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ABSTRACT 

The focus of this study was to manipulate factors to 

determine whether mental representations of logical problems 

differed by culture. The cultural differences hypothesis 

suggests that Anglo students would be more likely to have a 

linear representation ( e.g. arranging objects that differ in 

a "line" mentally) whereas Hispanic and Native American 

students would have a nonlinear {pivot) organization. 

The results indicated that Hispanic children solved 

questions better if they appeared in a pivotal format, 

whereas, Native American and Anglo children performed better 

if the stimuli were presented in a linear method. With grade 

level, Hispanic children shifted to the linear format and 

Anglo and Native American children improved upon the pivot 

presentation. This suggests that there may be differences in 

mental representations of objects for Hispanic children that 

is influenced by acculturation. 
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CHAPTER 1 

INTRODUCTION 

Cultural Differences in Memory and Logical Reasoning 

The Development of Transitivity 

Transitive inference is one of the paradigms used to 

study cognitive development and was first used by Binet. A 

standard transitivity problem is in the form A<B and B<C 

where A, B, C stand for objects that differ in magnitude. 

The relationship between A and C is the transitive inference 

that can be concluded from the given premises. There are 

three distinct stages in the development of the transitivity 

paradigm. Stage I begins with Piaget's idea that transitive 

inferences are logical reasoning problems that can be deduced 

by understanding the logical relationship between the 

premises. Stage II is characterized by the information 

processing view that memory for relationships between 

adjacent terms is necessary to make correct deductions. 

Fuzzy-trace theory was advanced in stage III and was 

designed to account for inconsistent data that was produced 

by the logic and memory positions. Fuzzy-trace theory 

assumes that reasoners rely on global patterns, or gist. 



7 

CHAPTER 2 

REVIEW OF THE LITERATURE 

Transitive Inference Research 

Stage I: Piaget, Transitivity As Logic 

The basic research paradigm of transitivity that is well 

known today among cognitive developmental researchers was 

first introduced by Piaget. Piaget believed that logical 

reasoning was essential in deducing a relationship between A 

and C provided that the relationship between A and B and B 

and C was given (Reyna & Brainerd, 1990). Logic, according 

to Piaget, means that operations do not generate 

contradictions {Bjorklund, 1989). A deduction can be 

successfully completed by children ages 7 or 8 according to 

Piaget, once children have moved from preoperational to 

concrete operational thinking. When children attain 

operational thought, concepts such as "bigger than" become 

relational. The pivot term B can be both "bigger than" ana 

"smaller than" at the same time (e.g. A<B and B>C) (Reyna & 

Brainerd, 1990). This relationship is important in 

understanding transitivity because it is the ability to look 

at the pivot term and make a deduction based upon its 

relationships. Reversibility of thought occurs in Stage 3 of 

the concrete operational period when a child considers both 

dimensions at once. 

Piaget theorized that once the child's mental actions 

involving relational comparisons of the form A>B are 
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organized into a reversible mental structure, such that 

A>B is recognized as entailing B<A, this reversibility 

should enable the child mentally to construct a seriated 

array-that is, A>B>C>D-as well as to derive additional 

order relations from those given. For example, given 

A>B and B>C, the child should be able to make the 

inference A>C (Kuhn, 1988) . 

In 1959, Braine undertook some research to challenge 

Piaget by claiming that performance failures were due to 

false negative errors. In order to test his idea, he 

developed an overlearning paradigm. Braine trained children 

to remember the relationship of terms (e.g., A<B, B<C) before 

testing. His results indicated that children were able to 

answer transitivity problems two years earlier than was 

originally thought. 

In 1963, Smedslund challenged Braine by postulating that 

the results were obtained because the children had 

overlearned labels during the training phase. For example, 

if children were being trained that A>B and 3>C, and 

consequently asked which was longer, A or C, the child would 

simply have to remember the label "long" as associated with 

A. Smedslund studied the absolute labeling phenomena by 

avoiding the invariable association of the end anchors, A and 

C by presenting the relationship as follows: A=B, B<C. In 

this example, the label of short and long is not associated 

with the end anchors A and C. iReyna & Brainerd, 199 0) and 
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used the original visual illusions encountered in Piaget's 

work. Smeaslund's findings indicated lower levels of 

performance than those observed by Piaget. 

Stage 2: Information Processing, Transitivity as Memory 

Later studies challenged Piaget1s work on transitivity 

by questioning memory for the premises in order to make 

correct inferences. Bryant and Trabasso (1971) suggested 

that the relations, A>B and B>C, must first be encoded by the 

subject. If the child failed to successfully encode these 

relations, then it would be very difficult to make the proper 

inferences. Byrant and Trabasso introduced the "training 

studies" in the 1960s and 1970s in which they would train 

children on the premises and found that preoperational 

children could solve transitive inference problems much 

earlier than Piaget had reported (Bryant & Trabasso,1971). 

In trying to explain why children have difficulty 

remembering the paired associations, Halford (1990) suggested 

that there are three essential factors: understanding the 

basic logic, choices among alternative strategies and 

information processing capacity. Children also use several 

strategies for solving transitive-inference problems other 

than forming integrated linear representations. One 

alternative is to simply assume that if information 

concerning the relative sizes of two entities is 

inconclusive, the more recently mentioned object is larger 

(Halfcrd, 1984). This strategy reduces the amount of 
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information that needs to be processed, however, children may-

guess incorrectly. In reference to the Bryant and Trabasso 

(1971) task which showed preschoolers five sticks varying in 

length and of different color, a child could remember that a 

given stick was longer than others, by simply focusing on the 

gist of the premises, not on their details (Brainerd & Reyna, 

1990) . 

Stage 3: Fuzzy Trace Theory, Transitivity Independent of 

Memory 

The necessity hypothesis is the idea that retention of 

background facts will be connected with the solving of 

transitive inference problems. In 1984, Brainerd and Kingma 

concluded that the evidence presented did not support the 

necessity hypothesis because, 1) correlations do not imply 

causation and 2) there is not any dependency between 

transitivity and premise memory just because responders have 

excellent premise memory (Reyna & Brainerd, 1990) . Brainerd 

and Kingma reanalyzed other studies (Halford £ Galloway, 

1977; Kingma, 1981; Russell, 1981) and found that 

transitivity and premise memory performance were 

stochastically independent. In addition to the Brainerd and 

King~a studies, Chapman and Lindenberger (1988) conducted a 

study in which the analysis showed that there was 

independence between premise memory and transitivity 

performance. 



11 

Fuzzy-trace theory was developed help explain the 

interaction between memory and reasoning. Brainerd and Reyna 

(1990) characterize fuzzy-trace theory "...as intuitive in 

the sense used in the foundations of mathematics and assigns 

gist extraction a central role" (p.15). According to fuzzy-

trace theory, people encode information along a fuzzy-to-

verbatim continuum. Due to the reasoning-remembering 

independence effect, fuzzy-trace theory formed an alternative 

view of transitivity. Under fuzzy-trace theory, children are 

using their gist memory rather than relying on verbatim 

detail of the premises to form deductions. Gist refers to a 

general pattern that is stored in memory. 

The Study of Cultural Differences in Cognition 

The study of cultural differences in thought has been 

embarked on by scholars in fields such as anthropology, 

sociology, philosophy, psychology and linguistics. Each of 

these areas has made a contribution to the study of cultural 

differences in cognition. According to Cole (1974), Herbert 

Spencer an English scientist, was the first influential 

researcher to relate mental processes to cultural 

determinants. Spencer was strongly influenced by Charles 

Darwin's ideas of natural selection and survival of the 

fittest. He devoted his life to the study of synthetic 

philosophy and believed that one should study the elementary 

laws of matter and motion in order to gain a deeper 

understanding of the phenomena under study. Shortly after 
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the emergence of Darwin's theory, Spencer wanted to apply 

evolutionary mechanisms to psychological processes. He 

related the ideas of natural selection and survival of the 

fittest by stating that the people who acquired the higher 

physical and mental traits were most likely to advance in 

society. More developed societies would provide more 

opportunities to further promote higher physical and mental 

traits. Spencer not only attributed lower mental traits to 

"inferior" races but to lower socioeconomic classes within 

the industrialized nations, who he presumed, had taken their 

place in society by natural selection (Spencer, 1862) . At 

the beginning of the 2 0th century, the focus moved from the 

evolutionary basis of intellectual traits to the study of how 

these traits are transmitted via society. 

At the turn of the century, researchers like Durkheim, 

Levv-Bruhl and Comte were turning rheir attention to social 

collectivity as a means to study behavior. Levy-Bruhl, for 

example, believed that the best way to study cognition was 

to study the culture of which the individual was a part. 

Culture could be summarized as the "collective 

representations," which regulate the thought processes of the 

individuals in that group (Levy-Bruhl, 1910). Franz Boas, 

criticized Levy-Bruhl in two areas: the ethnographic reports 

that Levy-Bruhl used, and drawing inferences about cognition 

from traditional beliefs and customs. Boas believed that 

"functions of the human mind are common to the whole of 
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humanity" (Boas, 1965). Boas, like other anthropologists 

would agree that differences exist in culture (belief 

systems) but not in logical process. Although there v/ere 

other critiques of Levy-Bruhl's work, what is important is 

that he helped set the tone for the next phase of research. 

Heinz Werner (1957) presented the first approach to the 

study of culture and cognition using a developmental 

approach. He was influenced by the ontogenetic principle 

which states that whenever development occurs, it proceeds 

from a state of lack of differentiation to increasing 

differentiation. A problem with this approach noted by 

Michael Cole and Sylvia Scribner (1974), is that Werner 

describes developmental levels of organization but suggests 

no mechanisms by which development proceeds from one level to 

another. 

Jerome Bruner (1966) was one of the pioneers in the 

study of cognitive growth and culture in that he was the 

first to attempt to develop a theory linking particular 

aspects of culture to cognitive growth. He claimed that 

"[intelligence] is to a great extent the internalization of 

tools provided by a given culture, including not only 

technological hardware but symbolic systems as well" (Cole, 

1974). He pointed out that cultures may differ in the tools 

that they use, however the tools are used for transmission of 

knowledge. According to Bruner, Western schools emphasize 

certain structures that separate learning in the classroom 
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from practical, everyday experience. Perhaps the one factor 

that sets Bruner apart from previous scholars who attempted 

to study culture and cognition was that he was the first to 

gather data from psychological experimentation instead of 

relying on other models of research. 

There have been other people who have been interested in 

the study of culture and cognition, such as Claude Levi-

Strauss, an anthropologist who basically believed that there 

were no differences in how the mind works from one culture to 

another or from one historical epoch to another. In 

linguistics, Noam Chomsky was an influential writer who wrote 

that grammar has a profound implication for cross-cultural 

psychology. Within the area of psychology, perhaps one of 

the researchers that has generated the most literature in the 

area of intellectual development is the work of Jean Piaget. 

His emphasis on the interaction between the individual and 

the environment and how this influences the development of 

logical structures that aid in cognition is one of Piaget's 

most profound contributions to psychology. Cole (1974) 

states that the principal role Piaget assigned to culture was 

that of accelerating or retarding the developmental process 

that is, introducing variations in the ages at v/hich 

successive logical stages make their appearance. Such 

variations come about because cultures differ in the specific 

ways they handle the tasks of cultural and educational 

transmission and in the patterns of social interactions they 
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provide (Cole, 1974). Piaget (1966) suggests that these 

variations may be due to general characteristics of social 

interactions or to deficiencies in educational transmission. 

Since Piaget's time, Soviet psychologists have been working 

to synthesize approaches to cultural cognition using 

universals as well as differences. 

L.S. Vygotsky is perhaps the most prominent Soviet 

psychologist who has developed an approach to cultural 

cognition that emphasizes the social-historical context. 

This approach is strongly influenced by Marx's thesis that 

states: 

The way in which men produce their means of subsistence 

depends first of all on the nature of the actual means 

of subsistence they find in existence and have to 

reproduce. This mode of production must not be 

considered simply as being the production of the 

physical existence of these individuals. Rather it is a 

definite form of activity of these individuals, a 

definite form of expressing their life, a definite mode 

of life on their part. As individuals express their 

life, so they are (Marx & Engels, 1846). 

This idea, adopted by Vygotsky, emphasizes that man has no 

fixed nature but is continually making himself, and thus 

evolving. 

In tracing the historical foundations of research in 

cross cultural cognition, one finds that there is a lack of 



empirical data that directly tests hypotheses. Perhaps this 

has been influenced by the political climate of the time and 

has been seen as a subject that should be avoided. However, 

we need a deeper understanding of how culture may influence 

cognitive development. There has been some work in this 

area, however, very little has focused on empirical 

frameworks. For example, Tharp (1989) states, "there are 

sharp differences in school achievement by members of 

different cultures... at least: four classes of variables-

social organization, sociolinguistics, cognition and 

motivation-vary by culture in ways that are differentially 

compatible with the exceptions and routines of schools", 

however, there was no data gathering to form this conclusion 

Tharp (1984) emphasizes that there are instructional 

practices in our schools that emphasize verbal/analytic 

rather than visual/wholistic and that "minority cultures 

whose members have cognitive functioning congruent with that 

expected by the school may be expected to succeed in 

school..." The cultural compatibility hypothesis (Deyhle, 

1983; Vogt, Jordan & Tharp, 1987) is suggesting that if the 

school instruction is complementary to the natal-culture of 

child than there will be improvements in learning. 

John-Steiner and Osterreich (1975) as well as McCarty 

(1994) have shown that when culturally compatible texts are 

used, Native American children tend to do better in text-

dominated courses. In addition, Native Americans tend to 
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score higher in performance and spatial skills than in verbal 

abilities and sequencing skills (Browne, 1984? Gallimore et 

al., 1982; Kaulback, 1984; McShane & Plas, 1982). Schools in 

the United States tend to emphasize verbal and sequencing 

skills. According to Cazden and Legett: 

cognitive style'1 is a loose construct that refers to 

such diverse variables as representational structures, 

sensory modality strengths, attributional probabilities 

and implicit judgments of virtue, often bundled together 

without regard to any theoretical justification (Cazden 

& Legett, 1981). 

Based on theories of cultural differences in cognition 

(Witkin, 1967; for reviews see Berry, 1976; Jordon et al., 

1985; Kaulback, 1984; More, 1985) it has been claimed that 

there is a difference between cultures. It has been claimed 

that Anglos think linearly, and non-Anglos, especially 

members from minority populations in the U.S. (i.e. Native 

Americans), think nonlinearly. One area linear 

representations have been studied is transitive inference 

(Trabasso, 1977). Based upon this model, it makes sense to 

compare linear versus pivot representations in children from 

different ethnic backgrounds. If differences exist, it is 

expected that Anglos will perform better on the linear 

representations and non-Anglos will perform better on the 

pivot representations and that linear representations would 

increase with schooling (i.e. acculturation). 
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CHAPTER 3 

METHOD 

Sub-iects. There were 52 males and 4 9 females in the 

study. The children v/ere in first (48 students) or second 

(53) grade. The students were of Native American (12 

students),Hispanic (55 students) or Anglo (34 students) 

descent. There was a total of 101 participants. 

Stimuli. Eight stimulus sets, each consisting of three 

stimuli were used that could be ordered along a linear 

dimension (e.g. in time). The eight sets were divided into 

two subsets: perceptual and conceptual. The perceptual 

subset which varied along a perceptual dimension, consisted 

of four dimensions: cookies, snakes, strawberries and cows. 

Gap size of the cookies was manipulated by removing part of 

the circumference of a clay cookie. When presented, the 

cards were oriented so that the gap always appeared at the 

top of the circle. Clay snakes were used to manipulate 

length by varying the measurement of each snake. Imitation 

strawberries were used to manipulate number and were glued 

onto cards representing 2, 3 and 4 strawberries. Color 

intensity was manipulated by painting three wooden cows with 

different shades of green. 

The conceptual subset consisted of four dimensions: 

parts of a body, letters of the alphabet, men varying in age 

and a story. A picture of a woman was obtained from a 

magazine and then cut into three parts representing the head, 
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middle torso and thighs. The letters B, C and D were used as 

the alphabetic stimuli and were made of clay and painted 

black. Pictures of a young boy, a young man and an old man 

were cut out of a coloring book to represent age. The 

pictures were of approximately the same size. Three parts of 

a story depicting the making of a cake were cut out from a 

story book. 

Each stimulus set was glued onto a card that was 7" X 

13". The cards were one of three colors; red, yellow or 

blue. The stimuli sets were randomly assigned to a color so 

that there would be an equal amount of red, blue and yellow 

cards appearing first, second and third during the testing 

phase. Small replicas of the red, blue and yellow cards as 

well as the dimensions (e.g. gap size and alphabet) were 

constructed and glued onto jumbo craft sticks. A seriation 

log was made from two styrofoam boards "hat were glued 

together to construct a 4" X 24" ordering metric. The front 

part of the foam board (the part facing the child), was 

covered with red paper to disguise the foam board. The 

seriation log was used for ordering the replicas along a 

specific continuum (e.g. length). 

Design. There were two methods of presentation, linear 

and pivotal. The linear representation presented the stimuli 

sets in the form (A>B>C), whereas the pivotal representation 

presented the sets in the form (B<A, B>C). The three 

cultural groups that were being observed were of Hispanic, 
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Anglo or Native American descent. There were five question 

types; memory1, memory2, middle, inference and seriation. 

The memory questions asked about the relationship between A?B 

or B?C. The middle question referred to the middle object, 

i.e., the relation of the middle object B to A and C. The 

inference question examined the relationship between the end 

anchors [A?C]. The seriation question consisted of putting 

replicas of the red, blue and yellow cards in order along a 

continuum. For example, if the continuum was number 

(strawberries), the subject would be asked to order the card 

replicas (red, blue and yellow cards) in a specific order 

(e.g. most to least strawberries). 

There were two schedules developed for the linear and 

pivotal representations. If the middle question came first, 

then the schedule was named M-Group because the order of the 

questions were: middle, memory1, inference, memory2, 

seriation. However, if the middle question came after the 

memory2 question, it was named L-Group because the order in 

this case was: memoryl, inference, memory2, middle and 

seriation. The linear and pivotal representation each had an 

M-Group and an L-Group. Each subject received one of four 

schedules: Pivot M-Group, Pivot L-Group, Linear M-Group or 

Linear L-Group (see Appendix A). 

Procedure. 3efore the child was brought into the 

testing room, the experimenter choose the appropriate coding 



sheet to record the data. Coding sheets varied in color 

(pink, blue, yellow or orange) according to the experimental 

group the subject was assigned to (see Appendix C). Section 

I of the Memory Blast Code Sheet was completed before the 

child entered the testing room. Each child was pretrained 

and tested individually (see Appendix B). The child was told 

that he or she would play a game called "Memory Blast" in 

which the experimenter would present three items and then 

would ask questions of the child based on the items that were 

presented. The child was told that it was important to pay 

attention to what the experimenter was saying and to what was 

being shown (see Appendix B). The child had to successfully 

complete the practice condition before the experimental sets 

were given. The trial condition consisted of the child 

answering questions about a stimulus set of cowboy hats that 

varied in height (see Appendix B). The experimental sets 

consisted of three cards that were different in dimension 

(e.g., gap size). Only one dimension was presented at a time 

followed by questions from a specific schedule for that 

dimension. The experimenter and the child sat at a table in 

a quiet room designated by the school principal. The 

seriation log, which was used to place the replicas in order 

of dimension, was put in front of the child. The stimuli 

were presented twice from the child's left to right in front 

of the seriation log, and then removed from the child's view. 



The experimenter then asked the child questions based upon 

the experimental group that the child was assigned (Pivot-L, 

Pivot-M, Linear-L or Linear-M). 

Positive verbal feedback was always given during the 

experimental phase. The child was constantly told "Good!" 

"Good job!" "You're doing very well!" Once the experimental 

phase was complete, the child was asked if they would like to 

play a game of tic-tac-toe. The following questions were 

then asked of the child (see Appendix C): 

1. Did you have any trouble understanding any of the 

words that I used? Did you have any trouble with the 

questions that I asked you? 

2. Do you have any trouble telling the difference 

between colors? 

3. Do you speak any other languages besides English? 

(If so) What language do you speak? Do you speak more 

(X) than English or more English than (X)? 

4. What is your favorite color? 

The child was reminded that their performance was 

remarkable and that the experimenter was proud of them. 

They were then allowed to choose a "treasure" out of the 

treasure box provided by the experimenter. The treasure 

chest contained various stickers. The children were not 

allowed to walk to the classroom by themselves. The 

experimenter escorted the child to their class and asked the 

next child to come with the experimenter to be tested. While 
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the experimenter was walking with the next child to the 

testing room, they engaged in conversation to make the child 

feel more comfortable. 
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CHAPTER 4 

RESULTS 

Analyses of variance were conducted on the subjects 

answers to the 5 question types (memoryl, memory2, middle, 

inference and seriation) which were analyzed separately 

according to dimension (4 perceptual questions or 4 

conceptual questions). The between subjects factors were, 

grade, ethnicity, pi (pivot presentation or linear 

presentation) and midd (whether the middle question came 

first or last in the questionnaire schedule). 

Memoryl Question. Perceptual Dimension 

The interaction between ethnicity and whether the 

questionnaire was pivot or linear was significant for the 

perceptual memoryl question F(2,78)=4.61, pc.Ol. The Hispanic 

children did better on the memoryl question if it was 

presented in the pivot presentation compared to the linear 

presentation. Native American children did better on the 

memoryl question when it was presented linearly and Anglo 

children did about the same (see Table 1). There was also a 

marginally significant interaction between grade and pi, 

F (1,78)=3.76, p<.06. First graders did better on the pivot 

presentation and second graders did about the same on the 

linear presentation (see Table 2). 

Memorv2 Question. Perceptual Dimension 

There was a significant main effect of pi, 

F (1,78)=13.69, p<.001. The results indicate that students 
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tended to do better on the linear presentation (see Table 3). 

This difference applies only to Anglos as the next table 

makes clear. Hispanics do better than Anglos in the Pivot 

condition. There was also a marginally significant 

interaction between ethnicity and pi, F{2,78)=2.85, p<.06. 

Hispanic and Native American children performed about the 

same on the memory2 question in the linear presentation and 

Anglo children always did considerably better on the linear 

presentation (see Table 4). 

The three-way interaction between ethnicity, grade and 

pi was significant, F(2,78)=3.07, p<.05. Anglo children 

performed better in the linear condition in both first and 

second grade, whereas Hispanic children performed about 

equally well in the pivot and linear conditions in first 

grade, but performed better in the linear condition in second 

grade. Native Americans performed better in the linear 

condition in the first grade, and equally well in the two 

conditions in the second grade. (See Table 5.) 

Memorv2. Conceptual Dimension 

There was a significant interaction between grade and pi 

F(1,78)=4.38, p<.05. First graders did better on the linear 

presentation for the memory2 question, and second graders 

improved in the pivot presentation, doing equally well in 

both conditions (see Table 6). 
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Middle Question. Perceptual Dimension 

There was a marginally significant main effect for midd 

(whether the middle question came first or fourth) 

F (1,78)=3.66, p<.06. Children did better on the middle 

question if it appeared first when compared to being 

presented fourth in the schedule of questions (see Table 7). 

Seriation Question, Perceptual 

There was a significant main effect of grade for the 

seriation question, F(l,78)=4.4, p<.05. Second graders 

performed better on the seriation question when compared to 

first graders (see Table 8). There was a significant 

interaction between ethnicity and grade F(2,78)=4.04, p<.05. 

Native American and Anglo children did better on the 

seriation question with grade level (see Table 9) while 

Hispanic children did about the same on the seriation 

question in the first grade when compared to the second 

grade. 

Inference Question. Perceptual 

There was a marginally significant interaction between 

grade and pi, F(1,78)=3.54, p<.06. First graders answered 

the inference question better if it was presented in a pivot 

format. However, second graders did better on the inference 

question if it was presented in a linear format (see Table 

10). There was a significant four-way interaction between 

ethnicity, grade, pi and midd F(1,78)=10.37, p<,001 (see 
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Tables 11 and 12). When the middle question is presented 

early, children generally do better on the pivot, but when 

middle question is presented later, Anglos do better on 

linear and Hispanics do better on pivot, especially in second 

grade. Native Americans are about the same if the middle 

question appears first and tend to do better on the pivot 

presentation if the middle question is presented later. 

However, the results for Native American students must be 

interpreted with caution because the number of students in 

each cell were small. Comparing performance across the 

different types of questions, it is apparent that the 

children performed somewhat above chance for the memory, 

seriation and inference questions and decidedly above chance 

for the middle question (chance equals 1/2 for the memory and 

inference questions, 1/3 for the middle question and 1/6 for 

the seriation question). 
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CHAPTER 5 

DISCUSSION 

Bryant arid Trabasso (1971) claim that making a 

transitive inference is dependent upon memory for the 

premises. This study required that students remember the 

premises in order to answer the questions. However, the 

results do not support the necessity hypothesis which 

presumes that memory is essential for transitive reasoning. 

Children were able to solve the transitive inference 

questions even though they failed to answer the memory 

question, which is consistent with the reasoning-remembering 

independence effect (Reyna & Brainerd, 1990). There was a 

developmental difference in performance in the linear 

presentation when compared to the pivot presentation. 

Hispanic children, did better overall in the pivot condition 

in first grade, however when they were in second grade, they 

did better in the linear presentation. This could be 

attributed to acculturation in the school environment in 

which the method of teaching focuses on the linear model. 

Anglo students did better on average in the linear 

presentation and improved on the pivot presentation v/ith 

grade level. 

There were two dimensions in question type: conceptual 

and perceptual. Conceptual items consisted of body parts, 

parts of a story, letters of the alphabet and age. Previous 

memory for these items could be used to facilitate answers to 
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the questions. Consistent with Rabinowitz and Howe (1994), 

the conceptual dimensions were handled somewhat better than 

the perceptual dimensions. In the perceptual dimension, 

previous memory could not be utilized. Items such as clay 

cookies, snakes, strawberries and cows were used to represent 

length, color , number and area. The students had to pay 

close attention to the items that were being presented and 

fix those items in their mind. VJhen comparing the pivot 

versus the linear conditions for the perceptual dimension, it 

is apparent that Hispanic children had an easier time 

answering questions if they were presented in a pivotal 

format. Native American and Anglo children did better if the 

format was linear. The Native American children in this 

study were highly acculturated (i.e. they did not live on the 

reservation or speak another language other than English}. 

In general, first graders also performed better in the pivot 

condition and second graders did better in the linear 

condition. This could also be attributed to schooling in 

which a linear structure is being emphasized in the 

classroom. 

Rabinowitz and Howe (1994) claim that emphasis on 

"relational aspects of dimensions that can be abstracted from 

perceptual context will gradually create a flexible cognitive 

system that includes both absolute and relational categories" 

(pg. 444). If this is true, anything that emphasizes 

relations, should improve performance on the middle question. 
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such as receiving the inference question before the middle 

question. However, the children in this study did not 

perform better on the middle question if the inference 

question was presented before, thus suggesting that 

emphasizing relations does not necessarily help you solve 

transitive inferences. Finally, consistent with Rabinowitz 

and Howe (1994) "an understanding of this ordering metric 

[A<B<C] would seem essential to performance on standard 

cognitive development tasks such as seriation and transitive 

inference, and may serve as a basis for several forms of 

quantitative thinking", (pp. 419) there was a developmental 

difference in seriation performance. 

In summary, this study suggests that the mental 

representations of culturally different groups differs along 

the lines suggested by various scholars. Specifically, 

minority students (e.g., Hispanic) appear to represent 

information non-linearly, whereas members of the dominant 

culture (e.g., Anglos) represent the same information 

linearly. V.'ith schooling, Hispanic students tend to adopt 

the linear representation of the dominant culture. 



Table 1 

Mean of Memorvl Question. Perceptual Dimension 

Dimension 

Ethnicity Pivot Linear 

Native American 1.50 2.33 

Hispanic 2.53 1.84 

Anglo 2.00 2.36 

Table 2 

Mean of Memorvl Question. Perceptual Dimension 

Dimension 

Grade Pivot Linear 

First 
Second 

2 . 50 
2  .  0 0  

1 . 78 
2.35 



Table 3 
Mean of Memory2 Question, Perceptual Dimension 

Dimension 
Pivot Linear 

1.83 2.58 

Table 4 
Mean of Memorv2 Question, Perceptual Dimension 

Dimension 

Ethnicity Pivot Linear 

Native American 2.33 2.66 

Hispanic 2.00 2.48 

Anglo 1.45 2.71 



33 

Table 5 

Mean of Memorv2 Question. Perceptual Dimension 

Dimens ion 

Grade Ethnicity Pivot Linear 
First 

Native American 1.00 3.00 

Hispanic 2.20 2.39 

Anglo 1.10 2.86 

Second 

Native American 2.60 2.50 

Hispanic 1.80 2.58 

Anglo 1.80 2.57 



Table 6 

Mean of Memorv2 Question, Conceptual Dimension 

Dimension 

Grade Pivot Linear 

First 1.81 2.32 

Second 2.46 2.26 

Table 7 
Mean of Middle Question Perceptual Dimension 

Middle Question 

Midd First Midd Second 

1.64 1.29 

Table 8 
Mean of Seriation Question. Perceptual Dimension 

Grade 

First Second 

.711 1.25 



Table 9 

Mean of Seriation Question. Perceptual Dimension 

Grade 

Ethnicity First Second 
Native American 0.33 1.44 

Hispanic 1.21 1.00 

Anglo 0.58 1.29 
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Table 10 

Mean of Inference Question, Perceptual Dimension 

Dimension 

Grade Pivot Linear 

First 2.85 2.14 

Second 2.53 2.83 

Table 11 

Mean of Inference Question, Perceptual Dimension, Middle 
Question presented first 

Dimension 

Grade Ethnic i tv Pivot Linear 
First 

Native American 0* 2.00 

Hispanic 1.56 2.17 

Anglo 2.00 1.75 

Second 

Native American 2.00 2.00 

Hispanic 2.78 2.00 

Anglo 2.00 1.00 

"There '.-.as not a student in this cell. 
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Table 12 

Mean of Inference Question, Perceptual Dimension. Middle 
Question presented second 

Dimension 

Grade Ethnicity Pivot Linear 
First 

Native American 3.00 1.00 

Hispanic 2.83 1.71 

Anglo 2.2 5 2.00 

Second 

Native American 3.33 1.00 

Hispanic 2.33 1.57 

Anglo 1.63 2.50 
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Appendix A 

Schedules given to children 

Linear: L SCHEDULE 
Sample Questions 

A. Cookie (perceptual) 
yellowcredcblue 

I am going to show you three cookies. They are all different in the amount that 
has been eaten. 
The bite on the blue card is smaller than the bite on the red card. 
The bite on the red card is smaller than the bite on the yellow card. 

B. 

Memory: Where was the bigger, bite, on the red card or the yellow card? 
Inference: Where was the bigger bite, on the blue card or the yellow card? 
Memory: Where was the bigger bite, on the red card or the blue card? 
Middle: Where was the middle sized bite, on the yellow card, the blue card or the 

red card? 
Seriation: Pretend that these are the three cookies that I showed you. Put them in 

order from biggest to smallest bite. [Remember, the biggest bite goes 
here (child's left) and the smallest bite goes here (child's right)]. 

Snake (perceptual) 
blue<yellow<red 

I am going to show you three pretend snakes. They are different in length. 
The snake on the blue card is shorter than the snake on the yellow 
card. 
The snake on the yellow card is shorter than the snake on the red 
card. 

Memory: Where was the longer snake, on the yellow card or the blue card? 
Inference: Where was the longer snake, on the red card or the blue card? 
Memory: Where was the longer snake, on the yellow card or the red one? 
Middle: Where was the middle sized snake, on the yellow card, the blue card or 

the red card? 
Seriation: Pretend that these are the snakes that you saw. Put them in order from 

shortest to longest. [Remember, the shortest goes here {child's left) and 
the longest goes here (child's right)]. 

C. Strawberries (perceptual) 
red<blue<yel!ow 

I am going to show you some cards with strawberries on them. The number of 
strawberries is different. 
The red card has fewer strawberries than the blue card. 
The blue card has fewer strawberries than the yellow card. 

Memory: Which card had the most strawberries, the yellow card or the blue card? 
Inference: Which card had the most strawberries, the yellow card or the red card? 
Memory: Which card had the most strawberries, the blue card or the red card? 
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Middle: Which card had the middle number of strawberries, the red card, the 
yellow card or the blue card? 

Seriation: Pretend that these are the cards I showed you. Put them in order from 
most strawberries to least. [Remember, the most goes here (child's left) 
and the least goes here (child's right)]. 

EL Color (perceptual) 
yel!ow<red<blue 

I am going to show you some cows. They are all different in shades of green 
The cow on the yellow card is lighter than the cow on the red card. 
The cow on the red card, is lighter than the cow on the blue card. 

Memory: Which cow was darker, the one on the red card or the one on the blue 
card? 

Inference: Which cow was darker, the one on the blue card or the one on the yellow 
card? 

Memory: Which cow was darker, the one on the red card or the one on the yellow 
card? 

Middle: Which card had the middle shaded cow, the red card, the blue card or the 
yellow card? 

Seriation: Pretend these are the cows that I showed you. Put them in order from 
lightest to darkest. [Remember, the lightest cow goes here (child's left) 
and the darkest cow goes here (child's right)]. 

E. Body parts (conceptual! 
blue<yellow<red 

I am going to show you three cards with different parts of the body. Pay special 
attention to the color of the card that the part is on. 
The part on the yellow card is below the part on the blue card. 
The part on the blue card is below the part on the red card. 

Memory: Which part of the body was on top, the part on the yellow card or the blue 
card? 

Inference: Which part of the body was on top, the part on the red card or the blue 
card? 

Memory: Which part of the body was on top, the part on the yellow card or the red 
card? 

Middle: Where was the middle part of the body, on the red card, the blue card or 
the yellow card? 

Seriation: Pretend that these are the cards with the parts of the body on them. Put 
them in order from the top to the bottom. [Remember, the top goes here 
(child's left) and the bottom goes here {child's right)]. 

F . Alphabet (conceptual) 
blue<red<yellow 

I am going to show you cards with letters that are in the alphabet. 
The letter on the blue card comes after the letter on the red card in 
the alphabet. 
The letter on the red card comes after the letter on the yellow card 
in the alphabet. 
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Memory: Where was the letter that came first in the alphabet, on the red card or the 
blue 
card? 

Inference: Where was the letter that came first in the alphabet, on the yellow 
card or the blue card? 

Memory: Where was the letter that came first in the alphabet, on the red 
card or the yellow card? 

Middle: Where was the letter that came in the middle of the alphabet, on the red 
card, the blue card or the yellow card? 

Seriation: Pretend that these are the cards with the letters of the alphabet. Put 
them in order from the color of the card that came last in the alphabet to 
the color that came first. [Remember, the last letter goes here (child's left) 
and the first letter goes here (child's right)]. 

G. Age (conceptual) 
blue<red<yellow 

I am going to show you three cards with people of different ages. 
The person on the blue card is older than the person on the red 
card. 
The person on the red card is older than the person on the yellow 
card. 

Memory: Where was the vounaer person, on the red card or the blue card? 
Inference: Where was the younger person, on the yellow card or the blue card? 
Memory: Where was the vounaer person, on the red card or the yellow card? 
Middle: Where was the middle aoed person, on the blue card, the yellow card or 

the red card? 
Seriation: Pretend that these are the cards with the people I just showed you. Put 

them in order from oldest to youngest. [Remember, the oldest goes 
here (child's left) and the youngest goes here (child's right)]. 

H. Storv fconceptuah 
blue<red<yellow 

I am going to show you three cards with different parts of a story. 
The part on the blue card comes later than the part on the red card. 
The part on the red card comes later than the part on the yellow 
card. 

Memory: 

Inference: 

Which part came firsi in the story, the part on the red card or the part on 
the yellow card? 
Which part came fiisi in the story, the part on the blue card or the 
part on the red card? 

Memory: Which part came first in the story, the part on the blue card or the part on 
the red card? 

Middle: Where was the middle part of the story, on the yellow card, the red card or 
the blue card? 

Seriation: Pretend that these are the cards with the parts of the story. Put them in 
order from the color of the card that came last in the story to the color that 
came first. [Remember, the last part goes here (child's left) and the first 
one goes here {child's right)]. 
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Linear: M SCHEDULE 
Sample Questions 

A. Cookie (perceptual) 
blue<red<yellow 

I am going to show you three cookies. They are all different in the amount that 
has been eaten. 

blue card is smaller than the bite on the red card. The 
The 

bite on the 
bite on the 

Middle: 

Memory: 
Inference: 
Memory: 
Seriation: 

red card is smaller than the bite on the yellow card. 

Where was the middle sized bite, on the yellow card, the blue card or the 
red card? 
Where was the bigger, bite, on the red card or the yellow card? 
Where was the bigger bite, on the blue card or the yellow card? 
Where was the bigger bite, on the red card or the blue card? 
Pretend that these are the three cookies that I showed you. Put them in 
order from biggest to smallest bite. [Remember, the biggest bite goes 
here (child's left) and the smallest bite goes here (child's right)]. 

B. Snake (perceptual) 
blue<ye!low<red 

I am going to show you three pretend snakes. They are different in length. 
The snake on the blue card is shorter than the snake on the yellow 
card. 
The snake on the yellow card is shorter than the snake on the red 
card. 

Middle: Where was the middle sized snake, on the yellow card, the blue card or 
the red card? 

Memory: Where was the longer snake, on the yellow card or the blue card? 
Inference: Where was the longer snake, on the red card or the blue card? 
Memory: Where was the longer snake, on the yellow card or the red one? 
Seriation: Pretend that these are the snakes that you saw. Put them in order from 

shortest to longest. [Remember, the shortest goes here (child's left) and 
the longest goes here (child's right)]. 

C. Strawberries (perceptual) 
red<blue<yellow 

I am going to show you some cards with strawberries on them. The number of 
strawberries is different. 
The red card has fewer strawberries than the blue card. 
The blue card has fewer strawberries than the yellow card. 

Middle: Which card had the middle number of strawberries, the red card, the 
yellow card or the blue card? 

Memory: Which card had the most strawberries, the yellow card or the blue card? 
Inference: Which card had the most strawberries, the yellow card or the red card? 
Memory: Which card had the most strawberries, the blue card or the red card? 
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Seriation: Pretend that these are the cards I showed you. Put them in order from 
most strawberries to least. [Remember, the most goes here (child's left) 
and the least goes here (child's right)]. 

D. Color (perceptual^ 
yellowcredcblue 

/ am going to show you some cows. They are all different in shades of blue. 
The cow on the yellow card is lighter than the cow on the red card. 
The cow on the red card, is lighter than the cow on the blue card. 

Middle: Which card had the middle shaded cow, the red card, the blue card or the 
yellow card? 

Memory: Which cow was darker, the one on the red card or the one on the blue 
card? 

Inference: Which cow was darker, the one on the blue card or the one on the yellow 
card? 

Memory: Which cow was darker, the one on the red card or the one on the yellow 
card? 

Seriation: Pretend these are the cows that I showed you. Put them in order from 
lightest to darkest. [Remember, the lightest cow goes here (child's left) 
and the darkest cow goes here (child's right)]. 

E. Body parts (conceptual^ 
blue<yellow<red 

I am going to show you three cards with different parts of the body. Pay special 
attention to the color of the card that the part is on. 
The part on the yellow card is below the part on the blue card. 
The part on the blue card is below the part on the red card. 

Middle: Where was the middle part of the body, on the red card, the blue card or 
the yellow card? 

Memory: Which part of the body was on top, the part on the yellow card or the blue 
card? 

Inference: Which part of the body was on too, the part on the red card or the blue 
card? 

Memory: Which part of the body was on top, the part on the yellow card or the red 
card? 

Seriation: Pretend that these are the cards with the parts of the body on them. Put 
them in order from the top to bottom. [Remember, the top goes here 
(child's lett) and the bottom goes here (child's right)]. 

Fj Alphabet (conceptual) 
blue<red<yellow 

I am going to show you cards with letters that are in the alphabet. 
The letter on the blue card comes after the letter on the red card in 
the alphabet. 
The letter on the blue card comes after the letter on the yellow card 
in the alphabet. 

Middle: Where was the letter that came in the middle of the alphabet, on the red 
card, the blue card or the yellow card? 
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Memory: Where was the letter that came first in the alphabet, on the red card or the 
blue 
card? 

Inference: Where was the letter that came first in the alphabet, on the yellow 
card or the blue card? 

Memory: Where was the letter that came first in the alphabet, on the red 
card or the yellow card? 

Seriation: Pretend that these are the cards with the letters of the alphabet. Put 
them in order from the color of the card that came last in the alphabet to 
the color that came first. [Remember, the last letter goes here (child's left) 
and the first letter goes here (child's right)]. 

G. Aae (conceptual 
blue<red<yellow 

I am going to show you three cards with people of different ages. 
The person on the blue card is older than the person on the red 
card. 
The person on the red card is older than the person on the yellow 
card. 

Middle: Where was the middle aaed person, on the blue card, the yellow card or 
the red card? 

Memory: Where was the vounaer person, on the red card or the blue card? 
Inference; Where was the vounaer person, on the yellow card or the blue card? 
Memory: Where was the vounaer person, on the red card or the yellow card? 
Seriation: Pretend that these are the cards with the peopfe I just showed you. Put 

them in order from oldest to youngest. [Remember, the oldest goes 
here (child's left) and the youngest goes here (child's right)]. 

H . Story (conceptual^ 
blue<red<yellow 

I am going to show you three cards with different parts of a story. 
The part on the blue card comes later than the part on the red card. 
The part on the red card comes later than the part on the yellow 
card. 

Middle: Where was the middle part of the story, on the yellow card, the red card or 
the blue card? 

Memory: Which part came first in the story, the part on the red card or the part on 
the yellow card? 

Inference: Which part came firs! in the story, the part on the blue card or the 
part on the red card? 

Memory: Which part came first in the story, the part on the blue card or the part on 
the red card? 

Seriation: Pretend that these are the cards with the parts of the story. Put them in 
order from the color of the card that came last in the story to the color that 
came first. [Remember, the last part goes here (child's left) and the first 
one goes here (child's right)]. 
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Pivot: L SCHEDULE 
Sample Questions 

A. Cookie (perceptual) 
yellow>red>blue 

I am going to show you three cookies. They are all different in the amount that 
has been eaten. 
The bite on the red card is smaller than the bite on the yellow card. 
The bite on the red card is bigger than the bite on the blue card. 

Memory: Where was the bigger, bite, on the red card or the blue card? 
Inference: Where was the bigger bite, on the yellow card or the blue card 
Memory: Where was the bigger bite, on the red card or the yellow card? 
Middle: Where was the middle sized bite, on the yellow card, the blue card or the 

red card? 
Seriation: Pretend that these are the three cookies that I showed you. Put them in 

order from biggest to smallest bite. [Remember, the biggest bite goes 
here (child's left) and the smallest bite goes here (child's right)]. 

5. Snake (perceptual) 
red>yellow>blue 

I am going to show you three pretend snakes. They are different in length. 
The snake on the yellow card is shorter than the snake on the red 
card. 
The snake on the yellow card is longer than the snake on the blue 
card. 

Memory: Where was the longer snake, on the yellow card or the blue card? 
Inference: Where was the longer snake, on the red card or the blue card? 
Memory: Where was the longer snake, on the yellow card or the red one? 
Middle: Where was the middle sized snake, on the yellow card, the blue card or 

the red card? 
Seriation: Pretend that these are the snakes that you saw. Put them in order from 

shortest to longest. [Remember, the shortest goes here (child's left) and 
the longest goes here (child's right)]. 

C Strawberries (perceptual) 
yellow>blue>red 

I am going to show you some cards with strawberries on them. All the cards are 
different in the number of strawberries on the card. 
The blue card has fewer strawberries than the yellow card. 
The blue card has more strawberries than the red card. 

Memory: Which card had the most strawberries, the red card or the blue card? 
Inference: Which card had the most strawberries, the yellow card or the red card? 
Memory: Which card had the most strawberries, the blue card or the yellow card? 
Middle: Which card had the middle number of strawberries, the red card, the 

yellow card or the blue card? 
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Serration: Pretend that these are the cards I showed you. Put them in order from 
most strawberries to least. [Remember, the most goes here (child's left) 
and the least goes here (child's right)]. 

Color /perceptual) 
blue>red>yellow 

I am going to show you some cows. They are all different in shades of green. 
The cow on the red card is darker than the cow on the yellow card. 
The cow on the red card is lighter than the cow on the blue card. 

Memory: Which cow was darker, the one on the red card or the one on the 
yellow card? 

Inference: Which cow was darker, the one on the blue card or the one on 
the yellow card? 

Memory: Which cow was darker, the one on the red card or the one on the 
blue card? 

Middle: Which card had the middle shaded cow, the red card, the blue card or the 
yellow card? 

Seriation: Pretend these are the cow that I showed you. Put them in order from 
lightest to darkest. [Remember, the lightest cow goes here (child's left) 
and the darkest cow goes here (child's right)]. 

Ej Body parts (conceptual) 
red>yellow>biue 

I am going to show you three cards with different parts of the body. Pay special 
attention to the color of the card that the part is on. 
The part on the blue card is below the part on the red card. 
The part on the blue card is above the part on the yellow card. 

Memory: Which part of the body was on top, the part on the yellow card or 
the part on the blue card? 

Inference: Which part of the body was on top, the part on the red card or the blue 
card? 

Memory: Which part of the body was on top, the part on the yellow card or the red 
card? 

Middle: Where was the middle part of the body, on the red card, the blue 
card on the yellow card? 

Seriation: Pretend that these are the cards with the parts of the body on them. Put 
them in order from top to bottom. [Remember, the top goes here (child's 
left) and the bottom goes here (child's right)]. 

JL Alphabet (conceptual) 
yellow>red>blue 

I am going to show you cards with letters that are in the alphabet. 
The letter on the red card comes after the letter on the yellow card 
in the alphabet. 
The letter red card comes before the letter on the blue card in the 
alphabet. 

Memory: Where was the letter that came first in the alphabet, on the red card or the 
blue 
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card? 
Inference: Where was the letter that came first in the alphabet, on the yellow 

card or the blue card? 
Memory: Where was the letter that came first in the alphabet, on the red 

card or the yellow card? 
Middle; Where was the letter that came in the middle of the alphabet, on the red 

card, the blue card or the yellow card? 
Seriation: Pretend that these are the cards with the letters of the alphabet. Put 

them in order from the color of the card that came last in the alphabet to 
the color that came first. [Remember, the last letter goes here (child's left) 
and the first letter goes here (child's right)]. 

G. Aae fconceptuah 
yellow>red>blue 

I am going to show you three cards with people of different ages. 
The person on the red card younger than the person on the blue 
card. 
The person on the red card is older than the person on the yellow 
card. 

H. 

Memory: Where was the younger person, on the red card or the blue card? 
Inference: Where was the younger person, on the yellow card or the blue card? 
Memory: Where was the younger person, on the red card or the yellow card? 
Middle: Where was the middle aaed person, on the blue card, the yellow card or 

the red card? 
Seriation: Pretend that these are the cards with the people I just showed you. Put 

them in order from oldest to youngest. [Remember, the oldest goes 
here (child's left) and the youngest goes here (child's right)]. 

Story (conceptual! 
blue<red<yel!ow 

I am going to show you three cards with different parts of a story. 
The part on the red card comes earlier than the part on the blue 
card. 
The part on the red card comes later than the part on the yellow 
card. 

Memory: Which part came firsi in the story, the part on the red card or the part on 
the yellow card? 

Inference Which part came firsi in the story, the part on the blue card or the 
part on the yellow card? 

Memory: Which part came first in the story, the part on the red card or the part on 
the blue card? 

Middle: Where was the middle part of the story, on the yellow card, the red card or 
the blue card? 

Seriation: Pretend that these are the cards with the parts of the story. Put them in 
order from the color of the card that came last in the story to the color that 
came first. [Remember, the last part goes here (child's left) and the first 
one goes here (child's right)]. 
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PIVOT: M SCHEDULE 
Sample Questions 

A. Cookie (perceptual) 
yellow>red>blue 

I am going to show you three cookies. They are all different in the amount that 
has been eaten. 
The bite on the red card is smaller than the bite on the yellow card. 
The bite on the red card is bigger than the bite on the blue card. 

Middle: Where was the middle sized bite, on the yellow card, the blue card or the 
red card? 

Memory: Where was the bigger, bite, on the red card or the blue card? 
Inference: Where was the bigger bite, on the yellow card or the blue card? 
Memory: Where was the bigger bite, on the red card or the yellow card? 
Seriation: Pretend that these are the three cookies that I showed you. Put them in 

order from biggest to smallest bite. [Remember, the biggest bite goes 
here (child's left) and the smallest bite goes here (child's right)]. 

Bj Snake (perceptual) 
red>yellow>blue 

I am going to show you three pretend snakes. They are different in length. 
The snake on the yellow card is shorter than the snake on the red 
card. 
The snake on the yellow card is longer than the snake on the blue 
card. 

Middle: Where was the middle sized snake, on the yellow card, the blue card or 
the red card? 

Memory: Where was the longer snake, on the yellow card or the blue card 
Inference: Where was the longer snake, on the red card or the blue card? 
Memory: Where was the longer snake, on the yellow card or the red card? 
Seriation: Pretend that these are the snakes that you saw. Put them in order from 

shortest to longest. [Remember, the shortest goes here (child's left) and 
the longest goes here (child's right)]. 

C. Strawberries (perceptual) 
yellow>blue>red 

I am going to show you some cards with strawberries on them. All the cards are 
different in the number of strawberries on the card. 
The blue card has fewer strawberries than the yellow card. 
The blue card has more strawberries than the red card. 

Middle: Which card had the middle number of strawberries, the red card, the 
yellow card or the blue card? 

Memory: Which card had the most strawberries, the red card or the blue card 
Inference: Which card had the most strawberries, the yellow card or the red card? 
Memory: Which card had the most strawberries, the blue card or the yellow card? 
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Seriation: Pretend that these are the cards I showed you. Put them in order from 
most strawberries to least. [Remember, the most goes here (child's left) 
and the least goes here (child's right)]. 

D. Color (perceptual) 
blue>red>yellow 

I am going to show you some bears. They are all different in shades of blue. 
The cow on the red card is darker than the cow on the yellow card. 
The cow on the red card, is lighter than the cow on the blue card. 

Middle: Which card had the middle shaded cow, the red card, the blue card or the 
yellow card? 

Memory: Which cow was darker, the one on the red card or the one on the yellow 
card? 

Inference: Which cow was darker, the one on the blue card or the one on the yellow 
card? 

Memory: Which cow was darker, the one on the red card or the one on the blue 
card? 

Seriation: Pretend these are the cows that I showed you. Put them in order from 
lightest to darkest. [Remember, the lightest cow goes here (child's left) 
and the darkest cow goes here (child's right)]. 

Ej Body parts (conceptual) 
red>yellow>blue 

I am going to show you three cards with different parts of the body. Pay special 
attention to the color of the card that the part is on. 
The part on the blue card is below the part on the red card. 
The part on the blue card is above the part on the yellow card. 

Middle: Where was the middle part of the body, on the red card, the blue card or 
the yellow card? 

Memory: Which part of the body was on top, the part on the blue card or the yellow 
card? 

Inference: Which part of the body was on top, the part on the red card or the yellow 
card? 

Memory: Which part of the body was on top, the part on the blue card or the red 
card? 

Seriation: Pretend that these are the cards with the body parts on them. Put them 
in order from top to bottom. [Remember, the top goes here (child's left) 
and the bottom goes here (child's right)]. 

F. Alphabet (conceptual) 
yeltow>red>blue 

I am going to show you cards with letters that are in the alphabet. 
The letter on the red card comes after the letter on the yellow card 
in the alphabet. 
The letter on the red card comes before the letter on the blue card 
in the alphabet. 

Middle: Where was the letter that came in the middle of the alphabet, on the red 
card, the blue card or the yellow card? 
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Memory: Where was the letter that came first in the alphabet, on the red card or the 
blue 
card? 

Inference: Where was the letter that came first in the alphabet, on the yellow 
card or the blue card? 

Memory: Where was the letter that came first in the alphabet, on the red 
card or the yellow card? 

Seriation: Pretend that these are the cards with the letters of the alphabet. Put 
them in order from the color of the card that came last in the alphabet to 
the color that came first. [Remember, the last letter goes here (child's left) 
and the first letter goes here (child's right)]. 

G. Age (conceptual! 
yellow>red>blue 

I am going to show you three cards with people of different ages. 
The person on the red card is younger than the person on the blue 
card. 
The person on the red card is older than the person on the yellow 
card. 

H. 

Middle: Where was the middle aaed person, on the blue card, the yellow card or 
the red card? 

Memory: Where was the vounaer person, on the red card or the blue card? 
Inference: Where was the vounaer person, on the yellow card or the blue card? 
Memory: Where was the vounaer person, on the red card or the yellow card? 
Seriation: Pretend that these are the cards with the people I just showed you. Put 

them in order from oldest to youngest. [Remember, the oldest goes 
here (child's left) and the youngest goes here (child's right)]. 

Storv (conceptual! 
blue>red>yellow 

I am going to show you three cards with different parts of a story. 
The part on the red card comes earlier than the part on the blue 
card. 
The part on the red card comes later than the part on the yellow 
card. 

Middle: Where was the middle part of the story, on the yellow card, the red card or 
the blue card? 

Memory: Which part came firsl in the story the part on the red card or the part on 
the blue card? 

Inference Which part came first in the story, the part on the yellow card or 
the part on the blue card? 

Memory: Which part came first in the story the part on the part on the red card or 
on the part on the yellow card? 

Seriation: Pretend that these are the cards with the parts of the story. Put them in 
order from the color of the card that came last in the story to the color that 
came first. [Remember, the last part goes here (child's left) and the first 
one goes here (child's right)]. 
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Appendix B 

Directions given to children 

DIRECTIONS: 

I am going to show you some cards that have different things on them. I want 

you to pay special attention to what is on the cards, it is also important to pay 

attention to the color of the card because I am going to ask you very important 

questions about them later, ok? Do you have any questions? 

Let's practice what we're going to do. 

I am going to show you some cards tike these (notice that each of the cards has 

something on it and each card is a different color) and I am going to say; 

The hat on the red card is taller than the hat on the blue card. 

The hat on the blue card is taller than the hat on the yellow 

card. 

Questions: 

•What color was the card with the middle sized hat, red, blue or yellow? 

•What color was the card with the tallest hat the red card or the blue card? 

•What color was the card with the tallest hat the blue card or the yellow card? 

•What color was the card with the tallest hat, the yellow card or the red card? 

GIVE POSITIVE FEEDBACK AND CORRECT ANY MISTAKES THAT 
THE CHILD MAY HAVE MADE 

ASK IF THE CHILD HAS ANY QUESTIONS 
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Appendix C 

Data recording sheet 

Code 

MEMORY BLAST CODE SHEET 

I. General Information 

Date: Time: am/pm School name: 

Month Day Year 

Researcher: Coder: Teacher: 

JBrade First (1) 
Second (2) 
Other (0) 

.Gender Female (1) 
Male (2) 

_Ethnicity Native American (1) 
Asian (2) 
African American (3) 
Hispanic (4) 
Anglo (5) 
Other/foreign (6) 

Birthday:. 
Month Date Year 

_Task Pivot-M (1) 
Pivot-L (2) 
Linear-M (3) 
Linear-L (4) 

II. Other notes: 
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Coding 

A.(Cookie) E. (Body Parts) 

A1. yellow blue red 

A2. yellow blue red 

A3, yellow blue red 

A4. yellow blue red 

A5. 

B. (Snake) 

E1. yellow blue red 

E2. yellow blue red 

E3. yellow blue red 

E4. yellow blue red 

E5. 

F. (Alphabet) 

B1. yellow blue red 

B2. yellow blue red 

B3. yellow blue red 

B4. yellow blue red 

B5. 

C. (Strawberries) 

F1. yellow blue red 

F2. yellow blue red 

F3. yellow blue red 

F4. yellow blue red 

F5. 

G. (Age) 

C1. yellow blue red 

C2. yellow blue red 

C3. yellow blue red 

C4. yellow blue red 

C5. 

D. (Color) 

G1. yellow blue red 

G2. yellow blue red 

G3. yellow blue red 

G4. yellow blue red 

G5. 

H. (Story) 

D1. yellow blue red 

D2. yellow blue red 

D3. yellow blue red 

D4. yellow blue red 

D5. 

H1. yellow blue red 

H2. yellow blue red 

H3. yellow blue red 

H4. yellow blue red 

H5. 

IV. Closing 

Favorite Color; 
Color blind; 
Understanding of vocabulary; yes no (explain) 

Checklist: Verbal Collect written consent Prize 
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