
(p10)The hungry Zebra went to the brown feeder/ (ap11) and 
smelled the carrots. ±
(p12)The zookeeper took the red bucket that was on the 
shelf/(tp13) and filled it with water from the table. ±
(p14)The zookeeper took the bucket to the elephant/ (ap15) 
and dumped it in front of the elephant. ±
(np16)The elephant was glad that the zookeeper came to see 
him.
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Student ID# _____
Affordance 1

A Visit to the Zoo

(np1)At the zoo, a dad and his children went to see the 
tigers. 

(p2)The little boy got out of his stroller/(ap3) and 
crawled through the bars of the gate into the tiger cage. ±
(tp4)His older brother sat on the yellow chair/(p5) and 
watched what was happening. ±
(p6)The little boy liked the little tiger so much/(tp7) 
that he petted it with his hands. ±
(p8)Big tiger did not want the boy in his cage/(p9) and so 
he came from the back/(ap10) and pushed the little boy. ±
(np11)The little boy was scared and he started to cry.

(tp12)The dad threw the big tiger a bone to eat. ±
(p13)After a long day with lots of action,/(ap14) the 
little tiger ran around the cage. ±
(np15)The giraffe could not believe what had just happened 
in the cage.
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Student ID# _____
Affordance 1

Lunch at the Zoo

(np1)On the roof, the mom had finished getting lunch ready.

(p2)The boy gave his sister a shove/(tp3) and she fell down 
the stairs.±
(np4)The mom yelled at the children to stop fighting/(np5) 
and come to the table.

(p6)The girl was hurt/(ap7) and so she went up the stairs 
and started sweeping the floor with the broom. ±
(p8)The mom knew that the girl was sad/(ap9) and so she put 
a green hat on the girl's head to wear. ±
(p10)The mom picked up her camera/(tp11) and took a picture 
of the girl. ±

(ap12)The boy sat down on the blue pot next to the table. ±
(p13)The mom gave the boy a bowl of soup/(tp14) and he 
started to eat.±
(np15)The mom was mad at the boy for being so naughty
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Student ID# _____
Affordance 2

Monkey fun

(np1)Zookeeper was in the workshop getting ready for the 
day. 

(p2)A tired monkey came down from the tree/(tp3) and sat on 
the green bench. ±
(p4)Then, the monkey picked up the rake/(ap5) and threw it 
at the zebra. ±
(np6)The zookeeper saw what the monkey had done/(np7) and 
laughed at him.

(p8)The monkey got mad/(ap9) and hid under the cart. ±
(p10)The hungry Zebra went to the brown feeder/(tp11) and 
ate the carrots. ±
(p12)The zookeeper took the red bucket that was on the 
shelf/(ap13) and filled it with flowers from the table. ±
(p14)The zookeeper took the bucket to the elephant/(tp15) 
and put it in front of the elephant. ±
(np16)The elephant was glad that the zookeeper came to see 
him.
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Student ID# _____
Affordance 2

A Visit to the Zoo

(np1)At the zoo, a dad and his children went to see the 
tigers. 

(p2)The little boy got out of his stroller/(tp3) and opened 
the gate of the tiger cage and went in. ±
(ap4)His older brother sat on the blue baby stroller/(p5) 
and watched what was happening. ±
(p6)The little boy liked the little tiger so much/(ap7) 
that he waved "hello" to it with his hands. ±
(p8)Big tiger did not want the boy in his cage/(p9) and so 
he came from the back/(tp10) and growled at the little boy. 
±
(np11)The little boy was scared and he started to cry.

(ap12)The dad threw the big tiger a balloon to play with. ±
(p13)After a long day with lots of action,/(tp14) the 
little tiger lay down to sleep. ±
(np15)The giraffe could not believe what had just happened 
in the cage.
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Student ID# _____
Affordance 2

Lunch at the Zoo

(np1) On the roof, the mom had finished getting lunch 
ready.

(p2)The boy gave his sister a shove/(ap3) and she ran down 
the stairs.±
(np4) The mom yelled at the children to stop fighting/(np5) 
and come to the table.

(p6)The girl was hurt/(tp7) and so she went up the stairs 
to her mother. ±
(p8)The mom knew that the girl was sad/(tp9) and so she 
gave her a teddy bear to play with. ±
(p10)The mom picked up her camera/(ap11) and put it around 
her neck.±
(tp12)The boy sat down on the yellow chair next to the 
table. ±
(p13)The mom gave the boy a bowl of soup/(ap14) and he 
turned it over onto the table. ±

(np15)The mom was mad at the boy for being so naughty.
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APPENDIX N

Experiment 2 Analysis of Variance Tables
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Table N.1

Repeated Measures Analysis of Variance for Story 2 (Cued Recall)

Source SS DF MS F P

Between Subjects

Strategy  0.98193 2  0.49097 1.15745 0.33571
ZS1tota  3.81548 1  3.81548 8.00499 0.00489
S2idb  9.29514 5  1.85903 4.38266 0.00322
Error       15.27042 36  0.42418

Within Subjects

Aff        2.31739 1  2.31739 5.40739 0.02580
Aff X Strategy  1.31510 2  0.65755 1.53433 0.22937
Aff X ZS1tot  1.02179 1  1.02179 2.38425 0.13131
Aff X S2id  1.62363 5  0.32473 0.75771 0.58614
Error       15.42812 36  0.42856
Note: Aff = Affordance type (typical vs. atypical).
a Z-scores for Story 1 propositions.
b Story 2 identification (Based on 3 farm stories and 3 zoo stories).
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Table N.2

Repeated Measures Analysis of Variance for Story 3 (Cued Recall)

Source SS DF MS F P

Between Subjects

Strategy  4.78041 2  2.39021  5.76877 0.00671
ZS1tota  0.90076 1  0.90076  2.17399 0.14905
S3idb  3.80638 5  0.76128  1.83734 0.13021
Error       14.91607 36  0.14

Within Subjects

Aff        3.45966 1  3.45966 11.32512 0.00183
Aff X Strategy  0.45605 2  0.22802  0.74643 0.48125
Aff X ZS1tot  0.23813 1  0.22015  0.77950 0.38315
Aff X S3id  1.10074 5  0.22015  0.72065 0.61225
Error       10.99748 36  0.30549
Note: Aff = Affordance type (typical vs. atypical).
a Z-scores for Story 1 propositions.
b Story 3 identification (Based on 3 farm stories and 3 zoo stories).
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Table N.3

Repeated Measures Analysis of Variance for Story 4 (Cued Recall)

Source SS DF MS F P

Between Subjects

Strategy  0.76353 2  0.38176  0.54677 0.58355
ZS1tota  0.07713 1  0.07713  0.11047 0.74154
S4idb  9.28768 5  1.85754  2.66042 0.03805
Error       25.13565 36  0.69821

Within Subjects

Aff        9.20462 1  9.20462 17.09569 0.00020
Aff X Strategy  0.95957 2  0.47979  0.89115 0.41904
Aff X ZS1tot  0.00717 1  0.00717  0.01332 0.90877
Aff X S4id  0.85685 5  0.17137  0.31830 0.89870
Error       19.38202 36  0.53839
Note: Aff = Affordance type (typical vs. atypical).
a Z-scores for Story 1 propositions.
b Story 4 identification (Based on 3 farm stories and 3 zoo stories).
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Table N.4

Analysis of Variance of Story 2 Total Propositions

Source SS DF MS F P

Between Subjects

Strategy  41.34325 2 20.67163  4.22871 0.02241
ZS1tota  34.15685 1 34.15685  6.98733 0.01208
S2idb   8.49985 5  1.69997  0.34776 0.88029
Error       175.98237 36 13.50214
a Z-scores for Story 1 propositions.
b Story 2 identification (Based on 3 farm stories and 3 zoo stories).
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Table N.5

Analysis of Variance of Story 2 Objects

Source SS DF MS F P

Between Subjects

Strategy  66.31383 2 33.15692 2.45568 0.10006
ZS1tota  48.80754 1 48.80754  3.61480 0.06530
S2idb  25.50686 5  5.10137  0.37782 0.86059
Error       486.07696 36 13.50214
a Z-scores for Story 1 propositions.
b Story 2 identification (Based on 3 farm stories and 3 zoo stories).
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Table N.6

Analysis of Variance of Story 2 Verbs

Source SS DF MS F P

Between Subjects

Strategy  49.27590 2 24.63795  4.75095 0.01475
ZS1tota  37.78665 1 37.78665  7.28642 0.93092
S2idb   6.78918 5  1.35784  0.26183 0.93092
Error       186.69247 36  5.18590
a Z-scores for Story 1 propositions.
b Story 2 identification (Based on 3 farm stories and 3 zoo stories).
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Table N.7

Analysis of Variance of Story 2 Locations

Source SS DF MS F P

Between Subjects

Strategy  17.35238 2  8.67619  3.83423 0.03093
ZS1tota   1.15038 1  1.15038  0.50838 0.48044
S2idb  17.31528 5  3.46306  1.53041 0.48044
Error        81.46179 36  2.26283
a Z-scores for Story 1 propositions.
b Story 2 identification (Based on 3 farm stories and 3 zoo stories).
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Table N.8

Analysis of Variance of Story 2 Non-action Propositions

Source SS DF MS F P

Between Subjects

Strategy  1.62872 2  0.81436  1.68132 0.20041
ZS1tota  0.81062 1  0.81062  1.67360 0.20402
S2idb  2.67948 5  0.53590  1.10641 0.37415
Error    17.43686 36  0.48436
a Z-scores for Story 1 propositions.
b Story 2 identification (Based on 3 farm stories and 3 zoo stories).
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Table N.9

Repeated Measures Analysis of Variance for Story 2 Affordances

Source SS DF MS F P

Between Subjects

Strategy 12.15048 2  6.07524  8.23179 0.00114
ZS1tota  3.43465 1  3.43465  4.65386 0.03773
S2idb  4.06642 5  0.81328  1.10198 0.37642
Error       36

Within Subjects

Aff        0.31748 1  0.31748  0.46760 0.49847
Aff X Strategy  1.18358 2  0.59179  0.87161 0.42692
Aff X ZS1tot  0.04336 1  0.04336  0.06386 0.80193
Aff X S2id  4.58277 5  0.91655  1.34994 0.26604
Error       24.44263 36  0.67896
Note: Aff = Affordance type (typical vs. atypical).
a Z-scores for Story 1 propositions.
b Story 2 identification (Based on 3 farm stories and 3 zoo stories).
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Table N.10

Analysis of Variance of Story 3 Total Propositions

Source SS DF MS F P

Between Subjects

Strategy  37.05847 2 18.52924 4.12302 0.02442
ZS1tota   1.77631 1  1.77631 0.39525 0.53352
S3idb  24.94099 5  4.98820 1.10995 0.37235
Error       161.78724 36  4.49409
a Z-scores for Story 1 propositions.
b Story 2 identification (Based on 3 farm stories and 3 zoo stories).
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Table N.11

Analysis of Variance of Story 3 Objects

Source SS DF MS F P

Between Subjects

Strategy  77.68203 2  38.84102 3.25639 0.05013
ZS1tota   0.36997 1   0.36997 0.03102 0.86119
S3idb  91.45780 5  18.29156 1.53354 0.20397
Error       429.39473 36  11.92763
a Z-scores for Story 1 propositions.
b Story 3 identification (Based on 3 farm stories and 3 zoo stories).
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Table N.12

Analysis of Variance of Story 3 Verbs

Source SS DF MS F P

Between Subjects

Strategy  45.31110 2  22.65555  4.13527 0.02418
ZS1tota   2.17237 1   2.17237  0.39652 0.53287
S3idb  55.26025 5  11.05205  2.01731 0.09953
Error       197.23010 36   5.47861
a Z-scores for Story 1 propositions.
b Story 3 identification (Based on 3 farm stories and 3 zoo stories).



247

Table N.13

Analysis of Variance of Story 3 Locations

Source SS DF MS F P

Between Subjects

Strategy  25.53718 2 12.76859  7.80213 0.00153
ZS1tota   0.02862 1  0.02862  0.01749 0.89553
S3idb  27.72249 5  5.54450  5.54450 3.38792
Error        58.91586 36  1.63655
a Z-scores for Story 1 propositions.
b Story 3 identification (Based on 3 farm stories and 3 zoo stories).
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Table N.14

Analysis of Variance of Story 3 Non-Action Propositions

Source SS DF MS F P

Between Subjects

Strategy  25.53718 2 12.76859  7.80213 0.00153
ZS1tota   0.02862 1  0.02862  0.01749 0.89553
S3idb  27.72249 5  5.54450  3.38792 0.01308
Error        58.91586 36  1.63655
a Z-scores for Story 1 propositions.
b Story 3 identification (Based on 3 farm stories and 3 zoo stories).
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Table N.15

Repeated Measures Analysis of Variance for Story 3 Affordances

Source SS DF MS F P

Between Subjects

Strategy 15.28620 2  7.64310 11.49793 0.00014
ZS1tota  0.03194 1  0.03194  0.04805 0.82772
S3idb  7.19337 5  1.43867  2.16428 0.07987
Error       23.93052 36  0.66474

Within Subjects

Aff        0.05916 1  0.05916  0.11943 0.73167
Aff X Strategy  0.41146 2  0.20573  0.41534 0.66324
Aff X ZS1tot  0.00588 1  0.00588  0.01188 0.91382
Aff X S3id  2.92812 5  0.58562  1.18231 0.33702
Error       17.83161 36  0.49532
Note: Aff = Affordance type (typical vs. atypical).
a Z-scores for Story 1 propositions.
b Story 3 identification (Based on 3 farm stories and 3 zoo stories).
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Table N.16

Analysis of Variance of Story 4 Total Propositions

Source SS DF MS F P

Between Subjects

Strategy  31.82743 2 15.91372  3.81033 0.03155
ZS1tota   4.27416 1  4.27416  1.02339 0.31847
S4idb  55.92375 5 11.18475  2.67804 0.03706
Error       150.35276 36  4.17647
a Z-scores for Story 1 propositions.
b Story 4 identification (Based on 3 farm stories and 3 zoo stories).
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Table N.17

Analysis of Variance of Story 4 Objects

Source SS DF MS F P

Between Subjects

Strategy  95.44832 2 47.72416  5.48660 0.00832
ZS1tota  15.38650 1 15.38650  1.76891 0.19188
S4idb 193.70166 5 38.74033  4.45377 0.00292
Error       313.13934 36  8.69832
a Z-scores for Story 1 propositions.
b Story 4 identification (Based on 3 farm stories and 3 zoo stories).
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Table N.18

Analysis of Variance of Story 4 Verbs

Source SS DF MS F P

Between Subjects

Strategy  42.95635 2 21.47817  4.93056 0.01281
ZS1tota   3.11197 1  3.11197  0.71439 0.40357
S4idb  98.57730 5 19.71546  4.52591 0.00265
Error       165.82067 36  4.35613
a Z-scores for Story 1 propositions.
b Story 4 identification (Based on 3 farm stories and 3 zoo stories).
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Table N.19

Analysis of Variance of Story 4 Locations

Source SS DF MS F P

Between Subjects

Strategy  9.01594 2  4.50797  3.27458 0.04936
ZS1tota  0.14213 1  0.14213  0.10324 0.74983
S4idb  7.64108 5  1.52822  1.11009 0.37228
Error       49.55961 36  1.37666
a Z-scores for Story 1 propositions.
b Story 4 identification (Based on 3 farm stories and 3 zoo stories).
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Table N.20

Analysis of Variance of Story 4 Non-Action Propositions

Source SS DF MS F P

Between Subjects

Strategy  0.52670 2  0.26335 0.25014 0.78003
ZS1tota  0.97470 1  0.97470 0.92579 0.34238
S4idb  5.70451 5  1.14090 1.08366 0.38592
Error       37.90168 36  1.05282
a Z-scores for Story 1 propositions.
b Story 4 identification (Based on 3 farm stories and 3 zoo stories).
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Table N.21

Repeated Measures Analysis of Variance for Story 4 Affordances

Source SS DF MS F P

Between Subjects

Strategy  3.64835 2  1.82417  3.44099 0.04290
ZS1tota  2.17990 1  2.17990  4.11200 0.05003
S4idb 16.09748 5  3.21950  6.07302 0.00036
Error       19.08473 36  0.53013

Within Subjects

Aff        0.50453 1  0.50453  1.36074 0.25108
Aff X Strategy  0.40748 2  0.20374  0.54949 0.58201
Aff X ZS1tot  0.01407 1  0.01407  0.03795 0.84664
Aff X S4id  6.63994 5  1.32799  3.58161 0.00990
Error       13.34805 36  0.37078
Note: Aff = Affordance type (typical vs. atypical).
a Z-scores for Story 1 propositions.
b Story 4 identification (Based on 3 farm stories and 3 zoo stories).
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