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Abstract 

This study is concerned with children's epistemological development and its 

relation to their theory of mind development. Ninety children, h m  3 to dyearssld, 

were tested. Task 1, II and III are picture tasks which mesure children's ability to give 

reasons for knowing. at various levels of difficulty. Task IV includes the kt-order,  the 

second-order false belief tasks and children's reasons for ascribing to these false beliefs. 

Results reveal: (1) An overall age-related improvement in chiidren's ability to 

differentiate the query of how they corne to know fiom the query of what has happened. 

(2) Children's bias in appealing to the causal quest rather than to the epistemic quest. (3) 

Children recognize false beliefs, before they begin to appreciate the reasons for knowing 

about beliefs. (4) Chilchen's general epistemological understanding is not contingent on 

their initial discovery of mind; however, such understanding is related to further theory 

of mind development. 
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Chapter 1 

Introduction 

1.1 Debate on the Acquisition of Theorv of Mind 

Children at about four years of age achieve a milestone in their developrnent of a 

theory of mind (TOM). This is evident by their ability to accomplish various TOM tasks 

such as those dealing with false belief, appearance-reality, and surprise (Wimmer & 

Perner, 1983). Although there are no disputes over the fact that normally-developing 

young children, at about the age of four, will begin to have a theory of mind, and the 

prerequisites for such acquisition, nevertheless, different explanations have been offered 

to explain children's abilities in acquiring such a theory o f  mind. The main opposing 

views are proposed by the two researchers who originally designed the various TOM 

tasks --- Josef Perner and Heinz Wimmer. Perner believes that children's understanding 

of the representational nature of mind, which 1 will call the 'discovery of mind', is the key 

to the development of TOM. On the other band, Wimmer clairns that children's 

appreciation of the reasons for believing, which 1 call 'epistemological understanding', is 

crucial to their TOM development. 

According to Pemer (1 99 1 ), the success in the false belief (FB) tasks, are based on 

children's understanding of the representational nature of the mind. He explained, "At 

this age (age of four) representation can be understood as a medium representing 

something (referent) as being a certain way (sense). And this conceptual framework 

provides the basis for understanding that such a medium c m  be a true representation of 



the extemai referent situation only if there exists some reliable, causal mechanism that 

ensures that the medium is set into correspondence with the extemal situation."(p. 155). 

Two points are k ing  made in the above statement. First, Perner is claiming that 

when children come to realize that the mental content is a re-presentation of reality, the 

appreciation of false belief is made possible. Perner defines false belief as "misconception 

of reality" (1 99 1, p. 178). Once a child understands that reality is k ing  re-presented in 

the mind, then the child will aIso come to reaiize that reality can be represented 

incorrectly. The representation/misrepresentation of reality is of pragmatic concern 

because people act upon their thoughts. That is, in order for children to survive in the 

social world, they must l e m  to predict others' actions. Everyday socid interactions will 

enable chiidren to notice that people's actions are mediated by their thoughts. When 

children are able to treat thoughts as representations, then they will be able to participate 

in the social world; they will possess a new understanding that actions can be driven by 

misrepresentations on the part of the actor. As Astington (1993) put it, "those who 

understand the representational nature of mind will realize that people's actions are 

mediated by their beliefs. even when those beliefs are false." (p. 121). This realization is 

reflected in successful performances on the FB tasks. 

A second point made by Perner in the above mentioned statement is that when 

children begui to realize that the mind is re-presenting what is gohg on in the extemal 

world, it becomes possible for them to judge the tnithfulness of such representations. In 

order to evaluate the truthfulness of people's beliefs, one has to possess an 

epistemological understanding of how a person cornes to know what he or she knows. 



According to Perner, because children realize the representational nature of mind, they can 

no longer take knowledge as the direct result of extemal events. People can misrepresent 

a situation and mistakenly think that they know the û-ue state of &air, when, in fact, 

they do not. As a result, in order to comprehend the different beliefs possessed by 

various individuals in a given situation, children need to have a notion of the reasons for 

believing. In this sense, Pemer is placing the epistemologicai understanding of reasons to 

believe, as secondary to or as a consequence of TOM development. He maintained that 

the understanding of the representational nature of the mind is the key to the acquisition 

of a TOM. 

The advance in young children's conception of the mind is well demonstrated in a 

study by Gopnik and Astington (1988), in which they tricked children into a false belief 

about the contents of a Smarties box. Children were misled to believe that there were 

chocolates inside the Smarties box, but, in fact, pencils were inside. When the real 

contents were shown to the children, there were age-related differences in their responses. 

Children under four years of age insisted that they had always known the contents of the 

Smarties box to be pencils, and that they had never thought that there were chocolates 

inside the box . That is, the children under four years-old were taking mind as a copy of 

reality. Five year olds, on the other hand, succeeded in recognizing their previous false 

beliefs, and therefore, it may be concluded that they had discovered the representational 

nature of the mind. The researchers concluded, ". . . there are significant and profound 

changes in children's concept of the mind between 3 and 5. Developing an understanding 

of representational change appears to be one of these changes." (p. 35). Pemer (1991) 



has interpreted this piece of research as supporting evidence for his claim that children 

begin to notice representational change, when they have a notion that thoughts are 

representations of reality. In short, Perner insists that discovery of mind precedes 

children's epistemic knowledge of the reasons for believing. 

On the other hand, Wimmer also mentioned the same Gopnik and Astington study 

to support his position that understanding the reasons for belief, is a crucial factor for the 

discovery of mind (Wimmer & Gschaider, 2000). Wimmer and Hart1 carried out a study 

to veri@ the relationship between recognizing fdse belief and k ing  aware of 

informationai causation (1991). The study was an extension of the Smarties box study 

done by Gopnik and Astington (1988). In the new study, the researchers incorporated 

the question of "Why did you think there is chocolate in here?'. They found that those 

children who could identi& their false beliefs, were those who were able to justiSf the 

reason for their false beliefs: typically by answers such as, "Because it is a Milka box.". 

Not surprisingly, they also found that only a minority of the 3-years-olds succeeded in 

the task. In other words, those who failed to detect their own fdse beliefs, were those 

who have no sense of what caused the formation of their initial beliefs. In their recent 

paper, Wimmer and Gschaider (2000) aryed, Y. .  for our 3-year-old child without an 

understanding of the causai role of misleading conditions there is no way to assimilate the 

wrong saying into any causai fiarnework. What should follow is that this child quickly 

suppresses the incomprehensible event." (p. 8). Accordingly, it is the recognition of such 

a causal link between informational access and the resulting belief that enables children of 

four years of age to identiQ false beliefs; that is, to discover the mind. Wimmer and 



Gschaider fllrther 

concept of belief 

stated, ". . .we make the stronger claim that there c m  be no mature 

as long as there is no conceptual understanding of informational 

causation, because the concept of belief entails such a causal component." (p.4). W i e r  

takes the reasons for beliefs, which he termed "informational causation", as the primary 

base for the acquisition of a TOM. In other words. he believes that children require the 

epistemological understanding that different causal conditions lead to different beliefs 

about reality, in order for them to comprehend that beliefs should be treated as 

representations. 

Please refer to table 9E of Appendix D for descriptions of equivalent expressions 

used to capture the notion of epistemological understanding in this thesis. 

1.2 Epistemolofical Understanding and TOM Development 

Note that Pemer and Wimmer differ in their views on the role of epistemology in 

relation to children's TOM development. As mentioned above, Perner proposes that 

children acquise a representational theory of mind first, before their epistemological 

understanding of belief formation can begin to advance. In contrast, Wimmer insists that 

children need to possess some epistemological understanding of what leads to the forming 

of beliefs in order for TOM development to occur. The fmdings from their own false 

beliefs studies as well as those of others, can be interpreted into either Perner's or 

Wimmer's theoretical framework. Even the findings of the W i e r  and Hart1 study 

(1991) can be interpreted to support either view. As of today, there has been no 

conclusive research conducted to examine the speci tic role of epistemological 

understanding in children's TOM development. 



Not only bas the specific role of epistemology in TOM development remained 

unelucidated, but research is lacking on how the more general episternological 

development in young children relates to their TOM development. There is, however, a 

large body of empirical investigations conducted to examine young children's 

understanding of the link between informational causation and the resulting knowledge, 

which 1 refer to as "reasons for knowing". Most importantly, this body of research 

converged on the finding that 3-year-olds have difficulties recognizing such a causal 

connection. To illustrate, O'Neill and Gopnik investigated children's ability to identiQ 

different sources of their beliefs (1991). Children were led to see, feel, or be told of the 

object hidden in a tunnel. After they had identified the object, they were asked to justiQ 

how they came to know what the object was. Results indicated that, in contrast with the 

older children, 3-years-olds had problems identiGing the sensory sources of their beliefs. 

The researchers concluded, "the problem seemed to stem fkom an inability to relate the 

activities the children had engaged in -- seeing, telling, and feeling -- to their later belief." 

(p. 395). In another research study (Gopnik and Graf, 1988), children were presented 

with a set of 2*3 drawers with different contents. Children would learn about the content 

in each drawer in three different ways: they saw the content, were told about the content, 

or inferred the content fiom a due. In Iine with the above findings, the 3-years-olds in 

this study had difficulty identifying the sources of their beliefs. Moreover, even those 

who could identifi the source immediately, could not remember the source after a delay. 

The researchers had run a control task to ensure that the three-years-olds' inability to 

remember the source after delay was not due to a limit of memory capacity. Al1 these 



results suggest that 3-year-olds have yet to recognize the causal connection between the 

informational access and the resulting belief. Similarly, other researchers have discovered 

that 3-years-olds have the tendency to report that they had always known what they had 

just learned in the experimental setting (Taylor, Esbensen, & Bennett, 1994). Again, this 

finding can be seen in Iight of 3-years-olds' inability to make a connection between 

informational access and the resulting knowledge; they lack an epistemoiogical 

understanding on how they corne to know. Taken together, it appears that both 

children's ability to discover a TOM and their general ability to understand the reasons for 

knowing, are developed at about the same time. The issue becomes how children's general 

epistemological development relates to their TOM development? Therefore, the first aim 

of the current research is to investigate the specific role of epistemological understanding 

in children's TOM development. In addition, the study is designed to explore the possible 

relationship between the more general epistemological development of children and their 

TOM developrnent. 

There is no doubt that both the understanding of the representational nature of 

mind and the understanding of the reasons for believing are important factors for 

children's TOM development. Nonetheless, it appears that Wimrner's stronger claim of 

informational causation as the base for TOM development is counterintuitive. First, 

epistemic knowledge on belief formation is metacognitive in nature; it requires a person to 

self examine his or her mental processes. Thus, it is appealing to presume that such 

epistemic knowledge would develop subsequent to children's appreciation of thoughts as 

beliefs. Second, children c m  leam fiom social experiences that people habe different 



beliefs about the same situation and will act upon their beliefs regardless of the 

truthfulness. On the other hand, the causal conditions which lead to the forming of a 

belief are not as recognizable in social settings. More extensive cognitive reflection is 

required in order for an individual to link beliefs with events causing the belief. On the 

bais  of this argument, and in line with Pemer, it is hypothesized (Hypothesis 1) that 

children's TOM development should precede their ability to give reasons for their beliefs. 

Further, it is also expected that further advancement in TOM requires children to have 

some epistemic knowledge about what leads to the forming of beliefs. 

Why would further TOM development require children to have the 

epistemological understanding of what leads to belief formation? As children know more 

about the reasons for believing, they will becorne better at evaluating the nature of those 

beliefs. Hence, 1 believe that an advancement in TOM development must include the 

appreciation of how each of the causal factors is related to the others in the forming of 

beliefs. 

Research has been conducted to examine young children's ability to differentiate 

various causal conditions leading to the forming of specific beliefs. O'Neill, Astington 

and Flavell (1992) followed up the study done by O'Neill and Gopnik (1991). They 

investigated children's understanding of how certain types of knowledge are acquired via 

different sensory modalities; narnely, that seeing leads to knowing of color, feeling leads 

to textural knowledge and so on. Results showed that an understanding of the different 

types of knowledge, which are provided by various sensory modalities, develops between 

the ages of three to five. The authors postulated a three-stage development of 



epistemology in young children. Accordingly, 3-years-olds possess the idea that sensory 

experiences are related to knowledge; however, the causal linkage has not been 

established. By four years of age, children enter the second stage, wherein they develop 

the notion that sensory experiences and knowledge are causally related. From five years 

onward, in the third stage, children become sensitive to the episternic knowledge of 

aspectuality, that is, which aspects of experience lead to what kinds of knowing (Dretske, 

1969: Perner, 199 1 ). Other experiments (Sodian. 1988; Ruffman, Olson, & Astington, 

199 1) have arrived at sirnilar conclusions; narnely, 3-years-olds cannot single out 

visuaVverba1 arnbiguous information as insufficient for knowledge acquisition. In 

summary, it couid be said that children from three to five years of age, are developing a 

more and more sophisticated epistemological understanding of the various aspects of 

information that lead to the fomiing of specific knowledge. As the epistemological 

advancement in aspectuality is applied to the realm of TOM, it is possible to postulate 

that as children become better evaluators of which aspects of their experiences lead to 

what kinds of knowing, they will apply this epistemological understanding to TOM 

comprehension, and, thereby, become better at recognizing the various aspects of 

information which lead to the forming of specific beliefs. In turn, such epistemic 

realization should lead to better performance on 2FB task, which requires children to deai 

with beliefs about beliefs. For, in order to understand beliefs about beliefs, children need 

first, to realize that beliefs are representational in nature, and, second, to be able to 

explicitly trace the origins of formation of beliefs. It is in this way that epistemological 

advancement is expected to promote fùrther TOM development. 



Two themes have emerged fiom the available research literature on TOM 

development and are closely examined in the current study. The first one is that pnor to 

the passing of FB tasks, young children would not h o w  of the reasons for the formation 

of beliefs. The second one is that the epistemic differentiation of which aspects of the 

available information lead to what kinds of knowinglbelieving, may act as support for 

fùrther TOM development as measured by the passing of the 2FB task. In order to 

follow up the two themes. the present investigation requires focussing on several specific 

issues. These issues pertain to the operationalization of the measures king used here: 

How can ctiildren's ability to distinguish the causal conditions for different kinds of 

knowing be assessed? In what context will such epistemological development be 

realized? How will such a development in epistemology related to the advancement in 

TOM development? 



Chapter II 

Differentiation between Theory and 
Source of Knowing 

Evidence as the 

2.1 Kuhn's Original - Shidv 

Most research on TOM has k e n  focused on the cognitive development of children 

who are about four years of age. TOM development beyond four years of age has k e n  

studied less extensively, and, the available literature regarding this issue has been limited 

to the examination of the 2"d order FB tasks. Similady, research conducted on 

epistemological development of preschoolers is relatively scarce. Although many studies 

have k e n  done on how metacognitive abilities affect students' perforrnances in school, 

most of these studies aim to assess students' ability to use strategies for some educational 

purpose; they do not pertain to the topic of epistemic understanding in terms of the 

reasons for knowing . Moreover, these educational researc hers are looking at SC hool-age 

children instead of preschoolers. An exception is Deanna Kuhn, who has focused on 

studying the development of scientific thinking of children and adults, and has attempted 

to identiw some important precursors of scientific thinking. In 'Developmental Ongins 

of Scientific Thinking'. Kuhn and Pearsall (1998) clairned that the essence of mature 

scientific thinking, is the coordination of theory and evidence in a consciously controlled 

manner. Scientific inquiry must hclude the conscious awareness of how a specific 

conclusion (thcory) can be denved fiom evidence (source), and, thus, entails a clear 



distinction between theory and evidence. Yet the ability to make such a distinction 

between theory and evidence, can only be accomplished with a well-established 

epistemological understanding of reasons for knowing. Interestingly, everyday social 

interactions seldom require ordinary people to draw a clear distinction between theory 

and evidence. By and large, we go about drawing conclusions in everyday settings 

without giving much thought to which part of a conclusion is based on evidence and 

which part is denved fiom theory. In contrast, such a distinction becomes vital in the 

realm of scientific thinking, which is deemed to be the ground for major educational 

achievement as well as technological progress in the western societies; hence the 

importance of conducting research on the development of the cognitive precursor skills 

that enable scientific thinking to take root in young people's minds. 

In one study, Kuhn and Pearsall (1998) examhed children's epistemic ability to 

differentiate evidence (source) fiom theory (cause). Children from four to six years of age 

were shown a sequence of pictures in which two runners compete in a race. Certain cues 

suggested a theory (cause) of why one would win the race. The final picture of the 

sequence provided clear evidence (source) for the outcome. Children were asked to 

identi& the outcome and to justiQ their knowledge. Results indicated that the confùsion 

between theory and evidence diminished sharply at about 6-years-old. That is, when 

young children were asked of the "How do you know that 2" question, they failed to 

point to the visual evidence such as "He's holding a trophy.", and instead, referred to the 

causes of his winning. With the race scenario, even 4-year-olds would conflate evidence 

with causes by @WIg answers such as, "He has fast sneakers.". As mentioned, by age 



four, most children c m  readily solve the first-order FB tasks. Yet, as suggested by the 

above study, 4-year-olds often fail to respond appropriately to the 'How do you how? '  

question: M y  does this developmental lag occur? As Kuhn (1999) explained, "These 

fmdings do not suggest that 4-year-olds can never answer "How do you know?" 

questions. Indeed, they do so commonly, when justifications for their claims are readily 

available ( e g .  "How do you know it's a zebra? Because it has stripes."). Rather, the 

findings suggest that children who have not yet achieved the epistemological 

understanding in question do not distinguish justifications of differïng epistemological 

status (such as theory and evidence), when multiple cues suggest different justifications." 

(P. 9). 

2.2 Implications 

The findings of Kuhn's study are informative in two ways. First, if Kuhnts 

participants and experimental design are comparable, then there exists a deveIopmental lag 

between children's ability to pass the first-order FB tasks and their epistemic ability to 

differentiate evidence (source) fiom theory (cause). This requires a direct comparison 

between c hildren's more general epistemolog ical understanding and their T O M 

development. Second, the findings of Kuhn's study suggest a progressively more 

sophisticated epistemological understanding marked by children's ability to distinguish 

between theory and evidence as reasons for knowing; yet, details of the process remain 

unclear. Therefore, the second aim of the current research is to explore how such 

epistemological understanding relates to childrents TOM development beyond ths age of 

four. 



Kuhn underscores the important role that metacognition plays in the 

developmental change of the cognitive skills to successfully distinguish between theogv 

and evidence. Kuhn and Pearsall wrote, "... there may be early cognitive acquisitions that 

are critical to scientific thinking and warrant highlighting in this respect .... We refer to 

these early developing skills as epistemological skills, since they have to do with 

metacognitive awareness of one's knowledge, in particular its source. Attention to the 

sources of one's howledge -- knowing how one knows -- is arguably essential and central 

to scientific thinking (although not unique to it)" (p. 5). As mentioned, the present 

investigator agrees with Perner that children's ability to give reasons for knowing beliefs 

develops later than their ability to recognize the first-order false belief; giving reasons for 

knowing is metacognitive in nature. People have to examine the origins of their thoughts 

in order to detennine the sources of their beliefs. The differentiation between theory and 

evidence as reasons to know, involves highly sophisticated meta -knowing or 

epistemology. Therefore, it seems very likely that such ability to differentiate is 

developed much later than children's ability to solve the first-order FB tasks. 

Consequently, the present author suggests, in accord with Pemer, that the development 

of children's more sophisticated epistemological understanding of the distinction between 

evidence and theory as reasons to know, may be closely connected to the further TOM 

development, and in particular, that measured by their performances on the second-order 

false belief task (Hypothesis 4). 

As mentioned, the second-order false belief task (SFB) has k e n  used to indicate 

children's TOM development beyond the age of four. Since there is no other standardized 



rneasurement, the current study used the 2FB task to measure children's further 

development of TOM. Nonetheless. one must be aware of the limitations of using the 

2FB task as the measure for M e r  TOM development. To recapitulate, in the current 

research, epistemological understanding is defined as the ability to give reasons for 

knowing. "Further epistemologicai development" refers to a better understanding of 

various factors which constitute the forming of beliefs, specifically, the ability to 

differentiate evidence from theory. In the present investigation, further TOM 

development is defined as a better understanding of how the rnind acts as mediator to 

integrate various factors in fonning beliefs. With the foresight that children's performance 

on the 2FB does not necessarily capture the full range of such an understanding of the 

origins of beliefs; as it is only a test of children's understanding about embedded beliefs. 

Hence, one must be carefid in interpreting the results of how children's performance on 

the 2FB relate to their epistemologicai development. The interpretation issue will be 

taken up again in the discussion section of this thesis. 

2.3 The How Do You Know and the 2nd order False Belief 

Kuhn's view on the role of epistemological understanding in TOM development is 

in accordance with Perner's; namely, children need to understand the representational 

nature of the mind before they c m  pay attention to reasons for believing: ". ..the 

developing cognitive competencies 1 describe as most relevant to cntical thinking are 

metacognitive, . . . In contrast to first-order cognitive skills that enable one to know about 

the world, metacognitive skills are second-order meta -knowing skills that entail knowing 

one's own (and others') knowing." (Kuhn, 1999, p.5). Similarly, the successfbl 



performance on the second-order FB task requires an explicit second-order knowing. 

Further, the attribution of second- and higher-order mental state is possible because of an 

understanding of their recursive nature (Pemer, 1988). 

In order to understand kliefs about beliefs, one must have a well-established 

concept of beliefs as mental representations. This concept may not be established even 

by the time children are ready to solve the 1FB task, since the 1 FB task may require only 

an implicit understanding of beliefs, namely children's common sense knowing of  mental 

states, which rnay be learnt fiom everyday social interactions. This cornmon sense 

knowledge can be tapped into, by providing the appropriate social situation in a test. 

The 1FB task is such a kind of test. However, common sense knowing may not be 

explicitly recognized by the knower; that is, it is not second-order meta knowing as it is 

not abstract nor recursive. Once the knower is able to organize and abstract the cornmon 

sense knowing into some conceptual framework as well as to reflect upon it, then the 

knower will gain an increased understanding of how he or she comes to know about 

beliefs. For instance, with respect to the IFB task, children may not have a concept 

about why she will think that the chocolate is in the basket but, still they will be able to 

point out that she will look into the basket for the candy. On the other hand, with the 

2FB task, children have to monitor what person B thinks about person A's thinking. 

That is, children must ascribe the thought 'she thinks that the lipstick is inside the basket' 

as a belief, in order to succeed in this task. Pemer has proposed such a three-step 

development of commonsense psychology in children, as follows: (1) Innate sensitivity 

to behavioral expression of mental states; (2) mental states as relations to situations; (3) 



mental states as intemal representations (1988, p. 283). When children succeed in the 

2FB task, they are able to treat the embedded thought 'she thinks that.. .' as a mental 

representation. The possession of such an explicit concept of belief should be 

accompanied with an increased epistemological awareness of how one cornes to know 

about beliefs. Hence, it is hypothesized (Hypothesis 2) that the development of the 

epistemic ability to give reasons for believing should be related to children's performance 

on the second-order false belie f (2FB). Speci fically , c hildren who can give appropriate 

reasons for their beliefs, will tend to have a greater chance of passing the 2FB than those 

who failed to give appropriate reasons. 

Since children are only required to understand false belief in a tùnctional manner 

when dealing with the IFB task, they are not required to explicitly express their 

understanding by any systematic mental codes or notations. Kuhn's tasks went further in 

asking them to spell out their reasons for believing. Following Kuhn, the current study 

requires children to state their reasons for believing within the context of first-order as 

well as second-order FB tasks, where they correctly identi@ the relevant false beliefs. 

2.4 The Construct Validitv of Kuhn's Study 

As mentioned in the above discussion, not many attempts have been made to test 

how children justifi beliefs by answering the 'How do you know' question prior to, as 

well as after the cntical age of four. The two attempts, one by Wimmer and Hart1 in 1991, 

the other by Kuhn and Pearsall in 1998, have not yet k e n  integrated into the mainstream 

investigation of young children's epistemological development. Hence, the present 

investigator chose to focus on children whose age range is fiom three to six. The question 



of 'How do you know?' was used to measure children's explicit understanding of reasons 

for knowing. In addition, recall that Kuhn and Pearsall (1 998) found that there is an 

increase in epistemological awareness with respect to the distinction between theory and 

evidence at around the age of six. In order to assess this claim, one needs to identify and 

deal with possible confounding factors, which were not dealt with in the onginai design. 

Thus, the third aim of this current research is to Uivestigate and to eliminate some of the 

possible factors which may threaten the constnict validity of Kuhn and Pearsall's 

original task (1998). With good support for construct validity, the current study can 

address the question of how one characterizes the development of epistemological 

understanding of children, fkom four to six years, in particular their increasing ability to 

distinguish evidence fiom theory . 

The current research was designed to deal with three possible confounds which 

. . 
put Kuhn's findings and her interpretation of them in doubt. First, since we are exam.mng 

young children's thinking through verbal interactions, there is the question of whether the 

young children are familiar with the meaning of the expression "How do you know?', for 

the difference found in responses among the four to six years olds in Kuhn's study 

(1998), might be the result of the differences in children's understanding of the "How do 

you know" question, rather than the result of genuine diffsrences in their epistemological 

understanding. Therefore, in the current research, we implemented an "object 

identification task" (Task 1). Task 1 is designed to test whether young children 

understand the question of "How do you know" at the most basic level; that is, the reason 

for knowing objects. Recall that Kuhn has assumed that if four-year-olds were given such 



a task, they would generaily be able to give reasons to their knowledge. The current 

study tests her assumption. 

In Task 1, children were asked to look at pictures of farniliar objects. As each 

picture was s h o w  to a child, he or she was asked to identifi the object. Immediately 

afier the identification, the child was asked, "How do you know that this is - ?'A 

child could choose to point instead of verbally describe how he or she came to know the 

object's identification. Allowing for pointing minimized the dificulties that young 

children may experience in verbal expressions. If the child succeeded in refemng to the 

appropriate physical characteristics of the object in the picture, then, it was clear that he 

or she understood the "How do you know" question within the context of this task. On 

the other hand, if the child failed to point out what was in the picture that made him or 

her know the identity of the object, then the child was said to lack an understanding of the 

"How do you know" at the most basic level. Clearly, then if children who are four years 

oid or younger cannot grasp the meaning of "How do you know" question with an 

object's identification, their performance in Kuhn's task (1998) could not be a valid 

indicator of their epistemological thinking and her original design would have fallen short 

in attempting to assess young children's epistemological understanding. 

Pertaining to children's understanding of the question of "How do you know" 

there is yet another level of dificulty. Narnely, even when a child comprehends the 

"How do you know" question for objects' identification, he or she may not understand 

this question within the more complicated context of justifications for events: it is much 

easier for a respondent to understand what one means when one asks, "How do you 



know that this is a car?" than when one asks, "How do you know that he won the race?". 

In the former case, it is clear that the question is asking for direct evidence; in the latter 

case, the question can be understood as asking for a causai explanation of the outcome. 

This is especially so with Kuhn's task (1998) that presented children with pictures which 

unfold the antecedents of an outcorne. The antecedents invite the child to confuse the 

source of knowing (evidence), with the cause of the outcome (theory). This distinction 

may require a more sophisticated epistemological understanding. In order to address this 

aspect of construct validity, the current research has incorporated another task called 

"identification of events with factual cues" (Task II). 

In Task II, children were shown pictures about events, one at a time. h c h  picture 

depicted an outcome that was either psychological or physical in nature. For instance, 

the picture may show a girl who is crying --- a psychological outcome; or, a picture may 

display a boy sitting on the ground holding a bleeding leg. In the task, each child was 

asked to identiQ the outcome; then, he or she was asked to state the reasons for his or her 

belief. In order to be considered as understanding the 'How do you know?' question, 

children had to give responses which indicate some factual aspects of the picture that 

cued them into the claim of an event. For example, with the psychological instance, an 

acceptable answer would be an utterance such as, ''1 know she is sad because she has tears 

al1 over her face." Similady, with the physical instance, an acceptable answer is a 

statement such as " 1 know his leg is broken because he is holding the kg and it's 

bleeding". Each picture was designed to be self-contained, in the sense that it has al1 the 

factual cues needed for the justification of the identification of the event. Comparing Task 



II with the original Kuhn's task, the causal cues have been eliminated and only the factual 

cues are present. In this way, the "How do you know" question is clearly directed 

towards the query regarding reasons for knowhg about events; if young children still 

respond by inventing stories to explain causes of outcomes, they are ciearly confiating the 

query of "How do you know?" with the query of "Why is it so?" On the other hand, if 

young ctiildren are capable of giving appropriate responses in Task II, then we can Say 

that they do understand the "how do you know" question with respect to event 

justifications. 

Third, in order to test Kuhn's c l a h  that children fiom age four to six develop a 

more sophisticated epistemological awareness with respect to the distinction between 

theory and evidence, Task III was developed to deal with identification of events with 

multiple cues. Each child was shown a sequence of three pictures, unfolding a story of 

event, which leads to a certain event outcorne. Hence, each set of pictures contained 

multiple cues (evidence and causes) for the epistemological justification of such an event. 

The pictures used in the Task II were reused as the final pictures for picture sequences in 

Task III. The reuse was to ensure that both Task II and Task III were making use of the 

same visual information as evidence. In &ddition, in order to minimize the load on the 

memory capacity of young children, each story consisted of only three pictures. Al1 the 

three pictures were in front of the child when the experirnenter asked questions. 

Furthemore, the stories were designed to be simple and pragmatically sensible for 

young children. Task III was designed to provide self-contained factual cues in the final 

picture of each story so that children did not need to look for reasons to justify the 



identification of the events in the causal sequence. The ori@ Kuhn race-winning s tory 

was not used in this experiment because a picture of a person smiling and holding a 

trophy may be unfafnjliar and too complicated for younger children to decipher in 

responding to the question of 'How do you know he won?". 

If children's answers are to truly reflect their epistemological understanding of 

reasons for knowing, a number of other hindering factors must be addressed: for instance, 

motivation, anxiety, language ability and so forth. Thus, an experimenter must be fùlly 

trained to professionally tap into young children's understanding of how they corne to 

know. This third aspect of constnict validity was addressed by : (1) ensuring that the 

experiment was camied out in a standardized way; (2) ensuring results were scored in an 

accurate and standardized manner; (3) ensuring that the experimenter had the skills to 

maintain neutrality with al1 children and to fully engage them in the experiment; (4) 

ensuring that the experimenter was skillful in the techniques for probing. Please refer to 

Appendix C, for detailed guidelines on how an experimenter administers the research 

according to the above four criteria. 

Once construct validity is established for the current tests, the following 

predictions (Hypothesis 3) are made: (A) Children's performance on the three picture 

tasks will be inter-related; (B) Children's performance depends on the context within 

which the "How do you know?" question is king asked; (C) Specifically, scores for 

children's performance will appear as a declining gradient across the three tasks; that is, 

performance on Task 1 should exceed that on Task II and performance on Task II should 

exceed that on Task III; (D) There will be an advance in epistemological development in 



children, across the age fiom three to six years, as indicated by their ability to distinguish 

between theory and evidence as reasons for knowing. 

2.5 Task 1, II, III and IV of the Current Study 

It is to be noted that Task I differs from Task 11 in only one respect: Task 1 taps 

into children's ability to reason about objects, and Task II taps into children's ability to 

reason about events. Presurnably, it is much easier to understand and give reasons about 

objects than events. This is because objects are physically available while events are 

more likely to appeal to happenings and cause of happenings. The only difference 

between Task II and Task III is the absence or presence of the causal cues. The removal 

of such causal cues in Task II, was intended to give a more definitive answer to whether 

young children understand the sources of their knowing about events. Task III had raised 

the level of difficulty by pitting a causal question against the epistemological one. In 

surnrnary, there is intended to be an increase in the degree of difficulty across the three 

picture tasks. However, children's performance on the three tasks should be related, and, 

in particular, their performance should reveal a progressive trend arnong the picture tasks. 

In Task IV, a modified version of the 1 FB task which was introduced by Wimmer 

and Pemer in 1983, was implemented. Those children who passed the 1FB were further 

required to state the reasons for the protagonist's false belief by answering the question of 

" Why will Tammy go there to look for the candy?". 

In addition, Task IV included a modified version of the 2FE3 introduced by Homer 

(1995). After correctly having identified the protagonist's false belief, children were asked 

to state the reasons for the protagonist to have believed falsely, by asking, "Why will 



Tammy think that mom will look there for the lipstick when she cornes back?". In 

summary, Task IV in relation to children's performance on Task 1, II and III allowed the 

current study to explore the possible relationships between young children's more geneml 

epistemological development and their TOM development. 

Please find the details of Task IV in Appendix B. 

2.6 List of Research Aims and Hvpotheses 

(Aim 1) To investigate the specific role of epistemological understanding in children's 

TOM development. In addition, the study is designed to explore the possible relationship 

between the more general epistemological development of children and their TOM 

development. 

(Aim II) To investigate the relation between children's ability to differentiate evidence 

frorn theory (Kuhn) and their hrther TOM development beyond the age of four. 

(Aim III) To investigate and to eliminate the possible factors which may threaten the 

construct validity of the Kuhn and Pearsall's original task (1 998). With g d  support for 

construct validity, the current study can address the question of how may one 

characterize the development of epistemological understanding of children from four to six 

years, in particular their increasing ability to distinguish evidence from theory. 

(Hypothesisl) A. In line with Perner, children's TOM development precedes their 

ability to give reasons to their beliefs. B. However, in i h e  with Wimmer, further 

advancement in TOM requires children to have sorne epistemic knowledge about what 

leads to the forming of beliefs. 



(Hypothesis 2) The development of the epistemic ability to give reasons for 

identifying the first-order false belief is related to children's performance on their second- 

order false belief task. Specifically, children who can give appropriate reasons for their 

beliefs will have a greater chance of passing the 2FB than those who failed to give 

appropriate reasons. 

(Hypothesis 3) A. Children's performance on the three picture tasks will be inter- 

related; B. Children's performance depends on the context within which the "How do 

you know?" question is king asked; C. Specifically, scores for children's performance 

will appear as a declining gradient across the three tasks; that is, performance on Task 1 

should exceed that on Task II and performance on Task II should exceed that on Task III; 

D. There will be an advance in epistemological development in children, across the age 

from three to six years, as indicated by their ability to distinguish between theory and 

evidence as reasons for knowing. 

(Hypothesis 4) The development of children's more soplzisticated epistemological 

understanding of the distinction between evidence and theory as reasons to know, is 

related to further TOM development as measured by their pasdfail in 2FB task as well as 

in their ability to give reasons in the 2FB task. 



Chapter III 

Method 

3.1 The vartici~ants 

A total of ninety children were tested in the current study. Participants were 

divided to four age groups: 3-year-olds (36 to 47 months), 4-year-olds (48 to 59 

months), 5-year-olds (60 to 71 months) and 6-year-olds (72 to 83 months). There were 

18 children in the 3-year-old group, 2 1 children in the 4-year-old group, 27 children in the 

5-year-old group and 24 children in the 6-year-old group. Most participants were 

interviewed at five diffèrent locations away fiom their homes, including daycare centers 

and elementary schools. A small number of participants was interviewed during home 

visits. Informed consent and relevant demographic information were collected prior to the 

beginning of the experirnent. 

3.2 The ex-perimental design 

The current research is a within-subject design with four conditions. Please refer 

to Table 9 of Appendix D, for details of the design structure. In al1 cases, children were 

individually tested in a quiet corner or a room. The experimenter told the children that 

they were going to play some picture games, a candy game and a lipstick game. 

Each participant was exposed to al1 four tasks. Goody, who had studied the use of 

questions among the Gonja, had found that questions were used primanly for reflecting or 

for challenging status. and only secondady for securing knowledge (1978, p.20): when 



chilciren are king asked "How do you know?" they may take the task as a challenge of 

their judgment. Children may shy away fiom the tasks or they may feel pressure to make 

up answers to questions when they, in fact, do not know how to respond. In order to 

eliminate such questioning effect, al1 children were exposed to Task 1 first, since it is the 

easiest task, and it could help children to tune into the games without performance 

anuiety. The order of presentation for Task II and Task III was counterbalanced. Task 

IV was given last. 

3.3 Task 1: Ob-iect identification 

Materials 

There were pictures of a duck cow, cat, snake, spoon, cup, chair and an umbrella. 

Procedure 

The experimenter placed one picture at a time on the table in front of the child. 

The order was randomized. Then the experimenter pointed to the object in the picture 

and said, '.Let us look this. Can you tell me what is this?". After the child had identified 

the object, the experimenter asked, "How do you know that this is ? "  

Scoring of Responses 

Al1 the child's responses were recorded verbatim and sorted into categories as 

follows: 

1. For the answer to the identification question, if it was correct or incorrect. 

2. For the answer to the 'how do you know' question, judgrnent was made 

according to the criterion of whether the child was refening to the factual aspects of the 

picture in identifjing the object. Answers were considered to appeal to physical evidence 



as reason for knowing, only when the physical descriptions contained some of the 

defining characteristics of an object. For instance, definhg physical characteristics of a 

cow may include the udder, the stripe-like pattern on the hide, and the homs. In addition, 

since we were showing objects which were familiar to them, children may respond by 

saying, 'Ws a Snake, I saw it in a book." These types, considered as answers relating to 

the child's persona1 experiences with the object, were labeled as "narrative" answers. 

Furthermore, the child's responses were coded separately when he or she refùsed to 

answer or gave irrelevant answers. 

Please refer to Appendix A for details of the coding scheme. 

3.4 Task II: Event identification with factual cues 

Materials 

Four pictures were shown to each child, one picture at a time. Two depicted 

outcomes as psychological states, and two showed outcomes as physical states. The four 

pictures were drawn fiom a pool of eight pictures such that, for each child, two pictures 

depicting psychological states were randomly chosen fiom among a total of four. The 

four pictures consisted drawings of an angry face, sad face, fearfut face and a happy face. 

Similady, two pictures of physical outcomes were randomly chosen from among a total 

of four. The four pictures consisted of drawings of a sick boy, a wounded boy, a boy in 

jail and a girl in shopping mall. The remairing pool of pictures would be used for the 

Task III. Altematively, when the order of presentation indicated that Task III was to be 

conducted before Task II, then the first-chosen four pictures would be assigned to Task 

III and the rernaining four would be used in Task II. 



Please refer to Appendix B for the detailed descriptions of the eight pictures used 

in Task II. 

Procedure 

Each child was shown one picture at a time; the order of presentation was 

random. Pictures, one at a time, were placed on the table in front of the child. The 

experimenter would verbally describe the relevant facts of the picture to the child. For the 

psychological outcomes, the child was asked, "How does X k l ? "  Imrnediately after the 

child's response, the experimenter asked, "How do you know that X feels ? "  For the 

physical outcomes, first, the child was asked, "What has happened?". Immediately after 

he or she responded, the experimenter asked, "How do you know that ? '  

Scoring of Responses 

Al1 responses from each child were recorded verbatim as follows: 

1. Responses were scored first for identification of events. A response was 

scored as either correct or incorrect. 

2. The responses to the 'how do you know' question were scored as correct 

when children referred to the relevant factual aspects of the picture as the source of 

knowing. For instance, the child was considered to be right when he or she said, "1 know 

she's sad coz she has tears al1 over her face" or "1 know he is hurt coz his leg is bleeding." 

Furthemore, responses were scored as "narrative", if for example as children made up 

stories to explain the outcome depicted by the picture. Responses were ais0 scored as 

"narrative" when a causal story was added as, for example when one of the participant 



was shown the picture of a sad face, he or she replied, "She's sad, coz she wants her 

mom." When the answers were totally irrelevant, or, when children refused to respond, 

then these were scored as a separate category. When a child referred to the fachial 

aspects of the picture as the reasons of how he or she came to know and, at the same 

time, invented some explanations for the outcome shown on the picture then, these 

answers would still be considered as appealing to 'physical evidence'. Nonetheless, these 

answers would be flagged with a qualifier labeled as 'mixed'. Consider an instance when a 

child was shown a picture of an angry face, and was asked, "How do you know?" He or 

she responded, "He has knitted brows and wide mouth. He's mad cause mom is not 

home. l' This example was categorized as 'mixed physical evidence'. 

Please refer to Appendix A for details of the coding scheme. 

3.5 Task III: Event identification with multi~le cues 

Materials 

Four sets of picture carcis would be sampled from a total of eight sets. Each set of 

cards consisted of three pictures. The final picture of each set was identical to one of the 

eight pictures used in Task II, and, the first two pictures of each set denotçd a story 

which causally led to the final outcome shown in the third picture. As before, two of four 

sets were about psychological outcomes; the other two were about physical outcomes. 

Please refer to Appendix B for details of the eight story sequences. 

Procedure 

For each scenario, the experimenter placed the three pictures on the table, one 

beside another. Each participant was given verbal explanations as to what the pictures 



were denoting. At the end of each scenario. the participant was asked to identiq the 

psychologicaI or physical outcome of the story character. Then, the participant was 

asked the 'How do you know' question. Both the identification question and the 

justification question were being asked in exactly the same way as in Task II. 

Scoring of Respomcs 

Al1 responses of each child were recorded verbatim as follows: 

1. Responses were scored first for identification of the events. A response would 

be scored as correct or incorrect. 

2. Secondly. the answer to the 'How do you know' question was scored as 

correct, in exactly the sarne way as in Task 11: narnely, when a child referred to the 

relevant physical aspects of the fuial picture as reason to know. Moreover answers 

which dsnoted confiation between the causal explar,ations and the reasons for belief, were 

scored under a different category called "cause". For instance, "She cries because her toy 

is broken." or "He has hurt himself because he has fallen from his bike." As before. the 

"narrative" category captured responses fiom children who invented stories to justifi 

their answers. Similarly, incorrect or irrelevant answers were scored as a separate 

category. As in task II, when the child referred to the physical aspects of the fuial 

picture as the reasons to know and, at the same tirne. invented some explanations for the 

outcome shown on the final picture, such answers would be classified 'physical evidence' 

with a qualifier labeled as 'mixed'. For instance, for the angy event, the child may reply, 

"He has wide mouth and he says stop right now.". 

Details for the coding scheme is found in Appendix A. 



3.6 Task IV: The false belief tasks with justifications 

Candv game (1 FB) 

Materials 

Two dollies, one narned T a m y  and the other, her mother. A basket with a cover. 

A cupboard and a candy. 

Procedure 

The child was introduced to the two dollies. As the story was told, it was acted 

out with children's toys by the experimenter. The story was as follows: After putting a 

candy in the basket, Tammy went out to play. In the meantirne, in the absence of 

Tammy, the mother came in. She found the candy in the basket and put it in the 

cupboard. Tammy came back and she wanted the candy. At the end, the experimenter 

asked the child, "Where will Tammy look for the candy?". After the child responded, 

the experimenter asked, " Why will Tammy go there to look for the candy?". In addition. 

a nurnber of control questions were asked of the child. 

PIease refer to Appendix B for details of the story script as well as the order of 

presentation of the questions. 

Scoring of Respo,wes 

Again, al1 responses fiom each child were recorded verbatim. 

Responses were scored first for identifiing the location where Tammy is going to look for 

the candy; that is, pass/fail of the 1 FB task. A pass was given to a child who pointed at 

or referred to the basket. If a child pointed at or referred to the cupboard then he or she 

was considered to have failed the 1 FB task. 



Notice that only children who succeeded in correctly identifiing the first-order 

false belief (passed the IFB task) were asked to justifl the false belief. 

2. For the responses to the "Why do you think that" question. If a child could 

justi& the false belief according to Tamrny's perspective then the answer was considered 

correct; for instance, a response like "Tammy thinks the cookies is in the basket" or 

"That's where Tammy put the candy" and so forth. On the other hand, if a child failed to 

justi@ the faise belief according to Tammy's stance, then the answer was considered 

incorrect. 

Details of the coding scheme is found in Appendix A. 

In addition, if the child passed the candy game (IFB task), he or she would be 

given the lipstick garne (2FB task). 

The livstick game (2FB) 

Materials 

There were two dollies: Tarnmy and her mother; the basket with a cover, a lipstick 

and a stocking. 

P rocedure 

Each child was introduced to the two dollies. As in the candy garne, with the 

experimenter's help, the child walked through a sequence of events: Tammy &id mother 

were inside the bedroom. Mother put her new lipstick inside the basket and went out to 

shop. While Tammy was inside the bedroom alone, mother turned back and peeked 

behind the bedroom door to check on Tammy. Tammy, thinking that her mother was out, 

played a trick. Tainmy removed the lipstick fiom the basket to the stocking. At the end, 



the experimenter asked the child, "Where does Tammy think morn will look for the 

lipstick when she comes back?'This is the identification question for the 2FB task. 

When the child responded correctly, he or she would be given the justification question, 

"Why did Tammy think so?" In addition, a list cf control questions were asked of the 

child. 

Refer to the details of the scripts as well as the order of presentations of the 

questions in Appendix B. 

Responses 

Again, al1 responses fiom each child were recorded verbatim. 

When a child responded by pointing out that Tammy will think that morn will 

look inside the basket for the candy, then the answer was considered to be correct. For 

the justification question, answers such as, "That's where mom put the candy" or "Coz 

Tammy thinks that mom didn't see her moving it to the stocking." were considered 

correct. 

Please refer to Appendix A for details of the scoring scheme. 



Chapter IV 

Results 

4.1 The Internal Reliabilitv of the Testing Items 

Cronbach-Alpha reliability analyses were conducted to test for interna1 

consistency arnong the testing items for each of the picture tasks. The reliability 

coefficient of Task I was 0.78; the reliability coefficients of both Task II and Task III 

turned out to be 0.79, thus proving that the testing items are intemally consistent for each 

of the picture tasks. 

4.2 Each of the Three Picture Tasks 

For each of the picture tasks, children's responses to the 'How do you know' 

question were divided into two categones. Those which contained an appeal to physical 

evidence were classified as correct reasoning. Those which did not contain any appeal to 

physical evidence were classified as incorrect reasoning. The classification of children's 

reasoning into correct versus incorrect allowed for the running of a more powerfiil 

statistical analysis. 

For task 1, a chi-square test was conducted to examine the change in various reason 

types as a function of age. The chi-square test for independence indicated that the change 

was significant ( ~ 2  = 76.02, df = 6, p < 0.01). Please refer to Figure 1A for the graphic 

descriptions on reason types across age groups for task 1. Overall, a majority of the 

children appealed to physical evidence in answer to the question 'How do you know?' 



Even for the 3-year-olds, 74.6% of the reasoning was based on physical evidence; for the 

6-year-olds, 90.1 % appealcd to physical evidence. Please refer to Table 1 A of Appendix 

D for sumrnary of the percentages of different reason types. 

FIGURE 1A 

Task 1: Frequencies of Reasons 
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Figure 1A. Task 1 : Frequencies of reason types by age 

The next step was to consider which types of reasons came out significantly 

different across age groups. This was accomplished by ninnuig an one-way ANOVA on 

the percentage of "narrative" responses across age groups. The change in "narrative" 

responses across age was found to be insignificant. Nonetheless, when an one-way 

ANOVA was computed for the percentage of "physical" responses across age groups, the 



change in "physical" responses across age groups was significant (F 3.47, df = 3, P c 

O.OS), thus, showing an increase in children's appeal to physical evidence as across age 

groups. 

For task II, a chi-square test for independence was also conducted. The change in 

reason types as a function of age groups t m e d  out to be very significant ( ~ 2  = 50.01, df 

= 6, p < 0.01). Please refer to Figure 2A for the graphic descriptions on reason types 

across age groups. The majority of the children appealed to physical evidence in 

answering the question 'How do you know?' The 3-year-oids appealed to physicat 

evidence 52.5% of the tirne; the 6-year-olds appealed to physical evidence 93.8% of the 

time. Please refer to Table 2A of Appendix D for the surnrnary on the percentages of 

different reason types. 



Task II: Frequencies of Reasons 

Age Groups 

Figure SA. Task 11: 

Reasons Types 

imeievant 

nanatives 

physical 

in Months 

Frequencies 

60-71 71 -83 

of reason types by age 

As in task 1, the next step was to look at which specific wpes of reasons came out 

significantly different across age groups. For this purpose, an one-way ANOVA of 

variance was performed on the percentage of "narrative" responses across age groups. 

The decrease in "narrative" responses across age groups was found to be significant (F = 

3.72, df = 3, p < 0.05). Similarly, another one-way ANOVA of variance was done on the 

percentage of physical responses across age groups and the increase in children's appeal 

to "physical" answers across age groups was found to be highly significant (F 14.47, df = 

3, p < 0.01). 



For task III, the chi-square test for independence showed that the change in reason 

types as a function of age was significant ( ~ 2  = 94.43,df = 9, p < 0.01). Please refer to 

Figure 3A and Figure 3B for graphic descriptions on reason types across age groups. 

Younger children were more likely to give causal explanations as answers to the 'how do 

you know' question than to appeal to physical evidence. For instance, 3-year-olds gave 

45.2% causal answers and only 24.2% physical answers. However, across the age groups, 

the number of appeals to physical evidence increased and the percentage of appeals to 

causal explanations decreased. The 4-year-olds almost yielded a 5050 on the percentage 

of causal explanations (46.8%) and physical evidence (45.5%j. Note that the fourth year 

of a child's life, is the critical period for d i s c o v e ~ g  a TOM. For the 6-year-olds, only 

16.7% of the answers were causal explanations and 83.3% were based on physical 

evidence. Please refer to Table 3A of Appendix D for the surnmary on the percentage of 

different reason types across age. 



Task III: Frequencies of Reasons 
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Figure 3 8 .  Task III: Frequencies of reason types by age shown by lines 

The next step was to consider each reason type individually to see which one 

would came out significantly different across age groups. A one-way ANOVA of 

variance was performed on the percentage of "cause" responses across age. The decrease 

in "cause" across age groups turned out to be significant (F = 4.14, df = 3, p < 0.01). 

Another one-way ANOVA was done on the percentage of "narrative" responses across 

age groups. The decrease in "narrative" across age groups was significant (F = 4.8 1, df = 

3, p < 0.001). Further, a third one-way ANOVA was computed on the percentage of 

"physical" responses across age groups. The increase in "physical" responses across age 

groups was highly significant (F 18.58, df = 3, p < 0.01). Overall, older children as 



compared to younger ones, were more likely to appeal to physical evidence as answers to 

the question of "How do you know?" Also, older children as compared to the younger 

ones, were less likely to give causal explanations or narratives as reasons to know in task 

III. 

4.3 Com~arison Among the Three Picture Tasks 

A Pearson correIation test was conducted among the percentages of correct 

reasoning for the three picture tasks. The three picture tasks were shom to be 

significantly correlated to one another at p < 0.0 1 (see Table 9A). Percentages of correct 

reasoning between task II and task III were found to be most highly correlated (r = 0.62, p 

< 0.01). 

Children's mean percentages of correct reasoning, were subjected to a 3 (picture 

tasks) x 4 (age groups) multi-variate analysis of variance, with picture tasks as the within- 

participants factor and the age groups as between-subjects factor. There was a significant 

effect of age, with improved performance across the age groups, F = 20.29, p < 0.02. 

There was a significant effect of task, with decreased performances across task 1, II and 

III, F = 48.14, p c 0.01. Furthemore, a significant interaction was found between the age 

effect and the task effect, F = 4.57 with p < 0.01. As shown in figure 9A, the differences 

in children's performance among the tkee picture tasks diminished across age groups. For 

each of the picture tasks, contrast coefficients were detemined with respect to percentage 

of correct reasoning across the four age groups. Please refer to Table 9B, 9C and 9D of 

Appendix D for details of the significance. The interaction showed that, it is only in task 



III that children's performance differed significantly arnong al1 age groups. In short, task 

III had the most discriminating power on children's performance across age. 

Means of % Appeal to Physical Evidence 

Picture Tasks 

Age Groups in Months 

Figure 9A. Interaction arnong children's appeal to physical evidence, picture tasks and age 

4.4 The 1 FB task 

For the 1 FB task, first, we examined the distribution of children's passlfail across 

the age groups. Please refer to Figure 4A for the graphic descriptions of such. Only 

16.7% of the 3-year-olds group passed the 1 FB task; in contrast, 70.0% of the 4-year- 

old group passed the task. Al1 of the 5-year-olds and the 6-year-olds passed the task. 

Please refer to Table 4A of Appendix D for details of the percentage distributions. 
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Figure 4A. Frequencies of children's pass/fail in the 1 FB task by age 
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A chi-square test for independence was performed on the pass or fail of IFB as a 

fùnction of age groups. The change in pass or fail across age groups was found to be 

significant ( ~2 = 5 1.84, df = 3; p < 0.0 1). Then we looked at which particular age groups 

differed significantly from which, with respect to the pasdfail of 1FB. There is no 

variability in age group 5 and age group 6, since al1 children in these groups passed the 

1FB. Thus, only one independent samples t-test for equality of means was performed on 

age group 3 and age group 4. The differences of means were found to be significant (t = - 
3.81, df = 36; p < 0.001). 

. . . . - 

In order to check if children's performance on each of the three picture tasks 

(measured in terms of percentage of responses that appeal to physical evidence in task 1, 



II, III) difiered as a f'unction of their pasdfail of 1 FB, two multivariate ANOVAs were 

performed. First, a multivariate anaiysis of variance was conducted with children's 

performances on task 1, II and III as the dependent variables and their pasdfail of 1 FB as 

the fixed factor. The test turned out to be highly significant. For task 1: F = 9.19, df = 1, 

p c  0.05; task II: F = 24.83, df = 1, p< 0.001; task III: F = 19.75, df = 1, p< 0.001. 

Second, another multivariate analysis of variance was perforrned on the sarne variables. 

However, this time, in order to control for the age effect on both the picture tasks' 

performances as well as the 1 FB task's performances, the age of children in rnonths was 

included as a covariate. The test turned out to be insignificant for children's performances 

on al1 three piçture tasks with respect to the pasdfail of IFB. 

In addition, a partial correlation was conducted to look for directional 

relationships between the pass/fail of IFB and children's performances on each of the 

three picture tasks. As age was partialled out, in order to control for its confounding 

effect, al1 the correlation tumed out to be insignificant. Ptease refer to table 4B of 

Appendix D for details. 

4.5 Justifications for answers on the IFB task 

Children's rasons for knowing in 1 FI3 were categorized into two groups; namely, 

correct reasons and incorrect reasons. Those which described the appropriate source for 

the formation of the identified false belief were classified as correct reasoning, and those 

which did not were classified as incorrect reasoning. In addition, note that al1 who could 

provide reasons must have passed the 1 FB already. 



Not ail children who passed the 1FB task were able to provide appropriate 

reasons for knowing the identified false belief. Only 58.9% of those who passed the 1 FB 

gave appropriate reasons. The distribution of correcthcorrect reasons given for 1FB 

across age groups was e d d .  Please refer to Figure 5A for graphic descriptions. 

Notice that as one looks across the age groups, older children were more likely to provide 

correct reasons for the identification of the IFB. For instance, only 33.3% of the 4-year- 

olds who have passed the 1FB were able to provide correct reasons for how they came to 

identifi the FB in the task. In contrast, 77.8% of the 5-year-olds who passed the 1 FB, 

gave correct reasons for the identification of the 1FB. Not surprisingly, al1 the 6-year- 

olds who passed the 1 FB were able to give correct reasons. Please refer to Table SA of 

Appendix D for details of the percentages. 
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Figure SA. Frequencies by age with which children who passed 1 FB gave correct 

justifications for their answer 

A chi-square test for independence was conducted to look for significant 

differences in the correct versus incorrect reasons for IFB across age groups. The 

difference in correct versus incorrect reasons across age groups was found to be significant 

( ~ 2  = 47.55. df = 3; p c 0.01). Then, in order to examine which particular age groups 

differed significantly fiom which, in terms of the correct/incorrect reasons for 1 FB, t-tests 

were performed. First. an independent samples t-test for equality of means was 

performed on age group 3 and age group 4 with respect to the correct/incorrect reasons for 

1 FB. The test was significant (t = -2.22, df = 37; p < 0.05). Sirnilarly, an independent 

samples t-test for equality of means was performed on age group 4 and age group 5. 



Again. the test was found to be significant (t = -3.39, df = 46; p < 0.01)' showing that the 

age differences in reason giving shown in Fig 5A were statistically significant. 

In order to check whether children's performances on each of the three picture 

tasks (measured in terms of percentages of responses that appeal to physical evidence in 

Task 1, II, III) differed as a function of the correct/incorrect reasons given for 1 FB, a 

multivariate ANOVA was performed. As before, the age of children in months was 

included as the covariate, to control for the age effect. The ANOVA test turned out to be 

significant for ail three picture tasks even with age excluded as the controlling factor, 

indicating that those who passed the 1 FB also gave more physical evidence on the three 

picture tasks. For Task 1: F = 1 1 S0, df = 1, p < 0.001; Task II: F = 4.68, df = 1, p < 

0.05; Task III: F = 3.97. df = 1, p < 0.05). For the same purpose. a partial correlation 

was conducted to test for the direction of the relationship between children's ability to 

provide reasons for 1FB and their performances on the three picture tasks. Significant 

positive correlations were found between the reasons for 1 FB and Task 1 @r(87) = 0.34, 

p c 0.01). between the reasons for 1FB and Task II (pr(87) = 0.23, p < 0.05) as well as 

between the reasons for I FB and Task III (pr(87) = 0.2 1. p = 0.05). For details, please 

refer to Table 5B of Appendix D. 

Most importantly, a partial correlation with age partialled out, was computed to 

examine the relationship between the correct versus incorrect reasons for 1 FB and the 

pass or fail of 2FB. The age tested in months was king partialled out. A significant 



positive correlation was found (pr(65) = 0.27, two-tailed, p < 0.05). Please refer to Table 

5C of Appendix D. 

4.6 The 2FB Task 

We examined the age effect on the pass/fail of 2FB by performing a chi-square test 

for independence. The test was signifiant ( ~ 2  = 33.14, df = 3, p < 0.01). Please refer to 

Figure 6A for the graphic descriptions of the pass/fail of 2FB across age groups. Older 

children were more likely to pass the 2FB. Al1 of the 3-year-olds failed the 2FB. Only 

14.3% of the Cyear-olds passed, whereas, 59.3% of the 5-year-olds passed the 2FB, and 

al1 the 6-year-olds passed the 2FB. Please refer to Table 6A of Appendix D for details. 
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Figure 6A. Frequencies of children's pasdfail in the 2FB task by age 



In order to detmnine whether 4-year-olds differed significantly fiom 5-year-olds, 

in terms of the pass/fail of ZFB, an independent samples t-test for equality of means was 

performed. The test was significant (t = -3.33. df = 45; p < 0.00I). 

A muhivariate ANOVA was performed. in order to check if children's 

performance on each of the three picture tasks (measured in terms of percentage of 

responses that appeal to physical evidence in Task 1, II, III) differs as a function of their 

pass/fail of 2FB. The age of the children in months was included as  the covariate. The 

test tumed out to be significant for Task 1 (F = 9.03. df = 1. p < 0.001). Task II (F = 

8.77, df = 1, p < 0.001), as well as Task III (F = 3.99. df = 1, p = 0.05). For the same 

purpose, a partial correlation, which eliminated the effect of age on children's ability to 

pass the 2FB and its relation to their performance on the three picture tasks. A positive 

correlation was found between children's ability to pass the 2FB and their performances 

on Task 1 (pr(65) = 0.35. p < 0.01). Another partial positive comelation was found 

between their passing of 2FB and their Task II's performances @r(65) = 0.34, p < 0.01). 

Further. a third partial positive correlation was found between children's passing of 2FB 

and Task III performance (pr(65) = 0.24. p = 0.05). For details, please refer to Table 6B 

of Appendix D. 

4.7 Justifications for answers on the 2FB task 

Children's reasons to know in the 2FB, were divided into two categones; namely, 

correct reasons and incorrect reasons. Those which described the appropriate source for 

the formation of the identified false belief were classified as correct reasoning, while those 



wrhich did not were grouped as incorrect reasoning. In addition, note that all who could 

provide reasons must have passed the 2FB. 

Not al1 children who passed the 2FB task were able to provide appropriate 

reasons for identifiing the false belief. When looking at the correct/incorrect reasons for 

SFB, only 42.2% of those who passed the 2FB were able to provide appropriate reasons. 

Figure 7A shows the distribution of correctlincorrect reasons for 2FB across age groups. 

Of course, older children were more likely to give appropriate reasons for 2FB. Since 

none of the 3-year-olds and the 4-year-olds passed the 2FB, they were not asked for a 

reason. Of the 5-year-olds, 5 1.9% gave correct reasons while 100% of the 6-year-olds 

gave correct reasons. Refer to Table 7A of Appendix D for details. A chi-square test for 

independence was performed to test for the age effect on the correct versus incorrect 

reasons for 2FB. Not surprisingly, the age effect on correcthcorrect reasons for 2FB 

was found to be significant ( ~ 2  = 62.37, df = 3; p < 0.01). 
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Figure 7A. Frequencies by age with which children who passed 2FB gave correct 

justifications for their answer 

Again, independent t-tests for equality of means, were computed to find out 

which particular age groups difiered significantly, in ternis of the correct/incorrect reasons 

for 2FB. First, a t-test was done on age group 4 and age group 5 .  The test was found to 

be significant (t = -4.66. df = 46, p < 0.01). Likewise, an independent samples t-test was 

performed on age group 5 and age group 6. Again, the difference in means was found to 

be highly significant (t = -4.63, df = 49, p < 0.01). 

A multivariate ANOVA was conducted to examine children's performance on each 

of the picture tasks as a fùnction of their abilities to give reasons for the 2FB. Note that, 

both Task 1 (F = 2.84, df = 1, p = 0.10) and Task III (F = 2.37, df = 1, p = 0.13) tumed 



out to be insignificant; only Task II came out significant (F = 6.57, df = 1, p < 0.05). 

Again, partial correlations with age partialled out, were performed to look for the 

relationships between children's ability to give reasons for knowing 2FB and their 

performance on the three picture tasks. A significant positive correlation was found 

between children's ability to give reasons for knowing 2FB and their Task II performance. 

Please refer to Table 7B of Appendix D for details of the correlation results. 



Chapter V 

Discussion 

5.1 The Picture Tasks, Construct Validity and Kuhn's CIairns 

First, 1 would like to review the connection between Kuhn's claims and the design 

of the current study. As described in chapter 2 of this thesis, Kuhn believes that 

children's ability to make a conscious distinction between theory and evidence as source 

of knowledge. is the key to the development of scientitic thinking. She and Pearsall 

(1 998) concluded the following: ( 1 ) young children conflate theory (cause) and evidence 

(source) as reason for knowing, (2) such conflation diminishes sharply by six years of age, 

(3) children have a notion of how they come to know as early as four years of age but 

young children's sense of how they come to know could be easily confiised by the 

existence of multiple cues. The second and third aims of the current study were directed 

towards Kuhn's claims (see Chapter 2). 

Second, before going on to discuss the results of the current research, 1 would like 

to underscore that in this study, the question of 'how do you know' was asked in exactly 

the same way across al1 the three picture tasks. Hence, the difference arnong the three 

tasks was in the context within which the question was king asked. For Task 1, the 

'How do you know' referred to the reasons for knowing physical objects. For the Task II, 

the sarne question was used to refer to the reasons for knowing events. And, in Task III, 

the question of 'how do you know' referred to reasons for knowing events when the 



distracting causal cues were present. Together the three tasks served to test young 

children's epistemological understanding at various levels of sophistication. 

Task 1 tested young children's understanding of how they come to know about 

physical objects. This task tapped into the most basic level of children's epistemological 

understanding. 

Results did show an age-related increase in children's appeal to physical evidence 

as reasons for knowing in Task 1. As a matter of fact, even many three-year-olds were 

able to appeal to physical evidence in answering the 'How do you know' question. In a 

sense, the epistemological understanding of young children surpassed Kuhn's expectation: 

with children possessing a notion of how they come to know even prior to their 

discovery of the mind. 

Although the majority of children's responses appealed to physical evidence, at 

times, children also generated other kinds of responses. For instance, in seeing the picture 

of a cat, a child said, "1 know it's a cat, coz it eats mouse." Another exarnple, in seeing 

the picture of a cow, a child said, "It's a cow coz it goes moo moo." Another instance, in 

seeing the picture of a chair, a child responded, "It's a chair, coz 1 am sitting on one nght 

now!" Again, another example, in seeing a snake, one child said, "1 know! It's a snake, 

coz I've seen it on TV.". Al1 the above examples allude to children's tendency to explain 

how they came to recognize a target object by relating back to their previously established 

knowledge regarding the object. These responses have k e n  categorized as appealing to 

narrative. Notice that, "narrative" are not answers to the 'How do you know' question; 

instead, they are answers to the question of ' M a t  do you know about the object pictured 



here?". The former question asks for evidence of knowing the object, and, in contrast, the 

latter question asks for children's previously established representations about the object. 

In task 1, it was found that narrative-type responses existed quite evenly across ail 

age groups, indicating that young children of different ages, erred in confùsing the quest of 

how they corne to know an identified object, with the quest of how they relate a 

particular instance with its general class. The process of object identification requires a 

person to pick up physical cues from the immediate stimulus and relate them back to his 

or her previously established set of prototypical representations of the target object. It 

appears that young children are not explicitly aware of the distinctiveness of the two 

layes of this generative processes. Consequently, at times, they fail to distinguish 

between their past, persona1 experiences and the physical cues of the immediate instance, 

as reasons for knowing. Such difficulty occurs in al1 three picture tasks. This recuning 

theme provides a frarnework for the investigation of children's possible conflation 

between theory and evidence as source of knowledge. Further details will be unfolded in 

the discussion of the results of Task II  and Task III. 

Besides appealing to physical evidence and narrative, children made statements 

like, "1 don't know." or "Coz 1 just know." in answering the 'How do you know' question. 

These answers were categorized as 'no response'. I t  is found that older children yielded 

fewer 'no response' than younger children. Together with a higher incidence of appeal to 

physical evidence, older children definitely possessed a h e r  notion of 'How do you 

know' with respect to objects' identification than younger ones. 



Furthemore, it is worth mentioning that older children, the five and six-year-olds, 

appeared to yield responses that are qualitatively diff'erent frorn younger children, in two 

respects. First, unlike younger children who usually yielded a single response, older 

children usually provided a cluster of descriptions to j ustifi how they came to know an 

object. For instance, with the picture of a duck, a older child said, "It's a duck. Coz it 

has a beak, wings and a long neck". Second, older children ofien provided answers that 

are a mixture of more than one category. For example, with the picture of a cat, one six- 

years-old said, "It has a tail, head just like Marto (physical evidence). Marto is my cat 

(narrative).". Another example, with the picture of a cow, a older child said, "It has 

stripes, an udder (physical evidence) and it goes out in the wild (narrative)." In essence, 

although older children are more inclined to appeal to physical evidence as reasons for 

knowing, they would include some narrative descriptions dong with their appeal to 

physical evidence. This suggests that older children have not completely established the 

epistemological understanding of  the reasons for knowing, even at the most basic level. 

In Task II, the same 'how do you know' question was asked but for the reasons 

for knowing about events. Unlike objects, which c m  be considered as separate entities 

and which can bc readily defined by physical characteristics, events always exist within 

some specific social contexts. To  illustrate, an umbrella is recognized as an umbrella by 

itself with its handle and the mushroom-like fiame. It does not matter where or how this 

umbrella is found. In contrast, a boy holding on his bleeding knee, cannot have occurred 

in isolation: the occurrence of such an event must be closely associated with other 

happenings in a specific social context. Thus, although the cues for knowing an event are 



containrd in the physical characteristics shown in the picture, in order to make sense of 

the event, one needs to consider the social context within which the event occurs. By 

making sense of events, 1 am referring to the intention of humans to figure out the social 

meaning or social significance of those events. For this reason, it is important for an 

individual to query "What has happened?", in dealing with social events. I suggest that it 

is this quest for 'What has happened?' in social events that precludes and confuses 

children's quest for 'How do you know? of events. It is in this sense that Task II is more 

demanding than Task 1 in terms of children's epistemological understanding. 

Results of Task II indicate that for the three-year-olds, only 53% of their 

responses appealed to physical evidence as compared to 75% in Task 1. Furthermore, 

32% of their responses in Task II were narrative as compared to 8% in Task 1. The 

percentages of 'nt, response' in Task II was similar to that in Task 1. From these results, 

two points are worthy of discussion. First, only about half of the responses from the 

three-year-olds group pertained to appropriate reasons for knowing events. Does it mean 

that three-year-olds have no sense of "How do you know?" I would answer this question 

in the negative and cite the fact that these three-year-olds were capable of giving 

appropriate reasons for how they came to know objects in Task 1. Evidently, they 

possessed a notion of how they know objects. It is precisely kcause these three-year- 

olds cm answer the 'how do you know' at the basic level, that their performance at a more 

dificult level (Task II) can meaningfully reflect chikiren's epistemological development 

and, thus, help to establish the construct validity of the current research design. 



Why then would the three-year-olds perform poorly on Task II, when they have 

been shown to have a notion of 'how do you know' on Task I? The increase in percentage 

of "narrative" responses in Tâsk II suggests that the three-year-olds were inctined to 

approach events by looking for explanation of what is happening. And, together with the 

poor performances in their appeal to physical evidence, show that this youngest group of 

children were having difficulties differentiating the process of making sense of an event 

fiom the process of figuring out how they corne to know an event. 

In Task II, narrative refers to invented stories that describe the happenings 

surrounding the target events. For example, when asked "How do you know?" in 

response to the pictures of a boy holding onto his bleeding knee, a child said, "He's hurt 

coz he needs a bandit."; in seeing pictures depicting an angry face, a child said, "He's 

angry coz rnom is angry."; in seeing pictures depicting a scary face, a child said, "She's 

scare coz of a monster!" Recall that in Task 1, narratives are descriptions which unfold 

children's past experiences with the target objects (What do you know about the pictured 

object?). Now, in Task II, narratives are invented stories formed by integrating the 

making sense of target event ( What is happening), with children's previously established 

schema for similar situations (What do you know about the pictured event). Notice that 

there exists an additional dimension contained in Task II's narrative which is absent in 

Task 1's narrative: narnely, the causal approach in finding out what has happened. This 

additional causal approach in Task II draws upon or elicits children's compelling tendency 

to make sense of events rather than to find out how they came to know. 



Furthemore, three-year-olds are only equipped with a rudimentary notion of 

'how do you know'; rudimentary, in the sense that this group of children understands the 

question of 'how do you know' and can give appropriate answers, only when the 

justifications are available in the testing situation (Task 1). However, their notion of 'how 

do you know' seems to lack an awareness of the generative process of knowing. Taken 

together, the strong tendency to explain what is happening with events coupled with their 

lack of awareness of the generative process of knowing, interfere with the three-year-olds' 

ability to provide appropriate reasons for knowing in Task II. 

In contrast to the performance of the three-year-olds, a majority of the four-year- 

olds appealed to physical evidence in answering the 'how do you know' question in Task 

II (65%). It appears that the reasons for knowing about events (evidence). as opposed to 

the causes of events (theory), starts to take hold of children when they are around four 

years of age. Note that the results for Task II have, thus far, strongly supported the 

construct validity of Task III by affvrning that children four years and older are in the 

position to deaI with the question of 'how do you know' events. In addition, note that the 

increased awareness of the source of knowing, observed by four years of age, coincides 

with the age when children acquire a theory of mind. The possible relationships between 

epistemological understanding and TOM development will be explored later in this 

chapter. 

In addition, results of Task II show an overall increase in the percentage of 

responses that appeal to physical evidence, as well as a decrease in the percentage of 

responses that appeal to namative, across age groups: In order to provide physical 



evidence to justiQ their knowing of events in this task, children must be able to draw 

sorne distinctions between the query to make sense of events and the search for reasons 

to know. Thus, older children must possess a better understanding of the generative 

process of knowing -- what Wirnmer and Hart1 called "information causationt'. 

Nonetheless, despite the saliency of the physical cues present in Task II, children of all 

age groups still displayed a strong tendsncy to adopt the causai stance towards events. 

Even by six years of age, children were still not consistently able to provide a fidl account 

of how they corne to know. This inability is evident in some of the responses given by 

older children, who provided mixed answers that pertained to physical features with a 

hint of narrative as well. For instance, in seeing a picture of a girl with tears all over her 

face, one older child said, "She's sad coz when you are sad, you've tears al1 over @hysical 

evidence). And sometimes you yell (narrative)." Another instance, with a picture of a 

boy holding on to his bleeding knee, one older child answered, "1 know! He is hurt coz 

he's bleeding @hysical evidence) and he wants his mom (narrative)." These examples 

illustrate the fact that even older children are struggling with the distinction between the 

process of making sense of events and the process of giving reasons for knowing events. 

Furthemore, some older children also continued to appeal to narrative (invented stories) 

as answer to the 'how do you know' question, rather than reporting evidence. For 

example, with a picture of a man locked behind metal bars, one child responded, "1 know 

he is in jail because my dad is a policeman.'' Another one, with a picture of a girl having a 

big gnn on her face, one child said, "1 know she's happy because it is her birthday!" And, 

with a picture of a boy taking medicine while stay ing in bed, one child replied, "He's sick 



coz he is not going to schwl." In essence, even for children of six-year-olds who have 

developed a better sense of how they corne to know, it is still tempting for them to 

confuse the query for what has happened with the query for reasons to know. 

There are three characteristics of Task III which are worthy of highiighting. They 

are as follows: First? Task III mirrors Kuhn's original task by presenting multiple cues for 

the justifications of reasons for knowing social events. That is, Task III differs from Task 

II in only one respect -- the presence of causal cues. Consequently, the change in 

children's performance between Task II and Task III could be attributed to the adding of 

the causal cues. Second, building on well-established constnict validity fiom previous 

tasks, Task III serves to test children's episternological development -- especially on 

children's ability to distinguish theory and evidence as reasons for knowing. Third, it is 

not enough for children to possess a better epistemological understanding in order to 

succeed in Task III; there is more involved than just the ability to distinguish what cues 

act as evidence for reasons of knowing and what cues invite a causal explanation. As 

succession of Task II, with the availabitity of the causal cues, Task III exacerbates 

children's tendency to make sense of social events. Hence, in order to perform 

successfully in Task III, children need to be able to distinguish, as well as to balance, 

between the process of searching for reasons for knowing events and the process of 

making sense of events. With the presence of multiple cues, children were k i n g  set up to 

engage in two missions simultaneously in Task III. On one hand, the experimenter urged 

them to answer the 'How do you know' question. On the other hand, there existed a 

powerful need in children to attend to "Wat  has happened?" 



Results show that children generally appealed less to physical evidence as reasons 

to know in Task III than in Task II: In Task III, 25% of the responses appealed to  

physical evidence for the three-year-olds as compare to 53% in Task II; four-year-olds 

yielded 46% of physical evidence in Task III as compared to 65% in Task II; five-year- 

olds yielded 68% in Task III as compared to 86% in Task II; six-year-olds yielded 83% 

in Task III as compared to 94% in Task II. These findings support the construct validity 

of three picture tasks in measuring the development of children's ability in differentiating 

evidence from theory. As the data pattern demonstrates Task II1 is more demanding than 

Task II, and that successfûl performance on Task III requires chilàren to have achieved a 

more sophisticated epistemological understanding because they have to be able to report 

evidence even when given multiple cues. 

Across age groups, there is an increase in the percentage of responses that appeal 

to physical evidence. Simultaneously , there is an age-re Iated decrease in percentage of 

responses appealing to causal explanations. The three-year-olds produced more causal 

explanations (45%) than physical evidence (24%) as reasons for knowing. This suggests 

that children around three years of age are more attracted towards the quest for causal 

explanations than the search for reasons of knowing. At around four years of age, 

children's appeal to physical evidence caught up with their appeal to causal explanations. 

This catching up indicates that the four-year-olds were at the dawn of developing a more 

robust grasp of the source of knowing as they begin to be able to distinguish "What has 

happened?" fiom "How do you know?" Interestingly, at around the very sarne age 



children are also discovenng a TOM. 1 will discuss how the discovery of TOM relates to 

certain stage of children's epistemological development in the next chapter. 

By five years of age, there was a larger portion of children's responses that 

appealed to physical evidence (68%) as compared to responses that appealed to causal 

explanations (29%). First, this shows that children five years or older, are largely able to 

determine the appropriate cues which lead thern to know events, thus indicating an 

advancement in their epistemological understanding. Second, the above fmdings indicate 

that older children are better able to balance between their tendency to take up the causal 

approach and the demand on h e m  to stick to the episternological approach. Third, the 

fact that both causal explanations and narrative continued to exist across al1 age groups, 

signifies that it remains dificult for children to make a clear distinction between the 

process of finding out the source of knowing and the process of trying to make sense of 

events. This continuhg difficulty is made apparent by the fmding that older children 

were providing responses with a mi.uture of physical evidence and cause/nmtive. For 

instance, in seeing pictures depicting a happy looking girl, one child said, "Coz her mouth 

(physical evidence) and she wants the cat (narrative / cause) " Another exarnple, in seeing 

pictures depicting a boy in jail, one child said, "He' s chained; there are bars and a small 

window (physical esidence). And he got nothing to eat (narrative / cause) ! " 

In summary, the confiation of theory and evidence as obsewed by Kuhn, arguably 

reflects a deep-seated bias of humans to comprehend the social significance of social 

event, rather than questioning how we come to know events. In most everyday 

functioning, we are satisfied with coming up of causal explanations for events; instead of 



going beyond to seek for evidence as to how we know. As noted by Kuhn (1993) in her 

examination of adults' ability to engage in informal reasonhg and scientific reasoning: 

adults who have lesser education did not exhibit a conscious control requued to 

differentiate theory from evidence. In other words, even adults who presumably 

possessed the Ml cognitive capacities! do not necessarily develop a clear distinction 

between theory and evidence. In light of the above findings, 1 would claim that the 

tendency to seek causal explanations for events precludes young children's pursuit of the 

sources of knowing. Deliberate practice is necessaq to re-direct their attention towards 

an epistemological understanding of events; 1 would argue that this is how formal 

schooling and higher education promote critical thinking in students. Formal schooling 

and higher education, at their best, serve to provide the opportunities for students to 

appreciate the importance of asking the question of 'how do you know'. In this way, one 

is educated to believe that the significance of epistemology is, if not more important then 

at least as crucial to a person's swival, as appreciating the social significance of events. 

From the above discussion, it is obvious that the construct validity for the three 

picture tasks in measuring the development of children's epistemic ability to differentiate 

evidence fiom theory is well established. To a different extent, al1 three tasks are honing 

in a cornrnon set of cognitive abilities which enable children to answer the 'how do you 

know' question in different contexts. Hence, significant correlations among the three tasks 

were found; with Task II and Task III having the strongest correlation, since they both 

tapped into children's abilities to justify 'how do you know' about events. Further, a 

mixed ANOVA on task and age effect showed that the different picture tasks together had 



a common effect. Moreover, a significant overall age effect was present, pointhg to the 

fact that older children appeai more to physical evidence in answering the 'how do you 

know' than younger children in al1 the three picture tasks. The most intriguing fmding is 

the significant interaction between age effect and task effect. The interaction reveals that 

whereas older children's performance on Task 1 reached a ceiling, Task III discriminated 

among the age groups on the answer to the 'how do you know' question. Among the three 

picture tasks, Task III is the most demanding one. and hence, most helpful in reveafing 

children's limitations in epistemological understanding. Therefore, with the provisional 

establishment of construct validity, it can be concluded that for children fiom three years 

of age to six years of age, one aspect of epistemological development is the ability to 

differentiate evidence (source) fiom theory (cause) as reasons for knowing events. 

5.2 Pemer versus Wimmer on the Relation between TOM and Epis temoloq 

To remind the reader. another aim of this research is to examine the specific role 

that children's epistemological understanding plays in their TOM development. As stated 

in the introduction, Perner and W i e r  have engaged in fervent arguments on the role of 

epistemology as relating to TOM development. According to Pemer, children must first 

gain an understanding of beliefs and false beliefs; in turn, this recognition allows children 

to appreciate the causal conditions leading to belief formation. On the other hand, 

Wimmer declares children need to have some awareness of the origins of beliefs in order 

for them to realize that beliefs are representational in nature. 

How do Perner's and Wimmer's arguments stand in face of the results of the 

current research? My concem is that the arguments from both researchers are limited to 



the discussion of epistemological understanding within the framework of children's TOM 

development. They appear to have Iittle to Say about the relationship between children's 

more general epistemological development and their TOM development . As described, 

one possible relationship between the general epistemologicai understanding of children 

and their TOM devetopment is king captured in the curent research by examining the 

possible relationships between children's performances on the picture tasks (Task 1, III 

III) and their performances on the false belief tasks (Task IV). 

The overall structure of how the picture tasks are related to the false beliefs' tasks 

is shown in Figure 9B. 

1, II, III Unrelated 

1, II, III Related 

Pass 

Give reasons for 

knowing IFB 

2FB 

Related Give reasons for 

knowing 2FB 

Figure 9B. Summary of performances on the three picture tasks and performances on the 
false belief tasks 



Accordhg to the current findirgs, when the age effect was not controlled. 

children's performance on the picture tasks was found to vary as a îùnction of their pass 

or fail of the IFB task. However, it was also found that children's performance on the 

picture tasks did not Vary as a fùnction of the pass/fail of the 1 FB task, when the age 

effect had been taken into consideration. That is, the seerning reiatedness found between 

children's performance on the picture tasks and their ability to pass the 1 FB, is actually 

caused by the confounding effect of age. The fact remains that the current research found 

no evidence of a relationship between the initial discovery of TOM and the general 

epistemological understanding of children as measured here. For this reason, the finding 

that children by four years of age began to have a grasp on how they came to know. cm 

only be understood as relating to their discovery of TOM in an indirect way. Namely, the 

initiai discovery of mind as well as the more general epistemological developrnent of 

children, are both supported by some age-related factors like maturation, language 

development and so forth. Further research is required to identiQ the third factors 

involved. 

In addition. Wirnmer's stronger declaration that children must have an epistemic 

sense of what leads to the forming of beliefs before they can appreciate the mind as 

representational, is disconfirmed by the current hding that not al1 children who passed 

the 1 FB were able to give appropriate reasons for identifjing the 1 FB. Accordingly, only 

a bit more than half of those who passed the 1 FB gave appropriate reasons for the false 

belief (59%). This result shows that quite a number of children are capable of recognïzing 



the mind as representational without knowledge of what leads to the forming of the 1" 

order false belief. 

Although no evidence was found that the initial TOM development is related to 

children's general epistemological development as we rneasured it, we found that, after the 

acquisition of a TOM, children's ability to give appropriate reasons for the recognition of 

1 FB is related to a their general epistemological understanding as measured in the picture 

tasks. Findings indicate that variations among children's performances in the three picture 

tasks were accounted for by children's ability to give appropriate reasons for IFB, even 

when the age effect had k e n  taken into consideration. This result shows that as children 

possess a better general epistemological understanding, they are also more ready to give 

reasons to the identified 1 FB. 

In order to pass the 1 FB task, children are required to know about the mind in an 

implicit manner, implicit in the sense that the children can utilize the knowledge to 

achieve some ends or to function in various situations, but cannot abstract the knowledge 

and reflect upon it. In contrast, the ability to give reasons for knowing the 1 FB requires 

children to possess explicit knowledge about what leads to the forrning of the 1" order 

false belief; that is, it requires metacognitive skills like abstraction and recursion. 1 

believe that this requirement is the reason why children's general epistemological 

understanding is related to children's ability to give reasons for howing instead of related 

to children's performances on the 1 FB task. 

Furthemore, results reveal a positive correlation, with age effect king partialled 

out, between the children's ability to give appropnate reasons for knowing in the 1 FB and 



the passing of 2FB. This result indicates that, when children understand the reasons for 

knowing the I FB, they are more likely to pass the 2FB. In addition, converging lines of 

evidence are pointing to the existence of a relationship between children's general 

epistemological development and further TOM development: First, there is the finding of 

a significant ANOVA between children's performance in the three picture tasks and their 

pass/fail of the 2FB task. Second, such a relation also shows up in a positive partial (age) 

correlation between the picture tasks and 2FB. However, the positive correlation does 

not make any causal claim between further TOM development and epistemological 

development. 

To summarize the present evaluation of the arguments between Pemer and 

Wimmer, based on the current findings of this research. 1 will refer to the initial discovery 

of mind (IFB) as the first level of understanding of mind, and. the monitoring of 

embedded beliefs (2FB) as the second Ievel of understanding of mind. Our evidence 

concurs with Pemer's clairn that without the establishment of the first level of 

understanding, the question of 'how do you know' of mind cannot even be conceived. 

Nonetheless, the results of the current study add another dimension to the relationship 

between TOM and epistemology, which has not been discussed by Perner. On the 

present evidence, 1 propose the following generai points: (1) Children's ability to give 

reasons for beliefdfalse beliefs is related to the more general development of children's 

epistemological understanding. (2) This general epistemological development on the 

present evidence, does not affect children's first level of understanding of the mind. 

Rather, the general epistemological development of children is related to their second level 



of understanding of the mind. (3) The evidence of the present study tends to disconfim 

Wimrner's argument for epistemological understanding of reasons for believing as 

preceding the discovery of TOM. On the other hand, since the second level of 

understanding of the mind requires children to posses an epistemic knowledge of what 

leads to the fonning of embedded beliefs, 1 would agree with Wimmer's more general 

statement that there c m  be no mature concept of mind without some understanding of the 

reasons for believing, if the mature concept of mind refers to the second level of 

understanding of mind. 

As discussed, epistemological development is defmed as an increased 

understanding of the distinction between the query "What has happened?" and the query 

"How do you know?" which is best captured in Task III. Thus, one is looking to see 

whether the epistemological advancement as measured by children's performances in Task 

III is related to the their performances on 2FB as well as to their ability to give reasons in 

the 2FB. The current fmdings do indicate that children's performance in Task III is 

connected to their performance on the 2FB. However, no evidence was found that 

children's performance in Task III was related to their ability to give reasons for 

identibing the 2FB. It is not known why this is the case. One possible explanation for 

such an apparent unrelatedness is the too limited a scope by which furcher 

epistemological development andor fùrther TOM development is being defined in this 

research. In particular, this fmding suggests that the specific epistemic elements needed 

for the differentiation of evidence fiom theory, and those needed for the understanding of 

the source of embedded kliefs, have little in common. Although both types of 



accomplishment rely on the explicit awareness as well as the conscious coordination of 

the sources of knowing, it seems that these common characteristic are not the defining 

elements for the advancement of epistemological understanding as captured by Task III 

nor further TOM developmeïit as captured by Task IV. Research is needed to explore 

measures for capturing the broader range of children's TOM development. As well, more 

detailed investigations are necessary to examine the building blocks which enable the 

development of critical thinking in young children. 

5.3 List of Findings and Conclusions 

Hypothesis la and b are supported as the current results show that children first 

discover the mind before they appreciate reasons for believing. 

Hypothesis (2) is supported by the current data. In summary, children's 

epistemological understanding of the reasons to know about beliefs may promote their 

further TOM development. Note that Wimmer's claim of the need for an appreciation of 

what leads to the forming of beliefs as the foundation for the mature understanding of 

mind, could comfortably fit in the current fmdings if the mature understanding of mind is 

understood as further TOM advancement instead of the initial discovery of mind. 

The current study found no evidence of a relationship between the genexal 

epistemological understanding of children and their discovery of the mind. 

The current results indicate that children's ability to give reasons for knowing 1 FB is 

related to their general epistemological understanding. In addition, it has k e n  found that 

children's ability to give reasons for knowing 1FB supports their passing in 2FB. Taken 

together, it is concluded that both the more general episternologicai development and the 



specific appreciation of  reasons to know about beliefs, are involved in fùrther TOM 

development. 

Kuhn's claim of the apparent conflation between theory and evidence as reasons to 

know, may actually stem from a fundamental bias of humans to look for what has 

happened rather than to find out the source of knowing, in dealing with social events. 

Hypothesis 3 a, b, c, and d are supported as it is found that children's performance 

among the three picture tasks was positively correlated. Further, as predicted, children's 

performance across the three picture tasks appeared as a gradient, with their performance 

of Task 1 exceeding that of Task II, and children's performance of Task II exceed'ig that 

of Task III. Conscquently, the establishment of the constmct validity allows one to 

conclude that epistemological understanding in children advances over ages from three to 

six with respect to the ability to differentiate evidence fiom theory. 

Hypothesis 4 is not supported. Children's ability to give reasons for knowing the 

second-order false belief, was unrelated to their performance on Task III. This finding 

suggests that the specific epistemic elements needed for the differentiation of evidence 

from theory, and those specific elements needed for the understanding of the source of 

embedded beliefs, have little in common. 



Chapter VI 

Conclusion 

6.1 Constmct validity and the conflation between theory - & evidence 

This research started out by exarnining Kuhn's c l a h  about young children's 

difficulty in distinguishing evidence from theory. The results reveal that such difficulty 

may be rooted in young children's tendency to seek causal explanations of  what has 

happened in their surrounding. 1 maintain that the query of "What has happened?" 

orients young children towards determining the social significance of what is going on in 

their environment, and, thus, allows them to  respond appropriately to the irnmediate 

social context. Indeed, in everyday hc t ion ing ,  the query of "What has happened?" 

seems to be dearer to their survival than that of  "How do you b o w ? "  -- this is at least 

true in the early years of life. Thus, the current study found that, dthough children by 

the age of three are already equipped with a notion of how they come to know; their 

epistemic quest is precluded by their quest for causal explanations. It is only in later 

years, 5 or 6-years of age, that children become increasingly in tune with the query of  

"How do you know?". 

There are at least two possible contnbutors to the epistemological development in 

young children from 3 to 6 years: First, a better appreciation of the importance of 

qwrying about how they come to know, and, second, a better understanding of  the 

reasons for knowing. 1 believe that formal education plays a crucial role in imparting to  

the next generation the tools as well as the values to seek to investigate how they come to  
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know. In schools. children are explicitly encounged to deal with the epistemic query. 1 t 

is an important part of learning to ask "How do you know?" Imagine a child with his or 

her everyday environment shifiing Erom interacting with family members to leamhg in 

school. Obviously, the most important query also begins to shift from "What has 

happened?" to "How do you know?" 

6.2 Perner versus Wimrner on the Specific Role of Epistemology in TOM 

The second theme of the current research \vas to explore and to relate children's 

epistemological development to their TOM developrnent. Part of the investigation aimed 

to provide empirical data to help resotve the Perner versus Wimrner argument. The 

current data support Psrner's perspective that children have to discover the mind before 

they can start to appreciate how beliefs are formed. It is at the stage when children begin 

to inquire about reasons to believe, that their epistemological understanding starts to 

affect their further TOM development. In the sense that those who are equipped with a 

better epistemological understanding, are more ready to deal with beliefs about beliefs. 

It is intuitively appealing to believe that the understanding of mind as 

representational is comected with epistmological understanding. The realization of mind 

as re-presenting appears closely related to the reasons for knowing. Yet, surprisingly, the 

current research found no evidence of  a comection between discovery of the mind and 

epistemology. Instead, the appreciation of "How do you know?". is found to be closely 

comected with children's ability to deal with second-order beliefs. Based on the fïndings, 

1 argue that children's initial discovery of mind is at an implicit, functional level. Later 

with the transformation of implicit understanding to explicit understanding of the mind, 

children are corning closer to the epistemic quest of reasons for knowing. In turn, better 
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epistemological understanding empowers children to deal with beliefs in an increasingly 

recursive rnanner and, eventually, may enhance children's hirther TOM development as 

defined by the appreciation of embedded beliefs. 

The bridging of the study of TOM developrnent and the study of epistemology in 

children, opens a new window to the understanding of children's cognitive development. 

In particular, the union of the two areas of studies allows psychologists, educators and 

philosophers to gain insights into how people developed the notion that knowledge is 

inseparable from its knower, in the sense that, knowing always involves the subjective 

accomrnodating and assimilating of information from the part of the learner. The extent to 

which people are aware of this mind-construing process, will directly affect their abilities 

to think scientifically, to assess their own leaming processes and to cross-examine their 

own perceptions of the world. 1 dearly hope that this research is making a humble step 

towards the understanding of such a profound issue in human cognition. Further, 1 keenly 

look forward to further interesting research, which is yet to corne, in hops of solving this 

mind-provoking puule in cognitive science. 
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Appendix A: Coding Scbeme for tbe Tbree Picture Tasks 
What types of answers do children give, when ask of how they come to know an object 

in Task I? 
P Descriptions of relevant physical features of the object shown on pictures: e.g. 

Snake--the s shape body with no legs; C h a i r 4  has four legs and a bench. These 

answers belong to the category of 'plrysicd evidence '. 
Descriptions which contains both physical evidences as well as other types of 

answers are categorized into the )hysicaI evidence' with a qualifier labeled as 'mired'. 

e-g., Cow -- "It has the white and black stripes, an udder. It goes out in the wild.", 

there is a mix of physical description and narrative description. 

With descriptions of physical features, as long as, these relevant physical features are 

shown on the pictures, children are considered to be giving reasons to how they come 

to know because, these features are external stimuli which caused the children to 

recognize an object as such. For this reason, the answers typified as physical 

evidence with mixed reasoning, are considered as correct reasons for justifjhg how 

children corne to know. 

Descriptions of actions or fùnctions that an object can perform: e.g., Cup--for 

drinking tea; Cat--chase mouse and so forth. These answers belong to the category of 

'narrative that are object oriented'. Since the stories are told wi th the identi fied 

object as the agent. 

Descriptions involving children's own personal experiences: e.g. Snake-coz 1 saw it 

in  museum; Cat--books and movies. These answers belong to the category of 

'narrative thut are subject oriented'. Since the stones are told with the child as the 

agent. 

With descnptions involving narrative, they are not considered to be the source of how 

children come to know because such descriptions reflect the personal experiences 

which a child has, towards the concept of such an object. However, these 

descriptions are not directed towards the reasons of how one cornes to know the 

particular instance of that object. 

No descnptions given: e.g., saying "don't know", "coz 1 know", or refuse to respond. 

These answers belong to the category of 'incorrect reusonhg'. 

What types of answers do children give, when ask of how they come to know about 

mental States in Task II? 
Descriptions of relevant physical features of the outcome/emotion shown on picture: 

She's sad--Tears coming down. These answers belong to the 'pliysica! evidence' 

category . 



Descriptions which contains both physical evidences as well as other types of 

answers are categorized into the 'physical evidence' with a qualifier labeled as 

'mrjred '. 
Descriptions of physical features showm on pictures, with or without the qualifier 
of 'mixeci', are considered to be answers for the 'how do you know' question since 

children can clearly pick out the physical aspects of the picture that leads them to 
h o w  of the happenings. 

Descriptions which involve cliildren telling stories about themselves like, "1 know 

they're shopping coz my mom brings me to shop.". These answers &long to the 

'narraîive hot are subject orienied' category . These descriptions are not answering 

the question of 'how do you know'. 

Descriptions of an invented story which explain the causes that lead to the final 

outcome or emotion: e.g. He is hurt--coz he bump his toes. These answers Mong to 

the 'object oriented narrative with invenfed cause' category. Descriptions of invented 

stones as causes of social happenings, are not considered as correct answers to the 

'how do you know' question. Because these descriptions do not refer to how a child 

corne to know about a specific social happening. 
Descriptions of invented story that describe the consequences of the social 

happenings: e.g. .  She's sad -- she screams and told her Dad. These answers belong to 
the 'object oriented narrative with invented consequences' category. Descriptions of 

invented stories on consequences are not considered to be correct answers, because 

these descriptions are not pertaining to the reasons of knowing. 

No descriptions given: e.g. saying "don't know", "coz 1 know", or refuse to respond. 

These answers belong to the 'incorrect reasoning ' category . 
What types of answers do children give, when ask of how they corne to know about 

mental States with multiple cues presented in Task III? 
Descriptions of relevant physical features of the event shown on the final picture: To 

the store--food, and toys and stuffs. Categorized as 'pl?ysical evidence'. 

Descriptions which contains both physical evidences as well as other types of 

answers are categorized into ihe jplrysical evidence' with a qualifier labeled as 'mrXedV. 

Descriptions of physical features shown on pictures, with or without the qualifier of 

'mixed', are considered to be answers for the 'how do you know' question. Since 

children c m  clearly pick out the physical aspects of the picture that leads them to 

know of the happenings. 

Descriptions of the causal sequences of the pictures, which lead to the final 

happening: In jail-coz he stole a candy . These answers belong to the 'came' 

cateeorv. Descriptions of the causal seauences that lead to the final event. is not 



counted as reasons of children's knowing. The children are approaching the 'how do 

you know' questions as 'why is it so'. 

Descriptions which involve children telling stories about themselves. These answers 

belong to the 'narrative that are subject oriented' category. These descriptions are not 

answering the question of 'how do you know'; instead, they seem to be answering the 

question of 'how did you come to know'. 

> Descriptions of an invented story which explain the causes that lead to the final 

outcome or emot ion. These answers belong to the 'object oriented narrative w ih  

invented cause' category. Descriptions of invented stories as causes of social 

happenings, are not consider as correct answers to the 'how do you know' question 

because these descriptions do not refer to how a child come to know about a specific 

social happening. 

> Descriptions of invented story that describe the consequences of the social 

happenings. These answers belong to the 'object oriented narrative with invented 

consequences' category. Descriptions of invented stories on consequences are not 

considered to be correct answers because these descriptions are not pertaining to the 

reasons of knowing. 
No descriptions given: e-g. saying "don't know", "coz 1 know", or refuse to respond. 
These answers belong to the 'incorrect reasoning' category . 



Appendix B: Testing Stimuli for All Four Tasks 

Task 1 

Pictures of  a duck, cow, cat, snake, spoon, cup, chair and an umbrella. 

Task II 

A. Psychological outcomes 

1. A picture showhg an angry character with knitted eyebrows. open mouth and tight 

fists. 

2. A picture showing a character smiling with a big grin and wide eyebrows. 

3. -4 picture showing a character crying with tears al1 over the face and sad-looking eyes. 

4. A picture showing a fnghtened character standing stiff with wide eyes and open 

mouth. 

B. Physical outcomes 

1. A picture showing a character sitting on the road and holding on to his bleeding leg 

with painhl facial expression. 

2. A picture showing a character who is in bed with an ice patch on his forehead. In 

addition, the mother is spooning medicine to his mouth. 

3. A picture showing a character and her mom inside a toy shop. They are holding lots 

o f  shopping bags and toys in their hands. 

4. A picture showing a character sitting behind some iron bars, witb handcuffs on both 

his hands. 

A. Psychological outcomes 

1. Angry event 

Character A is in the playground building sand c a d e s  with Character B. Suddenly, B hits 

A. A is shown to react with knitted eyebrows, open mouth and tight fists. 



II. Happy event 

Character A is in the sitting room watching TV. Character B comes in and gives a cute 

little puppy to A. A reacts with a big smile on her face. 

III. Sad event 

Character A is playing with new Barbie doll. A really likes the doll. Character B hurries 

into the room and bumps into .4 and breaks her toy. A is shown to be crying with tears 

al1 over her face. 

IV. FearfÙl event 

Character B shows a box to Character A. A opens the box and, suddenly, a clown jumps 

up at her. A jumps up and drops the box. She stands still with wide eyes and an open 

mouth. 

B. Physical outcornes 

1. Leg-broken event 

Character A is trying to ride a bike. While he is leamhg to balance himself, the bike 

comes on a rocky path. A's bike runs ont0 a big Stone. A falls off the bike. A sits on the 

road and holds his bleeding leg. 

II. The illness event 

In a cold winter night, Character A is out in the snow building a snowman. He comes 

back home very late at night. He sneezes and feels di-. A goes to bed with an ice 

patch on his forehead. In addition, his rnother spoons out medicine to him. 



III. The shopping event 

One day Character A gets home with an A on her math test. Her mum is very proud of 

her. They decided Io go out for celebration. A and her mom are in a toy shop. They are 

holding shopping bags and toys in their hands. 

IV. The jail event 

Character A goes in a corner store. He steak some candies and puts them in his pocket. 

The policeman catches him on the spot. A sits behind the iron bars, with handcuffs on 

both hands. 

Task IV 

Story 1 : First-order FB task (script for the candy game): 

(lntroduce the characters and fhe setfing as the kitchen.) 

Tantny has a candy. She ptds it mvay in the basket. 

Then she goes outside to play. 

Khile she's outside, her mom cornes in. 

She looks irtro the basket andjinds the caridy. 

Then, rnom purs it uway in the cupboard. 

Mom goes învay. 

NOIV, Tammy cornes back and she wanrs to eut the candy. 

1 FB identification auestion 

Where will Tamrny look first for the candy? (Prompt if necessary: Will she look first in 

the basket or the cupboard?) Basket Cupboard 

The 1 FB iustification question 

Why wdl Tammy goes there to look for the candy? 

The controt questions 

Memory check: 



Where did Tarnmy put the candy before she went out to play? Basket 
Redity check: 

Where is the candy really? Cupboard 

Story 2: Second-order FB task (story script for the lipstick game): 

(This is attother story about morn and Tammy. Mom und Tammy is in the bedrourn. 

Here is a basket and here is a Christmas stocking.) 

New, morn is putring on her lipstick men ntom puts the lipsrick itito her basket and 

Ieaves the room. 

Mont knows thar Tammy likes ro play trich on her, and so she peeks back ar Tammy. 

IVhen Tammy sees that mom has leB. she decides to play a trick. 

Tamrny takes the lipstick und purs it in the stocking. 

Mum sees Tamnzy do this but Tamnty can'i see mont. 

Control Questions 

Can mom sees Tammy? Yes No- 

Where does mom think the lipstick k? Stockhg Basket 

1'' order level identification question 

Does Tarnmy think that Morn can see her? No Yes 

1 " order level iustification question 

Why does Tammy think so? 

2* order level identification auestion 

Where does Tammy think mom will look for the lipstick when she cornes back? 

Basket Stocking 

2"d order level iustification question 

#y does Tarnmy think this? 



Appendix C: Details About the Administration of the Study 

First, the experimenter must cary out the expriment in exactly the same way as stated in 

the method section. The same instructions spoken with same wordings are given to each 

child. 

Second. the experimenter must score results of each child according to the guidelines of 

the method section. Since each child will be given a number code instead of his or her real 

narne. the experimenter will not be aware of whose results are being scored. 

Thirdly, the esperimenter must maintain an unbiased attitude towards different children. 

Each child has his or her own temperament, and the expenmenter has his or her own 

preferences also. Therefore, it is very important for the experimenter to remind 

himsel fiherse1 f to maintain a neutral attitude towards each child regardless of how the 

experimenter feels about the child, the reason k i n g  that the mere difference in the way an 

experimenter interacts with a child, could bias the performances of that child. For 

instance, when the experimenter feels engaged with a particular child, the experirnenter 

may give more positive feedback to this child. In return, the extra positive feedback may 

affect the way the child responds to the testing situation. Thus, the experimenter must 

deliver the same amount of positive feedback to any response by any child. Even when a 

child rehses to answer, the experimenter has to relate in a positive way - For instance, 

by saying, ''1 know this is a bit too hard! Let's try something else." Furthemore, various 

skills are necessary to engage children in the experiment. For instance, the experimenter 

c m  establish a good rapport with a child by initiating friendly small talk. If a child is 

extremely shy, the experimenter should invite the caretaker to participate in some short 

fun activities before starting the experïrnent. Wann-up techniques like small talk, playing 

garnes, and reading short stories with a child andior with the caretaker can al1 be utilized to 

warm up with a child before starting the experiment. The purpose of establishing a good 

rapport is to make the child at ease, so that he or she can actualize his or her potential 

during the testing situation. In addition, the experimenter must be capable of delivering 



the research in a fun story-telling manner in order to engage children. Not surprisingly, 

every now and then, we will encounter difficult children: the experimenter must be 

prepared to handle such cases. The main theme is to avoid being pushy with any child, 

yet remain friendly. Thus, the experirnenter should have a good talk with the primary 

caretaker in advance so that, the caretaker will have a clear idea of what the experimenter 

will be doing; in return, the experimenter will know about the child's temperament and 

habits for better preparation of the encounter. Briefly, if the experimenter is confronted 

with a shy child, the experimenter should warm the child up with his or her favonte 

activities. I f  possible, one can try to invite the caretaker to participate in the fun. On the 

other extreme, if the child is too inattentive or active, then the experimenter can place the 

child in a quiet place and let hirnher calm down. In addition, one c m  try to direct the 

child's attention to the testing materials while promising to reward himher afier the 

experiment is over. 

Fourth, the experimenter must be equipped with good probing techniques. Probing is a 

major method by which the experimenter can ascertain that one is tapping into a child's 

concept of how he or she comes to know. For this reason, appropriate probing enhances 

constmct validity of the research design. The following are exemplars of probing issues 

that an experimenter will encounter. The illustrations are accompanied with discussions 

of appropriate probing !actics. n i e  experimenter should keep the following thme 

questions in mind when going through the sample responses: (1) Should the 

experimenter probe? Why? (2) If the experimenter should probe, what should he or she 

Say in order to probe neutral? Why? (3 )  How should the experimenter score? 
Task 1 

A. "Cow" "Cause cows go moo" 

Probe by saying "1s thuf whaf if is doing? " 

"Yeah" (Point at face) 



Probe by saying, "Yes, cow goes moo moo. But how can you tell that this is the picture 

of a cow?"e rationale is to direct the child back to what makes himiher know that this 

picture is showing a cow. The probed done was incorrect because by asking a child "1s 

that what it is doing?", most children will tend to say yes. It7s a probe with a lead, which 

can bias the child's responses. Note that Probing mwt  be done in a neutral way. The 

most unfailing probe is T a n  you tell me more?". 

B. "A pencil" "Cause it Iooks like a pen" Probe, 'Cause 1 

think so." (Point to the fountain spout) 

Probe by saying. "Yes it does look like a pen. What makes it look like a pen?" In terms 

of scoring, since the child did point to the fountain spout, full score should be given (2 

points). 

C. "Umbrella" "Cause it looks like an wnbrelIa", Probe, Point 

at fmeshape  and handfe 

Probe by saying, "Yes it does look like an umbrella. What makes it look like an 

umbrella?" Again fùll score should be given to the child's response in pointing to the 

frarneshape and handle of the urnbrella. 

D. "Cow" "1 saw it at a farm", Probe , "Cause it has horn, stripes 

legs & milking things" 

Probe by saying, "Great! But how c m  you tell that this is a picture of a cow?". Full 

score shouId be given for the response. 

E. "Tea cup" "Put in tea", Probe, "It has a bottom, a bowl thing 

& a handle" 

Probe by saying, "Yes. But how c m  you tell this is a picture of a cup?". The child 

should receive hl1 score for the response. 



Task II 

A. Angry face "He's angry" "He's wide mouth & 

mom's not home so he's 

mad", Probe, Point to his 

fist 

The child's respond with a mixture of invented explanations and factual descriptions of 

the picture. In such a case, no probing is necessary. The child should get a full score plus 

a qualifier of "IVT". 

B. Fear face "She feels f u ~ y "  "Cause she looks like it" 

With the "Surprise face", often children will see it as surprise, fearful or even fumy. 

Thus, either of those responses will be counted as appropriate. For the justification for 

reasons to believe, probing is needed as follow: "Yes she looks funny. What rnakes her 

look fumy?" 

C .  Sick bed "He is sick" "A thermometer & he's staying 

Home from school" 

staying home fiom school", 

Probe, "Cause he's sick. He's in bed" 

The child's respond is of a mixed type again. Full 2 points should be given with a 

qualifier of "IVT". No probing is necessary. 

D. Angry face "Angry" "He is yelling", Probe, 

"Cause his mouth is 

open" 

With the "Angry face", the character has a wide-open mouth; so, it is not out of  context 

when a chiid would respond by saying that the character in this picture is yelling. 



However, fùrther probing is necessary to tell how does the child know that the character 

is yelling. This c m  be done by asking, "How do you know he is yelling?" Note, when 

compared this with Task 1, to which the child responds by saying that the cow goes rnoo 

moo --- the contexts are different. With the "Cow picture" there is nothing there which 

suggests to the child that the cow is making noises. Thus, the child's response is 

motivated by his or her own previous experiences. On the other hand, witb the "Angry 

face", there is physical characteristics depicted on the picture which suggest that the 

character is yelling. Thus, in the latter case more probing is required to tap into the 

child's understanding of how he or she comes to know. 

E. Sick in  bed "Sick" " Eating something bad", 

Probe, "He has a cold" 

The child has given an invented explanation to the sickness of the character. No reference 

to the factual aspects of the picture has been made to justifi how he or she comes to 

know. Thus, no probing is required, and a O point should be given. 

F. Sad event "Sad" "She felt sad", Probe, 

Refuse to answer 

Should probe by saying, "Oh yes she felt sad. But how can you tell she is sad?'It is 

very important that the experimenter give positive acknowledgement to a child's response 

and encourages himher to go fbrther than that. Eventually, if the child refuses to answer 

than he or she will get a O point. 

G. Knee bleeding "He fell" "He's sad, he fell on his 

knee" 

Since the child responds to the question of "What is happening?" by saying that the 

character has fallen down. The experimenter should ask "How do you know that he fell?" 

When the child answered that the character is sad, then the experimenter should probe by 

asking, "How can you tell he is sad?" 



H. Angv  face "Angry" "He's mad at someone", 

Probe, "Doesn't want to 

be nice" 

The child justifies his or her reasons of belief by saying that the character is rnad at 

someone. He or she invented an mswer instead of sticking to the physical aspects of the 

picture for justifications. Thus, no probing is required, O point should be given. 

Task III 

A. Sad event "She feels bad" "Cause she's crying boo 

boo wah wah. . . ,tearsv 

Since the child has referred to the tears as the source of hirn/her knowing that the character 

is sad, he or she will get a full score. However, he o r  she has also invented the "boo boo 

wah wah" part of crying; so a qualifier of "IVT" should be added. 

B. Angry event "She feels b a d  "His face looks angry. He 

says stop right now." 

Should probe by saying, "Yes, his face looks angry. What makes his face look angry?'. 

C. Fear event "She's shocked" "Cause she didn't mean it" 

Should probe by asking, "Oh really. Can you tell me more?" the reason k i n g  that the 

child's answer is not specific enough for judgement on how does he or she corne to know 

that the character is shocked. More neutral scaffolding and direction must be given to 

clair@ what the child means. 



D. Happy event "She's happy" "He has given her a 

PUPPY "9 

Probe, "She has a srnile on 

her m o u t h  

The child responded by refemng to the causal explanations instead o f  facts in the picture 

as reasons of belief. Thus, no further probing is necessary and 1 point should be given to 

this answer. 

E. Stealing event "He got in jail" "Stole candies", Probe, 

"little lines of rnetal" 

Again, 1 point should be given to answer that refers to causal explanations. No probing is 

needed. 

F. Fear event "Scarcd" "Her face looks scared" 

Should probe by saying, "Yes, her face looks scared. What makes her face look scare??' 

G. Shopping event "Shopping" Point to the logo (vaguely), 

"Boxes of chips" 

The response is pointing to the direction o f  facts instead of  causal explanations. 

However, the answer is not clear enough. Thus, the experùnenter should probe by asking, 

"Right on. Can you tell me more about how do you know that they've gone shopping?" 

H. Happy event "Happy" "Because she wanted the 

dog", Probe, "That's her 

present" 
No need for probing. One point should be given to an answer that refers to the causes of 

an outcorne instead of reasons to believe an outcorne. 



Appendix D: Tables 
Table 9 
The experimental design 

Table 9E 

Eauivalent ex~ressions used in describing the notion of e~istemological understanding 

Researchers / Equivalent Expressions 

Gopnik & Graff 
Kuhn & Pearsall 

causation (of) I I 

Evidence 
Reasons (for) 
Sources (of) 
Evidence (fiom) 
Informational 

Claim 
knowuig 
knowledge 
theory 
beliefs 



Table 1 A 
Task I:  Percentage of  reason tvms across age 

Task 1: % of Reasons Tyws 
irrelevant narrative physical Total 

Age 3.00 Count 25 1 1  1 06 142 
Groups 

Expected Count 7.0 12.8 122.2 142.0 
% within AGE 17.6% 7.7% 74.6% 100.0% 

4.00 Count 8 25 133 166 
Expected Count 8 -2 15.0 142.9 166.0 
% within AGE 4.8% 15.1% 80.1% 100.0% 

5.00 Count 1 14 196 21 1 
Expected Count 10.4 19.0 181.6 211.0 
% within AGE -5% 6.6% 92.9% 100.0% 

6.00 Count 1 14 1 76 191 
Expected Count 9.4 17.2 164.4 191.0 
% within AGE -5% 7.3% 92.1% 100.00/0 

Total Count 35 64 61 1 710 
Expected Count 3 5 .O 64.0 611.0 710.0 
% within AGE 4.9% 9.0% 86.1% 100.0% 



Table 2A 
Percentaae of reason types across ane 

Task II: % of Reasons Tvpes 
irrelevant narrative physical Total 

- -- 

A!F 3.00 Count 9 19 3 1 59 
Groups 

Expected Count 3.2 10.2 45.7 59.0 
% within AGE 1 5.3% 32.2% 52.5% 100.0% 

4.00 Count 7 20 50 77 
Expected Count 4.1 13.3 59.6 77.0 
% within AGE 9.1% 26.0% 64.9% 100.0% 

5.00 Count 2 13 90 105 
Expected Count 5.6 18.1 81.3 105.0 
% within AGE 1.9% 12.4% 85.7% 100.0% 

6.00 Count O 6 90 96 
Expected Cùunt 5.1 16.5 74.4 96.0 
% within AGE 0% 6.3% 93.8% 100.0% 

Total Count 18 58 26 1 337 
Expected Count 18.0 58.0 261.0 337.0 
% within AGE 5.3% 17.2% 77.4% 100.0% 



Table 3A 
Task III: Percentage of reason t v ~ e s  across age 

Task III: % of Reasons T v ~ e s  
irrelevant narrative cause physical Total 

Age 3.00 Count 10 9 28 15 62 
Groups 

Expected Count 2.2 29 20.2 36.7 62.0 
% within AGE 16.1% 14.% 45.2% 24.2% 100.0% 

4.00 Count - 3 4 36 35 77 
Expected Count 2.7 3.6 25.1 45.6 77.0 
% within AGE 2.6% 5.2% 46.8% 45.5% 100.0% 

5.00 Count O 3 30 70 1 03 
Expected Count 3.7 4.9 33.5 60.9 103.0 
% within AGE .O% 2.9% 29.1% 68.0% 100.0% 

6.00 Count O O 16 80 96 
Expected Count 3.4 4.5 31.2 56.8 96.0 
% within AGE .O% .O% 16.7% 83.3% 100.0% 

Total Count 12 16 110 200 338 
Expected Count 12.0 16.0 1 10.0 200.0 338.0 
% within AGE 3.6% 4.7% 32.5% 59.2% 100.0% 

Table 9A 
Correlation matrix for the three picture tasks on children's a wal to physical evidence 

Task I : % of Phy Pearson Correlation 
Sig. (2-tailed) 
N 

Task II: % of Phy Pearson Correlation 
Sig. (2-tailed) 
N 

Task III: % of Phy Pearson Correlation 
Sig. (2-tailed) 
N 

- - - - - - - 

* * Correlation is significant at the 0.0 1 level(2-ailed). 

Task 1: % of Phy 
1 .O00 

90 

Task II: % of Phy Task III: % of Ph, 
.453 .439 
.O00 .O00 
90 90 



Table 9B 
Contrrist test result for Task 1 

Contrast Coefficients for Task 1 

AGEGROUP 
Contrast 3 .O0 4.00 5 .O0 6.00 

Contrast Tests for Task 1 

Contrast Value of Contrast Std. Error t df Sig. (2-taiIed) 
Task 1: % Assume 1 -5.5556E-02 7.048E-02 -.788 86 -433 
of  Phy qua1 

variances 
2 -.2963 9.357E-02 -3.167 86 ,002 
3 -.l 157 6.384E-03 - 1.8 13 86 .O73 
4 -9.2593E-03 6.1 55E-02 -. 1 50 86 -881 
5 -. 1 806 6.84 1 E-O2 -2.639 86 .O 10 

Does not 1 -5.5556E-02 8.177E-02 -.679 36.399 .50 1 
assume 

variances 
2 -.2963 9.6 12E-02 -3.083 62.626 .O03 
3 -.Il57 7.442E-02 -1 -555 33.959 129  
4 -9.2593E-03 5.052E-O2 -. i 83 48.405 -855 
5 -. 1806 6.083E-02 -2.968 29.788 .O06 



Table 9C 
Contrast test result for Task II 

Contrast Coefficients for Task II 

AGEGROUP 
Contras1 3.00 4.00 5 .O0 6.00 

1 1 - 1 O O 
3 1 1 - 1 - 1 
3 O 1 - 1 O 
3 O O 1 - 1 
5 1 O O - 1 

Contrast Tests for Task II 

Contrast Value of Contrast Std. Error t df Sig. (2-tailed) 
Task II: Assume 1 -. f 647 8.876E-02 -1.855 86 .O67 
% of Phy equal 

variances 
2 -.7450 .Il78 -6.322 86 .O00 - 

3 -.238 1 8.040E-02 -2.96 1 86 .O04 
4 -. 1 042 7.752E-02 -1.344 86 1 83 
5 -.5069 8.616E-02 -5.884 86 .O00 

-- - - -- - - 

Does not 1 -. 1647 1032 -1.595 35.334 ,120 
assume 
e q d  
variances 

2 -.7450 .1227 -6.070 62.868 .O00 
3 -.238 1 8.3 19E-02 -2.862 37.808 .O07 
4 -. 1042 6.640E-02 - 1.569 48.994 -123 



Table 9D 
Contrast test result for Task III  

Contrast Coefficients for Task III 

AGEGROUP 

Contrast 3 .O0 3.0C 5 .O0 6.00 

Contrast Tests for Task III 

Contras1 Value of Contrast Std. Error t df Sig. (2-tailed) 
Task III: Assume 1 -.2083 9.287E-02 -2.243 86 .O27 

% of Phy equal 
variances 

2 -.8565 -1233 -6.946 86 .O00 
3 -.23 15 8.41 2E-O2 -2.752 86 .O07 
4 -. 1852 8.1 1 1E-02 -2.283 86 .O25 

assume 

variances 



Table 4A 
Performances on the 1 FB task across age 

9ge Groups in 3.00 36-47 mths Count 
Months 

% within AGEGROUP 
grouped ages 

4.00 48-59 mths Count 
% within AGEGROUP 
grouped ages 

5.00 60-7 1 mths Count 
% within AGEGROUP 
grouped ages 

6.00 72-83 mths Count 
% within AGEGROUP 
grouped ages 

rotal Count 
% within AGEGROUP 
grouped ages 

Total 
18 

100.0% 

20 
100.00/ 

27 
100.0% 

24 
1 00.0% 

89 
100.0% 

Task IV: % of Pass 
and Fail of IFB 

L 

.O0 Fail 
15 

83.3% 

6 
30.0% 

2 1 
23.6% 

1.00 Pass 

3 

16.7% 

14 
70.0% 

27 
100.0% 

24 
100.0% 

68 
76.4% 



Table 4B 
Partial correlation matrix for performances on the 1 FB task and -~rfomances on the three 
picture tasks: Ane artialled out 

Controlling for.. AGETEST 
1 T4CID 1 TIPER 

Tl PER 

T2PER 

T3PER 

-1514 
( 86) 
p= -159 

.1336 
( 86) 
p= -215 

1 .O000 

( 0) 
p= . 

-3586 
( 86) 
p= .O01 

(Coeficient / (D.F.) / 2-tailed Signifieance) 

- -- - 

-.O07 1 
( 86) 
p= .948 

- 

-3447 
( 86) 
p= .O01 



Table 5A 
Performances on giving - correct reasons in the 1 FB task across agle 

Age Groups in Months 3.00 36-47 mths Count 
% within AGEGROUP 
grouped ages 

4.00 48-59 mths Count 
% within AGEGROUP 
grouped ages 

5.00 60-71 rnths Count 
% within AGEGROUP 
grouped ages 

6.00 72-83 mtbs Count 
% within AGEGROUP 
grouped ages 

Total Count 
% within AGEGROUP 
grouped ages 

- 

00 incorrec 
reasons 

8 for IFB 
1.00 correct 

reasons 
1 

5.6% 

-- 

Total 



Table SB 
Partial correlation matrix for -perfÔrmances on nivinn correct reasons in 1 FB task and 
performances on the three picture tasks: Age partialled out 

Controllinn for.. AGETEST 

1 P= .O01 1 P= .O33 1 P= .O49 13 = 

(Coefficient 1 (D.F.) / 2-tailed Significance) 



Table SC 
Partial correlation matrix for rxrfomances on giving correct reasons in 1 FB task and 
performances on 2FB task 

Controlling for.. AGETEST 
1 T4CREAZ 

(Coefficient / (D.F.) / Ztailed Significance) 

Table 6A 
Performances on the 2FB task across age 

Age groups in Months 3.00 36-47 mths Count 

I % within AGEGROUP 
grouped ages 

4.00 48-59 mths Count 
% within AGEGROUP 
grouped ages 

5.00 60-71 mths Count 
% within AGEGROUP 
grouped ages 

6.00 72-83 mths Count 
% within AGEGROUP 
grouped ages 

Total Count 
% within AGEGROUP 
grouped ages 

Task IV: pasdfail of 
2FB 

.O0 Fail 1 .O0 Pass Total - 
3 



Table 6B 
Partial correlation for performances on 2FB task and wrforrnances in the three victure 
tasks: Aae partialled out 

(Coefficient / (D.F.) l 2-tailed Significance) 

Controlling for.. AGETEST 

T4LID 

TlPER 

T3PER 
-2404 

( 65)  
P= -050 

.2826 
( 65) 

T4LID 
1 .O000 

0) 
P= . 

.3493 
( 65) 

Tl PER 
-3493 
( 65)  
P= .O04 

t .O000 
( 0) 

T2PER 
-3448 
( 65) 
P= -004 

2763  
( 65) 



Table 7A 
Performances on ~ i v i n ~  correct reasons in the 2FB task across age 

I 
- - -  

Task IV : correct/inco~ect 
reasons for 2FB 

I reasons reasons 
ge Groups in Months 3.00 36-47 mths Count 18 

% within AGEGROUP 1 100.0% 1 
grouped ages 

4.00 48-59 mths Count 21 
% within AGEGROUP 100.0% 
grouped ages 

5.00 60-71 mths Count 13 14 
% within AGEGROUP 48.1 % 5 1.9% 
grouped ages 

6.00 72-83 mths Count 24 
% within AGEGROUP 100.0% 
grouped ages 1 

Total Count 52 38 
% within AGEGROUP 57.8% 42.2% 

Total 

I grouped ages 1 1 



Table 7B 
Partial correlation for performances on g i v i n ~  correct reasons for 2FB task and 
performances on the three ~icture tasks: Aae ~artialled out 

Controlling for.. 

Tl PER 

T2PER 

T3PER 

T4LREA2 

(Coefficient 1 (D.F.) / 2-tailed Significance) 

AGETEST 
Tl PER 

1 .O000 
( 0 )  
P= . 

.3646 
( 87) 
p= .O00 

-3434 
( 87) 
p= .O01 

O .  1778 
( 87) 
P= .O95 

T2PER 

-3646 
( 87) 
P= .O00 

1 .O000 

( 0) 
p= . 

.4236 
( 87) 
p= .O00 

2640 
i 87) 
P= .O12 

T3PER 

-3434 
( 87) 
P= .O0 t 

-4236 
( 87) 
p= .O00 

1 .O000 
( 0) 
p= . 

1629 
( 87) 
P= -127 




