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Current studies are rapidly investigating strategy choice on tasks such as math 

and reading that children encounter in day to day life; it follows that strategy 

development should also be examined in the naturalistic settings where children 

actually perform these tasks. From a sociocultural learning perspective, we examined 

five year old children's arithmetic strategy use, in a game context, with the most likely 

of mentors for a young child, his or her parents. Children played three games of a 

modified version of "Chutes and Ladders" with one of their parents. Children's 

strategy use and parents' behavior were coded and analyzed. Results indicate that 

parents usually provided appropriate support to their children, providing more 

direction and assistance to the children who required them, and less to those who did 

not. 
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INTRODUCTION 

The origins and developmental track of human cognition has consistently been 

a matter of contention over the past two thousand years. It has been argued that 

human cognitions are innate and thus define our existence (e.g., Descartes) as well as 

the polar opposite stance that the mind is tabula rasa, or a blank slate (e.g., Locke). 

Modern thinking, influenced by the evolutionary teachings of Hegel, Marx, and 

Darwin, has taken a moderate view that neither extreme is correct but rather an 

intricate combination of the two produces and leads to the development of human 

cognition. A new trend in developmental psychology is the examination of the role 

society and culture plays on cognitive development. Sociocultural developmentalists 

posit that each generation inherits not only the species typical genes and environment, 

but also the products and knowledge of the culture to assist in problem solving 

(Vygotsky, 1978). West and King (1985; in Rogoff, 1990) have also argued in support of 

a type of "ontogenetic niche," or the idea that an individual inherits parents, peers, and 

community as well as genes. 

The Cultural Context of Cognitive Development 

Vygotsky (1978) argued that optimal learning occurs within the zone of 

proximal development, that is, the difference between a child's actual ability and his 

or her potential ability. Thus, effective teaching of a child should involve activities 

slightly beyond the child's current abilities but not outside of a realistic zone of their 
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potential. Rogoff (1990) further posits that children become skilled participants in 

society by observation, practice, assistance, or shared activity. This "apprenticeship in 

thinking" facilitates both cognitive development and assimilation into society. 

Shared problem solving is central to the transactive nature of apprenticeship. 

Active learners exist in a community of people to support, challenge, and guide the 

learner in skills and values important to that culture. As culture defines what is 

important and what skills are necessary, through this transaction future generations of 

the culture are trained as to what is valued and important. Essential to apprenticeship 

in thinking is that children learn primarily through guided participation, where 

tutelage and participation in activities that are culturally valued inform the child what 

the culture they develop in expects and prizes. In this apprenticeship, strategies and 

purpose are taught by a transactional exchange between children, their peers, and 

adults. 

Ceci (1993) posits that cognition occurs both in and out of context. Past 

research has presented several arguments against considering social context as an 

important variable. Traditionally, context has been viewed as a "surface" level 

phenomenon, in that individual differences appear to be stable and resistant to 

environmental changes. Another consideration has consistently been that context is 

"noise" to be controlled. However, current research has shown that context 

contributes to problem solving, metaphorical reasoning, and memory, things that were 

once thought to be a result of developmental changes in cognitive or biological 

processes (Ceci, 1993). Different contexts have also been shown to elicit different 
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strategies. Further, many cognitions are inevitably tied to the context in which they 

are acquired; that is, if the social valence is altered, then differences in outcome arise. 

Collective activity involves the evolution of cultural practices with each 

generation; thus, individuals, social peers, and the sociocultural environment are not 

independent but rather are part of a collaborative process. White and Siegel (1984) 

have posited that children gradually learn to actively communicate in wider circles of 

community, thus expanding their environment and contexts. Context is mutual with 

the individual; the child in society is transactional. Although traditional views hold 

that nature and nurture are in opposition, and, further, this interaction is believed to 

be separable, Rogoff (1990) argues that these are not independent things that happen to 

co-occur; rather they are mutually involved in a transaction. Development involves 

both the individual and the sociocultural context as inseparable constructs. 

Strategy Choice in a Sociocultural Context 

Traditional views of strategy development held that children use singular 

strategies that vary as a function of age. A strategy is a "deliberate, goal directed 

behavior that is intended to improve performance" (Bjorklund, 1990). Recent 

examinations of strategy development have shown that children have a number of 

strategies available across several domains and use several different strategies for any 

given problem even when the circumstances are the same. This is exemplified by 

Siegler's adaptive strategy choice model (Siegler, 1996, Siegler & Shipley, 1995). This 

theory holds that the development of strategies is not stage-like, but variable. Multi-

strategy use increases as a function of age; change is better depicted as a series of 
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overlapping waves than as a stage-like progression (Siegler, 1996). Experience in 

problem solving aids a child in determining which strategies work in various contexts 

and problems. By categorizing strategies in this way, it is assumed that strategy choice 

is adaptive in that the child can choose a good strategy out of the plethora of options 

available. 

Evidence for support of his model has been found by several researchers. For 

example, Siegler and Jenkins (1989) have found that children solving addition problems 

may count from one, count on their fingers, or retrieve the answer from memory, and 

often switch strategies from problem to problem. On a sort-recall task, children have 

demonstrated the ability to either rehearse or organize, or use a combination of the 

two strategies simultaneously (Coyle & Bjorklund, 1997). In general, children 

typically have multiple ways of thinking about most phenomena. 

However, Siegler's model, as in past theories, largely ignores the social context 

in which we as humans exist. Current studies are now beginning to recognize that 

strategy choice not only reflects an explicit knowledge about strategy utilization and 

appropriateness, but also implicit knowledge about what is culturally valued. As 

current studies are rapidly investigating strategy choice on tasks such as math and 

reading that children readily encounter in day-to-day life (Ellis, 1997; Siegler, 1996), it 

follows that strategy development should also be examined in the naturalistic settings 

that make up children's daily lives. Studies in strategy development to this point have 

largely focused on individuals in isolated settings indifferent to the social contexts in 

which they live. In viewing strategy choice and development from such a narrow 
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vantage, we are undoubtedly failing to discern all aspects of when and how children 

learn strategies. 

Cultural Influences: Research on Strategy Development in Context 

The very nature of decision making in social context entails a variety of 

additional variables that must be considered by the individual; motivation, 

metacognition, self-presentation, and appropriateness are all factors that may influence 

one above and beyond the initial problem. However, the view that development and 

deployment of strategies can be influenced by sociocultural influences is a relatively 

new one. From this perspective, cultural expectations and values shape not only what 

strategies one may have to choose from but also which strategy is the 'best' for any 

given problem. 

In examining ways to expand Siegler's strategy choice model by looking at the 

sociocultural context of strategy development and deployment, Ellis (1997) proposed a 

sociocultural model of strategy development. As cultural experiences profoundly 

influence the repertoire of strategies children have available for problem solving as well 

as which strategies children choose to use, a sociocultural examination may prove 

illuminating. Involvement in specific cultural practices can encourage the 

development of some strategies, but not others, as well as offering greater 

opportunities to practice valued strategies than strategies not culturally revered. As 

Rogoff's model holds that the tools and skills learned in this transactional exchange 

between child and peers or parents are valued skills important to that specific culture, 
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it is imperative that we look at both the similarities and differences between cultures 

when making broad developmental claims. 

For example, schooling has been shown to have a tremendous effect on several 

cognitive abilities. To determine if the influence of context is only applicable to 

cultures where formal schooling is the norm, several researchers have conducted 

studies in non-industrialized countries. Research has shown that in some South 

American countries, reasoning abilities and strategies that provide solutions to math 

and logic problems are context-specific (see Ceci, 1993). Problem solving in familiar 

environments is easier. One particularly interesting study involved the context

specific mathematical abilities of 9-15 year old Brazilian street vendors (Ceci, 1993). 

Children computed school-type math problems and math problems in common 

situations that the children encountered in day-to-day life, such as customer-related 

situations. Ceci reported that problems presented in customer-vendor transactions 

were solved more easily than the same problems in a decontextualized (i.e. school-type) 

context. Children answered 98% of the contextually related problems correctly as 

opposed to 37% of the traditional school-type problems. Thus, mathematical ability 

in South American children appears to be highly context dependent. Other 

researchers have extended this finding by determining that this is not a schooling 

effect, as schooled children have the converse effect of difficulty solving school-type 

problems in another context (Schuber-Leoni & Perret-Clermont, 1980). 
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Culturally Valued Strategies 

In an apprenticeship model {Rogoff, 1990), children are guided by a more 

experienced peer or adult who may scaffold their strategy selection. Strategy selection 

is ideally based on experience with the effectiveness of the strategy; however, cultural 

norms and feedback from others are also considered. Western culture has several 

avenues of socializing and teaching children which strategies are appropriate and 

valued. Whether in the home or school, through implicit and explicit teaching, 

children are informed of what is acceptable and conversely, what is not. By observing 

how peers and adults reason and problem solve, children learn to understand domain 

specificity as well as understanding of others. In this manner, children learn much 

about problem solving from watching how and why others solve problems. 

Development involves progress toward culturally valued goals and skills; the 

desirability of skills such as speed in processing and memory is prized only within 

certain cultures {Scribner, 1984). In one study of collaborative learning by Ellis (1997), 

the best predictor of a child adopting an effective strategy was the partner's reaction 

and explanation of the strategy. If the partner was excited, the strategy was more 

likely to be used. Rogoff's theory of sociocultural development holds that children 

learn not only explicit information but also the implicit norms and standards of the 

culture. Another recent study by Ellis (cited in Ellis, 1997) on strategy choice in 

conservation problem solving assessed kindergartners watching a video involving a 

peer-aged child or an adult solving a simple addition problem. Many of the children 

watching the video became distressed when the confederate began counting. The 
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distraught children claimed that by counting the confederate was cheating. Indeed, 

some children said it was better to guess than rely on a strategy used by 'babies.' In 

this way, culturally expressed norms affected children's perceptions of what strategies 

can and should be used in a specific context. When a culture posits certain informal 

rules for problem solving, children are instructed to conform to these guides; going 

against the norm, whether effective or not, is inconsistent with the valued strategies of 

the culture. 

The Development of Math Strategies 

Current studies have shown that strategy choice reflects both an explicit 

knowledge about strategy use, but also implicit knowledge about what is culturally 

valued (see Ellis, 1997, for a complete review). One of the most extensive areas of 

strategy use appears to be in the domain of mathematics (Siegler, 1988; Siegler & 

Jenkins, 1989). Geary (1995) argues that most cognition relies on a function of 

neurobiological systems that have evolved in a particular ecological or social niche; 

some abilities are biologically primary (e.g., biologically based) while other skills are 

secondary (Geary, 1995). Culturally taught abilities are secondary and thus are likely 

to be found in some cultures and not in others; that is, they should vary with the 

cultural emphasis on the value of such abilities. Geary (1995) argues that development 

of both classes of abilities requires experience. Through information processing that is 

both enjoyable and self-activated, biologically primary abilities are developed in a 

domain-specific fashion. Conversely, secondary abilities are often acquired in a slow 

and effortful way. For this reason, cross-cultural differences should directly reflect the 

8 



cultural emphasis of schooling, as well as the cultural effect that motivation to learn is 

societal, not inherent. 

Geary (1995) argues that math transcends these boundaries, as some forms of 

math are primary (e.g., simple counting) and others secondary (e.g., geometry). 

Biologically primary mathematical abilities emerge early in development and are 

evident cross-culturally. One of the first mathematical abilities that is demonstrated 

early in childhood is numerosity, or the ability to quickly determine, without 

counting, the quantity of a cluster of items. In fact, some studies have shown that as 

early as the first week of life, infants demonstrate by motion that they are sensitive to 

arrays of 3-4 items (Antell & Keating, 1983). It is argued that this display suggests that 

infants have abstract representations of numerosity. Geary further posits that 

ordinality, or the basic understanding of "more than, less than," as well as basic 

counting, and simple arithmetic, are all present in early childhood and are biologically 

primary. Secondary mathematical abilities such as advanced counting, arbitrary 

number names, geometry, and mathematical reasoning (e.g., word problems) are 

taught by either parents or through schooling. Geary, like Vygotsky, Piaget, and 

Rogoff, views children as active learners who must learn math as a pleasurable social 

activity. 

Siegler and Jenkins (1989) have identified seven addition strategies that young 

children consistently use when adding two numbers (2 + 3 in the following examples). 

These include the MIN strategy, or counting from the smaller number (e.g., 3, 4, 5, 

where saying 3 is optional); SUM, or counting on the fingers (1, 2, 3, 4, 5); MAX 
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strategy, a variation on the MIN strategy, in which children count from the smaller 

addend (e.g., 2, 3, 4, 5); Finger Recognition, or recognizing the answer based on 

number of fingers held up (e.g., 2 fingers on one hand and 3 on the other, child says 5 

without counting); Fact Retrieval, or recalling the answer without counting; Guessing, 

where the child says he or she guessed the answer; and finally, Decomposition, where 

the child decomposes or breaks down the problem into smaller problems. Siegler and 

Jenkins (1989), although focussed on the MIN strategy, found that young children used 

all of these strategies to varying degrees at some point in their study. 

A microgenetic study obviously lends itself as ideally suited for the study of 

any process or ability that can and does develop within an abbreviated time. A 

microgenetic method for studying strategy development involves sampling a single set 

of individuals many times over a short period of time (e.g., days or weeks) with the 

explicit objective to increase the density of observations and observe a full process of 

change (Siegler, 1995). One method of implementing a microgenetic study is to select 

a task common in everyday life (e.g., counting), determine the types of experience that 

leads to improvement in it (e.g., formal and informal instruction), and then provide a 

high concentration of those experiences (e.g., Belmont & Butterfield, 1977). 

One example of a microgenetic study on the MIN strategy was performed by 

Siegler and Jenkins (1989). As aforementioned, the MIN strategy can be defined as 

counting from the smaller addend of a pair of addends (e.g., 6 + 4 involves counting or 

saying 4, 5, 6, 7, 8, 9, 10, with the start number, 4, being optional). Four and 5 year-

olds who did not know the MIN strategy were studied three times a week over eleven 
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weeks to observe when the children applied the MIN strategy. The first seven weeks 

were comprised of easy problems (integers between 1-5) and a number of the children 

discovered the MIN strategy, although they did not readily generalize the strategy. In 

week 8 the children were given challenge problems (e.g., 22 + 3), in weeks 9-11 the 

children were given a mixture of easy, challenge, and medium number questions. At 

the end of the 11 weeks, seven of the eight children had discovered and demonstrated 

an increase in using the MIN strategy; Siegler claims that this is evidentiary of 

children's spontaneous discovery of strategies for ordinary problems. This runs 

counter to the traditional views of strategy learning, but is in line with Piaget's view of 

the child as an active participant in learning. 

A Microgenetic Study of Strategy Development in a Sociocultural Context 

Children typically have multiple ways of thinking about most phenomena. 

Changes in development are constantly occurring and are not limited to special 

transitional periods. The aforementioned adaptive strategy choice model (Siegler & 

Shipley, 1995) predicts that children have several strategies available to solve any given 

problem. As the development of strategies is not stage-like but variable, multi-strategy 

use should be apparent across a variety of studies. Experience in problem solving 

should aid a child in determining which strategies work in various contexts and 

problems. However, based on the sociocultural conception of development, this, as in 

past theories, largely ignores the collaborative nature of learning as well as the social 

context that influences problem solving. 
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Traditionally, studies in strategy development have largely focused on 

individuals in isolated lab contexts indifferent to the social environment we live in. By 

viewing strategy choice and development from such a narrow vantage, we have 

undoubtedly failed to discern when and how children learn strategies, as the social 

context inherent in our environment has been ignored. Mathematical strategies in 

particular have been of extensive concern. As current studies are rapidly investigating 

strategy choice on tasks such as math and reading that children encounter in day-to-

day life (Bjorklund & Rosenblum, 1999; Siegler, 1996), it follows that strategy 

development should also be examined in the naturalistic settings that make up their 

daily lives. 

One recent study by Bjorklund and Rosenblum (1999) used a modified version 

of the children's board game "Chutes and Ladders" to examine 4, 5, and 6 year olds 

ability to solve simple addition problems (both addends < 7). Each child played the 

game with an experimenter with half of the children rolling one die and half using two 

dice. After 25 moves, each child was switched to the other condition (i.e., 2 dice if 

they started with 1 die). Children had to perform either simple arithmetic to move 

their piece, or recognize the number on the dice to move their piece. Subjects were 

also administered a series of math problems similar to the ones answered in the game 

context (e.g., , "How much is 2 + 3?"). Arithmetic strategies such as using the dice or 

overt counting were recorded as well as latencies between the time the dice was rolled 

and when the child had an answer for each roll. Although children were corrected if 

they produced an incorrect response, no instruction was given. Like Siegler and 
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Jenkins, results indicated that children not only used multiple and variable strategies, 

but further, the sophistication of strategy use increased as a function of age. Akin to 

Ceci's (1993) findings, children also showed a significantly quicker speed of answering 

and accuracy in the game context than in the answering of traditional addition 

problems (i.e., How much is 2 + 3?). 

An extension of this study was performed adding two other complete sessions 

thus tripling the number of observations. Results showed that the speed of answering 

and accuracy in the game was due to the use of more complex strategies in the 

traditional math-problem context. However, further analysis revealed a strong 

correlation between strategy use in one context and strategy use in another. Thus, 

unlike the result one would expect based on much of the research we have already 

discussed (e.g., Ceci & Liker, 1986), it appears as though strategies learned in one 

context may, under some circumstances, be trans-contextual. However, based on the 

sociocultural conception of development, this, as in past research, largely ignores the 

collaborative nature of learning as well as the social context that influences problem 

solving. 

RATIONALE FOR STUDY 

Shared problem solving is central to the transactive nature of apprenticeship; 

children exist in a community of people to support, challenge, and guide them in skills 

and problems that are important to success in the culture. Collective activity involves 

the evolution of cultural practices with each generation; thus, individuals, social peers, 

and the sociocultural environment are not independent but rather are part of a 
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collaborative process. By examining the specific nature of this collaborative 

transaction, we can better understand what is the most effective way to teach a child. 

Further, we can determine what strategies a child has in their arsenal that arise only in 

social contexts. 

Extending the aforementioned Bjorklund and Rosenblum (1997) study, which 

lends itself as ideally suited for an examination of collaborative learning in a social 

context, this study involves the same procedure as the "Chutes & Ladders" study 

mentioned above. However, this study was conducted within the frame of an 

apprenticeship-in-thinking paradigm. In line with Rogoff's model (1990), the study 

involved the subject's participation in the game with the most likely of mentors for a 

young child, his or her parents. In this manner, the context allows for the partner to 

implicitly take on the role of both a playmate and as a collaborative teacher, 

scaffolding learning in an informal social context. 

In the present study, we anticipated that there would be variability, both in the 

children's strategy use during the game and math context, but also amongst the parents 

in the degree of support they provided for their children. We further expected that 

children would display a similar variety of strategies between the game and math 

contexts, that they would not be identical. We also predicted that there would be 

relations between the quantity and quality of parents' instructional behaviors during 

the game and changes in children's strategy use over the course of the three game 

sess10ns. 
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METHOD 

Subject Background Information 

Fifteen children within their first two weeks of kindergarten, were recruited 

from volunteers at a university-affiliated elementary school, with one of their parents 

agreeing to participate in a three week long study. The child sample consisted of 9 male 

and 6 female children, the parent sample consisted of 13 mothers and 2 fathers. The 

average age of the children was 67 months, or approximately five and one half years 

old. 

Of the 13 mothers, eight were born in the U.S., whereas the remaining five had 

emigrated from: Germany, Columbia, S. Africa, Great Britain, and the Bahamas; the 

two fathers were both born in the US. The parents were all fluent in English, and the 

children all spoke English as a first language. The participating parent was interviewed 

at the end of the third session and asked a variety of questions about activities they do 

with their child, for example how often they read to their child and for how long, how 

often their child uses the computer at home, as well as personal demographics such as 

their educational level, their spouses' educational level. Table 1 summarizes the 

demographic characteristics of the sample. All parents had at least some college, and 

the average parent was a college graduate; their spouses (all but two of the 15 were 

married) all had some college, averaging greater than a college degree. Each reported 

reading to his or her child at least two hours a week. Further, they reported spending 

approximately 16 hours a week playing with their child in an array of activities (e.g., 

sports, arts & crafts, going to parks or the beach). All but two of the 15 parents 

15 



reported playing board games with their child two times a week. Ninety three percent 

of the children had access to a computer at home and spent an average of 1-2 hours a 

week using it for both educational and recreational purposes. Parents also reported 

that the children spent an average of 7-11 hours a week watching TV primarily for 

entertamment. 

Procedure 

Children were pre-tested in the first week to ensure that all participants could 

count to at least 12. Pre-testing involved the administration of 24 simple addition 

problems in two sets of 12, counterbalanced across subjects, either first being presented 

verbally (e.g., "How much is 2 + 3?") or using playing cards that had the numbers 

removed (e.g., "Can you tell me how many things you have on both cards"). 

Weeks two, three and four involved the child and parent dyad playing two to 

three games (a total of approximately 30 moves each) of "Chutes and Ladders." A 

modified version of the game was used, with all arrows on the board being replaced 

with numbers, and the spinner being replaced with dice, to aid in the observation of 

counting and addition by the child (see Bjorklund & Rosenblum, 1999). Parent's were 

told to play the game however they would normally play; if they asked a specific 

question, they were told to do what they would normally do. They played 

approximately three games during a session and each game session was immediately 

followed by the parent presenting the child with 12 simple addition problems (e.g., 

"What is 2+3?") to enable us to make comparisons between performance in a game 

context and a more formal school-like context (math context). Addition problems 
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were chosen by using simple addends, like the one's found in the game (i.e., no addend 

was greater than 6), and all 12 problems in each of the three sessions summed to the 

same number to ensure that no one set was more difficult than the others. Three such 

sets were counterbalanced across the three sessions. 

Each session was videotaped. In addition, two observers were present to 

directly code the behavior of the children and their parent. The videotapes were 

painstakingly transcribed for both behavior (e.g., looking at child) as well as 

verbalization and reviewed by an independent observer. Latencies for each move, 

Oatency being the time it takes the child to answer from the time the dice stop and the 

child was focusing his/her attention on the die to the time the child responds with an 

answer) were recorded and verified for each subject. Each transcript was then coded 

by two independent observers for specific behaviors. 

Parental Behaviors Coded 

The parents' behavior, both implicit such as nodding their head, as well as 

explicit such as "How many do you have?", were recorded for both the children's 

moves, the parents' moves, and the math context. Based on prior research and 

extensive pilot data (Bjorklund & Rosenblum, 1999, Siegler & Jenkins, 1989; Rubens, 

Hubertz, Sullivan, & Bjorklund, 1998), we selected specific explicit behaviors that we 

expected to be related to children's mathematical performance. Table 2 presents the 

parental behaviors coded with a brief description of each. For a more in depth 

explanation including examples please see Appendix A. Each transcript was coded for 

parental behaviors by two independent observers. Overall agreement between the two 
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was 95.4%. Inter-rater reliability ranged from 86.8% for the behavior Prompt After 

Error to 97.3% for Cognitive Directives. All discrepancies were resolved by 

discussion. 

Children's Strategies Coded 

To play the game, children had to use a variety of math strategies to move their 

piece, such as counting on their fingers or the dice. Arithmetic strategies and overt 

counting were recorded. We looked for strategy use in line with the work of Siegler 

and Jenkins (1989) who identified several addition strategies that young children use 

consistently when adding two numbers (2+3 in the following examples). Table 3 

presents the seven strategies that we coded. 

An average latency, as well as an average latency per count, for overt SUM and 

MIN (i.e., when children counted out-loud or pointed to dice or fingers) was calculated 

for each subject. These composite latency per counts were then used to aid in coding 

the Mental Arithmetic (i.e., child answers without any overt behavior) occasionally 

seen by subjects. Based on past research (Bjorklund & Rosenblum, 1999) a latency of 

1.4 seconds for addends summing to more than three was determined to be the 

discriminator between Fact Retrieval (i.e., retrieving a math fact directly and quickly 

from long-term memory) and Mental Arithmetic. If the difference between the 

latency per count and the composites were too different to fit either SUM or MIN, 

then Mental Arithmetic was coded. Mental Arithmetic thus reflects covert 

computation of an unspecified nature (most likely MIN or SUM, but not likely Fact 

Retrieval). 
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Data for both parental behaviors as well as children's strategy use were assessed 

for both children's and parents' moves during the game, as well as for the math 

context. The raw data were broken down by sessions (3) and by thirds within each 

session. They was then converted to percentage of moves by thirds and sessions and 

analyzed. 
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RESULTS 

To obtain an idea of the form of the data, Figures 1 through 7 present, in 

graphic form, data for one typical child for: (a) children's strategies used during the 

children's game moves (note: because children occasionally made computational 

errors, and thus could have more than one computation per trial, the percentage can 

exceed 100%), (b) parents' behaviors during the children's game moves, (c) children's 

strategies during the math context, and (d) parents' behavior during the math context 

(e) percentage of parents' game moves that the child made, (f) children's strategies used 

during the parents' game moves, (g) parents' behaviors during the parents' game 

moves. Data for the games are presented for each third of each of the three sessions 

(e.g., 1.1 corresponds to the first third of the moves in the first session; 3.2 

corresponds to the second third of the moves in the third session). Data for the math 

context are presented for each of the three sessions. 

We first analyzed children's strategies, separately for strategies displayed during 

children's game moves, the parents' game moves, and the math context. We analyzed 

the children's and parents' game moves separately, because four children made no 

computations during their parents' game moves. We initially analyzed the number of 

different strategies children used in each context; we then evaluated the percentage that 

each strategy was used in the three contexts. We next assessed parents' behaviors, again 

separately for the children's game moves, parents' game moves, and math context. 

Possible effects of gender were evaluated in all analyses, but were never significant and 

thus will not be reported below. To evaluate possible changes over time, we examined 
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percentage of strategy use/parental behaviors across the three sessions and across the 

first, second, and third portions of each session. Significant effects were followed by 

Newman-Keuls tests (E. < .05), unless otherwise stated. In a final section, we present 

correlation's between the various measures. 

What Did the Children Do? 

Number of different strategies used. Table 4 presents the number of different 

strategies each child used during the children's game moves and the math context. The 

number of different strategies each child used on the parents turn, as well as the 

percentage of trials the child computed the parents' moves, is presented in Table 5. An 

initial analysis of variance compared the number of different strategies children used 

during the children's game moves and the math context for each session. Data for the 

parents' game moves were excluded from these analyses because only 11 of the 15 

children made at least one computation during the parents' game moves. Children 

potentially could have used a combination of seven different strategies during the 

game, but only six during the math context because Single Item Counting could not be 

used in the math context. The initial analysis failed to produce any significant effects. 

Children used an average of 2.98 strategies during the game and 2.55 strategies during 

the math context, !_(1,11) = 2.55, E > .10, reflecting considerable but comparable 

strategy use. The main effect of sessions, !_(1,22) < 1 (Ms = 3.3, 2.6, and 3.7 for 

sessions 1, 2, and 3 respectively) was not significant, nor were any interactions. 

An analysis of the number of different strategies children used during the 

parents' game moves yielded similar results. There were no significant differences for 
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sessions, !:(2,16) ... 2.79, p >.10. The mean number of strategies children used during 

the parents' game moves was 2.3, which is similar, though slightly fewer, to that 

observed during the children's game moves and in the math context. 

Percentage of Strategies Used 

Children's game moves. Table 6 presents the percentage that each strategy was 

used by the children during the children's game moves by sessions. An initial analysis 

of variance of these data produced a significant effect of strategies, !:(6,78) = 18.22, E 

< .001. Subsequent tests revealed that children used the SUM strategy significantly 

more frequently than any other strategy, and that differences among the remaining 

strategies did not differ from one another. The effects of sessions, thirds, and all 

interactions were not significant, all !:s _..:s. 2.59, E > .05. 

Parents' game moves. We first computed the percentage of trials on the 

parents' game moves for which children made a computation and analyzed these data 

in a gender x sessions x thirds analysis of variance. The analysis failed to produce any 

significant effects, all !:s _..:s. 2.11, E > .05. On average, children computed their 

parent's moves on 28.9% of the trials, with this ranging from 0 to 98% across 

part1c1pants. 

Table 7 presents the percentage that each strategy was used by the children 

during the parents' game moves by sessions. All analyses included only the 11 children 

who made at least one computation on the parents' move. An initial analysis 

produced a significant effect of strategies,!: (6,54) = 7.19, E > .001. Subsequent tests 

revealed that the SUM strategy was used significantly more often than all other 
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strategies, which did not differ from one another. Subsequent analyses evaluated 

percentage of use for each strategy by sessions and thirds, separately for each strategy. 

No significant effects were found for the strategies Single Item Counting, Fact 

Retrieval, Mental Arithmetic, MIN, MAX, or Guessing, all !:s < 2.76, E <.05. 

However, analysis of the SUM strategy yielded a significant effect of thirds,!: (2, 18) = 

3.70, E > .05. Subsequent examination of this significant result indicated that children 

used the SUM strategy significantly less often during the final segment of each session 

(31.2%) than during the first (47.7%) or second (53.8%) third. 

Math context. Table 8 presents the percentage that each strategy was used 

during the math context by session. An analysis of the percentage of strategies used in 

the math context produced a significant effect of strategies, !:(5,60) = 21.75, E < .001. 

Similar to the patterns found for the strategies used during the game, subsequent tests 

indicated that children used the SUM strategy significantly more frequently than all of 

the other strategies, which did not differ from one another. As in the analyses of the 

children's moves during the game, the main effect of sessions and all interactions were 

not significant, rs < 1.40. 

Modal Strategies 

Table 9 presents the modal strategy used by each child on their turn and in the 

math context. As can be seen most (n= 10) children used SUM primarily and 

consistently. Three children used a differing modal strategy in the game than in the 

math context. The two children who used the MIN strategy modally in the game, 

used Mental Arithmetic in the math context; one child who used Mental Arithmetic 
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primarily in the game used Fact Retrieval exclusively in the math context. Only one 

child showed a variable modal strategy in both the game and the math contexts 

varying between SUM and MIN. 

Table 10 presents the modal strategies used by children on the parents' moves. 

Note that four children never made the parents' move, and dashes have been entered 

for these subjects. As in the math context and children's game moves, which showed 

minimal variability, on the parents' moves seven of the 11 children showed no 

variability. In fact, these seven subjects demonstrated the same modal strategy that 

they had used on their turn in the game. The remaining four children demonstrated a 

different modal strategy during at least one session than shown in either their moves ot 

in the math context. 

What Did the Parents Do? 

Children's game moves. Table 11 presents the percentage of each coded 

parental behavior by sessions for the children's game moves. An initial analysis 

indicated a significant effects of behavior, £:(5,65) - 10.47, E < .001. Follow-up tests 

indicated that Affirmations and Prompts were comparable and significantly greater 

than all other behaviors, which did not differ significantly from one another. 

Subsequent analyses, evaluating differences in the frequencies separately for each 

behavior over sessions and thirds, yielded no significant effects, allfs < 1.94. 

Parents' game moves. Table 12 presents the percentage of each coded parental 

behavior by sessions for the parents' game moves. Analyse were based on the data of 

13 parent-child dyads; two dyads were excluded because the parent displayed no 
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codable behavior on their turn. An initial analysis produced a significant effect of 

behavior£. (5, 55) = 4.96, £ < .001. Similar to the effect seen on the children's moves, 

subsequent tests indicated that parents used Prompts (e.g., "How many is that?") 

significantly more frequently than all other behaviors which did not differ from one 

another. 

Subsequent analyses evaluating differences in frequencies separately for each 

behavior over sessions and thirds yielded no significant effects for Provide Answer, 

Prompts After Error, or Disaffirmations. Significant effects for thirds were found for 

Affirmation,£. (2, 22) = 4.40, £ < .05, and Cognitive Directives,£. (2, 22) = 4.93, £ < 

.05, and a significant sessions by thirds interaction was found for Prompts,£. (4, 44) = 

3.99, £ < .01. Further inspection of the significant effects of thirds for Affirmations 

revealed that Affirmations decreased significantly from the first third (14.3) to the 

second third (10.0); Affirmations for the final segment were not differentiated (12.8) 

from the other two. Inspection of the significant effect of thirds for Cognitive 

Directives indicated that Cognitive Directives decreased over the sessions ~ = 12.0, 

9.1, 6.0) for the first, second, and final thirds, respectively with the difference between 

the first and final third being significant. 

Inspection of the significant sessions by thirds interaction for Prompts 

indicated that Prompts increased significantly over thirds in session 1, £. (2, 22) = 3.62, 

£ < .05, (Ms = 14.2, 25.6, and 31.7, for the first, second, and final thirds respectively), 

and decreased significantly over thirds in session 3, £. (2, 22) - 4.02, £ < .05, ~ = 

33.5, 20.7, and 18.0, for the first, second, and final third, respectively). Prompts did 
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not vary over thirds for session 2, !_ (2, 22) < 1, ~ - 19.9, 25.3, and 26.5, for the 

first, second, and final third, respectively) . 

Math context. Table 13 presents the percentage of each coded parental behavior 

by sessions for the math context. An initial analysis yielded a significant effect of 

behaviors,!_ (5, 65) = 14.96,£ < .001. Subsequent inspection of this effect indicated 

that Affirmations and Cognitive Directives were comparable and used significantly 

more frequently than Disaffirmations and Provide Answer. All other contrasts were 

not significant. Subsequent analysis indicated no significant differences for any of the 

behaviors during the math context as a function of sessions, Fs < 1.17. 

Correlational Analyses Within Contexts 

Correlations were calculated among 1) children's game moves, 2) parents' game 

moves, and 3) math problems; all correlation's reported are significant with .E._< .05 (!: ~ 

.514) or .E._< .01 (!: ~ .641), unless otherwise stated. 

Children's game moves. In looking at the children's strategy use on their turn, 

we found, not surprisingly, that the more sophisticated strategies (Fact Retrieval, 

Mental Arithmetic, and MIN) were negatively correlated with SUM(!: = -.54, -.51,-

.72); SUM was not positively correlated with any other strategy. If children used SUM 

they tended not to use any other strategy very frequently. MIN and Fact Retrieval 

were moderately correlated(!: ,., .47, £ <.10), indicating that these two most 

sophisticated strategies tended to be used by the same children. 

In looking at the behaviors parents demonstrated on the children's game 

moves, we found high correlations of Prompts with Affirmations, Disaffirmations and 
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Cognitive Directives(!: = .58, .57, .81), indicating that parents who engaged their 

children during the game did so in a variety ways, using myriad behaviors. The only 

exception was that unlike the other behaviors, Provide Answer was only significantly 

correlated with Disaffirmations. 

In looking at the relation between strategy use and parental behavior during the 

children's moves, several relationships became readily apparent. MAX was 

significantly correlated with Disaffirmation and Provide Answer(!: = .65, .90), and 

moderately correlated with Prompts (!: = .47, £ <.10), although it must be noted that 

MAX was infrequently used by our sample. Guessing was significantly related to 

Prompt After Error (!: = .63), which makes sense in that guesses should be followed by 

some form of correction. 

Parents' game moves. As seen on the children's game moves, we found that the 

more sophisticated strategies (Mental Arithmetic and Fact Retrieval) were positively 

correlated with each other (!: = .66), and that MIN and MAX were highly correlated 

with each other(!: = .97). However, on the parents' moves, nothing was correlated 

with SUM. Surprisingly, Single Item Counting (the child moving his or her piece the 

number of each addend, thus not actually computing a solution) was highly correlated 

with both Fact Retrieval and Mental Arithmetic(!: .... 54, .96). However, it must be 

noted that four participants never performed their parents' turn and four made very 

few of the parents' moves (fewer than 10% of the parents moves). Thus, it is not 

surprising to see aberrations in these analyses. 
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As seen in the children's moves analyses, we found high correlation's of all 

behaviors with each other with no exceptions, thus confirming that parents who 

engage their children do so in a variety ways, on their turn as well as their child's. For 

example, Prompts were highly correlated with Prompt After Error, Affirmations, 

Disaffirmations, and Provide Answer (!: = .86, .88, .84, .64), and moderately correlated 

with Cognitive Directives (!: = .45, £ <.10). 

As with the children's moves, several relationships between strategy use and 

parental behavior are readily apparent. Once again MAX was significantly correlated 

with Prompts, Prompt After Error, Affirmations, and Disaffirmations ~- .55, .56, 

.82, .81). Although once again it must be noted that MAX was infrequently used by 

our sample and that these analyses only included the 11 children who made their 

parents' move at least once. MIN also was significantly correlated with Prompts, 

Prompt After Error, Affirmations, and Disaffirmations ~ = .65, .73, .87, .86). Fact 

Retrieval was significantly related to both Prompts and Provide Answers~ = .61, 

.64). And once again, Guessing was related to Prompt After Error, Cognitive 

Directives, and Provide Answers ~ = .75, .95, .70). There were no significant effects 

involving either Mental Arithmetic or SUM. 

In sum, we find that the more sophisticated counting strategies of MIN and 

MAX are significantly related to Prompts, Prompt After Error, Affirmations, and 

Disaffirmations. This suggests that the parent's who permitted their children to make 

their move provided support to their children, encouraging the child to use more 

sophisticated counting strategies. 
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Math context. Similar to the results seen on the children's game move we 

found once again that the more sophisticated strategies (Fact Retrieval and Mental 

Arithmetic) were negatively correlated with SUM~ = -.59, -.67); SUM was not 

positively correlated with any other strategy. If children used SUM they tended not to 

use any other strategy very frequently. There were no other significant results for any 

math strategy during the math context. 

Unlike the children's and parents' game moves, where all of the behaviors were 

highly inter-correlated, in looking at the behaviors parents' demonstrated in the math 

context we found a high correlation of Prompts with Cognitive Directives (!: = .65), 

and a moderate correlation of Prompts with Disaffirmations (!: = .46, E <.10), as well 

as a significant relationship between Provide Answer with Prompt After Error and 

Disaffirmations ~ = .54, .52). This pattern reflects that when children made a 

mistake, the parent could either prompt after the error, disaffirm the incorrect 

answer, or provide the child with the correct answer. 

As with the children's and parents' game moves, several relations between 

strategy use and parental behavior were readily apparent. However, unlike the two 

earlier sets of results, SUM was significantly correlated with Cognitive Directives (!: = 

.52) and moderately correlated with Prompts(!: = .47, E <.10). Guessing was 

significantly related to Prompt After Error and Disaffirmation~ = .77, .58), which 

seems intuitive as guesses are likely to be followed by some form of correction. In 

sum, similar to the pattern of results seen on both the children's and parents' game 

moves, the more sophisticated strategies (Fact Retrieval and Mental Arithmetic) were 
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negatively correlated with SUM. However, unlike the game moves where all of the 

behaviors were highly inter-correlated, in the math context only Prompts and Provide 

Answer yielded significant results. 

Correlational Analyses Between Contexts 

We next looked at the relationship between things that happened during the 

parents' and children's game context (strategies, parental behaviors), with what 

happened in the math context (strategies, parental behaviors). 

Children's game moves. In looking at the relation between the children's 

strategy use on their turn in the game context as well as in the math context, several 

patterns became readily apparent. SUM in the game context was negatively correlated 

with use of Fact Retrieval and Mental Arithmetic in the math context ~ = -.63, -.58) 

and not surprisingly, highly related to use of SUM in the game (! = .89). Use of Fact 

Retrieval in the math context was positively correlated with use of Mental Arithmetic 

(! = .93) and negatively correlated with use of SUM (! = -.54) in the game. Use of 

Mental Arithmetic during math was highly related to the use of Fact Retrieval and 

MIN~= .74, .81) the non-use of SUM(! = -.59) during the children's game moves. 

Interestingly, math Mental Arithmetic and game Mental Arithmetic were not 

significantly related(! = -.07). Not surprisingly, Guessing in math was strongly 

related to Guessing in the game(! = .70). 

In looking at the relationship between parents' behavior on the children's 

moves and child's strategy use in the math context, there was one significant 

correlation out of 36, between use of MAX in the math and Affirmation in the game (! 
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= .52). As chance is 1 in 20, we conclude that this significant correlation could not be 

meaningfully interpreted. 

However, when looking at the relationship between parents' behavior in the 

math context and parents' behavior on the children's move, several patterns are 

yielded. Although there were no significant effects for Affirmations, Disaffirmations, 

and Provide Answers in the math context, math Prompts were moderately correlated 

with game Prompts(!: = .45, E <.10). Prompt After Error in the math was related to 

Prompt After Error in the game (!: = .58), and Cognitive Directives during math were 

significantly related to Prompts, Affirmations, and Cognitive Directives during the 

game~= .69, .55, .54). 

In sum, if children used SUM they tended not to use any other strategy very 

frequently and continued to use SUM frequently in both the game and math contexts. 

The children using the more sophisticated strategies (Mental Arithmetic, Fact 

Retrieval) in the game continued to use those strategies in the math context. Further, 

parents who used Prompts, Prompt After Errors, and Cognitive Directives, did so in 

both the game and math contexts. 

Parents' game moves. In looking at the relationship between the children's 

strategy use on the parents' turn in the game context as well as in the math context, 

several patterns became readily apparent. SUM in the math context was negatively 

correlated with use of Single Item Counting and Mental Arithmetic in the game 

context ~ = -.52, -.54) and not surprisingly, highly related to use of SUM in the game 

(!: = .62). Use of Fact Retrieval in the math context was positively correlated with use 
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of Single Item Counting and Mental Arithmetic(!: - .94, .88) and not surprisingly, 

positively correlated with use of Fact Retrieval (!: = .51) in the game. Use of Mental 

Arithmetic during math was significantly related to use of MAX (!: = .54) and the non

use of SUM(!: = -.54). Interestingly, math Mental Arithmetic and game Mental 

Arithmetic were not significantly related (!: = -.15) . Not surprisingly, Guessing in 

math was strongly related to Guessing in the game (!: = .86). 

Parents' behavior during the math context was significantly related to their 

behavior on their turn in the game only for Prompt After Error which was related to 

Prompt After Errors in the game and Cognitive Directives (!: = .53, .61). In looking at 

the relationship between the parents' behavior on their game moves and math 

strategies, the only significant effects were for use of MAX in the math context with 

Cognitive Directives and Provide Answer in the game(!: = .54, .67), and Guessing in 

the math context was related to Cognitive Directives in the game(!: == .64). It must be 

noted that MAX was infrequently used and several of the children either did not do 

the parents move, or did so infrequently. 

Correlational Analyses of Performance with Demographic Characteristics 

We next looked at the relationship between children's strategies and parents' 

behaviors during the game and math contexts, and some of the demographic 

information provided by the parent. Specifically, we looked at the participating 

parents' educational level and the amount of time each child spent playing on the 

computer, watching TV, and being read to by their parents. 
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Between demographic variables. Correlations computed between the 

demographic variables themselves, produced one significant effect; the amount of time 

parents reported that their children watched TV was negatively correlated with the 

amount of time parents reported that their children spent on the computer(!: = -.56). 

A moderate negative effect was also found between parents' educational level and the 

amount of time the children watched TV(!:= -.47, p < .10). 

Children's strategy use. In looking at the relation between the children's 

strategy use on their game moves and the demographic information, only one 

correlation approached significance. The infrequently used MAX strategy was 

negatively correlated with the parents' educational level (!: = -.48, p < .10). On the 

parents' moves, the only significant effect was for the amount of time the parent 

reported reading to their child and use of Guessing(!: = .63). However, in the math 

context, parental hours spent reading to their children was positively correlated with 

MAX and Guessing ~ = .70, .52), further; the number of hours the children spent on 

the computer was moderately negatively correlated with use of MIN(!: = -.47, p < .10). 

Parental behavior. In looking at the relation between parental behavior on the 

children's game moves and the demographic information, there were several 

interesting findings. The parents educational level was negatively correlated with both 

Disaffirmations and Provide Answers~ = -.50, -.50). Further, the amount of time the 

parent reported that the child watched TV was moderately negatively related to use of 

Cognitive Directives given by the parent on the children's game moves(!: = -.45, p 

<.10). However, on the parents' game moves, although there was no effect for parents' 
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educational level, there were two strong correlations between hours parents' spent 

reading to their children and use of Cognitive Directives and Provide Answers ~ = 

.71, .69). Interestingly enough, in the math context, parents' educational level was 

negatively related to use of Prompts and Disaffirmations ~ = -.59, -.57).; and the 

amount of time the children spent watching TV was correlated with the parents' use of 

Disaffirmations (!: = .63) . 
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DISCUSSION 

In this study we looked at strategy development in a sociocultural context. 

Typically, strategy development has been studied in isolated laboratory settings, 

largely ignoring the social context that makes up children's day-to-day lives. Rogoff 

(1990) and Vygotsky (1978), have argued for a broader view of cognition suggesting 

that the goal of the activity as well as the interpersonal and sociocultural context is as 

important as the specificity of the domain in cognitive tasks. Theorizing that 

children's cognitive development is embedded in social relationships and sociocultural 

tools and practices, Rogoff (1990) argues that development primarily occurs within a 

cultural context through a bi-directional apprenticeship where the child actively learns 

specific skills, values, and understanding from his or her peers and adults. We learn and 

solve problems through social transactions in a social context. 

Traditionally, context has been viewed as a "surface" level phenomenon, in that 

individual differences appear to be stable and resistant to environmental changes. 

However, current research has shown that context contributes to problem solving, 

metaphorical reasoning, and memory, things that were once thought to be a result of 

developmental changes solely in cognitive or biological processes (Ceci, 1993). 

Context has also been shown to elicit strategies, in that many cognitions are inevitably 

tied to the context in which they are acquired. That is, if the social valence is altered, 

then differences in outcome arise. Although strategies such as MIN are often taught 

in school settings, counting is often taught by the most likely of instructors, a child's 

parent. 
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What Did the Children Do? 

Based on past research, we anticipated that there would be variability, both in 

the children's strategy use during the game and math contexts (Bjorklund & 

Rosenblum, 1999; Siegler, 1996), and such variability was found. However, we further 

found that the sheer number of strategies used during the game, on both the children's 

and parents' moves, did not significantly vary. Although children potentially could 

have used a combination of seven different strategies during the game and six in the 

math context, children used an average of 2.98 strategies during the game on their 

move and 2.55 strategies during the math context. We found similar results during the 

parents' game moves the mean being 2.3. None of these means varied significantly 

from one another 

Although there was substantial variability in the number of strategies used, 

children used the SUM strategy significantly more frequently than any other strategy, 

not only on their turn but also on their parents' turn and in the math context (see 

Tables 6 & 7). However, unlike on the children's game move, on the parents' turn, 

use of SUM significantly decreased over thirds. Recalling that only seven children 

made more than 10% of the parents' moves, this result indicates that the parents' who 

allowed their children to compute their moves frequently, had children who made use 

of the less sophisticated SUM strategy less frequently over the course of the study. 

Thus, parents' who involve their children more frequently by encouraging them to 

compute their (the parents') moves, may foster faster strategy development by 

providing the needed scaffolding to their children. It was also the case that children 
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who used the more sophisticated arithmetic strategies on their own (e.g., Fact retrieval, 

Mental Arithmetic), did not require as much assistance from their parents, and thus 

were more equal game partners to their parents. This resulted in those children 

making fewer of their parents' game moves, which also reflects a sensitivity on the part 

of the parents concerning their children's need for support on the "Chutes & Ladders" 

game. 

We further expected that children would display a similar variety of strategies 

between the game and math contexts, but that they would not be identical. As can be 

seen in Tables 9 and 10, most (66%) children used SUM primarily and consistently in 

both contexts. Only one child showed a variable modal strategy in the game and the 

math contexts varying between SUM and MIN. Even on the parents' moves seven of 

the 11 children showed no variability. In fact, these seven children demonstrated the 

same modal strategy that they had used on their turn in the game. The remaining four 

children demonstrated a different modal strategy during at least one session than they 

displayed on either their moves or in the math context. Thus, SUM was clearly the 

favored strategy of the children in our sample; further, if children used SUM as their 

modal strategy, they tended not to use any other strategy very frequently. 

What Did the Parents Do? 

It seems intuitive that parents influence children through direct instruction, 

exposure to experiences, framework of values, overt and subtle perceptions of a child's 

capabilities, and providing an emotional climate conducive to flourishing (Kurtz, 

1990). Parents serve as models by teaching and guiding the child to appropriate 
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behaviors, strategies, and solutions. Through implicit and explicit instruction, parents 

teach their child culturally valued modes of cognition (Rogoff, Mistry, Goncu, & 

Mosier, 1993). 

As aforementioned, the most effective way a parent or teacher can 

collaboratively teach a child is with activities that are within the zone of proximal 

development (Vygotsky, 1978). In Rogoff's model, a parent is one of the most 

important figures in a child's life by serving as a mentor and providing aid for the child 

to model. Siegler (1995) has found that even young children benefit from the 

explanation of the reasoning that an individual uses. In these contexts, parents provide 

an invaluable function as the cultural ambassador to the learning child. Research on 

schooling has demonstrated that parental interactions with children are directly related 

to academic achievements (Kurtz, 1990), and schooling experience can influence later 

parenting techniques, attitudes toward education, and instruction of strategies. 

We anticipated that there would be variability amongst the parents in the 

degree of support they provided for their children. Thus, we identified a number of 

behaviors that parents use. Some such as Prompts (e.g., "How many do you have?") 

and Affirmations (e.g., "That's right.") tended to be used frequently and at least 

occasionally by all parents. Other behaviors, such as Cognitive Directives, which 

includes, Instruction (e.g., "If you have 2 on that dice, and 6 on the other, you don't 

have to count the 6. You know that's 6, so what comes after 6?"); Modeling (e.g., 

parent counts dice out loud); andRe-Representation (e.g., parent holds up fingers for 

child to count), were used on 12% of the game moves, but 53% of the math trials. 
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Corrections such as Prompt After Error (e.g., "Are you sure about that?") and 

Disaffirmations (e.g., "No") were typically expressed after most errors by all parents. 

Essentially, we found that parents who engaged their child did so in a variety of 

ways and across all contexts. As can be seen in Tables 11, 12, and 13, on the children's 

game moves, Affirmations and Prompts, the two most frequently used game 

behaviors, were comparable and significantly greater than all other behaviors; we also 

found high correlations of Prompts with Affirmations, Disaffirmations, and Cognitive 

Directives. 

Similar to the effect seen on the children's moves, Prompts were used 

significantly more frequently than all other behaviors on the parents' moves. 

However, unlike the children's moves, on the parents' moves, Affirmations decreased 

significantly from the first third to the second third, and Cognitive Directives 

decreased over the sessions. This pattern suggests that parents who let their children 

perform their moves initially provided their children support and feedback over the 

first session, then gradually granted their children more leeway in computing their 

moves over later sessions. Although Prompts increased significantly over thirds in 

session 1, they decreased significantly over thirds in session 3, and did not vary over 

thirds for session 2. Thus, over the first session, parents increasingly encouraged their 

child to perform their turn; this plateaued in session 2 and decreased over thirds in 

session 3, as parents who had permitted their child to compute their moves had 

children who spontaneously began to do so over the course of the study. This reflects 
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a sensitivity of these parents in providing scaffolding within the child's zone of 

proximal development and encouraging spontaneous computation by their children. 

In the math context, Affirmations and Cognitive Directives were comparable 

and used significantly more frequently than the use of Disaffirmations and Provide 

Answesr. Most of the Cognitive Directives during the math context were in the form 

of Re-Representations to aid the child in counting (e.g., parent holds up fingers for 

child to count or to merely recognize). This reflects that parents recognized that their 

children required an aid to count in the verbal math context, and thus provide the 

necessary support. 

Most behaviors were highly correlated on both the children's and parents' 

game moves as well as in the math context. Correlational patterns showed a clear 

difference between the parents in that those who engaged their children did so in a 

variety ways, on their turn as well as their child's turn, and also did so in the math 

context; and those who did little to engage their child did little, on both game turns 

and in the math context. 

Relation Between Parent's Behavior and Child's Strategy Use 

We also predicted that there would be relations between the quantity and 

quality of parents' instructional behaviors during the game and changes in children's 

strategy use over the course of the three game sessions. Although strategy selection is 

ideally based on experience with the effectiveness of the strategy, cultural norms and 

feedback from others are also considered. For example, Ellis (1997) reported that the 

best predictor of a child adopting an effective strategy was the partners reaction to and 
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explanation of the strategy. Thus, we expected to find that parents who provided 

extensive support to their child would have children using more sophisticated 

strategies over the three sessions. Although instructed not to explicitly teach the child, 

we suspected that most parents would demonstrate some explicit instruction. 

First, it must be noted that four participants never performed their parents' 

turn and four computed very few of the parents' moves (fewer than 10% of the parents 

moves). Thus, it is not surprising to see aberrations in these analyses. Secondly, MAX 

was infrequently used by any of our subjects. Finally, although we continuously refer 

to MIN and MAX as higher order strategies, they are none the less counting strategies, 

merely more advanced than counting all addends (i.e., the SUM strategy). 

In looking at the relationship between strategy use and parental behavior 

during the game, several relationships became readily apparent. On the children's 

move, MAX was significantly correlated with Disaffirmations and Provide Answer, 

and moderately correlated with Prompts, although it must be noted that MAX was 

infrequently used by our sample. Not surprisingly, Guessing was significantly related 

to Prompt After Error. On the parents' moves, we found that the more sophisticated 

counting strategies of MIN and MAX were significantly related to Prompts, Prompt 

After Errors, Affirmations, and Disaffirmations. As this pattern was only found on 

the parents' moves it suggests that the parents' who permitted their children to make 

their game moves provided support to their children, encouraging the child to use 

more sophisticated counting strategies. Similar to the game, several relations between 

strategy use and parental behavior in the math context were readily apparent. Guessing 
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was once again related to Prompt After Error and Disaffirmations. However, unlike 

the two earlier sets of results, SUM was significantly correlated with Cognitive 

Directives and moderately correlated with Prompts. These results are consistent with 

the idea that children who were using SUM primarily needed more direction and 

support (i.e., Re-Representation), and parents provided this assistance. Under this 

tutelage children, were then able to successfully compute the correct answer. 

In general, although there were significant relations between parents' behaviors 

and children's strategies, parents who were most supportive did not necessarily have 

children who used the most sophisticated strategies or who showed the most change in 

strategy use over sessions. In retrospect, this should not be surprising. Parents whose 

children spontaneously used more sophisticated strategies required less support from 

their parents than less-sophisticated children. Our results indicate that most parents 

provided appropriate support to their children, giving more Prompts and Cognitive 

Directives to children who needed them, and making fewer such comments to children 

who did not need them. We believe that, among those children who were not using 

sophisticated strategies, had the study been extended over a longer period of time, 

those children with more supportive parents would have developed more sophisticated 

strategies (e.g., MIN) sooner than children with less supportive parents. Some of the 

results from the parents' game moves, in fact, support this contention. 

Methodological Considerations 

Several methodological considerations that most likely limited the significance 

of our results are readily apparent. Even though we utilized a microgenetic method to 
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increase the number of observations, with such a small sample size, any results may be 

suspect. Also, in looking at the demographic information, it is obvious that a broader 

SES range, particularly in regards to parents' educational level, would be desirable. 

Further, although not significantly different as a group, with one third of the parent's 

being foreign born, results may have been skewed. For example, although the group 

average for the percentage of trials that parents' allowed their children to compute 

their moves was 29%, the five foreign-born parents averaged 23%, and the 10 

American-born parents averaged 32%. As one of the more interesting findings of this 

study was that parents who let their children compute their moves demonstrated 

greater sensitivity by providing scaffolding and support within the child's zone of 

proximal development, we must wonder if with a larger sample size and a more 

heterogeneous group that these differences would become greater. Ideally, we would 

also have preferred an equal number of mothers and fathers. 

Conclusions and Future Directions 

Studies in strategy development to this point have largely focused on 

individuals in isolated settings indifferent to the social contexts in which we live. In 

viewing strategy choice and development from such a narrow vantage, we have 

undoubtedly failed to recognize all aspects of when and how children learn strategies. 

As current studies are rapidly investigating strategy choice on tasks such as math and 

reading that children encounter in day to day life, (Bjorklund & Rosenblum, 1999; 

Siegler, 1996), this study pioneers in an unscrutinised area. 
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Geary, like Vygotsky, Piaget, and Rogoff, views children as active learners who 

must learn math as a pleasurable social activity. By examining the specific nature of 

this collaborative transaction, we can better understand what is the most effective way 

to teach a child. Further, we can determine what strategies a child has in their arsenal 

that arise only in social contexts. Although current studies are now beginning to 

recognize that strategy choice not only reflects an explicit knowledge about strategy 

utilization and appropriateness but also implicit knowledge about what is culturally 

valued, there is nowhere near the amount of research needed being done to discern 

what effects cultural values have on cognition in general, and strategy development in 

particular. 

As current studies are rapidly investigating strategy choice on tasks such as 

math and reading that children readily encounter in day-to-day life (Ellis, 1997; 

Siegler, 1996), it follows that strategy development should also be examined in the 

naturalistic settings that make up children's daily lives. Further, it follows that 

examining the interactions with a child's most likely of teachers, his or her parents, 

should be paramount in any study on the development of a child's cognitions. 

Ultimately, understanding the collaborative nature of apprenticeship in thinking and 

the provision of scaffolding that a parent gives a child, may not only shape an 

individual's cognitive development, but also their social and cultural development. 
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Table 1 

Summary of Dyad Demographic Information 

Age in Parents 
Sll Child's Parent's Months at Educational 

Sex Sex time of Level 
Testing 

101 M F 67 Grad. Degree 

103 M F 69 Grad. Degree 

104 F F 71 Some College 

106 F F 71 College Grad. 

107 M F 64 Some College 
109 M F 65 College Grad. 

110 F F 62 College Grad. 

117 M F 63 College Grad. 
202 F M 62 College Grad. 

204 F F 64 College Grad. 

205 M F 67 College Grad. 

208 F F 71 College Grad. 
211 M F 63 Some College 

213 M F 62 College Grad. 

215 M M 68 Some College 

Spouses Time Spent Amount of Amount of Time 
Educational Reading to Time Child Child Spends on Parent's 
Level Child a week Watches TV a the Computer a Ethnicity 

week week 
Grad. Degree 2 hours 3-6 hours 3-5 hours German 

College Grad. 2 hours 12-15 hours Less than 30 min. American 

No computer at 
Some College 2 hours 12-15 hours home American 

More than 4 
College Grad. hours 7-11 hours 3-5 hours British 

More than 4 
College Grad. hours 12-15 hours 1-2 hours American 
Some College 7 hours 7-11 hours 3-5 hours American 

Some College 2 hours 0-2 hours 1 hour S. African 

Medical 
Degree 2 hours 12-15 hours 1-2 hours American 
Single Parent 5 hours 12-15 hours 1 hour American 

College Grad. 2 hours 3-6 hours 6-8 hours American 

Graduate More than 2 
Degree hours 7-11 hours 1-2 hours American 
Graduate 
Dgree 3.5 hours 7-11 hours 3-5 hours American 
Single Parent 2 hours 0-2 hours Less than 30 min. Bahamian 

Some College 3.5 hours 3-6 hours 6-8 hours Columbian 

Some College 4 hours 15-20 hours 1-2 hours American 



Table 2 

Parental Behaviors Coded 

Prompt 

Prompt after error 

Affirmation 

Disaffirmation 

Cognitive Directives 

(a) Modeling 

(b) Instruction 

Suggestion by parent as to the generation of an answer 

without mention of the use of any specific strategy (e.g. 

"How many do you have?"). 

Child makes error in calculation and parent prompts for 

a recalculation (e.g. "Are you sure?"). 

The parent demonstrated agreement to a child's answer 

or response to a roll of the dice or a math problem (e.g. 

"That's right!"). 

This is a type of correction, a definitive negative response 

indicating an incorrect response; disaffirmation could be 

an explicit no (e.g. "No, that's not right.") 

This is a category comprised of three types of behaviors 

that direct the child's thinking about the problem, 

modeling, instruction, and re-representation. 

Modeling is the demonstration of a strategy independent 

of instruction, that is, the mother or father models a 

behavior for the child to observe and imitate (e.g. the 

parent counts the dice). 

Instruction was coded when the parent suggested the use 

of any specific strategy (e.g. "if you have 6 on that one 
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and 2 on that one you don't have to count the 6- you 

know it's 6, what's after 6?"). 

(c) Re-representation Re-representation was coded when the parent re

presented the problem in a way that was more familiar 

to the child (e.g. holding up fingers to represent the dice 

or addend) 

Provide Answer The parent provided the child with the correct answer or 

spontaneously produced the answer without the child 

saying anything. 
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Table 3 

Children's Strategies Coded 

Single Item Count 

Fact Retrieval 

Mental Arithmetic 

SUM 

Max 

The child uses the board squares to move, never 

computing a solution to the problem. For 

example, for the dice roll '2' and '3', the child 

moves 1-2 then 1-3. 

Recalling the answer without counting - latency 

for addends summing to less than 3 in less than 1.4 

seconds. 

MA is coded when no explicit strategy was 

observed and the subjects total latency was greater 

than 1.4 sec. and the latency per count didn't fit 

the composite latency per count pattern for either 

SUM or MIN. For example, child looks at dice, 

looks around room, says 5. 

Explicitly counting 1-5, could be on the dice or 

fingers, or moving lips and nodding head while 

scanning the dice. 

Children count from the smaller addend, and may 

combine with finger counting (e.g. 2, 3, 4, 5). 
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MIN 

Guessing 

Counting from the larger number (e.g. 3, 4, 5, 

where saying 3 is optional). 

Guessing was coded when the child blurted out a 

ridiculous answer (i.e. 100 or 1 - anything that 

couldn't be gotten using 2 dice). It was 

characterized by a quick response usually after a 

correction. 
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Table 4 

Number of Different Math Strategies Child Used on Their Turn and Math Context by 

Session 

CHILD'S GAME MOVE MATH 

Subject# S1 S2 S3 S1 S2 S3 

101 1 1 1 1 1 1 

103 5 4 3 2 4 4 

104 3 1 2 5 3 2 

106 5 4 5 4 4 1 

107 4 5 4 3 3 4 

109 2 3 5 3 4 6 

110 4 4 4 3 3 2 

117 5 3 4 4 3 3 

202 2 2 4 2 1 4 

204 4 2 2 2 3 4 

205 3 1 2 MISSING 1 1 

208 2 2 1 3 3 3 

211 5 4 4 3 2 1 

213 1 1 1 1 2 1 

215 3 2 4 2 3 4 

MEANS 3.27 2.6 3.07 2.25 2.67 2.73 
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Table 5 

Percentage of Trials on Which Child Performed Parent's Turn and Number of 

Different Math Strategies used on Parent's Turn for Each Session 

GAME 

Subject# % of Trials Child did Parent's Sl S2 S3 
turn 

101 7% 1 1 2 

103 0% - - -

104 0% - - -

106 2% - - 2 

107 0% - - -

109 48% 5 5 5 

110 27% 3 1 2 

117 98% 4 6 3 

202 53% 4 3 3 

204 2% 2 - -

205 80% 3 3 2 

208 26% 3 1 2 

211 0% - - -

213 81% 1 1 3 

215 9% 1 - 3 

MEANS 29% 2.7 2.1 2.7 
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Table 6 

Percentage of Strategies Used by Session on Children's Moves 

Sessions 

1 2 3 

Single Item Count 2% 1% 1% 

Fact Retrieval 3% 3% 3% 

Mental Arithmetic 6% 18% 12% 

Sum 64% 66% 61% 

Max 1% 0 1% 

Min 16% 16% 18% 

Guessing 2% 1% 1% 

52 

Total Mean's 

1% 

3% 

12% 

64% 

1% 

17% 

1% 



Table 7 

Percentage of Strategies Used by Session on Parents Moves 

Sessions 

1 2 

Single Item Count 0% 0% 

Fact Retrieval 6% 2% 

Mental Arithmetic 13% 7% 

Sum 42% 49% 

Max 0% 0% 

Min 13% 10% 

Guessing 1% 4% 

53 

Total Mean's 

3 

0% 0% 

4% 4% 

17% 12% 

47% 44% 

0% 0% 

10% 11% 

4% 3% 



Table 8 

Percentage of Strategies Used by Session in Math Context 

Sessions 

1 2 

Fact Retrieval 4% 7% 

Mental Arithmetic 13% 15% 

Sum 75% 66% 

Max 0% 1% 

Min 9% 14% 

Guessing 8% 8% 

54 

Total Mean's 

3 

9% 8% 

16% 14% 

70% 66% 

1% 0% 

8% 9% 

11% 8% 



Table 9 

Modal Strategy used on Child's Turn for Each Session 

GAME MATH 

Sid S1 S2 S3 S1 S2 S3 

101 Sum 100% Sum 100% Sum 100% Sum 100% Sum 63% Sum 100% 

103 Sum 47% Sum 78% Sum 77% Sum 79% Sum 50% Sum 50% 

104 Sum 85% Sum 100% Sum 92% Sum &Min Sum 60% Sum 80% 
40% 

106 Min 43% Min 55% Min 54% MA69% MA79% MA 100% 

107 Sum 71% Sum 64% Sum 64% Sum 82% Sum 73% Sum 72% 

109 Sum 97% Sum 81% Sum 75% Sum 50% Sum 82% Sum 54% 

110 Sum 76% Sum 70% Sum 47% Sum 83% Sum 58% Sum 67% 

117 Min 85% Min 90% Min 86% MA71% MA60% MA57% 

202 Sum 96% Sum 93% Sum 78% Sum 85% Sum 100% Sum 58% 

204 Sum 86% Sum 97% Sum 84% Sum 94% Sum 86% Sum 63% 

205 MA68% MA97% MA84% MISSING FR 100% FR 100% 

208 Sum 97% Sum 90% Sum 103% Sum 81% Sum 81% Sum 69% 

211 Min 54% Min 40% Sum 25% Sum 33% Min 92% Sum 100% 

213 Sum 100% Sum 100% Sum 100% Sum 100% Sum 93% Sum 100% 

215 Sum 26% Sum 65% Sum 63% Sum 92% Sum 69% Sum 57% 
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Table 10 

Modal Strategy used on Parents Turn for Each Session 

GAME 

Sid %of Trials Child did S1 S2 S3 
Parent's Turn 

101 7% Sum 100% Sum 100% Sum% 

103 0% - - -

104 0% - - -

106 2% - - Sum 50% 
MASO% 

107 0% - - -

109 48% Sum 33% Guessing Guessing 
Min 33% 38% 40% 

110 27% Sum 86% Sum 100% Sum 89% 

117 98% Min 86% Min 77% Min 93% 

202 53% MA45% Sum 89% Sum79% 

204 2% Sum 50% - -
MASO% 

205 80% MA67% MASS% MA91% 

208 26% Sum 85% Sum 100% Sum 80% 

211 0% - - -

213 81% Sum 100% Sum 100% Sum 87% 

215 9% Sum 100% - Sum44% 
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Table 11 

Percentage of Parental Behavior on Children's Moves by Session 

Behavior Session 1 Session 2 Session 3 Means 

Prompts 37% 28% 29% 31% 

Prompt after Error 8% 6% 20% 11% 

Affirmation 40% 31% 32% 34% 

Disaffirmation 5% 3% 5% 4% 

Cognitive Directives 18% 15% 9% 14% 

Provide Answer 7% 5% 5% 6% 
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Table 12 

Percentage of Parental Behavior on Parent's Moves by Session 

Behavior Session 1 Session 2 Session 3 Mean 

Prompts 24% 24% 24% 24% 

Prompt after Error 4% 6% 3% 5% 

Affirmation 13% 13% 11% 12% 

Disaffirmation 1% 2% 2% 2% 

Cognitive Directives 12% 8% 7% 9% 

Provide Answer 3% 3% 5% 4% 
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Table 13 

Percentage of Parental Behavior in Math Context by Session 

Behavior Session 1 Session 2 Session 3 Mean 

Prompts 37% 21% 17% 23% 

Prompt after Error 24% 15% 16% 17% 

Affirmation 52% 50% 55% 50% 

Disaffirmation 5% 7% 11% 7% 

Cognitive Directives 56% 59% 55% 53% 

Provide Answer 1% 2% 1% 1% 
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Figure 1 

Strategy Use on Child's Move- Subject# 202 
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Figure 2 

Parental Behavior on Child's Turn - Subject# 202 
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Figure 3: 

Strategy Use on Math Problems- Subject # 202 
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Figure 4 

Parental Behavior During Math Problems - Subject # 202 
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Figure 5 

Percentage of Parents' Moves Computed by Child - Subject # 202 
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Figure 6 

Strategy Use on Parents ' Move - Subject # 202 
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Figure 7 

Parental Behavior on Parents ' Move - Subject # 202 
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APPENDIX A 

Chutes & Ladders Coding Glossary 

PARENTAL BEHAVIORS CODED: 

Prompt (P): Suggestion by parent as to the generation of an answer without mention 

of the use of any specific strategy. Such as: Child rolls dice and, while sitting and 

looking at the dice. Mom/dad may say:"How many did you get?"; "What's the 

answer?"; "What did Ms. Smith teach you to do to get the answer". Or, mom may roll 

dice and wait for child's response to her move,or she may say:"What did I get?"; "How 

many moves do I make?"; "How many do I have here?". Or, Mom/Dad may ask: 

"What is 3 plus 2?"; "How much is 3 plus 2?". Or, Suggests: Child rolls dice and 

parent may suggest: "3+2" 

Prompt After Error (Pe): That is, K makes error in calculation and parent prompts 

for a recalculation. Example: "Are you sure?"; "Count again"; etc. After 1 Pe in a 

move all prompt's are coded Pe. What Is Not A Prompt: What looks like a prompt 

but is not may be instruction. One that is most obvious is going to be: "Count them"; 

"You Can Count them". If any suggestions concerning how to arrive at an answer is 

provided: Such as: "You can count them"; or, "Why don't you count them"; this is 

implying a counting strategy. 

Note: Prompt is a request for an answer without a strategy. Instruction is a 

request for an answer with a strategy. 

Affirmation (AfQ: Is when the parent demonstrates agreement to a child's answer or 

response to a roll of the dice or a math problem. Such as: If the child rolls the dice and 

looks at mom and says the answer, "eight". Mom's response is: says, "yes"; or maybe 
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APPENDIX A 

Chutes & Ladders Coding Glossary 

PARENTAL BEHAVIORS CODED: 

Prompt (P): Suggestion by parent as to the generation of an answer without mention 

of the use of any specific strategy. Such as: Child rolls dice and, while sitting and 

looking at the dice. Mom/dad may say:"How many did you get?"; "What's the 

answer?"; "What did Ms. Smith teach you to do to get the answer". Or, mom may rol 

dice and wait for child's response to her move,or she may say:"What did I get?"; "How 

many moves do I make?"; "How many do I have here?". Or, Mom/Dad may ask: 

"What is 3 plus 2?"; "How much is 3 plus 2?". Or, Suggests: Child rolls dice and 

parent may suggest: "3+2" 

Prompt After Error (Pe): That is, K makes error in calculation and parent prompts 

for a recalculation. Example: "Are you sure?"; "Count again"; etc. After 1 Pe in a 

move all prompt's are coded Pe. What Is Not A Prompt: What looks like a prompt 

but is not may be instruction. One that is most obvious is going to be: "Count them"; 

"You Can Count them". If any suggestions concerning how to arrive at an answer is 

provided: Such as: "You can count them"; or, "Why don't you count them"; this is 

implying a counting strategy. 

Note: Prompt is a request for an answer without a strategy. Instruction is a 

request for an answer with a strategy. 

Affirmation (AfQ: Is when the parent demonstrates agreement to a child's answer or 

response to a roll of the dice or a math problem. Such as: If the child rolls the dice and 

looks at mom and says the answer, "eight". Mom's response is: says, "yes"; or maybe 
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nods head in agreement; says, "uh-uh"; or, this may be a smile or gesture of some kind 

which in turn confirms the child's answer. 

Disaffirmation (DA): Is a type of correction, in which the parent provides the child 

with a cue to try again after an incorrect answer. This could be an explicit no, or a 

definitive negative response indicating an incorrect response. For example, statements 

such as "you're wrong" or "that's not 9". It is not disaffirmation If the parent/peer 

says "count it again"; "are you sure"; or "try again"- then it is coded as aPe (prompt 

after error) 

Cognitive Directives (CDR): 

• Modeling: This is the demonstration of a strategy independent of 

instruction. The mother or father models a behavior for the child to 

observe and imitate. For example, After the child rolls the dice, he or she 

may have difficulty in how to come to an answer. For example, if the dice 

roll is 5 and 3, the parent may demonstrate the use of a counting strategy by 

counting the dots on the dice 1-8. Or, they could model MIN by counting 

5,6,7,8. the MIN strategy). 

• Instruction: Is when the Parent suggests the use of any strategy. Such as: 

SUM: Parent instructs the child to add all the dots from 1; for example, 

"can you count them?"; "How many dots do you have there?". Or, Fact 

Retrieval: Parent may suggest and expect that the child "just knows the 

answer". Min Strategy: Any suggestion by the parent to start counting 

from the larger addend. Such as if you have a 3 and a 5, the parent may 

suggest to the child to start counting from the larger of the die. 

• Re-representation: This is when the representation of a problem is re

presented in a way that is more familiar to the child, giving him/her 

another way to look at the problem. Such as, if given a 5 and a 3, the 

parent may say: this die has five dots (and put up five fingers to represent 
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the five dots) and this die has three dots (putting up three fingers on the 

other hand). Or the parent may tell the child to count on their fingers. In 

the math context, the parent telling the child to use either fingers or dice to 

compute the answer has been coded as re-rep. 

Provide Answer (P A): The parent provides the child with the correct answer or 

spontaneously produces the answer without the child saying anything. 

Example of Provide Answer with Disaffirmation: When the parent tells the child the 

answer he I she gives is wrong and gives the correct answer. Such as: Child rolls the 

dice and gets a 5 and 3, Says the answer is 9. In turn, parent says, "You are wrong, 

that's 8". 

STRATEGIES CODED: 

Strategies were coded based on overt behavior as well as by using a latency composite 

for each subject. The Latency is the time it takes the child to answer. This begins 

from the time the dice stop and the child is focusing his/her attention on the die to the 

time the child responds with an answer. The Latency Per Count (LPC) is the latency 

divided by the sum of the 2 addends. An average latency, as well as average LPC's for 

explicit SUM and MIN was calculated for each subject. These composite LPC's were 

then used to aid in coding the implicit strategy use occasionally seen by subjects. If the 

difference between the LPC and the composites were too different to fit either sum or 

min, then mental arithmetic was coded. 

Single Item Count (SIC): The child uses the board squares to move, never computing a 

solution to the problem. For example, if the dice are 4 and 3 the child moves 4 spaces 

then 3 more spaces, thus, effectively moving but not arriving at a solution. 
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Fact Retrieval (FR): Fact retrieval is when the child had a total latency less than 1.4 

sec. on a given problem if the problem was not equal to 2. For example, dice roll is 4 

and 4, child looks at dice and immediately says 8. 

Mental Arithmetic (MA): MA is coded when no explicit strategy was observed and the 

subjects total latency was greater than 1.4 sec. and the LPC didn't fit the composite 

LPC pattern for either SUM or MIN. For example, dice roll is 5 and 3, child looks at 

dice, looks around room, says 8. LPC is .37 the average LPC for this subjects SUM is 

2.97 and the average MIN LPC is 1.27, we code as MA. MA was also coded if the 

subject didn't explicitly use a strategy at least 10 times over the sessions. 

SUM: Sum is coded when the child demonstrates an explicit or obvious counting 

strategy that includes all numbers in the 2 addends. Sum was also coded when the 

LPC on an implicit move was close to the average sum LPC for that subject. 

MAX: Although we did not see much use of the max strategy, max was coded 

when the subject explicitly counted from the lower of the 2 addends. For 

example, if the dice are 3 and 5, the child counts 3,4,5,6,7,8, then max is coded. 

MIN: Min was coded whenever the child counted from the higher of the 2 

addends. For example, if the dice are 3 and 5, the child counts 5,6,7,8, then min 

is coded. Min was also coded when the average min LPC was a close 

approximation to a non-explicit strategy use. 
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Guess: Guessing was coded when the child blurted out a ridiculous answer (i.e. 

100 or 1- anything that couldn't be gotten using 2 dice). It was characterized 

by a quick response usually after a correction. 

71 



REFERENCES 

Antell, S.E. & Keating, D.P. (1983). Uncertainty can explain change and 

development Human Development, 34, 204-223. 

Belmont, J. & Butterfield, B.C. (1977). The instructional approach to 

developmental cognitive research. In R. Kail, Jr. & J.W. Hagen (Eds.), Perspectives 01 

the development of memory and cognition. NJ: Lawrence Erlbaum Assoc. 

Bjorklund, D. F. (Ed.). (1990). Children's strategies: Contemporary views of 

cognitive development. Hillsdale, NJ: Erlbaum. 

Bjorklund, D. F. & Rosenblum, K.E. (1999, under review). Children's simple 

addition strategies in a game context. 

Ceci, S. J. (1993). Contextual trends in intellectual development. 

Developmental Review, 13, 403-435. 

Ceci, S.J. & Liker, J. (1986). A day at the races: A study of IQ, expertise, and 

cognitive complexity. Journal of Experimental Psychology, 115, 255-266. 

Coyle, T.R. & Bjorklund, D.F. (1997). Age differences in, and consequences 

of, multiple and variable strategy use on a multitrial sort-recall task. Developmental 

Psychology, 33, 372-380. 

Ellis, S. (1997). Strategy choice in sociocultural context. Developmental 

Review. 

Ellis in, S. (in press). The impact of self-explanation on children's reasoning: 

The role of social agent. 

72 



Flavell, J. H. (1978). Metacognitive development. In J. M. Scandura & C.J. 

Brainerd (Eds.), Structural/process theories of complex human behavior. The 

Netherlands: Sythoff and Noordhoff. 

Flavell,]. H., & Wellman, H. M. (1977). Metamemory. In R.V. Kail,Jr. &J.W 

Hagen (Eds.), Perspectives on the development of memory and cognition. Hillsdale, 

NJ: Erlbaum. 

Gardner, H. (1993). Multiple intelligences: Theory in practice. New York: 

Basic Books. Chapters 1& 2. 

Geary, D. C. (1985). Reflections of evolution and culture in children's 

cognition: Implications for mathematical development and instruction. American 

Psychologist, 50, 24-37 

Gotfried, A.E. (1990). Academic intrinsic motivation in young elementary 

school children. Journal of Educational Psychology, 82, 525-538. 

Kurtz, B.E. (1990). Cultural differences in children's cognitive and 

metacognitive development. In W. Schneider & F. E. Weinert (Eds.), Interactions 

among aptitudes, strategies, and knowledge in cognitive performance. New York: 

Springer-Verlag. 

Kurtz, B.E. & Borkowski, J .G. (1987). Development of strategic skills in 

impulsive and reflective children: A longitudinal study of metacognition. Journal of 

Experimental Child Psychology, 43, 129-146. 

73 



Miller, K.F., Smith, C.M., Zhu, J., & Zhang, H. (1995). Preschool origins of 

cross-national differences in mathematical competence: The role of number naming 

systems. Psychological Science, 6, 56-60. 

Pressley, M. (1984). Embracing the complexity of individual differences in 

cognition: Studying good information processing and how it might develop. Learnin~ 

and Individual Differences, 6, p.259-284. 

Rogoff, B. (1990). Apprenticeship in thinking: Cognitive development in social 

context. New York: Oxford University Press. 

Rogoff, B., Mistry, J., Goncu, A., & Moiser, C. (1993). Guided participation 

in cultural activity by toddlers and caregivers. Monographs of the Society for 

Research in Child Development (Vol. 58, Serial No. 236). 

Schneider, W., Borkowski, J.G., Kurtz, B.E., & Kerwin, K. (1986). 

Metamemory and motivation: A comparison of strategy use and performance in 

German and American children. Journal of Cross-Cultural Psychology, 17, 315-336. 

Schneider, W., Korkel, J. & Weinert, F.E. (1990). Expert knowledge, general 

abilities, and text processing. In W. Schneider & F.E. Weinert (Eds.), Interactions 

among strategies, knowledge, and aptitude in cognitive performance (pp. 235-251) . 

New York: Springer-Verlag. 

Scribner, S. (1984). Studying working intelligence. In B. Rogoff & J. Lave 

(Eds.), Everyday cognition: It's development in social context (pp.9-40). Cambridge, 

MA: Cambridge University Press. 

74 



Siegler, R.S. (1996). Evolution and cognitive development (Chapter2), in 

Emerging minds; The process of change in children's thinking. New York: Oxford 

University Press. 

Siegler, R.S. & Shipley, C. (1995). Variation, selection, and cognitive change. 

In G. Halford & T. Simon (Eds.), Developing cognitive competence: New approaches 

to process modeling (pp.31-76). Hillsdale, NJ: Earlbaum. 

Siegler, R. S. (1988). Individual differences in strategy choices: Good students, 

not-so-good students, and perfectionists. Child Development, 59, 833-851. 

Siegler, R.S., & Jenkins, E. (1989). How children discover strategies. Hillsdale, 

NJ: Erlbaum. 

Sternberg, R.J. (1985). Beyond IQ: A triarchic theory of human intelligence. 

Cambridge: Cambridge University Press. 

Vygotsky, L. S. (1978). Mind in society: The development of higher 

psychological processes. Cambridge, MA: Harvard University Press. 

75 




	Cover_00
	Rn_0001
	Rn_0002
	Rn_0003
	Rn_0004
	Rn_0005
	Rn_0006
	Rn_0007
	Rn_0008
	Rn_0009
	10001
	10002
	10003
	10004
	10005
	10006
	10007
	10008
	10009
	10010
	10011
	10012
	10013
	10014
	10015
	10016
	10017
	10018
	10019
	10020
	10021
	10022
	10023
	10024
	10025
	10026
	10027
	10028
	10029
	10030
	10031
	10032
	10033
	10034
	10035
	10036
	10037
	10038
	10039
	10040
	10041
	10042
	10043
	10044
	10045
	10046
	10047
	10048
	10049
	10050
	10051
	10052
	10053
	10054
	10055
	10056
	10057
	10058
	10059
	10060
	10061
	10062
	10063
	10064
	10065
	10066
	10067
	Apx_0001
	Apx_0002
	Apx_0003
	Apx_0004
	Apx_0005
	Apx_0006
	Apx_0007
	Apx_0008
	Apx_0009
	cover_01

