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ABSTRACT 

This study investigated the presence of the framing bias in children's probabilistic 

decision-making. Under investigation was whether children would frame when presented with 

problems analogous to those known to illicit framing in adults. Prospect theory (Tversky & 

Kahneman, 1979) was pitted against fuzzy-trace theory, (Brainerd & Reyna, 1990) to 

determine which provided a better explanation of children's decision-making. Preschoolers, 

second-, and fifth-graders were asked to make choices in a probabilistic situation across 

various levels of probability and expected values of outcome. It was expected that the amount 

of framing would increase with age. 
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CHAPTER 1 

INTRODUCTION 

Every day, adults make decisions in probabilistic situations. Outcomes of choices 

are rarely certain and almost always include an element of risk. This applies to trivial 

decisions such as whether tc carry an umbrella, the risk being the probability of getting 

wet, and to major decisions such as choosing the correct financial investment, for which 

the risk may be greater. Many studies have been done on how adults reach decisions in 

these situations. Adult research focuses on information processing, especially on how a 

decision is reached in probabilistic situations (e.g. Kahneman & Tversky, 1979; Reyna & 

Brainerd, 1991a). 

Children also make decisions in probabilistic situations. For example, "Do I spend 

my money on lunch, or do I save it to buy candy on the way home from school, and maybe 

make Mom mad at me?" "Should I do my homework now, or should I play outside now 

and do my homework later and risk not getting it done?" In contrast to research in adult 

decision-making, research on children's probability judgment focuses mainly on 

determining the age at which children correctly solve probability problems. Two major 

camps have emerged. Neo-Piagetians claim that young children, who have not yet reached 

formal operations, do not fully comprehend probability (Ross, 1966; Hoemann & Ross, 

1971; Perner, 1979). The Neo-Piagetians consider knowledge of probability to be the 

mathematical manipulation of part-whole relationships. An understanding of probability 

requires the computation of ratios. Unless children are able to work with fractions, as 

adults are assumed to do, they do not fully comprehend probability. 

Other research, done in response to Piagetian theory, involves children's 

comparisons of magnitude or frequency. Data show that even preschool children are 

capable of accurate judgments in these simple probability situations (Acredolo et. al„ 1989, 

Brainerd,J981; Goldberg, 1966; Davies, 1965; Yost, Siegel, & Andrews, 1962). Much 
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of the research in children's probabilistic decision-making has concentrated on the product 

of the decision-making process. Using simple tasks, such as multicolored spinners, (e.g. 

Hoemann & Ross, 1971; Perner, 1979) or random draws of tokens or balls, (e.g. Yost, 

Siegel, & Andrews, 1962; Davies, 1965), children were asked which outcome they 

thought was most likely to occur. For example, a child would be presented with 2 

transparent containers, one containing 4/5 red and 1/5 blue tokens, the other containing 4/5 

blue and 1/5 red tokens. The child would be asked to indicate from which container she 

would be more likely to draw a red token on a blind draw. Most studies such as this 

focused on determining the youngest age at which children were able to correctly solve the 

problems (e.g. Yost, Siegel, & Andrews, 1962; Davies, 1965), while some attempted to 

describe strategies children were using to manipulate probability values (e.g. Acredolo & 

O'Connor, 1991; Horobin & Acredolo, 1989, Hommers, 1980). 

There have been few developmental studies on how children make choices in 

situations involving risk. It is unclear if children use the same decision-making processes 

as adults. Recent research has begun to unite the literature on adult decision-making and 

children's probability judgments (e.g. Jacobs & Potenza, 1991; Reyna & Brainerd, 

1991b). Paradigms used in adult research have been adapted for use at a developmental 

level suitable for children. Under investigation is how children process information in 

probabilistic situations and whether children are subject to the same judgment biases as 

adults. The current study investigates one such bias, the framing effect (Tversky & 

Kahneman, 1981), and its influence on children's decision-making. 

Prospect Theory and Framing Effects 

Prospect theory is a dominant theory of adult decision-making (Kahneman & 

Tversky, 1979). According to this theory, decisions made under risk are based on 

projected gains or losses, not on the actual outcomes present in the problem situation. In 

prospect theory, decision makers attach subjective desirability weights, (a function of the 
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probabilities of the outcomes involved), to gains and losses, and choose based on the 

results of these calculations. Quantification of gains and losses, and of probabilities, is 

essential under prospect theory. Decision-makers are thought to rely upon the quantitative 

(numerical) information within the context of the decision, and to reach a conclusion by 

subjectively computing the gains or losses involved. This should be distinguished from 

reliance upon the expected value of the problem. The expected value of a decision is 

simply the objective value of an outcome multiplied by its -exact probability. 

Prospect theory refers to the options of a decision as "prospects." It is assumed 

that "the mind" mentally multiplies gains and losses by a desirability value which is a 

function of the probability of a given outcome. This desirability factor influences the 

attractiveness of the outcome. Stated numerically, a decision becomes 

Jt(p)v(x) + 7t(q)v(y) 

where x and y are the outcomes, p and q are the probabilities of occurrence and non

occurrence respectively, v represents values based on gains and losses, and icp and nq the 

subjective decision weights (Tversky & Kahneman, 1986). 

The assignment of a decision weight reflects the perceived probability of the 

outcome. Decisions are generally characterized by an underestimation of outcome values 

and probabilities relative to their objective values. According to the principles of super- and 

subadditivity, decision-makers tend to overestimate very small probabilities 

(superadditivity) and underestimate moderate and high probabilities (subadditivity) when 

formulating decision weights so that the probabilities of the outcomes involved no longer 

sum to 1.0. Outcome values as well are undervalued by decision-makers. Thus, an option 

of "200 lives saved" is perceived as something less than that, such as "198 saved." When 

underestimated outcomes are combined with over- or underestimated decision weights, the 

mathematical value of the problem differs from its objective expected value. 
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Research on decision-making under prospect theory has revealed the presence of 

judgment biases in adult reasoning. Framing effects are a violation of the concept of 

invariance (Tversky & Kahneman, 1979). The principle of invariance states that superficial 

changes in problem format should not influence preferences. If asked to choose between a 

trip to Paris and a trip to Rome, a decision-maker should express the same preference as 

she would if asked to choose between a trip to Rome and a trip to Paris. Framing results 

when the choice of an alternative is influenced by how the question is worded or "framed." 

Given two situations with mathematically equivalent overall expected values, an 

individual's choices may be systematically reversed by framing the questions in a positive 

or negative fashion. Subjects have exhibited framing when exposed to problems involving 

winning lotteries to choosing a course of medical treatment (Tversky & Kahneman, 1986). 

Even adults with an advanced knowledge of probability concepts exhibit the choice reversal 

characteristic of the framing effect (Kahneman & Tversky, 1984). 

A classic problem used to study framing effects is the Asian disease problem (e.g. 

Tversky & Kahneman, 1981). Subjects are asked to choose between two courses of action 

to halt the spread of an epidemic. Given that the disease will kill 600 people and 2 

alternative programs to combat the disease are available, the choices in a positive framing 

condition are: 

Program A: 200 people will be saved. 

Program B: 1/3 probability that 600 people will be saved, 

and a 2/3 probability that nobody will be saved. 

The expected values of the programs' outcomes are equal, yet the majority of 

subjects are risk-averse and choose program A. According to prospect theory, this 

decision is perceived as: 

Program A: (<200) people will be saved with a (1.0) 

probability. 
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Program B: (<1/3) probability that (<600) people 

will be saved, and a (<2/3) probability that 

nobody (0) will be saved. 

Because the values function for outcomes is concave, the higher the outcome value, 

the more undervalued it becomes. Therefore, 600 in program B is more undervalued than 

the 200 in program A. The chance that nobody will be saved drops out; 2/3 multiplied by 0 

is 0. As such, the expected values of the programs are no longer mathematically equal. 

Program A offers a certain salvation of approximately 200 people. Program B provides a 

less than 1/3 chance to save less far fewer than 600 people. The choice is now roughly 

similar to : 

Program A: 199 people will be saved. 

Program B: 25% probability that 500 people will be saved. 

Program B offers an expected saving of 125 lives compared to program A's sure 

saving of 199. Hence, program A is perceived as superior. 

In the negative framing condition, the same scenario creates the choice reversal 

characteristic of the framing effect The options presented are: 

Program A: 400 people will die. 

Program B: 1/3 probability that nobody will die, and a 2/3 

probability that 600 people will die. 

As in the positive frame, the expected values of each option are equal. When asked 

to choose in this condition, subjects become risk-seeking and select program B. Utilizing 

the same principles of underweighting the probabilities and outcomes of the 2 programs, 

this problem is roughly reduced to something like: 

Program A: 300 people will die. 

Program B: 60% probability that 450 people will die. 



1 2 

Option B becomes preferable. A chance of losing 250 lives is better than losing 

300 lives with certainty. When outcomes are negative, less is better than more. Having 

described the prevailing theory of adult decision-making and its explanation of the framing 

bias, I will discuss an alternative view. 

Fuzzy Trace Theory and Framing Effects 

Recent studies in adult decision-making have cast doubt on Prospect Theory's 

pyschophysical account (Reyna & Brainerd, 1991a; Brainerd & Reyna, 1990). Reyna and 

Brainerd have formulated a theory called fuzzy-trace theory (1990) which describes adult 

reasoning as more intuitive than quantitative in nature. Using the same paradigms as 

prospect theory, their research results suggest that, for the purposes of decision-making, 

adults do not quantify outcomes in numerical terms. It appears that choices are made by 

comparing simplified qualitative statements of the options presented. These statements are 

referred to as "gist" in fuzzy-trace theory. Rather than depicting decision-makers as 

manipulating the specific details of the decision faced, fuzzy-trace theory states that the 

pattern or gist of the outcomes is the level at which reasoning operates. 

Gist is a form of representation in memory. Another form of representation is 

verbatim memory. Fuzzy-trace theory describes the two types of memory traces as 

independent of one another. Gist is not merely a watered-down form of the verbatim 

detail. Rather, it is the pattern or essence of the information. Fuzzy-trace theory states that 

both verbatim and gist information are processed in memory simultaneously, and exist in 

memory along a "fuzzy-to-verbatim continua" (Brainerd & Reyna, 1990). Whether 

reasoning operates on the gist of information is due in part to the type of problem addressed 

and to the age of the decision-maker. Some evidence indicates that verbatim memory is 

available almost from birth and that reliance on gist-based reasoning develops with age 

(Brainerd & Reyna, 1993). 
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Gist is believed to be organized into a hierarchy for processing. At the lowest level 

of the hierarchy are nominal, or "some" versus "none," comparisons. The next level in the 

hierarchy is relative gist, or "some" versus "more" comparisons. A basic tenet of fuzzy-

trace theory, the fuzzy-processing preference, states that reasoning operates at the lowest 

level of the hierarchy necessary to achieve a solution (Brainerd & Reyna, 1990). 

To facilitate comparisons between different kinds of processing, Tversky and 

Kahneman's Asian disease problem is easily converted into a gist-based model (Reyna & 

Brainerd, 1991a). Under fuzzy-trace theory, the positive framing condition would read as: 

Program A: Some people will be saved. 

Program B: A probability that some people will be saved and a 

probability that none will be saved. 

The choice of outcome becomes "some" people will be saved versus a chance that 

"none" will be saved. This represents the lowest level of gist necessary to reach a 

conclusion. No comparison of "some" versus "more," (relational gist) is necessary 

because of the presence of the outcome that nobody will be saved solely in one option. 

According to fuzzy-trace theory, when a "null outcome" is unique to one option, only a 

nominal gist comparison, the difference between "some" and "none," is made (Reyna & 

Brainerd, 1991a). No mathematics are required to make the decision. Since saving some 

people is preferable to saving none, the majority of people will make the risk-averse choice 

and select program A. 

The gist-based form of the negative framing condition is: 

Program A: Some people will die. 

Program B: A probability that none will die and a probability 

that some will die. 
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Similarly, because a chance that none will die is more attractive than some dying, 

the preferred choice in this condition is program B, again without requiring the subject to 

perform mathematical manipulations of the information presented. 

According to fuzzy-trace theory, framing effects are not due to the quantification of 

choices. Fuzzy-trace theory holds that reasoning does not utilize the exact information 

present in the solution to solve the problem, and it is the comparison of qualitative gist 

which results in framing effects. People frame when asked to choose in the above model 

because they make a qualitative rather than a quantitative comparison. This definition of 

reasoning at a qualitative level would explain why even respondents with advanced 

knowledge of probability still exhibit framing effects (Kahneman & Tversky, 1984). 

Under fuzzy-trace theory, it would seem that adult probabilistic decision-making more 

closely resembles the basic magnitude and frequency comparisons of young children than 

the complex quantitative process of prospect theory. The following section will discuss the 

implications of these findings for children's decision-making under risky situations. 

Fuzzy-trace Theory and Children's Decision-Making 

The framing effect described in prospect theory has not been researched in children. 

This is because the mathematical complexity of the problems used to study framing effects 

have been assumed to be far beyond the developmental capabilities of young children. 

However, the problems can be converted into a qualitative form which children can solve 

by perceptual means such as magnitude and frequency comparison. This study used a 

spinner task and varying amounts of brightly colored superballs to convey problem 

information. Children could reach a conclusion by simple magnitude comparisons. 

Probability could be judged by comparing portions of the spinner, and outcomes could be 

estimated by comparing amounts to be won or lost. Given that young children are able to 

correctly estimate relative probabilities by performing perceptual operations (e.g. Goldberg, 

1966; Davies, 1965; Hoemann & Ross, 1971), an assessment of framing effects in 
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children can be conducted under the aegis of fuzzy-trace theory. This study explored the 

development of framing effects in children's decision-making. 

Developmental Choice Predictions 

Fuzzy-trace theory ascribes framing effects to the manipulation of qualitative 

patterns of gist. The tendency to extract and rely on gist increases with age, and therefore, 

the tendency to frame should increase across age. Predictions within ages are discussed 

below. 

Preschoolers 

Young children rely heavily on verbatim information to reason (Brainerd & Reyna, 

1993). Because fuzzy-trace theory holds that qualitative comparisons are the basis of 

framing effects, it was anticipated that the preschoolers would show the weakest framing 

effect due to their reliance on quantitative details to solve reasoning tasks. However, their 

ability to use verbatim information would be limited by their lack of computational skills. 

What strategy the preschoolers would use to make their decisions was unclear. 

Preschoolers lack number and mathematical skills, while at the same time are not yet gist-

reliant. Most probably, they would use some type of unidimensional strategy, such as 

magnitude of outcome or attractiveness of a portion of the task, to reach their decisions. 

This reliance on the details of the problem is in keeping with the predictions of fuzzy-trace 

theory , which suggests that preschool children can solve tasks for which verbatim 

information is essential (e.g. simple recall tasks) better than they can solve tasks such as 

transitivity problems which are soluble by gist-based methods of pattern extraction (Reyna 

& Brainerd, 1991b). 

Second-graders 

Second-graders are on the cusp of a "verbatim-gist shift" (Reyna & Brainerd, 

1991b) Their use of gist is more frequent than that of the younger children and less 

frequent than that of fifth-graders. It was predicted that the data would reveal more framing 
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by the second-graders as compared to preschoolers, and less framing by the second-

graders when compared with the fifth-graders. 

The second-graders children are the age group in which the greatest variability 

should be present It was conceivable that some children would make choices in a manner 

similar to the younger children, using a unidimensional strategy based on the surface details 

of the task. However, second-graders have acquired basic mathematical skills through 

schooling. Even if the children do not perform the actual calculations, it was more likely 

that the second-graders would attempt to integrate probabilities and outcome values 

(Anderson, 1980; Hommers, 1980). In terms of fuzzy-trace theory, at this age, the 

development of use of gist-based patterns has increased. Because fuzzy-trace theory 

considers these children to be primarily reliant on quantitative information (Reyna & 

Brainerd, 1991b), it is anticipated that second-graders would make a relative "some" versus 

"more" comparison instead of the qualitative "some" versus "none" distinction. 

Fifth-graders 

The fifth-graders, whose reasoning was theorized to most closely resemble the gist-

based patterns of adulthood, were predicted to show the strongest framing effects of any of 

the age groups investigated. As the oldest age group, their thinking was assumed to be 

most like that of adults. That is, fifth-graders would more consistently make nominal gist-

based comparisons (though they would be less likely to do so than adults). Fifth-graders 

should show the most framing when compared to younger children, but less framing than 

would be expected from adult subjects. Because their computational skills as well as their 

gist processing abilities have increased, fifth-graders' choice behavior should reflect the 

influence of both quantitative and qualitative information (Reyna & Brainerd, 1991b). 

Developmental Memory Predictions 

Fuzzy-trace theory provides specific predictions for effects of reasoning on memory 

and likewise, memory on reasoning. In general, research has revealed that reasoning and 
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memory for relevant problem information are independent from one another. However, 

independence can be influenced by developmental level and task constraints (Reyna & 

Brainerd, 1990; Brainerd & Reyna, 1993). For example, gist-based reasoning tasks 

accompanied by gist-based memory probes could create a positive dependency because the 

same type of memorial representations are accessed to produce an answer for both the 

reasoning and memory questions. If a reasoner were attempting to use verbatim 

information on a gist-based problem, memory for the problem details could interfere with 

reasoning (negative dependency). The following section presents developmental 

predictions for each age group. 

Preschoolers 

Given that the youngest children do use a relative comparison to solve the reasoning 

task, reasoning and memory for the problem details should be independent. However, 

interference might result if attempted answers to memory probes conflict with gist-based 

reasoning (which is more likely in preschool-aged subjects). Some of the larger numbers 

presented in this task are well beyond the counting skills of the majority of preschoolers. 

Attempts to provide answers for numbers they did not recognize would generate cognitive 

"noise" that might create memorial interference. However, if children guess at unfamiliar 

numbers, independence would still result Errors produced by guessing are random and 

therefore, would be unrelated to reasoning. 

Second-Graders 

It is assumed that second-graders will make a relative gist comparison. Because the 

"some" versus "more" comparison does not rely on verbatim detail in the same manner in 

which calculating expected values does, accuracy on memory probes should be 

independent from reasoning. 
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Fifth-graders 

Ability to manage both gist and verbatim memory representations and to 

disassociate them is thought to increase with age (Brainerd & Reyna, 1993). The oldest 

children should be best capable of gating out interference. Reasoning and memory are 

expected to be independent for the fifth-graders. 

Experimental Variables 

There were 5 variables under consideration in this experiment: framing condition, 

(whether the problem was phrased as a possibility of winning, a gain frame, or as a 

possibility of losing, a loss frame), age group, ratio level (probability), outcome level (the 

number of toys won or lost), and block (order of presentation of framing condition). 

The age groups were selected to represent different developmental trends in 

reasoning (Reyna & Brainerd, 1991b). Preschoolers are thought to utilize verbatim 

problem information to solve reasoning tasks. By presenting preschoolers with a gist-

based task, conflicts between reasoning and performance on memory probes were 

expected. Second-graders represent the transitional age group, children on the cusp of the 

"5-7 shift," who could rely on verbatim problem details or could try to make gist-based 

comparisons. The final age group, fifth-graders, have demonstrated more gist-based 

reasoning in prior experiments, (Reyna & Brainerd, 1991b; Brainerd & Reyna, 1993) 

However, fifth-graders are still children. It would be unsurprising if their reasoning and 

memory still differed from adults. 

Ratio levels presented were selected based on simplicity and on the results of 

previous research using spinner tasks. Some of these prior experiments divided spinners 

into eighths, (Perner, 1979) and, in some cases, sixteenths (Ross, 1966). It was not the 

purpose of this research to determine which ratio levels contribute to incorrect reasoning in 

children. Rather, ratios were chosen which were presumed to be easily distinguishable 
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from one another, familiar to the children, and effective in conveying variations in 

probability. 

The outcome levels were chosen in an effort to induce gist-based comparisons by 

presenting numbers both within and beyond children's mathematical capabilities. It was 

assumed that small outcome problems, (1-4 superballs) were subitizable. These problems 

could be solved without any number knowledge, and the children who could count could 

make easy use of the verbatim information displayed. The mid-level, countable outcomes 

(4-16), were selected as being numbers which were countable by elementary school 

children. The final outcome level, uncountable, (30-120 superballs) would be the most 

difficult to count. It is possible that presentation of uncountable quantities might promote 

an increase reliance on gist-based reasoning in the younger children. 

Specific values of outcomes seen by children for a given problem were determined 

by the expected values of the problem. Expected values for a given problem were kept 

equal across the sure option and the gamble option. Therefore, a small outcome problem, 

using a 1/2 ratio, would have to consist of 1 superball as the sure thing, and 2 superballs 

for the risky option. Likewise, an uncountable level problem within the 1/4 ratio must 

include 30 superballs as the sure thing and 120 superballs as the risky option. A block 

variable was introduced to account for any possible order effects. Children in block 1 

received the gain frame problems first; those in block 2 received the loss problems first. 
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CHAPTER 2 

METHOD 

Subjects 

A total of 111 subjects from preschools and elementary schools in a major 

metropolitan area in the Southwestern United States participated: 28 preschoolers, 40 

second-graders, and 43 fifth-graders. Mean ages were 4:8 years, 8:0 years and 11:1 years 

respectively. 

Design 

The design is a 3x3x3x2x2 factorial design. Between-subjects factors are age 

(preschoolers, second-graders, fifth-graders), and order of presentation (positive condition 

first, negative condition first). Within-subjects factors include probability ratio (1/2:1/2, 

1/3:2/3,1/4:3/4), outcome value (small = 1-4 superballs, countable = 4-16 superballs, 

uncountable = 30-120 superballs), and framing condition (positive wording, negative 

wording). 

Questions were organized into 2 blocks of nine problems each, and the order of 

blocks was counterbalanced across subjects. Blocks correspond to the framing condition 

(positive or negative) of the problems. In other words, each of the problems was phrased 

in both a positive and a negative manner, with the expected value of the outcome of each 

problem held constant across the framing conditions. The 9 problems within each block 

were randomly presented. 

Materials 

The main apparatus was a large wooden spinner, 18 inches in diameter, similar in 

appearance to those found in children's board games. Probability was expressed by the 

ratio between portions of the spinner. The main area of the spinner was blue; sections of 

red cardboard corresponding to 1/2,1/3, and 1/4 of the spinner's surface were placed on 

the spinner. Probabilities of 50:50 (1/2 blue, 1/2 red), 75:25 (3/4 blue, 1/4 red), and 
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67:33 (2/3 blue, 1/3 red) were represented. A sample task of 80:20 (4/5 blue, 1/5 red) was 

used to familiarize children with the operation of the spinner. 

Outcomes were represented with varying amounts of superballs contained in clear 

plastic bags. The varying amounts of the superballs corresponded to three levels, (small, 

countable and uncountable values). One level of outcome was placed on the appropriate 

section of the spinner to convey the "risky win." An empty bag was placed on the 

remaining spinner segment as the zero outcome. The probability ratios of the spinner and 

the quantity of superballs taken together conveyed the expected values of the outcomes of 

this risky option to subjects. Another bag of superballs was placed on the opposite side of 

a low barrier to represent the sure option. 

After making a selection (sure thing or gamble), the children used a Likert scale 

device to indicate confidence in their choices. The scale is constructed using 7 faces 

varying from "very happy" to "very sad." After making a choice, children pointed to the 

face which best represented how they felt about their choice. 

Procedure 

Research was conducted in a quiet room on school grounds. Children were 

interviewed on an individual basis, within the context of playing a game with the 

researcher. Children were seated opposite the experimenter at a large table divided by a 

low barrier. The "sure" option wps placed on one side of the barrier, and the spinner was 
> 

located on the other side. The appropriate number of superballs was placed on the 

appropriate section of the spinner and on the "sure" side of the barrier. Spinning the 

spinner was discouraged. If a child asked to spin, they were permitted to do so only after 

they had made their choice and indicated their confidence level. The outcome of the spin, 

whether the child "won" or "lost," was recorded so that its effect, if any, on the child's 

future choices could be analyzed. 

Task protocol. 
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The task was presented within the context of playing a game called "Pick the One 

You Want" with the experimenter. Children saw a series of "pretend" prizes, and chose the 

prize they wanted. The "pretend" prizes were the varying quantities of multicolored 

superballs. To be certain the children took the task seriously, they were told that they were 

practicing to play to win a real prize at the end of the practice trials. Each child was asked 

to make a choice between the two options presented, the sure thing or the risky option. 

This process was repeated for each question. All children received a superball for their 

participation upon completion of the session. 

To begin the testing, children were led through a sample trial to familiarize them 

with the procedure and the correct use of the rating scale. The sample problem used a 

spinner divided into 1/5 red, 4/5 blue. Because the procedure varied slightly between the 

two framing conditions, sample tasks for the upcoming set were presented to the child at 

the start of each framing block. 

The sample task in the positive framing condition is as follows: 

This is how we play "Pick the One You Want." You have to pick one of 

these two sides. If you pick this side, you win 1 superball. If you pick this 

side, we spin the spinner, and you take a chance. If the spinner stops on 

red, then you win 5 superballs. If the spinner stops on blue, you win 

nothing. You know what happens when you spin? The spinner goes 

around and around and sometimes it lands on red and sometimes it lands on 

blue, OK? So if you pick the spinner, sometimes you win 5 superballs or 

sometimes you win nothing. What do you want to do? Win 1 superball or 

spin the spinner. Which side do you like more? 

In the negative condition, the sample problem is: 

Let's pretend I gave you 5 superballs. So now you have 5 superballs. You 

have to pick one of these two sides. If you pick this side, you give me back 
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4 superballs. If you pick this side, we spin the spinner, and you take a 

chance. If it lands on blue, you lose 5 superballs, and if it lands on red, 

you lose nothing. So if you pick the spinner, sometimes you lose 5 

superballs or sometimes you lose nothing. What do you want to do? Lose 

4 superballs or spin the spinner. Which side do you like more? 

The child made their choice and then received instructions on how to use the rating 

scale. Each of the 7 faces was identified for the child, beginning with the "happiest" face 

and proceeding in order down to the "saddest" face. Children were told to point to the face 

which reflected their feelings about their choice. After the child indicated their confidence, 

the outcomes were cleared from the spinner, and the child was given memory probes. The 

child was asked to recall how many superballs were on the "sure" side of the barrier, and 

how many were on each section of the spinner. Children were asked to respond with 

numerical answers; however, a few of the youngest children were able to provide only 

qualitative responses. 

Once it was established, by verbal agreement, that the child understood the task and 

the rating scale, the process described above was repeated for the 9 tasks of the first 

framing condition. Before beginning the other framing condition, the child received the 

other sample problem, again using the 1/5 red, 4/5 blue spinner. Once that sample trial was 

completed, the remaining 9 trials of the other framing condition were randomly 

administered. 

Analyses 

Repeated measures analyses of variance (ANOVA) were performed on choice, 

confidence, and signed confidence data to determine the effects of age, framing condition, 

probability ratio, and outcome. For each grade level, intragrade planned comparisons were 

also performed for the same factors. 
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Choice data were dichotomous; children chose either the sure thing or the gamble 

option. Choice data were analyzed to permit comparison to experiments in the literature 

(which predominantly use that measure). Confidence data were simply the unsigned 

ratings corresponding to 1 of 7 happy faces the child selected. Signed confidence data 

combined a child's choice with a confidence rating, in this case, a child's rating of how 

much they liked their choice. If a child chose the sure thing, her rating was multiplied by 

positive one (+1); ratings for a choice of the gamble were multiplied by negative one (-1). 

Information contained in children's choice data was retained and "fine tuned" by the 

addition of their confidence ratings. This established a more sensitive measure of 

preference by placing children's choices along a 14-point scale ranging from (-7) to (+7). 

Framing appeared as positive scores in the gain frame and negative values in the loss 

frame. As such, choice analyses and signed confidence analyses will be discussed in 

tandem. 

The 18 trial problems involved probability ratios of 1/2,1/3, and 1/4, crossed with 

expected outcome values (i.e. expected outcomes) of 1,4, and 30 superballs. (Sample 

problems always involved an expected outcome of one superball.). In addition to choice 

and signed confidence data, children's responses to the recall memory probes were 

collected. Memory data consisted of 3 parts: the sure element, the zero element and the 

non-zero element The memory elements corresponded to the separate parts of the task, 

with the sure element equivalent to the sure thing option. The sure option differed across 

frames. In the gain frame, the sure option was equal to the number of superballs presented 

as the sure thing. In the loss frame, a correct response to the sure option was the total 

number of superballs presented as the sure thing prior to any balls being taken away by the 

researcher. To state this another way, in the loss frame, the sure memory element was 

equal to an endowment of superballs. The zero element and its non-zero complement 
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formed the spinner portions of the task in both framing conditions. Each child received 18 

trials, with 3 memory elements per replication, providing 54 memory responses per child. 

Memory data were subjected to two types of repeated measures ANOVA, a 

right/wrong memory analysis and a numerical response analysis. In the right/wrong 

analysis, children's recall of the number of superballs present were analyzed for exact 

correctness. If a child answered anything other than the exact number of superballs 

present, their answer was scored as wrong. Results from the right/wrong analysis provide 

patterns of correct and incorrect responses across the factors. As with the choice and 

signed confidence data, a 6-way ANOVA and separate intragrade planned analyses were 

performed on the right/wrong memory data. 

The numerical response ANOVA analyzed children's actual responses to the 

memory probes. The results from the analysis amplify the dichotomous results from the 

right/wrong memory analysis. It expanded on the patterns of accuracy by providing 

information on the direction of patterns. For example, if children's accuracy was 

monotonically declining as outcome levels increased, the trend would be visible in their 

numerical responses. 

The numerical response data were analyzed differently from the right/wrong data. 

Only children in the 2 older age groups were included, because just 25% of the 

preschoolers were able to provide quantitative answers to all of the memory probes. As 

such, preschoolers' responses to the memory questions will be discussed qualitatively. 

Using BMDP's AM procedure (description and estimation of missing data), means were 

substituted for missing memory responses within each design cell. This accounted for 

3.5% of data from the second-graders, and 0.16% of fifth-graders' data. A 6-way 

ANOVA was then performed on the numerical response data for the second-graders and 

fifth-graders. Intragrade planned comparisons were also conducted to examine memory 

patterns within these two age groups. 
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To address issues of reasoning and memory dependence, likelihood ratios, that 

compared children's choice of the sure or gamble option with memory accuracy for each of 

the 3 memory elements, were calculated. If reasoning depended upon accuracy for the 

problem components, a significant positive dependency should be revealed. If recall of 

verbatim memory probes and gist-based reasoning conflicted, a significant negative 

dependency would result. However, if memory accuracy and reasoning were independent, 

no stochastic dependency would be found. 
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CHAPTER 3 

RESULTS 

Results of the choice and signed confidence analyses are presented first, in tandem. 

Findings from the omnibus ANOVA are given, followed by results from each of the 3 

intragrade analyses discussed separately. After the choice and signed confidence results, 

right/wrong memory results and numerical response results are presented. As with the 

choice and signed confidence data, effects found in the overall, 3-grade right/wrong 

analysis are discussed initially, followed by results from intragrade analyses. Following 

this, results of the 2-grade numerical response ANOVA are given, along with intragrade 

results for the second- and fifth-graders. (Recall that no numerical response analysis was 

conducted for the preschoolers.) Finally, results from the likelihood ratio analyses are 

given 

Choice and Signed Confidence Analyses 

No main effects were found in the 3x3x3x2x2 ANOVA. There was no effect of 

age on children's choices; in general, children chose the risky option regardless of framing 

condition, level of risk or outcome level. This is in contrast to the framing found in adults, 

in which the sure option is preferred in the gain frame, and the risky option in the loss 

frame. However, children appeared to consistently chose the gamble, the option which 

offers them more. 

There were several interactions present that serve to distinguish how children's 

choices change developmentally. In addition to an overall ANOVA, analyses comparing 

pairs of age groups and analyses examining effects within each age group were done. It 

was expected that differences between age groups in choice and memory patterns would be 

uncovered. Planned comparisons were implemented to establish these relationships. 

Intragrade analyses were done to determine whether the pattern of factors present in the 

overall analyses were maintained within the grade levels. 
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Overall ANOVA 

Framing x Outcome was significant for both the choice analysis, E(2. 210) = 7.07, 

MSP = 0.14, J2. = .001, and the signed confidence analysis, E£2, 210) = 7.06, MSP = 

18.46, p. = .001. This interaction was explained by the Framing x Outcome x Grade 

interaction, (choice analysis, E£4,210) = 2.95, MSP = 0.14, ]J. = .001); Framing x 

Outcome x Grade was marginal in the signed confidence analysis. This interaction was 

caused by the difference in choice patterns across outcome levels and framing condition 

exhibited by the fifth-graders. The fifth-graders' intragrade analyses showed a crossover 

pattern in a Framing x Outcome interaction, (choice analysis, E£2. 82} = 10.05, MSP = 

0.17, N. = .015, signed confidence E£2, 82) = 10.05, MSe = 22.10, P. = .001). Fifth-

graders framed in the smallest outcome problems and showed reverse framing (i.e. 

preference for the gamble in the gain frame, and the sure thing in the loss frame) on the 

highest outcome problems. So, fifth-graders chose the sure thing in the gain frame when 

the outcome was small; when the outcome level was large, they shifted to the gamble where 

magnitudes of outcome were higher. In the loss frame, the opposite trend was present. 

With small outcomes, fifth-graders chose the gamble, but as differences between the 

gamble and the sure option increased, they chose the sure thing more frequently. This 

change in preference across levels of outcome and frames explains the Framing x Outcome 

x Grade interaction. Preschoolers choices were invariant across frame and outcome (as 

well as all other factors). Preschoolers chose the gamble. Across outcome levels, second-

graders' choices were consistent. No main effects of outcome or frame were present; 

likewise, no Framing x Outcome interaction was revealed. 

Framing x Outcome x Block, (choice analysis F£2, 210) = 3.30, MSp = 0.14, = 

.038, signed confidence analysis ££2, 210) = 3.16, MSP = 18.46, £. = .045), was found 

to be significant. There was no main effect of block in the 3-way ANOVA nor in any 

analysis of the 3 age groups separately. Framing x Outcome x Block was not significant in 
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the intragrade analyses. It was significant in a planned analysis comparing preschoolers 

and fifth-graders, (choice analysis E£2,134) = 3.51, MSP = 0.14, g. = 032, signed 

confidence analysis B2,134) = 3.74, MSP = 18.44, p. = .026). This suggests that block 

patterns were different between the youngest and oldest age groups. Another apparent 

block effect, Outcome x Grade x Block, (choice analysis E£4,210) = 2.42, MSP = 0.18, j>. 

= .05), was explained by the presence of the Outcome x Block interaction in analyses 

comparing second- and fifth-graders, (choice analysis EL2, 158) = 4.21, MSP = 0.18, JJ. = 

.016, signed confidence analysis E£2, 158) = 3.12, MSp = 22.77, j2. = .05.) 

The signed confidence analysis revealed 3 other significant interactions. Ratio x 

Grade, E£4, 210) = 2.62, MSP = 24.76, p. = .036, resulted from a main effect of ratio 

present in the fifth-graders' data, which was not present for the other age groups, (choice 

analysis £(2, 82) = 4.16, MSp = 0.20, £. = .019, signed confidence E(2, 82 ) = 4.39, 

MSe = 24.25, £. = .015). 

The 3-way interaction, Framing x Ratio x Grade was significant, (signed 

confidence analysis E{4, 210) = 2.49, MSp = 17.45, j>. = .044.) The preschoolers 

showed no effect of probability, and the older children exhibited some influence of 

probability (i.e. risk) and framing condition on their choices (See intragrade results 

discussed below.). This interaction was explained by the similarity between the older 2 age 

groups' responses to changes in probability in contrast to the non-responsiveness of the 

preschoolers. 

An interesting 5-way interaction was found, Framing x Ratio x Outcome x Grade x 

Block, (signed confidence analysis E£8,420) = 2.18, MSP = 40.09, f>. = .028). The 5-

way interaction resulted from the Framing x Ratio x Outcome x Block interaction found in 

the preschoolers' intragrade analysis, (signed confidence analysis E£4,104) = 3.17, MSP = 

18.16, j2. = .016). Although a Student-Newman-Keuls analysis (£.< .05) did not reveal 
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any significant differences among the means (due to large cell variances), inspection of 

preschoolers' response patterns suggested a block effect. Three of the 6 Framing x Ratio x 

Outcome interactions showed reversed patterns across blocks. In the gain frame, for ratio 

= 1/4 problems, block 1 children tended to gamble more as outcome level increased from 

outcome = 1 to outcome = 4; there was no change in preference as outcome increased to the 

highest level. In contrast, block 2 children tended to gamble less from outcome = 1 to 

outcome = 4 problems. No differences in preference were found for outcome = 4 to 

outcome = 30 problems. In the loss frame, ratio = 1/2 and ratio = 1/3 problems were 

affected. On ratio = 1/2, block 1 children gambled less as outcome increased from outcome 

= 4 to outcome = 30. No difference existed between the smaller 2 outcome levels: Block 2 

children had a much stronger pattern. They gambled less as outcome increased from 

outcome = 1 to outcome = 4, and then gambled much more often as outcome climbed to the 

highest level (outcome = 30). For ratio = 1/3 problems, preschoolers in block 1 showed 

the same pattern as they did for ratio = 1/4 problems in the gain frame. That is, they 

gambled more as outcome increased from outcome = 1 to outcome = 4 problems. For ratio 

= 1/3, block 2 children revealed the same pattern as for ratio = 1/2 problems in the loss 

frame. Block 2 children gambled less as outcome moved from outcome = 1 to outcome = 

4, and gambled more across outcome = 4 to outcome = 30 problems. The remaining 3 

interactions did not differ by block. 

In order to examine the intragrade differences in preference across the various 

factors, a separate repeated measures analysis was conducted for each age group. 

Intragrade analyses 

Preschoolers. There were no main effects nor significant interactions found in the 

preschoolers' choice analysis. None of the factors changed the preschoolers preference for 

the gamble option. These children consistently chose the risky option, presumably because 

the spinner always represented the choice which offered them more than the sure thing. A 
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lack of main effect of outcome indicates an insensitivity to the specific amount of superballs 

to be won or lost; choice of the gamble indicates a preference for simply more. There was 

no effect of framing condition nor was there any change in preference due to risk. 

In the signed confidence analysis, a 4-way interaction was present, Framing x Ratio 

x Outcome x Block, E£4,104) = 3.17, MS<> = 18.16, £. = .016. This interaction was 

already reported in conjunction with a 5-way interaction present in the overall analysis (see 

above). 

Second-graders. This age group was considered the "swing" group because they 

were assumed to be caught between the childhood reliance on verbatim details and 

increasing ability to extract and use gist-based information. The second-graders exhibited 

some choice patterns similar to those of the preschoolers and some similar to the fifth-

graders. 

The preference for more was present in the second-graders' data. As with the 

preschoolers there was no effect of outcome, indicating that the exact amount to be won or 

lost was not what was influencing children's choices. The specific values of the outcome 

levels were not important to their decision making. The lack of a main effect of ratio 

indicated that changing probability values did not change second-graders' choices. 

However, these children were somewhat aware of the effect of risk. The Framing x Ratio 

interaction, (choice analysis EI2, 76} = 3.81, MSP = 0.13, £. = .027, signed confidence 

analysis E£2,76} = 4.68), MSP = 18.53, jj. = .012), suggested a conflict as the second-

graders attempted to reconcile ratio with enticing outcome values. They showed a 

nonmonotonic pattern of choice, meaning that ratio and outcome level were not being fully 

mathematically integrated. Had the second-graders accomplished complete integration, this 

could have been represented graphically as a "diverging fan" pattern, (Anderson, 1980). 

Across frames, second-graders chose the sure outcome more as probability moved from 

1/2 to 1/3. This suggested they were aware that their chances of receiving the larger 
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outcome were decreasing. As ratio decreased from 1/3 to 1/4, however, their choice 

pattern split. They chose the gamble more in the loss frame and the sure thing more in the 

gain frame. This reverse framing pattern for second-graders was consistent with choices 

being based on the larger outcome levels, as opposed to risk. Had second-graders' choices 

been based on risk, they would have chosen the sure thing in both frames as ratio 

decreased from 1/3 to 1/4. Chances of receiving the desired larger outcome present on the 

spinner were quite small (25%) for the 1/4 ratio problems. Hence, a decision based on risk 

alone would have led to choice of the sure thing. As probability levels declined, however, 

differences between outcomes in the sure thing and the gamble increased. Second graders' 

choice patterns suggested that the difference between the sure and the gamble became 

attractive enough on the 1/4 problems for them to take the risk. 

A Framing x Block interaction was also found, (choice analysis E£l» 38) = 4.63, 

MSP = 0.37, £. = .038, signed confidence analysis E£l> 38) = 4.75, MS» = 56.38, £. = 

.036. 

Fifth-Traders. This was the age group whose choice patterns were most like those 

of adults. The interactions present suggested that fifth-graders were looking at changes in 

ratio and comparing the exact differences in magnitude between the gamble option and the 

sure thing when making their decisions. A main effect of Ratio was present, (choice 

analysis E£2, 82) = 4.16, MSP = 0.20, JJ. = .019, signed confidence analysis E£24 82) = 

4.39, MSP = 24.25, £. = 015). As ratio decreased, children chose the sure thing more 

often, indicating fifth-graders were aware that their chances of getting the desired larger 

amount of superballs present on the spinner were becoming less. The interaction Framing 

x Outcome, (choice analysis EL2, 82) = 10.20, MSp = 0.18, & = .001, signed confidence 

analysis E£2, 82) = 10.05, MSp = 22.10, £. = .001), revealed reverse framing. As Table 1 

shows, for small outcomes, (i.e. outcome = 1 problems), fifth-graders framed. That is, 

they chose the sure thing more frequently in the gain frame and the gamble more in the 
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loss. For large outcomes, (i.e. outcome = 30 problems), the pattern was the opposite. 

Fifth-graders preferred the gamble in the gain frame and the sure in the loss frame, hence, 

reverse framing. (If subjects were paying attention to just probability, they would frame.) 

For the small outcome problems, then, those in which the differences in magnitude 

between the sure option and the gamble were small, fifth-graders made a nominal 

comparison. When the differences became larger, however, outcome differences 

apparently became the focus of the decision, and the relative comparison was made. 

Table 1 

Percentage of Fifth-graders Who Chose the Sure Thin?. Framing x Outcome Interaction. 

Choice Analysis 

Outcome = 1 Outcome = 4 Outcome = 30 

Gain 35.69 26.38 18.70 

Loss 17.65 24.42 34.35 

Right/Wrong Memory Analyses 

Overall ANOVA 

Several main effects were present. As expected, there was a monotonic effect of 

grade on memory accuracy, F£2,105) = 132.11, MS^ = 1.43, jx = .001. Memory 

accuracy improved with age. Memory accuracy for the preschoolers was 34%, for the 

second-graders was 83%, and for the fifth-graders was 97%. 

A significant Grade x Block interaction, F(2, 105) = 4.55, MSP = 1.43, F>. = .01, 

was explained by the Block main effect present in the preschoolers' analysis, E(l, 26) = 

5.32, MSP = 2.35, J). = .03. No block effect was found for either the second- or the fifth-

graders. Preschoolers who received the negative framing condition first, (block 2), were 
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much less accurate than children who received the positive framing condition first, (block 

1). The mean for block 1 was 43%, whereas the mean for block 2 was 25%. 

The main effect of Element, ££2,210) = 51.88, MS<» = 0.40, £. = -001 revealed 

that children's memories were most accurate for the zero element, (82%). They were next 

most accurate on the sure element, (70%). Accuracy on the non-zero element of the gamble 

was 62%. Recall the sure element represented the outcome of the sure thing. The 

remaining elements corresponded to parts of the spinner. The zero element was matched 

with the portion of the spinner on which there were no superballs, and the non-zero 

element represented the "more" portion of the spinner. 

A main effect of Element was found in each of the 3 intragrade analyses, creating 

and Element x Grade interaction in the overall analysis, E£4,210) = 19.93, MSP = 0.40, JJ. 

= .001. Table 2 includes the means for the Element x Grade interaction. 

Table 2 

Percentage of Correct Responses to Memory Probes. Element x Grade Interaction. 

Ripht/Wrong Memory Analysis 

Grade Memory Element 

Sure Zero Non-zero 

Preschoolers 26.18 15.50 6.00 

Second-graders 

Fifth-graders 

87.36 74.86 87.22 

95.81 99.49 94.79 

The preschoolers and the fifth-graders shared the same pattern of accuracy. It was 

the same trend as was present in the element main effect These age groups recalled the 

zero element most accurately. They were next most accurate for the sure element, and 
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showed least accuracy for the non-zero element. The second-graders' memory pattern 

revealed that the sure element and the zero element were both recalled with equal accuracy. 

As with the other age groups, the second-graders recalled the non-zero memory element 

least well. 

The means for all 3 memory components from the right/wrong analysis were quite 

high and similar for the fifth-graders, suggesting a ceiling effect. Results from the 

intragrade numerical response analysis showed that fifth-graders' responses were quite 

accurate. Expected values were 23.33 for the sure element, and 35 for the non-zero 

element. Means for the fifth-graders were 23.51 for the sure element, and 35.12 for the 

non-zero element, and 0.1 for the zero element. 

Outcome was also a main effect in the overall analysis, E(2,210) = 18.52, MSP = 

0.08, p. = .001. There was a slight decline in memory accuracy as outcome level 

increased. Outcome = 1 problems were the easiest to recall, (74%). Accuracy for these 

problems was different from accuracy on outcome = 4 and outcome = 30 problems (£.< 

.05). Accuracy for the outcome = 4 problems (69%) and the outcome = 30 problems 

(70%) were not significantly different (£.< .05). 

The Outcome main effect resulted from an Outcome main effect found in the 

preschoolers' intragrade analysis JE£2, 52) = 16.8, MSP = 0.14, P. = .001. For the small 

outcome problems, (outcome = 1), mean accuracy was 41%. The countable level 

outcomes, (outcome = 4), had an average accuracy of 33%, and on the highest outcome 

level, (outcome = 30), preschoolers accuracy was 28%. This trend was similar to the 

Outcome main effect in the overall analysis. 

Differences in accuracy between the preschoolers as compared to the other age 

groups resulted in an Outcome x Grade interaction, E (4, 210) = 10.07, MSP = 0.08, £. = 

.001. The means are reported in Table 3. There was no outcome effect in the second-

graders' nor the fifth-graders' intragrade analysis; accuracy remained consistent across 
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outcome levels for the older children. However, planned comparisons of Outcome x Grade 

revealed that the preschoolers were significantly different from the second-graders, E£2, 

128) = 12.27, MSe = 0.10, j*. = .001, and from the fifth-graders, E£2, 128) = 15.37, MSe 

= 0.08, £. = .001. 

Table 3 

Percentage of Correct Responses to Memory Prohes. Outcome x Grade Interaction. 

Right/Wrong Memory Analysis 

Grade Outcome Level 

Outcome = 1 Outcome = 4 Outcome = 30 

Preschoolers 41.00 32.71 27.51 

Second-graders 84.44 81.39 83.61 

Fifth-graders 97.47 95.84 96.76 

There was an Element x Outcome interaction, £(4,420) = 14.06, MSP = 0.06, £>• = 

.001. This interaction was also significant in the preschoolers' intragrade analysis, F£4, 

104) = 13.24, MSP = 0.12, p. = .001 and second-graders' analysis E£4,152) = 2.98, MSP 

= 0.07, p. = .02, causing an Element x Outcome x Grade interaction, F£8,420) = 9.06, 

MSP = 0.06, n. = .001. There was no effect of outcome on the fifth-graders' memory 

accuracy; however, for children in the 2 younger age groups, memory for the task elements 

was influenced by outcome levels. The Element x Outcome interaction present in the 

preschoolers continued the trend found in the element and outcome main effects. 

Specifically, preschoolers' memory accuracy declined as outcome levels increased, and 

they recalled the zero element best, followed by the sure thing. Memory for the non-zero 

element was least accurate. In an interesting pattern, preschoolers memory for the sure and 



3 7  

non-zero elements declined as outcome level climbed, but their accuracy on the zero 

element increased with outcome level. Second graders' memory data did not show the 

same trend as the preschoolers. Means were similar for the sure and zero elements across 

outcome levels, but accuracy for the non-zero element was lowest of the 3 elements. 

While no main effect of framing condition was present in the overall analysis, the 

framing factor was prominent in several interactions. Framing x Element x Grade reached 

significance, E£4, 210) = 3.87, MSp = 0.20, ji. = .005 (see Table 4). 

Table 4 

Percentage of Correct Responses to Memory Prohes. Framing x Element x Grade 

Interaction. Ripht/Wronp Memory Analysis 

Age Group Memory Element 

Sure Zero Non-Zero 

Preschoolers 

Gain 30.91 54.92 15.70 

Loss 21.45 64.16 15.30 

Second-graders 

Gain 91.67 87.50 78.33 

Loss 87.22 71.39 82.78 

Fifth-graders 

Gain 95.40 1.00 94.05 

Loss 96.22 98.96 95.53 

Since there was no main effect of framing in the intragrade analyses, nor were the 

Framing x Element interactions significant, this interaction was likely due to differences 
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between the preschoolers in comparison to the older children. Planned comparisons of 

paired age groups found significant Framing x Element x Grade interactions between the 

preschoolers and second-graders, E(2, 128) = 4.64, MS» = 0.30, £. = .01, and the 

preschoolers and fifth-graders, E(2, 134) = 4.74, MS,» = 0.20, jj. = .01. No difference 

was found between the second- and fifth-graders. The preschoolers and the fifth-graders 

showed the same memory patterns (see Table 2). The second-graders' memory trends 

were different from the other age groups. 

Across frames, preschoolers and fifth-graders recalled the zero element correctly 

most often, and the non-zero element least often. The second-graders recalled the zero 

element best in the gain frame, and the sure element best in the loss frame. Across frames, 

the second-graders were least accurate on the non-zero element. 

The Framing x Element x Grade x Block interaction ££4, 210) = 2.49, MS» = 0.20, 

J2- = .043, resulted from the Block effect found in the preschoolers. The Block main effect 

was reported in an earlier section in connection with the Grade x Block interaction. 

Influences of framing and outcome were present in several interactions. Framing x 

Outcome was significant, E£2, 210) = 4.66, MSp = 0.07, = .01, as was Framing x 

Outcome x Grade, E£2, 210) = 2.44, MSp = 0.07, j>. = .05. 

The interaction Framing x Outcome x Block, E£2,210) = 3.62, MSp = 0.07, g. = 

.03, came from the block effect present in the preschoolers. This is also true for the 

Framing x Outcome x Grade x Block interaction, F{4,210) = 2.54, MSp = 0.07, £. = .04, 

Framing x Ratio x Outcome, E(4, 420) = 3.37, MSp = 0.06, &. = .01, was 

attributable to the same interaction as found in the preschoolers, F(4,104) = 2.68, MSp = 

0.07, p. = .04. This same interaction was found in planned analyses comparing age 

groups in pairs, (preschoolers and second-graders analysis, H4, 256) = 2.97, MSp = 

0.07, = .02, and preschoolers and fifth-graders analysis, E£4, 268) = 3.72, MSp = 
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0.05, g. = .01), further suggesting the interaction in the overall analysis was due to 

patterns in the preschoolers' accuracy. 

Framing x Element x Outcome, E£4,420) = 3.55, MS<» = 0.06, p. = .007, showed 

memory for the zero element remained consistently best across frames. This interaction 

may have resulted from the same interaction present in the fifth-graders' intragrade 

analysis, E(4,164) = 2.50, MSp = 0.02, £. = .04. The fifth-graders exhibited 100% 

accuracy on the zero element across outcome levels in the gain frame. Accuracy for the 

zero element in the loss frame was 99% across outcome levels. 

Framing x Element x Ratio x Grade achieved significance, H8,420) = 1.97, MSp 

= 0.05, £. = .05. Planned comparisons found this interaction significant when 

preschoolers were compared to fifth-graders, F(4, 268) = 2.58, MSp = 0.04, p. = .027. 

Thus, the Framing x Element x Ratio x Grade interaction was due to differences in memory 

accuracy between the youngest and oldest children. 

Right/Wrong Memory Analysis: Preschoolers 

Several main effects were found. Block, E(l, 26) = 5.32, MSp = 2.35, p. = .03, 

showed children in block 2 (negative framing condition first) were less accurate than those 

in block 1 (positive framing condition first). This finding could be less an order effect than 

a sampling error. As an informal test of number knowledge, preschoolers were asked to 

count as high as they could upon completion of the task. Since young children generally 

like to count, this was assumed to be a non-threatening way of measuring their number 

skills. Children in block 2 did not appear to have counting skills as advanced as the 

children in block 1. The mean counting level for block 1 preschoolers was 21; for block 2, 

the mean was 16. Obviously, it would be hard for children to provide numerical responses 

if they lacked number knowledge. 

The main effect of Outcome, E(2, 52) = 16.8, MSp = 0.14, p. = .001, revealed a 

steady decrease in accuracy as outcome level increased. This made sense given that, as 
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outcome increased, the numbers presented on the spinner were beyond the counting skill of 

young children. 

An Element main effect, E(2,52) = 26.57, MSp = 1.00, £>. = .001, suggested 

preschoolers' memory for the zero element was most correct (60%). Preschoolers were 

more accurate on the sure element, (26%), than on the non-zero element, (16%). This 

pattern was to be expected. The zero element was easily recognizable, invariant, and was 

present on the spinner for every task. The sure thing values were seen three times within 

the gain frame, and were generally small values, (with the exception of the outcome = 30 

problems) which would not be unfamiliar to preschoolers. Values for the non-zero element 

varied most of any element and were quite often large, unfamiliar numbers. 

There was no effect of Ratio, indicating that memory was consistent across ratio 

values, nor was there any effect of Frame, suggesting that positive or negative wording did 

not inhibit recall. 

Framing x Outcome, E(2, 52) = 3.52, MS<» = 0.10, jj. = .04, and Framing x 

Outcome x Block, E£2, 52) = 4.14, MSp = 0.10, £>. = .02, achieved significance. Across 

frames, there was no difference in memory accuracy within outcome levels. A Student-

Newman-Keuls comparison (£.< .05) revealed that preschoolers' memory for the outcome 

= 30 problem in the gain frame was significantly less accurate than their memory for other 

outcome values in the gain frame, and from their memory for the outcome = 1 problem in 

the loss frame. Means are reported in Table 5. In general, preschoolers were least accurate 

on the highest outcome problems across frames and on the outcome = 4 problems in the 

loss frame. Planned comparisons (p.< .05) revealed that the Framing x Outcome x Block 

interaction was due the consistently less accurate recall found in the block 2 children. 

Element x Outcome, E(4, 104) = 13.24, MSp = 0.12, j>. = .001, showed 

preschoolers memory for the zero element improving as outcome levels increase, while 

accuracy for the sure and non-zero elements declined across outcome. 
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Table 5 

Preschoolers' Percentage of Correct Responses to Memory Probes. Framing x Outcome 

Interaction. Right/Wrong Memory Analysis. 

Frame Outcome Level 

Outcome = 1 Outcome = 4 Outcome = 30 

Gain 41.03 35.35 25.16 

Loss 41.00 30.06 29.87 

Framing x Ratio x Outcome was significant, E(4,104) = 2.68, MS*> = 0.07, £. = 

.04). Planned comparisons (£.< .05) found reversals in patterns of accuracy. When 

outcome = 1 and ratio values were small, memory accuracy was better in the loss frame 

than in the gain. For outcome = 4 problems, across ratio levels, responses to gain frame 

memory probes were more accurate than responses in the loss frame. However, accuracy 

reversed again on the outcome = 30 problems in that memory was more accurate in the loss 

frame than in the gain frame across ratios. 

Description of Preschoolers' Responses to Memory Probes 

Recall that only 25% of preschoolers (7 children) were able to provide numerical 

responses to all memory probes. As such, preschoolers' data will be discussed 

qualitatively. This section gives a brief description of the categories and examples of the 

types of responses within each category. Refer to Appendix B for more detailed examples 

of preschoolers' memory patterns. 

Preschoolers were divided into 4 categories based on the type of response 

provided. The categories are quantitative respondents, qualitative respondents, mixed-

strategy respondents and low comprehension respondents. Qualitative and quantitative 

respondents were children with 9 or fewer responses (= 17%) of the opposite category. In 
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other words, quantitative preschoolers provided less than 10 qualitative answers out of 54 

total memory responses, and vice versa. The 17% cut-off was selected as a fairly 

conservative estimate which enabled children to be grouped without placing each child in 

separate categories. Mixed-strategy respondents were those who combined numerical 

responses with qualitative answers on a regular basis. 

Quantitative respondents. 

Preschoolers who were classified as quantitative respondents were divided into two 

subgroups based on recall of the zero memory element. The subgroups are quantitative 

children whose answers reflected the presence of the zero memory element (quantitative 

children - zero present), and those quantitative preschoolers who were not aware of the 

zero element (quantitative children - no zero present). There were 14 children in the 

quantitative respondent category, with seven children belonging to each of the subgroups. 

Quantitative respondents - zero present. 

There were 7 children in this subgroup. One child was correct on all memory 

probes except for answering " 100" for" 120" on the ratio = 1/4, outcome = 30 problem. 

Four of the six remaining children did not always provide correct numbers; however, their 

overall pattern of response was accurate. The sure element values were generally less than 

the non-zero element values in the gain frame. For example, one child responded "4,0,6" 

to a gain problem, where 4 was the sure element, zero corresponded with zero, and 6 

represented the non-zero element. Her number for the non-zero element was inaccurate, 

but the pattern was correct. This response was typical of this group. Additionally, some 

children were able to recognize the correct pattern for the loss frame. In contrast to the gain 

frame, outcome values presented for sure and non-zero element were equal in the loss 

frame in order to keep the expected values of the options equal. Memory probes tested . 

recall for the entire amounts of superballs displayed. In the loss frame, a correct response 

meant providing an answer which reflected the total number of superballs present for the 



sure option prior to some being taken away by the researcher. A correct loss frame 

response might be "7,0,7" such that 7 represented the sure and non-zero gamble elements. 

The number 7 itself was inaccurate; seven was not found in any problem. But the pattern 

of equal values for the sure and non-zero elements was correct 

Two of the quantitative children perceived the correct pattern, but perserverated on 

their answers. These children gave one number as a response to the sure element and 

another larger number in response to the non-zero element, and never varied their 

responses throughout the task period. 

Quantitative respondents - no zero present 

There were 7 children in this group. These children responded with numerical 

answers; however, zero was never provided as a response. The preschoolers in this group 

either perserverated on a pair (or on several pairs) of responses, or provided non-

systematic varying numbers. No clear concept of "some" or "more" was present In other 

words, numerical responses given for the sure element were not always smaller than 

responses given for the non-zero gamble element Sometimes, numbers provided for both 

elements were equal, and occasionally, the sure element was reported as being larger than 

the non-zero element The pattern of smaller sure values and larger non-zero element 

values was correct for some problems; however, there was no apparent trend. 

Qualitative respondents. 

Two children gave only qualitative responses. The responses involved labels such 

as "some," "a few," "lots," etc. For example, a gain frame problem might be phrased as 

"some, none, lots," or "some, none, some." There was no apparent distinction between 

qualitative labels. In other words, "lots" did not always refer to the larger, non-zero 

element, nor to a large outcome problem. Likewise, "a few" did not necessarily 

correspond to small values. Both children correctly responded to the zero element by 

answering "none." 
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Mixed-strateev respondents. 

Children in this category were those who combined numerical responses with 

qualitative answers. Both quantitative and qualitative responses were provided above the 

cutoff frequency of 17% There were 6 children in this grouping. Five of these combined 

numerical answers with qualitative responses and recognized the zero element An example 

of these responses would be "two, none, a lot." One child did not respond appropriately to 

the zero element Children in this category usually provided numerical answers for 

quantities under 20. Reliance on qualitative labels was more frequent in the loss frame 

problems. These problems were more complex than the gain, because an endowment was 

involved. 

Lqw comprehension respondents, 

Six children comprised this category. These were children whose responses to 

memory probes suggested that they did not understand the task. Four of these were 

children who responded with "I don't know" or who gave no response even after 

prompting for over 22% of the memory problems. This group also contains two children 

who perceived two or more zero elements for the problems. 

Numerical Response Memory Analyses: Second- and Fifth-graders 

Planned comparisons 

Given the older children's high level of accuracy on the memory probes, many of 

the significant results found in this analysis were expected due to differences in actual 

expected values of the means being compared. This was true for the main effects of 

outcome, element ratio, and framing. Table 6 compares the expected values with 

children's responses for these effects. 

Children's memories were remarkably accurate across levels of Outcome, E(2,158) 

= 6561.79, MSp = 153.99, ji. = .001. Outcome x Grade was not significant. 
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Table 6 

Exnected Cell Values Contrasted with Second- and Fifth-graders' Mean Responses for 

Specific Main Effects. Numerical Response Memory Analysis 

Effect Expected Values Second-graders Fifth-graders 

Frame 
4 

Gain 15.00 15.38 15.64 

Loss 23.33 22.35 23.50 

Ratio 

1/2 13.61 13.24 13.73 

1/3 19.44 19.06 19.50 

1/4 25.27 24.28 25.49 

Outcome 

1 1.67 1.82 1.82 

4 6.67 6.47 6.71 

30 50.00 48.29 50.07 

Element 

Sure 23.33 22.85 23.51. 

Non-zero 35.00 28.98 35.12 

Zero 0.00 4.75 0.10 

The Element main effect, F(2,158) = 456.44, MS*» = 753.80, p. = .001, replicated 

children's overall memory trend. Values for the sure thing were closest to the expected 

values. Memories for the zero and non-zero options deviated from the expected values. 

Ratio, F(2,158) = 1450.04, MS^ = 33.36, j>. = .001, revealed a decline in 

accuracy as ratio decreased (and therefore, risk increased). 
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The Framing x Block interaction, E (1,79) = 5.37, MSp = 71.74, £. = .02, was 

due to the Framing x Block interaction present in the second-graders' intragrade analysis, F 

(1, 38) = 4.12, MS» = 115.05, fi. = =.05. Second-graders' mean responses were most 

accurate (closer to the expected value of the mean) on the framing condition they received 

first. In other words, children in block 1 (positive framing condition first), were more 

accurate on the gain frame, and children in block 2 (negative framing condition first) were 

more accurate on the loss frame. 

An Element x Grade interaction, £[2,158) = 208.36, MS^ = 753.80, = .001, 

showed an inaccuracy for the zero and the non-zero elements in the second-graders (Table 

6). Second-graders' numerical responses revealed a definite pattern of overestimation of 

the zero element, combined with underestimation of the non-zero element, suggesting that 

second-graders were confusing the portions of the spinner. The memory elements 

corresponded to either the blue or red sections of the spinner. If second-graders tended to 

rely on problem details, they might confuse the colors and the elements, and the zero 

element would appear as larger than expected and the non-zero as less than expected. 

Framing x Element, E(2, 158) = 14.39, MSp = 341.85, £. = .001, and Framing x 

Element x Grade, F(2,158) = 3.61, MS*> = 341.85, £. = .03 were significant. Means are 

shown in Table 7. Fifth-graders' mean values were very close to the expected values. The 

expected values of the sure and non-zero element were equal in the loss frame. The fifth-

graders memory reflects this, but that pattern of accuracy was not present in the second-

graders. Second-graders were highly accurate on the sure element in both frames; 

however, memory for the zero element was poor, especially in the loss frame. Notice that 

they were underestimating the non-zero element and overestimating the zero. In the gain 

frame, the zero element rested on the blue portion of the spinner and the non-zero on the 

smaller red portion. The layout was reversed in the loss frame; the zero element matched 
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the red portion and the non-zero was on the blue section. If reliance on the problem details 

created confusion, a pattern such as that exhibited would result. 

Table 7 

Expected Values and Second- and Fifth-praders' Mean Responses. Framing x Element x 

Grade Interaction. Numerical Response Memory Analysis. 

Framing/Element Expected Values Second-graders Fifth-graders 

Gain 

Sure 11.67 11.29 11.83 

Non-Zero 35.00 31.37 35.00 

Zero 0.00 3.47 0.00 

Loss 

Sure 35.00 34.41 35.19 

Non-Zero 35.00 26.59 35.14 

Zero 0.00 6.04 0.19 

The interactions Framing x Ratio, E(2,158)= 154.85, MSo = 38.05, p. = .001, 

and Framing x Ratio x Block, E(4, 316) = 3.47, MSA = 38.05, £. = .03, were significant 

because of differences in expected values among the means. Specifically, expected mean 

values for the loss frame were higher than those expected in the gain frame. Expected 

values of means across ratio levels were also difference since mean expected values 

increased as ratio value decreased (from 1/2 to 1/3 to 1/4). Planned comparisons for these 

two interactions revealed that the only differences among the means were those due to the 

differences in expected values (j).< .05). For the Framing x Ratio interaction, significance 

resulted from the differences between the larger loss frame means compared to the smaller 
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gain frame means. Similarly, differences in expected means across ratio values accounted 

for differences between small mean values for ratio = 1/2 problems and large mean values 

for the ratio = 1/4 problems. The situation was the same for the Framing x Ratio x Block 

interaction. Significance was also explained by differences in expected value among 

means. There were no differences in accuracy across block. 

The interaction Element x Ratio x Grade, E(4, 316) = 6.99, MSP = 64.95, P. = 

.001, explained the Element x Grade interaction, E£2,158) = 185.40, MS» = 753.80, £. = 

=.001. As before, the fifth-graders displayed a high level of accuracy; the means for the 

fifth-graders were very close to the expected values. Also as before, second-graders 

remained most accurate on the sure element, and continued to underestimate the non-zero 

element and overestimate the zero element. 

The Framing x Element x Ratio interaction, E(4, 316) = 116.34, MS» = 48.78, p. 

= .001, was significant due to expected values among means. Means for the zero element 

had the lowest expected value (0.00); in the numerical response analysis, these means did 

not differ from one another. Expected values of means for the sure elements in the gain 

frame all had equal the same expected value (11.67). Children's responses to the sure 

element did not differ across ratio. Means for the non-zero element in the gain frame, and 

means for the sure and non-zero element in the loss frame all had the same expected values 

across ratio (ratio = 1/2, expected value = 23.33; ratio = 1/3, expected value = 35.00; ratio 

= 1/4, expected value = 46.67). Without a goodness-of-fit test, it can not be said with 

certainty that children's responses did not significantly differ from expected values. 

However, planned comparisons (£.< .05) support the contention that the Framing x 

Element x Ratio interaction was due to a comparison of means with different expected 

values. 
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Framing x Element x Ratio x Block was significant, E(4,316) = 2.79, MSP = 

48.78, FI. = .03. However, this interaction was not significant in either of the intragrade 

analyses. 

Framing x Outcome, E(2,158) = 420.79, MS» = 88.35, fi. = .001, was significant 

because the expected values of the means were different. Table 8 gives the expected means 

and the means for the children's responses. There was very little difference among them. 

Table 8 

Expected Cell Values and Children's Mean Responses. Framing x Outcome Interaction-

Numerical Response Memory Analysis. 

Outcome Levels 

Outcome = 1 Outcome = 4 Outcome = 30 

Expected Values 

Gain Frame 1.33 4.22 40.00 

Loss Frame 2.00 8.00 60.00 

Children's Responses 

Gain Frame 1.39 5.42 39.7 

Loss Frame 2.38 7.75 58.65 

The pattern of the Element x Outcome interaction, F(4, 316) = 423.01, MS,* = 

493.06, g. = .001, was explained by the Element x Outcome x Grade interaction, F(4, 

316) = 14.25, MSp = 493.06, j). = .001. Both grades declined in accuracy for the zero 

element as outcome increased; this decline was quite pronounced in the second-graders. 

Again, as outcome increased, the second-graders appeared to be confusing the portions of 

the spinner. As their values for zero increased, their values for the non-zero element 
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decreased. With the exception of the zero element, fifth-graders' responses were generally 

accurate across outcome levels (see Table 9). 

Table 9 

Exnected Values Contrasted with Second- and Fifth-graders' Mean Responses. Element x 

Outcome x Grade Interaction. Numerical Response Memory Analysis. 

Element/Outcome Expected Values Second-graders Fifth-graders 

Outcome = 1 

Sure 2.00 2.29 2.37 

Non-Zero 3.00 2.70 3.50 

Zero 0.00 0.48 0.01 

Outcome = 4 

Sure 8.00 7.88 8.09 

Non-Zero 12.00 10.25 12.01 

Zero 0.00 1.28 0.03 

Outcome = 30 

Sure 60.00 58.39 60.10 

Non-Zero 90.00 74.00 89.89 

Zero 0.00 12.50 0.25 

Second graders' responses account for the Framing x Element x Outcome, 

F(4,316) = 176.02, MSp = 246.06, j>. = .001, and Framing x Element x Outcome x 

Grade, F(4, 316) = 2.64, MSp = 246.06, = -03, interactions. These means are included 

in Table 10. The same memory patterns were again present. Across frames, as outcome 

increased, zero values became overestimated and non-zero values were underestimated. 
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Table 10 

Exnected Values Contrasted with Second- and Fifth-graders' Mean Responses. Framing x 

Element x Outcome x Grade Interaction. Numerical Response Memory Analysis. 

Element/Outcome Expected Values Second-graders Fifth-graders 

Gain Frame 

Outcome = 1 

Sure 1.00 1.09 1.00 

Non-Zero 3.00 2.82 3.18 

Zero 0.00 0.27 0.00 

Outcome = 4 

Sure 4.00 3.96 4.20 

Non-Zero 12.00 11.38 12.20 

Zero 0.00 0.78 0.00 

Outcome = 30 

Sure 30.00 28.82 30.28 

Non-Zero 90.00 79.90 89.91 

Zero 0.00 9.36 0.00 

Loss Frame 

Outcome = 1 

Sure 3.00 3.49 3.75 

Non-Zero 3.00 2.58 3.74 

Zero 0.00 0.70 0.02 



Table 10 - ('Continued') 

Outcome = 4 

Sure 12.00 11.80 11.97 

Non-Zero 12.00 9.11 11.81 

Zero 0.00 1.78 0.06 

Outcome = 30 

Sure 90.00 87.95 89.86 

Non-Zero 90.00 68.06 89.86 

Zero 0.00 15.68 0.50 
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This trend was more obvious in the loss frame. A slight decrease in accuracy for the sure 

element was also suggested. Fifth-graders' memory accuracy remained high. 

Ratio x Outcome, E(4, 316) = 553.15, MS» = 54.85, £. = .001, and Ratio x 

Outcome x Grade, E(4, 316) = 3.02, MS» = 54.85, p. = .02, were both significant. The 

second-graders were most inaccurate on the ratio = 1/4, outcome = 30 problems. The 

expected value of the cell was 65; the second-grade mean was 62.04. 

Framing x Ratio x Outcome, E£4, 316) = 70.01, MS<» = 57.20, p. = .001, 

expanded the trend found in the Ratio x Outcome interaction. Children were most 

inaccurate on the outcome = 30, ratio = 1/4 problems; however, they were more inaccurate 

in the loss frame than in the gain frame. The expected value of the gain mean was 50; the 

mean for the children's responses was 48.96. In the loss frame, the expected value was 

90, and the mean of the children's responses was 78.83. This trend was consistent with 

the pattern present in many previously discussed interactions. Framing x Ratio x Outcome 

x Block was also significant, E(4, 316) = 3.67, MS<» = 57.20, £. = 006. 

The Element x Ratio x Outcome interaction, E(8, 632) = 116.96, MSp = 63.32, 

= .001 was explained by the Element x Ratio x Outcome x Grade interaction, E(8, 632) = 

5.86, MSF» = 63.32, ]j. = .001. Means are presented in Table 11. Both grades showed an 

increased overestimation of the zero element as outcome increased, most apparently, the 

second-graders. As before, the second-graders combined this overestimation with the 

underestimated non-zero element; the effect becoming more pronounced as outcome 

increased. Element x Ratio x Outcome x Grade x Block was significant as well, E(8, 632) 

= 12.07, MSe = 63.32, fi. = .04. 

The patterns found in the interaction of Element x Ratio x Outcome x Grade were 

more completely revealed by the Framing x Element x Ratio x Outcome interaction, F = 

62.13, MSP = 56.06, JJ. = .001. Table 12 gives these means. The decrease in accuracy 

across outcome for the zero element was more prevalent in the loss frame than in the gain, 
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Table 11 

Expected Values Contrasted with Second- and Fifth-graders' Mean Responses. Element x 

Ratio x Outcome x Grade Interaction. Numerical Response Memory Analysis 

Element/Ratio/Outcome Expected Values Second-graders Fifth-graders 

Ratio = 1/2 

Outcome = 1 

Sure 1.50 1.71 1.50 

Non-Zero 2.00 2.03 2.03 

Zero 0.00 0.29 0.02 

Outcome = 4 

Sure 6.00 6.03 6.13 

Non-Zero 8.00 6.68 8.33 

Zero 0.00 0.82 0.09 

Outcome = 30 

Sure 45.00 43.86 45.00 

Non-Zero 60.00 49.91 60.07 

Zero 0.00 7.88 0.38 
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Table 11 - (continued) 

Ratio = 1/3 

Outcome = 1 

Sure 2.00 2.28 3.12 

Non-Zero 3.00 2.71 4.34 

Zero 0.00 0.43 0.00 

Outcome = 4 

Sure 8.00 7.95 8.15 

Non-Zero 12.00 9.73 11.97 

Zero 0.00 1.65 0.00 

Outcome = 30 

Sure 60.00 58.99 58.63 

Non-Zero 90.00 74.24 88.91 

Zero 0.00 0.74 0.00 

Ratio = 1/4 

Outcome = 1 

Sure 2.50 2.89 2.50 

Non-Zero 4.00 3.38 4.00 

Zero 0.00 0.74 0.00 

Outcome = 4 

Sure 10.00 9.67 9.98 

Non-Zero 16.00 14.39 15.71 

Zero 0.00 1.38 0.00 
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Table 11 - (continued-) 

Outcome = 30 

Sure 

Non-Zero 

Zero 

75.00 72.31 76.58 

120.00 97.80 120.67 

0.00 16.02 0.00 
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as was the trend of underestimation of the non-zero element. Memory for the sure element 

remained accurate and consistent across frames. Framing x Element x Ratio x Outcome x 

Grade was not significant, indicating this pattern was not different across the grades. 

Framing x Element x Ratio x Outcome x Block was found to be significant, £(8, 632) = 

2.99, MSe = 56.06, £. = 03. 

Intraerade memory analyses: second-traders 

Results from memory analyses of second-graders' data suggested that they 

confused the zero and non-zero portions of the spinner. This was especially true when 

outcome values were high. Those outcome values which were smaller, and therefore more 

easily processed, were simpler to recall. Larger, less familiar values were not. 

Element was significant, (right/wrong analysis E(2, 76) = 10.15, MSp = 0.37, j2. = 

.001, numerical response analysis E(2, 76) = 73.21, MSP = 1560.21, j>. = .001), and 

revealed that second-graders' recall was equally accurate on the sure element and the zero 

element, (87% correct on each). Accuracy on the non-zero element was 75%. No other 

main effects were present. Results from the numerical response analysis found that, 

although second-graders were correct equally often on the sure and zero elements, their 

responses for the sure element were closer to expected values than were responses for the 

zero memory element. Recall that the right/wrong analysis provided frequency of correct 

response; the numerical analysis results were children's mean responses to memory 

probes. These can be compared to expected values of memory probes. Results from the 

numerical response analysis showed that second-graders were most correct on the sure 

element, (x = 22.85, expected value = 23.33). The value of the zero element was highly 

overestimated, (x = 4.75). So, despite the fact that second-graders were as frequently 

correct on the sure element as the zero element, incorrect responses for the sure element 

were closer to the expected values than incorrect responses for the zero element. 
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Table 12 

Exnected Values Contrasted with Second- and Fifth-graders' Mean Responses. Framing x 

Element x Ratio x Outcome x Grade. Numerical Response Memory Analysis. 

Element/Outcome Expected Values Second-graders 

Gain Frame 

Ratio = 1/2 

Fifth-graders 

Outcome = 1 

Sure 

Non-Zero 

Zero 

Outcome = 4 

Sure 

Non-Zero 

Zero 

Outcome = 30 

Sure 

Non-Zero 

Zero 

Outcome = 1 

Sure 

Non-Zero 

Zero 

1.00 

2.00 

0.00 

4.00 

8.00 

0.00 

30.00 

60.00 

0.00 

1.00 

3.00 

0.00 

1.02 

2.10 

0.12 

3.99 

7.80 

0.43 

29.53 

54.75 

5.25 

Ratio = 1/3 

1.10 

2.72 

0.33 

1.00 

2.08 

0.00 

4.26 

8.85 

0.00 

29.99 

60.89 

0.00 

1.00 

3.46 

0.00 



Table 12 - (continued) 

Outcome = 4 

Sure 

Non-Zero 

Zero 

Outcome = 30 

Sure 

Non-Zero 

Zero 

Outcome = 1 

Sure 

Non-Zero 

Zero 

Outcome = 4 

Sure 

Non-Zero 

Zero 

Outcome = 30 

Sure 

Non-Zero 

Zero 

4.00 

12.00 

0.00 

30.00 

90.00 

0.00 

1.00 

4.00 

0.00 

4.00 

16.00 

0.00 

30.00 

120.00 

0.00 

3.93 

10.70 

1.13 

28.95 

80.24 

11.25 

Ratio = 1/4 

1.14 

3.65 

0.37 

3.98 

16.35 

0.80 

27.98 

104.73 

11.58 

4.30 

11.94 

0.00 

30.18 

90.00 

0.00 

1.00 

4.00 

0.00 

4.04 

15.80 

0.00 

30.65 

118.85 

0.00 



Table 12 - (continued) 

Outcome = 1 

Sure 

Non-Zero 

Zero 

Outcome = 4 

Sure 

Non-Zero 

Zero 

Outcome = 30 

Sure 

Non-Zero 

Zero 

Outcome = 1 

Sure 

Non-Zero 

Zero 

Outcome = 4 

Sure 

Non-Zero 

Zero 

Loss Frame 

Ratio = 1/2 

2.00 

2.00 

0.00 

8.00 

8.00 

0.00 

60.00 

60.00 

0.00 

2.39 

1.95 

0.46 

8.06 

6.29 

1.21 

58.19 

45.08 

10.50 

Ratio = 1/3 

2.00 

1.98 

0.04 

8.00 

7.81 

0.00 

60.00 

59.25 

0.00 

3.00 

3.00 

0.00 

12.00 

12.00 

0.00 

3.45 

2.69 

0.53 

11.97 

8.76 

2.17 

5.24 

5.22 

0.17 

12.00 

12.00 

0.00 



Table 12 -- (continued) 

Outcome = 30 

Sure 

Non-Zero 

Zero 

Outcome = 1 

Sure 

Non-Zero 

Zero 

Outcome = 4 

Sure 

Non-Zero 

Zero 

Outcome = 30 

Sure 

Non-Zero 

Zero 

90.00 

90.00 

0.00 

4.00 

4.00 

0.00 

16.00 

16.00 

0.00 

120.00 

120.00 

0.00 

89.01 

68.25 

15.95 

Ratio = 1/4 

4.63 

3.10 

1.10 

15.37 

12.28 

1.96 

116.65 

90.86 

20.47 

87.08 

87.83 

0.00 

4.00 

4.00 

0.75 

15.91 

15.63 

0.75 

122.50 

122.50 

0.00 
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As in the right/wrong analysis, numerical response values for the non-zero element were 

incorrect, (x = 29, expected value = 35). 

An Element x Outcome interaction was present, (right/wrong analysis E(4,152) = 

2.98, MSft = 0.07, £. = .02, numerical response analysis E(4, 152) = 67.75, MSe = 

1007.25, jj. = .001). The Element x Outcome interaction found in the right/wrong analysis 

supports the finding of the element main effect, that second-graders recall the sure and the 

zero elements equally well. Planned comparisons performed on the right/wrong data for 

this interaction (Student-Newman-Keuls, p.< .05) showed that there were no differences 

among means except for the sure element in the outcome = 1 problems which was recalled 

at a higher rate than the zero element in the outcome = 30 problems. Mean recall accuracy 

for the non-zero element was significantly less accurate than for the other elements. 

The Element x Outcome interaction in the numerical response analysis show that 

second-graders were most accurate on the sure element for outcome = 4 problems (x = 

7.88, expected value = 8), and were less accurate on the sure element for the outcome = 1 

problems, (x = 2.29, expected value = 2.). Second-graders were also less accurate on the 

zero element for outcome = 4 problems, (x = 1.28). Responses for all 3 memory elements 

deviated from expected values for the outcome = 30 problems. Means for the sure element 

were most accurate, (x = 58.39, expected value = 60). The zero element mean was 12.5 

(expected value = 0), and the mean for the non-zero element was least accurate (x = 74, 

expected value = 90). This interaction nicely illustrates second-graders' confusion of the 

red and blue portions of the spinner because zero was overestimated about as much as the 

non-zero element was underestimated. 

Results of the right/wrong memory analysis found Element x Ratio x Outcome to be 

significant, E(8, 304) = 2.04, MSa = 0.06, p. = .04, (numerical response analysis F(8, 

304) = 19.97, MSp = 109.32, £. = .001). This interaction showed the same trend as the 

Element x Outcome interaction. Specifically, memory for the sure and zero elements were 
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equally often correct The numerical response analysis revealed that, as outcome level 

increased, accuracy for all memory elements declined. The sure element was the most 

stable, and therefore had means closest to the expected values across outcome levels. The 

non-zero and zero elements indicated increasing confusion for parts of the spinner. As 

outcome increased, responses for the non-zero elements became more underestimated and 

responses for the zero element were more highly overestimated (see second-graders' 

section in Table 10). 

Framing x Element x Ratio x Block was found to be significant (right/wrong 

analysis, E(4,152) = 4.02, MSp = 0.06, jj. = .004). It was not significant in the 

numerical response analysis. 

Intraerade memory analyses: fifth-graders 

As with the other age groups, there was a main effect of Element, right/wrong 

analysis E(2, 82)= 16.91, MSp = 0.03, ji. = .001. Fifth-graders pattern of accuracy was 

like that of the preschoolers. They were most accurate on the zero element, 99.5%. The 

sure element was next most accurately recalled, 96%, and the non-zero element was least 

accurate, 95%. A Student-Newman-Keuls test performed on the element means indicated 

that each mean was significantly different from the others (g.< .05). 

Ratio x Outcome was significant, right/wrong analysis F(4,164) = 2.8, MSp = 

0.04, = .03. A planned comparison revealed that the ratio = 1/4, outcome = 1 problem 

differed from the ratio = 1/3, outcome = 1; ratio = 1/3, outcome = 30; and ratio = 1/2, 

outcome = 4 problems. In other words, fifth-graders' responses to memory probes for 

ratio = 1/2, outcome = 4, and ratio = 1/3, outcomes = 1 and 30 were significantly less 

accurate than were responses to ratio = 1/4, outcome = 1 problems. 

Element x Ratio x Outcome, right/wrong analysis E(8, 328) = 2.37, MSp = 0.02, 

J2. = .02, suggested the same trend present in the element main effect. Memory for the zero 

element was most often correct. Fifth-graders were less frequently correct on the sure 



64 

element as compared to the zero element, and least often correct on the non-zero element. 

Planned comparisons also revealed memory for ratio = 1/2; outcome = 4; and outcome = 30 

problems tended to be similarly accurate. The non-zero memory element for the ratio = 1/3 

problem stood alone as the most difficult, when outcome = 1. Accuracy for this problem 

was only 88.2%. 

Framing x Element x Outcome, right/wrong analysis, E(4,164) = 2.5, MSp = 

0.02, jj. = .04, was found. Planned comparisons (ji.< .05) showed that memory for gain 

frame sure and non-zero elements tended to be different from, and less accurate than gain 

frame zero elements and all loss frame elements. The highest accuracy was observed for 

zero memory elements across frames. 

Framing x Element x Ratio achieved significance, right/wrong analysis E(4,164) = 

2.51, MSp = 0.03, j2. = .04. Student-Newman-Keuls planned comparisons (jj.< .05) 

revealed that fifth-graders' responses to the zero element did not differ from 100% 

accuracy across frames. Responses to sure and non-zero elements were less accurate than 

responses to zero elements, and the ratio = 1/3, non-zero element in the gain frame was the 

least accurate. 

A significant 5-way interaction was present, Framing x Element x Ratio x Outcome 

x Block right/wrong analysis E(8, 328) = 2.51, MSp = 0.02, j*. = .01. Fifth-graders 

receiving gain frame problems first had a higher rate of accuracy than those children 

receiving loss problems first. They were accurate on 39 of 54 memory probes (72%). The 

latter group was accurate on 32 of 54 probes (59%). Table 13 summarizes patterns of 

accuracy for each group. 

Because of fifth-graders' extremely high level of accuracy on the memory probes, 

memory analyses did not provide a clear picture of their error pattern. In general, fifth-

graders responses deviated 1.5 digits or less from expected values. The most inaccurate 
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Table 13 

Memory Accuracy hv Block: Fifth-Traders 

Element/Outcome Expected Values Block 1 Block 2 

Outcome = 1 

Sure 

Non-Zero 

Zero 

Outcome = 4 

Sure 

Non-Zero 

Zero 

Outcome = 30 

Sure 

Non-Zero 

Zero 

Outcome = 1 

Sure 

Non-Zero 

Zero 

1.00 

2.00 

0.00 

4.00 

8.00 

0.00 

30.00 

60.00 

0.00 

1.00 

3.00 

0.00 

Gain Frame 

Ratio = 1/2 

1.00 

2.00 

0.00 

4.22 

8.00 

0.00 

30.50 

61.80 

0.00 

Ratio = 1/3 

1.00 

3.56 

0.00 

1.00 

2.15 

0.00 

4.30 

9.70 

0.00 

29.50 

60.00 

0.00 

1.00 

3.35 

0.00 



Table 13 - (continued) 

Outcome = 4 

Sure 4.00 4.00 4.60 

Non-Zero 12.00 12.10 11.80 

Zero 0.00 0.00 0.00 

Outcome = 30 

Sure 30.00 28.90 31.50 

Non-Zero 90.00 90.00 90.00 

Zero 0.00 0.00 0.00 

Ratio = 1/4 

Outcome = 1 

Sure 1.00 1.00 1.00 

Non-Zero 4.00 4.00 4.00 

Zero 0.00 0.00 0.00 

Outcome = 4 

Sure 4.00 4.09 4.00 

Non-Zero 16.00 16.00 15.60 

Zero 0.00 0.00 0.00 

Outcome = 30 

Sure 30.00 32.61 28.70 

Non-Zero 120.00 118.70 119.00 

Zero 0.00 0.00 0.00 



Table 13 - (continued1) 

Outcome = 1 

Sure 

Non-Zero 

Zero 

Outcome = 4 

Sure 

Non-Zero 

Zero 

Outcome = 30 

Sure 

Non-Zero 

Zero 

Outcome = 1 

Sure 

Non-Zero 

Zero 

Outcome = 4 

Sure 

Non-Zero 

Zero 

Loss Frame 

Ratio = 1/2 

2.00 

2.00 

0.00 

8.00 

8.00 

0.00 

60.00 

60.00 

0.00 

3.00 

3.00 

0.00 

12.00 

12.00 

0.00 

2.00 

1.91 

0.09 

8.00 

7.52 

0.35 

60.00 

60.00 

0.00 

Ratio = 1/3 

3.00 

3.00 

0.00 

12.00 

12.00 

0.00 

2.00 

2.05 

0.00 

8.01 

8.10 

0.00 

60.00 

58.50 

1.50 

7.50 

7.50 

0.00 

12.00 

12.00 

0.00 



Table 13 - (continued) 

Outcome = 30 

Sure 

Non-Zero 

Zero 

Outcome = 1 

Sure 

Non-Zero 

Zero 

Outcome = 4 

Sure 

Non-Zero 

Zero 

Outcome = 30 

Sure 

Non-Zero 

Zero 

90.00 

90.00 

0.00 

4.00 

4.00 

0.00 

16.00 

16.00 

0.00 

120.00 

120.00 

0.00 

90.00 

90.00 

0.00 

Ratio = 1/4 

4.00 

4.00 

0.00 

15.83 

15.65 

0.00 

120.00 

120.00 

0.00 

84.15 

85.65 

1.50 

4.00 

4.00 

0.00 

16.00 

15.60 

0.00 

125.00 

125.00 

0.00 
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response occurred in block 2, on the ratio = 1/4, outcome = 30 problem. This inaccuracy 

resulted from a child responding 220 instead of the correct 120, thereby inflating the cell 

mean to 125. Inaccuracies of this type were anomalies within the fifth-graders' memory 

data. 

A truer picture of fifth-graders' errors was gained by inspection of individual's 

responses. Errors were made on 42 problems (5% of the total number of problems) by 24 

children. The 42 problems were split evenly between blocks. Inspection of problem order 

for children who committed errors suggested intrusion effects from previous problems, 

and, in some cases, possible errors in reconstructive memory resulting from mathematical 

manipulation of problem information. Of the 42 problems with incorrect responses, 16 of 

those (38%) appeared to be intrusion errors, 11 problems (26%) suggested reconstruction 

errors, and the remaining 15 problems were random incorrect responses (36%). Sixty-

seven percent of all errors occurred on ratio = 1/3, or outcome = 4 problems. 

In order to determine intrusion errors, incorrect responses were compared to 

responses given for the problems immediately preceding them. Although problems were 

presented in random order within frames, the order of problem presentation was recorded 

for each child. Intrusion errors were thought to occur if an incorrect response for a given 

problem consisted of a number which was present in the prior problem. For example, 

suppose a child responded "8,0, 60" for the elements in the gain frame, ratio = 1/2, 

outcome = 30 problem. The incorrect element is 8; the correct answer was 30. That child 

had received the ratio = 1/2, outcome = 4 problem immediately prior. The 8 represented 

the non-zero element value in the prior problem, and the child recalled it instead of the 

correct response. So, it was considered an intrusion error. As previously mentioned, 16 

errors of this type were committed (38%). 

Memory errors also happened when children apparently attempted to respond to 

memory probes by reconstruction. These errors seemed to derive from faulty mathematical 
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calculations or from confusion generated by the efforts at calculation. For example, a child 

responded "4,0,20" for the gain frame ratio =1/4, outcome = 4 problem. The incorrect 

response was 20; the correct response was 16. If the child were attempting to reconstruct 

by adding to the sure value (4) in order to produce the non-zero element (16), 20 would 

result. Since 4 and 16 were both seen by the child on the spinner, 20 was a natural by

product of a reconstruction effort. For all errors of this type, the incorrect response was a 

number resulting from the addition or subtraction of the sure and non-zero elements. 

Eleven of the errors made by fifth-graders fit this description (26%). 

The final type of errors were unanalyzable errors. There was no demonstrable or 

calculable explanation for their occurrence. As an example, one child responded "31,0, 

61" to the ratio = 1/2, outcome = 30 problem. The correct answers were 30,0, and 60. 

Another child recalled 220 for 120 on the ratio = 1/4, outcome = 30 problem. Fifteen 

errors were of this type (36%). 

These error patterns were not apparent in the numerical response analysis. Because 

intrusion errors, for example, were based on the question randomly received previous to 

the problem in which the errors were made, some errors inflated expected values of 

memory probes while others produced incorrect responses lower than expected. These 

errors, then, resulted in near expected value performance, and, as such, were not detectable 

from the numerical response analysis. 

Likelihood Ratio Analyses 

Likelihood ratios were performed comparing children's choice of the sure or 

gamble options to accuracy for the three memory elements. The likelihood analyses used 

children's dichotomous right/wrong scores. A total of 426 analyses were done. These 

produced 16 dependencies (ji.< .05), and two marginal dependencies (£.< .06). The 

sixteen dependencies were less than would be expected by chance (3.75%). This supports 
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the contention of fuzzy-trace theory that reasoning and memoiy are independent processes 

(Reyna, 1992). 

The reader should note that although there was enough variation present within the 

fifth-graders' intragrade memory analyses to produce significant interactions, dependency 

analyses within 33 individual cells had no variation (due to ceiling effects). This constraint 

of variation rendered those likelihood ratios uninterpretable. 
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CHAPTER 4 

DISCUSSION 

Conclusions relevant to choice behavior will be discussed first General relevant 

results will be covered initially, followed by results for each age group. A comparison of 

fuzzy-trace theory and prospect theory and how they relate to children's decision-making 

will then be made. A section discussing memory results in the same manner will follow the 

choice discussion. 

Choice Results 

Findings support the general hypothesis made. Children appeared to make 

decisions based on a relative gist comparison of "some" versus "more." This is despite 

manipulations intended to induce the nominal "some" versus "none" comparison. Thus, 

children's' decision-making can be thought of as more quantitative than that of adults. 

Preschoolers 

As expected, preschoolers used a unidimensional strategy. This was reflected in 

their consistent preference for the gamble, the option offering them more. Differences in 

amounts between the sure and the gamble did not influence preschoolers' choices. In fact, 

none of the experimental factors swayed this preference, including changing probability 

levels. Past research (e.g. Acredolo, et. al., 1989, Brainerd, 1981; Davies, 1965) has 

demonstrated that children of this age do possess an understanding of probability concepts. 

However, Acredolo (1991) suggests that the forced-choice paradigm does not accurately 

measure young children's awareness of the uncertainty of outcomes. According to 

Acredolo, children are unwilling to accept situations of uncertainty and will express a 

preference to mask uncertainty. Given that uncertainty is inherent in probabilistic 

decisions, it was possible that preference in response to uncertainty confounded 

preschoolers' reactions to probability. Because the task in this study elicited a preference 
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rather than a correct answer, it was conceivable that young children chose to disregard 

probabilistic information in favor of a preferred outcome. 

Second-graders 

These children displayed a choice pattern of preference for more combined with an 

awareness of changes in risk levels. In addition to. making the anticipated relative 

comparison, the effect of risk was seen in the significant Framing x Ratio interaction. 

Second-graders responded appropriately to risk by choosing the sure thing more frequently 

as ratio decreased from 1/2 to 1/3. Thus, second-graders are indeed, the "swing group." 

They share choice patterns with both the youngest children (preference for more) and with 

the oldest children (reaction to changes in the probability levels). 

No main effect of Outcome suggests that specific differences between the sure 

amount and the gamble were not important, and that second-graders were responding to 

simply more. There was evidence from second-graders' choice patterns to indicate that this 

was true, but only to a point For ratio = 1/4 problems, second-graders exhibited a reverse 

framing effect (preference for the gamble in the gain frame and the sure thing in the loss 

frame). This effect results from large differences between the sure and gamble outcomes. 

The ratio = 1/4 problems were those with the largest differences. Apparently, the 

differences in the ratio = 1/2 and 1/3 problems were not enough to attract second-graders. 

As previously mentioned, children chose the sure thing more across frames as ratio 

decreased, indicating an awareness of changes in probability. Once the differences 

between the sure thing and the gamble grew large enough (ratio = 1/4 problems), the 

desirability of the higher outcomes won out, and second-graders showed reverse framing. 

Reverse framing reflects the hope of a big win in the gain, and the avoidance of a large loss 

in the loss frame. 

Additional support for the attraction of large differences in outcomes was provided 

by children's comments. The second-graders in this study were quite willing to provide 



explanations for their choices, often without prompting from the experimenter. A child 

who had chosen the sure thing on a previous 1/3 ratio problem would justify a choice of the 

gamble on the 1/4 ratio problem by excitedly claiming, "I want this side now, because now 

there's enough there to risk it" This exclamation was not an isolated incident Many 

second-graders made statements to indicate that the difference on the 1/4 ratio problems 

was big enough to influence their choices. 

Fifth-graders 

Fifth-graders' choice behavior can be described by a preference for more, combined 

with an awareness of levels of risk, and a reaction to changes in magnitude between the 

sure thing and the gamble. 

As anticipated, the fifth-graders are the group whose choice patterns most closely 

resemble those of adults. They are the only children to show standard framing effects. 

However, like the second-graders, they also exhibited reversed framing effects. Since 

reverse framing results from comparing exact differences in magnitude between the sure 

and gamble options, fifth-graders are "bribable" by the chance to receive large, attractive 

outcomes. 

Fifth-graders apparendy made the relative comparison, as did the younger children. 

The distinction among the age groups was that fifth-graders were comparing the exact 

differences in magnitude between the sure and the gamble option for each problem. 

However, fifth-graders may have made the nominal comparison for the small outcome level 

problems (outcome = 1). A significant Framing x Outcome interaction reveals this. For 

outcome = 1 problems, those problems having the smallest differences between the sure 

and the gamble, fifth-graders framed. Framing in this case may result from choices based 

on the nominal comparison. For the outcome = 1 problems, differences between the sure 

and gamble option were small; 1, 2, or 3 superballs. These differences might have been 

assimilated by fifth-graders attempting to process gist. For these small problems, there 



may not have been enough "more" for fifth-graders to reach a decision using the relative 

comparison. So, they moved down the gist hierarchy and made the nominal comparison. 

Reverse framing occurred on the outcome = 30 problems, indicating that the differences 

between the sure and the gamble had become large enough to determine decisions. 

Outcome = 4 problems fall directly between the two extremes, suggesting a continuum. 

In summary, children's decision-making behavior is characterized by a comparison 

between some and more. Children gamble heavily; all age groups studied exhibited a 

strong preference for more. However, choice patterns did change with age. Preschoolers 

preferences were not effected by any experimental manipulations; they consistently chose 

the spinner, the outcome which offered them more. Second-graders took into account 

changes in risk, but still chose based on preference for more. Exact differences between 

the sure (some) amount and the gamble (more) amount did not influence second-graders 

choices, except for the largest outcome problems (outcome = 30). For these problems, 

second-graders reversed framed. Fifth-graders paid attention to changes in probability 

level as well as focusing on exact differences between the sure and gamble options. For 

the lowest outcome levels, framing resulted. The differences were too small to make a 

relative comparison, so fifth-grader used a nominal comparison in this situation. For the 

outcome = 30 problems, reverse framing was found, resulting from the large differences 

between sure and gamble options in these problems. Having summarized findings of 

children's choice results, discussion continues with comparisons between prospect theory 

and fuzzy-trace theory as predictors of children's choice behavior. 

Fuzzy-trace Theory and Prospect Theory as Descriptive of Children's Decision-Making 

Despite the apparendy quantitative nature of children's decision-making, prospect 

theory is not an adequate predictor of children's preferences. Prospect theory predicts 

framing within the context of the problems presented. No framing was revealed, with the 

exception of the fifth-graders' choices on the outcome = 1 problems. Although framing 
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was present for those problems, prospect theory can not account for the fifth-graders' 

overall trend of comparing the differences in magnitude between the sure and gamble 

options. Prospect theory addresses how changes in outcome level influence framing when 

differences in magnitude are constant However, in this study, outcome levels as well as 

the magnitude of difference between the sure and gamble options change. Prospect theory 

has no clear prediction for this situation, and therefore, can not predict fifth-graders' choice 

behavior. 

Fuzzy-trace theory is an effective predictor of children's decision-making. It 

describes the nature of children's decision-making, and accounts for the developmental 

trends revealed in this research. 

Generally, fuzzy-trace theory assumes that decision-making prefers to work on the 

lowest level of gist necessary to achieve a solution (fuzzy-processing preference). Hence, 

neither children nor adults are performing mathematical calculations in probabilistic 

situations. However, children's decision-making relies more heavily on the numerical 

problem information that adults. Children fail to make the nominal comparison in favor of 

the relative comparison. Thus, children's decision-making behavior is more quantitative 

than that of adults. This was in keeping with predictions of fuzzy-trace theory. Fuzzy-

trace theory describes the ontogenesis of gist-processing as increasing with age (Brainerd 

& Reyna, 1990). Developmentally, decision-making would progress from more 

quantitative to more nominal comparisons. Under fuzzy-trace theory, framing in the 

standard problems reviewed earlier results from the comparison of a some option to a none 

option. Some gain is always preferable to none (for most decision-makers). If children 

fail to make the nominal comparison, little framing would result Only the oldest children 

in this study showed standard framing effects, and this for a minority of the problems . 

presented. 
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As previously discussed, fuzzy-trace theory holds that reasoning develops from 

reliance on verbatim problem information to an increased preference for gist processing. 

This is not to say younger children are performing mathematical calculations. The ability to 

compute inarguably improves with age; adults are better able than children to calculate. 

Young children lack gist-processing abilities, and therefore, must rely on quantitative 

problem information. Thus, children are quantitative within the limits of their numerical 

abilities. Because of this, preschoolers would try to use quantitative problem details to 

reason out a decision in situations such as the one presented. But, preschoolers do not 

possess strong number skills. In the same manner, their abilities to extract and edit relevant 

gist are not well-developed either. Preschoolers brought a quantitative, detail-oriented 

approach to a task well beyond their calculative abilities. Apparently, they solved the 

problem in the most quantitative manner they could, by making the relative "some" versus 

"more" comparison. 

Reflecting an increased ability to manipulate numerical information and an 

improvement in gist processing, second-graders attempted to combine a gist-based 

preference for more with changing probability values. Based on the earlier discussion of 

the Framing x Ratio interaction present in the second-graders' choice data, it seems evident 

that they are learning gist-processing while still responding to alterations in verbatim 

problem details. Second-graders became more risk-averse as probability decreased, but the 

preference for more was still dominant. 

Fifth-graders' choice behavior indicates the most advanced computational and gist 

processing skills of the age groups studied. Fifth-graders' choice pattern suggests further 

improvements in gist processing, while not attaining the adult level of proficiency. Fifth-

graders continued to make the relative comparison rather than the adults' nominal 

comparison, with the exception of a small number of specific problems. The framing seem 

on the outcome = 1 problems resulted from the fifth-graders' attempts at gist editing. 
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Framing resulted from the assimilation of the small differences between the sure and 

gamble options. When the differences were assimilated, there was not enough "more" to 

differentiate outcomes in the certain versus risk comparison. In this case, fifth-graders may 

have relied on the nominal "some" versus "none" comparison. As a result, framing 

occurred. As outcome level rose to outcome = 4 (with gambles of 8,12, and 16) 

differences were beginning to become distinguishable at a gist level. Framing began to 

decrease. Perhaps fifth-graders were divided in their use of the relative and nominal 

comparisons to approach these mid-level outcome values. Finally, on the outcome = 30 

problems, differences in magnitude between the sure and gamble options became quite 

distinct. Reverse framing resulted because the differences in outcome were easily 

perceived. "Some" and "more" were clearly apparent, and fifth-graders' choices were 

based on this gist-based, relative comparison. Thus, although fifth-graders are more gist-

capable than younger children, they are not as proficient as adults. However, fuzzy-trace 

theory successfully accounts for fifth-graders' choice behavior. 

In sum, children's decision-making is more quantitative than adults'. Despite this, 

prospect theory does not predict children's choice behaviors. In contrast, fuzzy-trace 

theory is able to predict findings children's overall choice behavior and to account for 

developmental variations in choice patterns. 

Having discussed children's choice behaviors, memory findings will now be 

addressed. 

Discussion of Memory Findings 

Results of memory analyses supported the prediction of independence. According 

to fuzzy-trace theory, reasoning is not dependent upon accurate memory for the problem 

details (Reyna, 1992). Findings of independence support this assumption. Not 

surprisingly, memory accuracy improved monotonically with age. Performance ranged 

from the best efforts of the preschoolers to the ceiling effect present in the fifth-graders. 



79 

Each of the age groups exhibited different patterns of memory errors. These will be 

discussed in depth in the following sections. 

Preschoolers 

Preschoolers' memories were most accurate for the zero element. This makes 

sense, since the zero element is present in every task repetition, and is easily recognizable. 

The sure element was the next most accurate, and memory for the non-zero element was 

least accurate. It is not surprising that young children's memory for the non-zero element 

was poor. The non-zero element was the most variant of the elements; additionally, it often 

represented numbers beyond the counting skills of most preschoolers. 

Despite being the group most reliant on verbatim information, preschoolers' 

reasoning was independent from their memories. Interestingly, eight of the 16 dependent 

likelihood ratio tests were present in the preschoolers' data. Recall that the 16 

significancies were less than would be expected by chance. Since much of the numerical 

information present in the task was unfamiliar to very young children, the errors they made 

were probably not based on interference between reasoning and memory. Rather, they 

were random errors, generated in an attempt to provide answers for unanswerable memory 

probes. For example, one child responded "20, 80,90" to a memory probe for a single 

large number. Presumably, this was his way of indicating that he knew the number was 

large, but he did not know the number's exact value. 

The child in the previous example was incorrect in identifying the number 

requested. He gave this response to distinguish a large, non-zero element from smaller 

values. Few of the children giving quantitative responses (categorized as quantitative 

respondents) picked up on the qualitative pattern involved. Specifically, the sure element 

could be described as "some" or "a few" contrasted with "bunches" or "lots" for the non

zero element For some reason, the pattern seemed to escape the quantitative respondents. 

This would support the contention that reasoning and memory were independent. It is 



80 

interesting to note that qualitative respondents provided answers which reflected the 

qualitative pattern of the memory elements. Perhaps this group was experiencing memory 

dependency. Speculatively, perhaps a certain type of memory response was analogous to a 

particular memory effect in the preschoolers, be it dependency or independence. For 

example, perhaps numerical responses indicated reliance on verbatim processing of both 

reasoning and memory tasks; this would have resulted in positive dependency. Likewise, 

it is possible that numerical responses and gist-based reasoning resulted in negative 

dependencies within the quantitative respondents. Assuming each specific category of 

memory responses depicted a systematic bias, whether positive or negative dependency, 

when these biases were compared across all preschoolers' responses, they would be 

canceled out, thereby creating random noise. Noise would result in independence. Tests 

of memory dependency performed on each memory category would reveal horizontal 

dependencies, if any. Unfortunately, there are not enough children providing complete and 

accurate responses to the memory probes for reliable analyses to be performed. 

Second-graders 

Reasoning and memory were independent for second-graders, and memory 

performance was better than the preschoolers. Their accuracy pattern for the three memory 

elements differed from that of the preschoolers and fifth-graders. The youngest and oldest 

children were most accurate at recalling the zero element Memory accuracy declined on the 

sure element, and memory was least accurate for the non-zero element. In contrast, 

second-graders remembered the sure and zero elements equally well, as can be seen from 

the element main effect present in their right/wrong memory analysis. Results from the 

numerical response analysis reveal that responses for the zero element were less accurate 

than responses for the sure element. In other words, second-graders' responses were 

closer to the expected values of the sure element, and second-graders overestimated the 

zero values. Likewise, responses for the non-zero element were under expected values. 
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This trend is consistent throughout second-graders' memory responses and indicates 

confusion of the red and blue sections of the spinner. The pattern also appears in both 

blocks, and as such can not be ascribed to just order of presentation. No main effect of 

block is present. This pattern of "flip-flopping" portions of the spinner is not evident in the 

fifth-graders' memory responses. According to fuzzy-trace theory, older children are better 

able to gate out noise, enabling accurate memory responses (Brainerd & Reyna, 1993). It 

ispossible that the preschoolers also confused portions of the spinner; however, since 

preschoolers' pattern of accuracy in the right/wrong analysis matched that of the oldest 

children, it is assumed that preschoolers did not "flip-flop" the portions of the spinner. 

The Framing x Element x Ratio x Outcome interaction in the second-graders' 

numerical response analysis shows this pattern to be more pronounced in the loss frame. 

Framing x Element x Ratio x Outcome was not significant in the right/wrong analysis, 

meaning that frequency of errors did not change across frames. In the loss frame, high 

values for the zero element and low non-zero element values suggests that, instead of 

confusing the colored portions of the spinner, the second-graders were confused by the 

manner in which these values were presented. This would result in the same pattern of 

underestimated non-zero element values and overestimated zero element values. The sure 

element in the loss frame presented children with an endowment of superballs from which a 

certain amount was lost "for sure." An empty bag indicated losing none of the superballs 

for a given problem; a full bag of superballs conveyed the loss of all the superballs. 

Hence, the empty bag corresponded to the zero element and the bag of superballs to the 

non-zero element Children's comments suggested that the remaining portion of the sure 

thing was sometimes perceived as the amount of superballs a child would "keep" Children 

would point to the remaining balls and ask, "So I get to keep this part, right?" If children 

thought about the loss frame in terms of "keeping" amounts of superballs instead of losing 

them, the empty bag would translate to keeping all the superballs and the non-empty bag 
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would signify losing all the balls. Assuming the loss problems were being converted to 

gains, the memory elements would be reversed. Zero element values would become 

inflated and non-zero values would be below expected values. 

The systematic decrement in the non-zero element values and accompanying 

inflation of zero element values increased with outcome level. Responses for all three 

memory elements were quite accurate for the smallest outcome problems. This suggests 

another possible explanation for the memory trend. Perhaps second-graders were 

attempting to calculate differences between the sure and non-zero elements for the larger 

problems. The reverse framing effect present for ratio = 1/4 problems in the choice 

analysis supports the contention that estimates of differences in magnitude on these 

problems prompted second-graders to change their preference patterns. Errors in 

calculation could promote errors in reconstructive memory. For example, a child might 

subtract a sure outcome of 30 from a gamble outcome of 90 to determine a net outcome 

level. If the child reconstructed this process in order to answer memory probes, errors in 

reconstruction could create interference (Brainerd & Reyna, 1993). Interference could 

result in incorrect responses, or, as in this case, perhaps confusion as to which portion of 

the spinner matched with which reconstructed response. There is evidence that second-

graders experienced some interference on the ratio = 1/4 problems. A significant negative 

dependency was found for the zero memory element in the loss frame of the ratio = 1/4 

problems. Unfortunately, no dependencies were found for the non-zero complement. The 

concept of reconstruction and interference remains speculation. 

Fifth-graders 

As was the case with the younger children, fifth-graders' memory responses were 

independent from their preferences. Fifth-graders were highly accurate on the memory 

probes; in fact, a ceiling effect was present. Fuzzy-trace theory predicts that the oldest 

children would perform most accurately on the memory items. According to fuzzy-trace 
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theory, the ability to gate out noise and, therefore, resistance to interference develops with 

age (Reyna & Brainerd, 1990). Fifth-graders' pattern of accuracy was similar to the 

preschoolers. Specifically, they recalled the zero element with near perfect accuracy. The 

sure element was the next most accurate element, and memory for the zero element was 

least accurate. This pattern indicates that fifth-graders were not confused by the changes in 

the colored portions of the spinner; zero values were not overestimated. 

The numerical response analysis was not effective in expanding upon fifth-graders' 

memory patterns found in the right/wrong memory analysis. Instead, inspection of 

children's data revealed possible intrusion effects, as well as potential errors in 

reconstruction, along with the inevitable simple mistakes. These mistakes occurred with 

equal frequency between blocks. 

It is interesting to note that 67% of the errors made occurred on the ratio = 1/3 

problems and the outcome = 4 problems. These problems lend themselves to 

reconstruction and mathematical errors. They are susceptible to reconstruction effects 

because these problems consisted of numbers which were more similar to one another than 

the more extreme ratio and outcome levels. For example, 4, 8, 12 and 16 seem more alike 

than do 30,60, and 120. Additionally, it is conceivable that these numbers are more 

difficult to correctly manipulate mathematically. It would seem easier to subtract 1 from 4 

or 30 from 60 and do it accurately than to subtract 4 from 16. When a problem featuring 4 

and 12 was presented earlier, manipulating 4 and 16 can be potentially more confusing. 

Since the framing and reverse framing effects present in the fifth-graders' preference data 

suggest that they were comparing differences between the sure and gamble options, it is 

believable that reconstruction was occurring for responses to memory probes not 

accessible by recall of verbatim problem information. This would also explain the presence 

of mathematically-based errors. 
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The question remains as to why intrusion errors were found in the fifth-graders' 

memory responses and not in those of the younger children. An explanation is the extreme 

accuracy of the fifth-graders. The few errors that were made stood out; they could not be 

categorized as systematic cognitive errors for all fifth-grade subjects. The presence of other 

systematic memory biases in the younger age groups may have obscured any intrusion 

errors that were present It is likely that intrusion errors occurred for the other age groups, 

but other systematic errors were prevalent 

To recap memory findings, reasoning and memory were independent for all age 

groups. Memory accuracy increase with age. Preschoolers may have demonstrated some 

horizontal dependencies assuming specific types of responses to memory probes depicted 

systematic biases. These dependencies would be untestable due to small numbers of 

children within each memory response category. These biases, if any, would have 

disappeared when collapsed across all preschoolers. The second-graders exhibited 

confusion about the zero and non-zero memory elements. This confusion increased with 

outcome level. Confusion could have resulted from uncertainty about which colored 

portion of the spinner matched which memory element, or it could have derived from a 

misinterpretation of the task elements. The fifth graders displayed intrusion errors and 

potential reconstruction errors. 

Information-Processing Theories and Children's Responses tn Memory Probes 

Information-processing theories of memory would describe children's memory 

errors as capacity or efficiently problems. From a capacity viewpoint, children's short-

term (or working) memories were taken up by the reasoning task, not leaving enough 

processing space available to enable accurate answers to memory probes. Likewise, it 

could be a case of processing efficiency. Assuming cognitive processes are effortful, 

resolving an answer to the reasoning task required so much cognitive effort that it inhibited 

processing of the memory task. 
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Information-processing theories purport that processing efficiency and capacity 

increase with age. Therefore, accuracy on memory probes would improve with age. This 

developmental increase in memory accuracy would be in keeping with predictions of 

information-processing theories. However, a principle assumption of information-

processing theories is the dependence of reasoning for recall of problem details. Because 

independence was revealed, fuzzy-trace theory provides a more accurate explanation of 

memory findings. 

Fuzzy-trace theory assumes independence of reasoning and memory (e.g. Brainerd 

& Reyna, 1993; Reyna & Brainerd, 1990). Gist representations and verbatim traces are 

described as functionally independent in memory (representational independence). Under 

fuzzy-trace theory, the tendency is for the gist-based reasoning task to be solved by 

processing relevant gist representations while the memory probes tap into verbatim recall of 

problem information. Since the separate tasks accessed different memory traces, memory 

and reasoning independence resulted. The increase in accuracy proceeds from the 

development of resistance to sources of potential interference, which increases with age 

(e.g. Brainerd & Reyna, 1993). 
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APPENDIX A 

PROBLEMS PRESENTED TO SUBJECTS 

Gain frame: (1/2 ratio, outcome=l problem): Pretend you are going to pick a prize. 

You have a choice. If you pick this side, you win [1] superball for sure. If you pick this 

side, you take a chance and spin the spinner. If the spinner lands on blue [50%], you win 

[2] superballs, and if the spinner lands on red [50%], you win no superballs. What do you 

want to do? Win [1] superball for sure, or take a chance and maybe win [2] superballs, 

maybe win no superballs? 

(1/2 ratio, outcome=4 problem): win [4] superballs for sure, [50%] chance of 

winning [8] superballs, [50%] chance of winning no superballs 

(1/2 ratio, outcome=30 problem): win [30] superballs for sure, [50% chance of 

winning [60] superballs, [50%] chance of winning no superballs 

(1/3 ratio, outcome=l problem): win [1] superball for sure, [33%] chance of 

winning [60] superballs, [67%] chance of winning no superballs 

(1/3 ratio, outcome=4 problem): win [4] superballs for sure, [33%] chance of 

winning [12] superballs, [67%] chance of winning no superballs 

(1/3 ratio, outcome=30 problem): win [30] superballs for sure, [33%] chance of 

winning [90] superballs, [67%] chance of winning no superballs 

(1/4 ratio, outcome=l problem): win [1] superball for sure, [25%] chance of 

winning [4] superballs, [75%] chance of winning no superballs 



87 

(1/4 ratio, outcome=4 problem): win [4] superballs for sure, [25%] chance of 

winning [16] superballs, [75%] chance of winning no superballs 

(1/4 ratio, outcome=30 problem): win [30] superballs for sure, [25%] chance of 

winning [120] superballs, [75%] chance of winning no superballs 

(1/5 ratio, outeome=l problem): win [1] superball for sure, [20%] chance of 

winning [5] superballs, [80%] chance of winning no superballs* 

Loss frame: (1/2 ratio, outcome= 1 problem): Pretend I gave you [2] superballs. 

Now you have [2] superballs. You have a choice. If you pick this side, you give me back 

[1] superball for sure. If you pick this side, you take a chance and spin the spinner. If the 

spinner lands on blue [50%], you give me back [2] superballs. If the spinner lands on red 

[50%], you give me back no superballs. What do you want to do? Give back [1] superball 

for sure, or maybe give back [2] superballs, maybe give back no superballs. 

(1/2 ratio, outcome= 4 problem): Child is given [8] superballs; [4] are taken back. 

[50%] chance of giving back [8] superballs, [50%] chance of giving back no superballs 

(1/2 ratio, outcome= 30 problem): Child is given [60] superballs; [30] are taken 

back. [50%] chance of giving back [60] superballs, [50%] chance of giving back no 

superballs 

(1/3 ratio, outcome= 1 problem): Child is given [3] superballs; [2] are taken back. 

[67%] chance of giving back [3] superballs, [33%] chance of giving back no superballs 
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(1/3 ratio, outcome= 4 problem): Child is given [12] superballs; [8] are taken back. 

[67%] chance of giving back [12] superballs, [33%] chance of giving back no superballs 

(1/3 ratio, outcome= 30 problem): Child is given [90] superballs; [60] are taken 

back. [67%] chance of giving back [90] superballs, [33%] chance of giving back no 

superballs 

(1/4 ratio, outcome= 1 problem): Child is given [4] superballs; [3] are taken back. 

[75%] chance of giving back [4] superballs, [25%] chance of giving back no superballs 

(1/4 ratio, outcome= 4 problem): Child is given [16] superballs; [12] are taken 

back. [75%] chance of giving back [16] superballs, [25%] chance of giving back no 

superballs 

(1/4 ratio, outcome= 30 problem): Child is given [120] superballs; [90] are taken 

back. [75%] chance of giving back [120] superballs, [25%] chance of giving back no 

superballs 

(1/5 ratio, outcome= 1 problem): Child is given [5] superballs; [4] are taken back. 

[80%] chance of giving back [5] superballs, [20%] chance of giving back no superballs* 

*Denote sample/training problems. 
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APPENDIX B 

EXAMPLES OF PRESCHOOLERS' RESPONSES TO MEMORY PROBES 

Examples of 2 children's responses are given for each category/subgroup. 

Quantitative respondents (n  =141 

Quantitative respondents - zero present (n = 7) 

Problem Sure Element Zero Element Non-zero Element 

Gain Frame 
Ratio = 1/2 

Outcome =1 1 2 5 
Outcome = 4 4 5 2 
Outcome = 30 30 60 I forgot. 

Ratio = 1/3 
Outcome = 1 1 3 4 
Outcome = 4 4 5 12 
Outcome = 30 4 200 5 

Ratio = 1/4 
Outcome = 1 1 0 5 
Outcome = 4 4 120 5 
Outcome = 30 13 120 5 

Loss Frame 
Ratio = 1/2 

Outcome = 1 2 0 2 
Outcome = 4 8 0 8 
Outcome = 30 60 0 60 

Ratio = 1/3 
Outcome = 1 60 0 90 
Outcome = 4 5 0 6 
Outcome = 30 60 0 90 

Ratio = 1/4 
Outcome = 1 4 0 5 
Outcome = 4 60 0 60 
Outcome = 30 60 0 60 
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Quantitative respondents - zero present (continued) 

Problem Sure Element Zero Element Non-zero Element 

Gain Frame 
Ratio = 1/2 

Outcome = 1 5 8 0 
Outcome = 4 5 8 0 
Outcome = 30 5 8 0 

Ratio = 1/3 
Outcome = 1 5 6 0 
Outcome = 4 5 8 0 
Outcome = 30 5 8 0 

Ratio = 1/4 
Outcome = 1 5 8 0 
Outcome = 4 5 8 0 
Outcome = 30 5 8 0 

Loss Frame 
Ratio = 1/2 

Outcome = 1 5 0 8 
Outcome = 4 5 30 8 
Outcome = 30 5 0 8 

Ratio = 1/3 
Outcome = 1 5 0 8 
Outcome = 4 5 8 6 
Outcome = 30 5 0 8 

Ratio = 1/4 
Outcome = 1 5 0 8 
Outcome = 4 5 6 8 
Outcome = 30 5 8 6 
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Quantitative respondents - no zero present (n = 7): 

Problem Sure Element Zero Element Non-zero Element 

Gain Frame 
Ratio = 1/2 

Outcome = 1 4 6 1 
Outcome = 4 4 6 1 
Outcome = 30 4 6 1 

Ratio = 1/3 
Outcome = 1 4 6 1 
Outcome = 4 4 6 5 
Outcome = 30 4 6 5 

Ratio = 1/4 
Outcome = 1 4 6 2 
Outcome = 4 4 6 1 
Outcome = 30 4 6 1 

Loss Frame 
Ratio = 1/2 

Outcome = 1 4 10 6 
Outcome = 4 2 6 4 
Outcome = 30 5 4 6 

Ratio = 1/3 
Outcome = 1 5 5 5 
Outcome = 4 5 4 5 
Outcome = 30 5 4 9 

Ratio = 1/4 
Outcome = 1 4 6 10 
Outcome = 4 5 6 4 
Outcome = 30 5 6 4 



Quantitative respondents - no zero present (continued) 

Problem Sure Element Zero Element Non-zero Element 

Gain Frame 
Ratio - 1/2 

Outcome = 1 1 3 9 
Outcome = 4 4 1 30 
Outcome = 30 5 9 4 

Ratio = 1/3 
Outcome = 1 1 1 3 
Outcome = 4 4 1 12 
Outcome = 30 5 1 30 

Ratio = 1/4 
Outcome = 1 4 30 9 
Outcome = 4 5 9 4 
Outcome = 30 5 1 30 

Loss Frame 
Ratio = 1/2 

Outcome = 1 5 6 9 
Outcome = 4 5 12 16 
Outcome = 30 10 11 12 

Ratio = 1/3 
Outcome = 1 5 9 17 
Outcome = 4 10 6 9 
Outcome = 30 90 9 5 

Ratio = 1/4 
Outcome = 1 5 1 9 
Outcome = 4 10 1 5 
Outcome = 30 5 4 9 
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Qualitative respondents (n = 2)  

Problem Sure Element Zero Element Non-zero Element 

Ratio = 1/2 
Outcome = 1 
Outcome = 4 
Outcome = 30 

a few 
8 
9 

Gain Frame 

none 
a few 
none 

2 
none 
a few 

Ratio = 1/3 
Outcome = 1 
Outcome = 4 
Outcome = 30 

a few 
a few 
a few 

none 
none 
none 

few 
lots 

thousands 

Ratio = 1/4 
Outcome = 1 
Outcome = 4 
Outcome = 30 

a few 
a few 
a few 

none 
none 
none 

none 
a few 
120 

Ratio = 1/2 
Outcome = 1 
Outcome = 4 
Outcome = 30 

2 
a few 
a ton 

Loss Frame 

none 
none 
none 

some 
a few 
a few 

Ratio = 1/3 
Outcome = 1 
Outcome = 4 
Outcome = 30 

3 
a few 

whole bunch 

none 
none 
none 

some 
a few 
a few 

Ratio = 1/4 
Outcome = 1 
Outcome = 4 
Outcome = 30 

4 
a few 
120 

none 
none 
none 

some 
a few 
some 
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Qualitative respondents (continued) 

Problem Sure Element Zero Element Non-zero Element 

Ratio = 1/2 
Outcome = 1 
Outcome = 4 
Outcome = 30 

Ratio = 1/3 
Outcome = 1 
Outcome = 4 
Outcome = 30 

Ratio = 1/4 
Outcome = 1 
Outcome = 4 
Outcome = 30 

Gain Frame 

some 
some 
some 

some 
some 
some 

some 
some 
some 

none 
some 
none 

none 
none 
some 

none 
none 
none 

some 
some 
some 

some 
some 
some 

some 
some 
some 

Ratio = 1/2 
Outcome = 1 
Outcome = 4 
Outcome = 30 

Ratio = 1/3 
Outcome = 1 
Outcome = 4 
Outcome = 30 

Ratio = 1/4 
Outcome = 1 
Outcome = 4 
Outcome = 30 

Loss Frame 

I don't know, 
some 

just a few 

15 
some 

little bit 

I don't know. 
I don't know, 

little bit 

none 
none 
none 

none 
none 
some 

none 
none 
none 

some 
none 
not 

don't give back any 
some 
none 

some 
some 

don't get 
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Mixed-stratepv respondents (n = 6^ 

Problem Sure Element Zero Element Non-zero Element 

Gain Frame 
Ratio = 1/2 

Outcome = 1 1 none lots 
Outcome = 4 , 1 none lots 
Outcome = 30 1 none lots 

Ratio = 1/3 
Outcome = 1 1 none lots 
Outcome = 4 1 none lots 
Outcome = 30 1 none lots 

Ratio = 1/4 
Outcome = 1 1 none lots 
Outcome = 4 1 none lots 
Outcome = 30 1 none lots 

Loss Frame 
Ratio = 1/2 

Outcome = 1 1 none lots 
Outcome = 4 1 none lots 
Outcome = 30 1 none lots 

Ratio = 1/3 
Outcome = 1 1 none lots 
Outcome = 4 1 none lots 
Outcome = 30 1 none lots 

Ratio = 1/4 
Outcome = 1 1 none lots 
Outcome = 4 1 none lots 
Outcome = 30 1 none lots 
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Mixed-strategy resnondents (continued^ 

Problem Sure Element Zero Element Non-zero Element 

Ratio = 1/2 
Outcome = 1 
Outcome = 4 
Outcome = 30 

1 
4 
30 

Gain Frame 

0 
none 
none 

2 
whole bunch 
whole bunch 

Ratio = 1/3 
Outcome = 1 
Outcome = 4 
Outcome = 30 

1 
4 
30 

none 
none 
none 

3 
whole bunch 

some 

Ratio = 1/4 
Outcome = 1 
Outcome = 4 
Outcome = 30 

1 
some 
a lot 

0 
none 

whole bunch 

4 
16 

whole bunch 

Ratio = 1/2 
Outcome = 1 
Outcome = 4 
Outcome = 30 

Loss Frame 

2 some 
8 some 

whole bunch whole bunch 

none 
none 
none 

Ratio = 1/3 
Outcome = 1 
Outcome = 4 
Outcome = 30 

3 
12 

some 

some 
bunches & bunches 

a lot 

none 
none 
none 

Ratio = 1/4 
Outcome = 1 
Outcome = 4 
Outcome = 30 

4 
some 
120 

some 
some 
some 

none 
none 

nothing 
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Low comprehension respondents (n = 6) 

Problem Sure Element Zero Element Non-zero Element 

Ratio = 1/2 
Outcome = 1 
Outcome = 4 
Outcome = 30 

Gain Frame 

I don't know. 
I don't know. 
I don't know. 

I don't know. 
a lot 

I don't know. 

5 
5 
5 

Ratio = 1/3 
Outcome = 1 
Outcome = 4 
Outcome = 30 

I don't know. 
I don't know. 

5 

I don't know. 
I don't know. 
I don't know. 

5 
5 

a lot 

Ratio = 1/4 
Outcome = 1 
Outcome = 4 
Outcome = 30 

I don't know. 
I don't know. 
I don't know. 

I don't know. 
I don't know. 
I don't know. 

5 
5 
5 

Ratio = 1/2 
Outcome = 1 
Outcome = 4 
Outcome = 30 

Ratio = 1/3 
Outcome = 1 
Outcome = 4 
Outcome = 30 

Loss Frame 

I don't know. 
I don't know. 
I don't know. 

I don't know. 
I don't know. 
I don't know. 

5 
5 
5 

5 
5 
5 

I don't know. 
I don't know. 
I don't know. 

I don't know. 
I don't know. 
I don't know. 

Ratio = 1/4 
Outcome = 1 
Outcome = 4 
Outcome = 30 

I don't know. 
I don't know. 
I don't know. 

5 
5 
5 

I don't know. 
I don't know. 
I don't know. 
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Low comprehension respondents (continued) 

Problem Sure Element Zero Element Non-zero Element 

Gain Frame 
Ratio = 1/2 

Outcome = 1 0 0 I don't remember. 
Outcome = 4 0 0 0 
Outcome = 30 0 0 yes 

Ratio = 1/3 
Outcome = 1 0 0 I don't remember. 
Outcome = 4 0 0 You have to tell me. 
Outcome = 30 0 0 a lot 

Ratio = 1/4 
Outcome = 1 0 0 maybe 
Outcome = 4 0 0 yes 
Outcome = 30 0 0 80 

Loss Frame 
Ratio = 1/2 

Outcome = 1 0 12 0 
Outcome = 4 0 6 0 
Outcome = 30 0 6 0 

Ratio = 1/3 
Outcome = 1 0 10 0 
Outcome = 4 0 0 a whole bunch 
Outcome = 30 0 3 0 

Ratio = 1/4 
Outcome = 1 0 7 0 
Outcome = 4 0 6 0 
Outcome = 30 0 12 0 
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