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ABSTRACT 

 Previous research on the scientific creativity of children has been limited. The 

most salient limitations of previous literature have been: (a) narrowness of theoretical 

frameworks, (b) limitedness in using a variety of science process skills, (c) ignorance of 

the gender differences in scientific creativity, and (d) ignorance of elementary school 

students. The purpose of this study was to develop and validate the Scientific Creativity 

Test for fifth-grade students to identify scientific creativity in those students. A related 

purpose was to investigate the gender differences in scientific creativity.  

 The Scientific Creativity Test consisted of three subtests: Problems and Solutions, 

Grouping of Flowers, and Design an Experiment. The test was administered to 138 fifth-

grade students from six different elementary schools. The reliability analysis showed that 

the Scientific Creativity Test had a .89 coefficient as a consistency of scores. The 

concurrent validity analysis indicated that the Scientific Creativity Test had medium 

correlations with Teachers’ Ratings of students’ Scientific Ability (r = .42), Science 

Content Knowledge (r = .42), and Scientific Creativity (r = .51). The interrater reliability 

of the three items rated by two independent raters [1C (designing a construction about a 

solution), 2D (drawing a diagram about the relationships among the groups of flowers), 

and 3B (drawing an experiment to develop a solution for the environmental problem)], 

using the Consensual Assessment Technique showed medium to high correlations.  

The General Linear Modeling (GLM) Repeated Measures Two-Way Analysis of 

Variance indicated no overall significant differences between males and females. An 

interaction effect, however, was found. Females performed better than males in Subtest II 
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(Grouping of Flowers) and slightly better in Subtest III (Design an Experiment). The 

analysis using the independent-samples t test indicated no significant differences between 

females and males in the scientific creativity test except in four items: 2A (grouping 

flowers) Fluency, 2A Flexibility, 2A Originality, and 2A Complexity. These differences 

were in favor of females. The findings present support of the psychometric properties of 

the Scientific Creativity Test in the identification of scientific creativity in children.  
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CHAPTER I 

INTRODUCTION 

Science plays a significant role in the lives of human beings. For centuries, many 

great scientists have changed the face of history. The various accomplishments of these 

scientists have served to promote the development of civilizations. With the current 

fascinating developments in technology, science plays a crucial role in promoting the 

welfare of human beings, and helps them survive on this planet. Not only does science 

help people create products that are beneficial in every endeavor of their lives but also 

through science individuals decipher the codes of the universe. We appreciate creative 

scientists because of their unprecedented original ideas and innovations.  

Creativity is the ability to generate work that is both new (i.e., unique, 

unanticipated) and appropriate (i.e., functional and useful) (Lubart, 1994; Sternberg & 

Lubart, 1995, 1996). Sternberg and Lubart (1999) concluded that creativity is essential on 

both the individual and societal levels. For the individual level, creativity is important 

when the individual uses problem solving in work or daily life. For the societal level, 

creativity results in scientific discoveries and new artistic achievements.  

Guilford (1956) theorized that “divergent thinking is a kind of mental operation in 

which thinking proceeds in different directions, sometimes searching, sometimes seeking 

variety and is opposite to convergent production in which the information leads to one 

answer or to a recognized best or conventional answer” (p. 269). Guilford (1962) also 

concluded that not only do divergent production abilities facilitate creativity but also 

other abilities such as transformation and sensitivity to problems, which are viewed as 
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strongly related to creativity. Guilford (1975) postulated that four different kinds of 

problem-solving abilities exist (see also Ochse, 1990): (a) sensitivity to problems or the 

ability to identify or recognize problems, (b) fluency, which consists of ideational fluency 

or the ability to create different ideas that meet stated requirements, associational fluency 

or the ability to produce or generate a list of words each of which is related to a given 

word, and expressional fluency or the ability to organize words into larger units such as 

phrases, sentences, and paragraphs, (c) flexibility, which consists of spontaneous 

flexibility or the ability to demonstrate flexibility, and adaptive flexibility or the ability to 

produce responses that are original or novel and high in quality. Cattle (1971) argued that 

problem solving incorporates more than solving routine problems. He stated that problem 

solving is finding the answers to new problems or situations. Lubart (1994) proposed that 

solving a problem can lead to creativity because if a problematic situation exists, then 

having a creative solution is likely to happen. 

A bulk of research has been done on scientists’ creativity while research on 

students’ scientific creativity is still scarce. In the past, authors investigated scientists’ 

creativity through some objective criteria such as publications, citation counts, expert 

ratings, and patent ratings. However, these objective criteria for exploring the scientists’ 

creativity had some limitations. First, since the focus was basically on the number of 

publications and citations of scientists, less focus was dedicated to the quality of 

publications. Second, most of the measures used in the assessment and identification of 

scientific creativity focused on sub-areas of science such as physics and chemistry. No 
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tests of scientific creativity have been published for commercial use (Liang, 2002; Davis, 

1971; Eichenberger, 1978). 

A fundamental question in the field of creativity research and practice is whether 

creativity is domain specific or domain general. Researchers, in their discussion of the 

nature of scientific creativity, did not pay attention to the fact that the debate about the 

domain generality-specificity of creativity is still ongoing. In other words, are children 

who are creative in one domain (e.g. science) going to demonstrate their creativity on 

other measures of creativity or in other domains of creativity?  

Hu and Adey (2002) stated that the reason scientific creativity is worth attention 

is because scientific research requires creativity and going beyond what is already 

known. Another reason is that when students do science, they are required to solve 

problems through producing several possible methods. Hu and Adey (2002) also 

concluded that sensitivity to problems is an essential component of scientific creativity. 

Einstein and Infield (1938, in Hu & Adey, 2002) pointed out that problem finding is more 

important than problem solving.  

Although some research has been done on scientific creativity of students, this 

research has limitations: (1) narrowness of theoretical bases, (2) limitedness of assessing 

science in a wide variety of science process skills, (3) study of high-school students and 

neglect of elementary school students, and (4) neglect of the investigation of gender 

differences in scientific creativity.  

Most of the researchers, who studied scientific creativity of students, had limited 

theoretical bases. In other words, major theories in human cognition and cognitive 
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development, such as the theories of Gardner, Piaget, and Sternberg, were not taken into 

consideration in the theoretical frameworks of these studies. A bulk of research about 

scientific creativity has been done in India (Sansanwal & Sharma, 1993; Gupta, 1988; 

Shukla & Sharma, 1987; Sinha & Singh, 1987; Shukla & Sharma, 1986). However, 

almost all the researchers chose instruments to measure students’ creativity in specific 

domains such as physics, chemistry, and mathematics rather than developing a measure 

to assess students’ scientific creativity in general. The theoretical basis of these 

instruments was not solid as most of them were based on Guilford’s structure-of-intellect 

model and his theory of divergent production. Accordingly, identifying scientific 

creativity using these instruments was vulnerable to criticism since the theoretical 

framework in these instruments was limited to a single theory of intelligence.  

One of the major flaws in a great deal of research about developing scientific 

creativity tests is the insufficient use of science process skills. In other words, authors do 

not use various science process skills in developing their instruments. A good scientific 

creativity test should include a variety of science process skills so the test can uncover the 

students’ potential in science. Another limitation is that these tests were developed for 

certain cultures so the applicability across other cultures might be questionable. 

Investigating cultural differences in scientific creativity is beyond the scope of this study.  

Another limitation of the research about scientific creativity was that most of the 

participants were middle and high school students. Most of the tests developed to 

measure scientific creativity involved secondary school students. Friedlander (1983) 

developed a test in which high school students reacted to a plant or animal stimulus 
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through a series of divergent thinking questions dealing with data collection, problem 

solving, hypothesis construction, and planning experiments. Majumdar (1974, 1975) 

developed the Scientific Creativity Test that consists of tasks from physics, biology, and 

mathematics. Majumdar’s test focused on identifying creative talent necessary to solve 

the current and future problems of the world. Sinha and Singh (1987) developed an 

English-Hindi instrument for assessing scientific creativity in secondary school students. 

The components that were measured by that instrument included flexibility, novelty, 

observation abilities, imagination, analysis capabilities, and transformation abilities. Hu 

and Adey (2002) developed the test of scientific creativity using a sample of high-school 

students.  

Ignoring children’s scientific creativity in the elementary school can be 

detrimental for these children in subsequent grade levels. Although researchers in the 

field of creativity conclude that a slump in creativity exists in the fourth grade (Plucker, 

1999), children should regain their creativity around the fifth grade. More attention is 

needed to shift the focus of researchers from the discussion of scientific creativity in 

middle and high school toward elementary school. Identifying scientific creativity in 

early grades can help children make the best use of their potential. Moreover, educators 

can better serve the children’s needs through providing appropriate teaching methods and 

learning opportunities that promote scientific creativity.  

Also, researchers did not pay attention to the issues of gender differences in 

scientific achievement and scientific creativity. Research about gender differences in 

scientific creativity is scarce and more research is needed to pinpoint whether any 
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differences exist between males and females’ scientific creativity. Exploration of the 

reasons for gender differences in scientific creativity and scientific achievement is 

beyond the scope of this study. However, an extensive review of the literature will be 

provided so future researchers can reach useful conclusions to eliminate gender 

differences in science achievement and scientific creativity.  

Rationale and Theoretical Bases 

 The following is a brief discussion of the major theories and models used in 

developing the Scientific Creativity Test (SCT) in this study. The first conceptual model 

is Gardner’s (1993; 1999) Multiple Intelligences theory. Gardner defies the traditional 

notion of intelligence as a unitary construct. He postulates that human cognition consists 

of a set of factors or core capacities with each factor or capacity functioning according to 

its own set of rules. Gardner’s (1999) Naturalist intelligence is a major theoretical basis 

in this study. Gardner (1999) defines naturalist intelligence as the individual’s experience 

in recognizing and grouping or classifying different species, identifying members of 

certain categories or groups, differentiating among members of a certain category, and 

delineating the relationships among several members of different groups. Gardner (1999) 

said, “Even apparently remote capacities, such as recognizing automobiles from the 

sounds of the engines, or detecting novel patterns in a scientific laboratory, or discerning 

artistic styles, may exploit mechanisms that originally evolved because of their efficacy 

in distinguishing between, say toxic and nontoxic ivies, snakes, or berries. Thus, it is 

possible that the pattern-recognizing talents of artists, poets, social scientists, and natural 

scientists are all built on the fundamental perceptual skills of naturalistic intelligence” (p. 
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49). The capacities of Gardner’s Naturalist intelligence are similar to Piaget’s concrete-

operations stage in which children start to work on classification, produce classes or 

groups, and regroup groups on different attributes.  

 The second major theoretical basis in this study is Amabile’s (1983) model of 

creativity that was based on a social-psychology perspective. The model consisted of 

three components: domain-relevant skills, creativity-relevant skills, and task motivation. 

Domain-relevant skills represented the most basic skills, since an individual should know 

a considerable number of skills and amount of knowledge to be creative in a specific 

domain. Creativity-relevant skills consisted of cognitive and personality characteristics 

that represent the core elements of potentially creative individuals. The third component 

was task motivation that entails attitudes and motivations toward the task at hand and the 

role of one’s motivation in accomplishing the task. Amabile’s model is presented in table 

1.1.  
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Table 1.1 

 Amabile’s Model of Creative Performance 
 

Component 

 

Include 

 

Depend on 

Domain-Relevant Skills Knowledge about the 

domain, technical skills 

required, and 

special domain-relevant 

“talent”  

Innate cognitive abilities, 

innate perceptual and motor 

skills, formal and informal 

education  

Creativity-Relevant Skills 

 

Appropriate cognitive style, 

implicit or explicit, 

knowledge of heuristics for 

generating novel ideas, and 

conducive work style 

Training, experience in idea 

generation, and personality 

characteristics  

 

Task Motivation  Attitudes toward the task 

and perceptions of own 

motivation for undertaking 

the task 

Initial level of intrinsic  

motivation toward the task,  

presence or absence of 

salient extrinsic constraints, 

and individual ability to  

cognitively minimize 

extrinsic constraints 

 
Note. From (Amabile, 1983) 
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Another theoretical framework is Piaget’s developmental theory. Wolfinger 

(2000) concludes that Piaget’s theory is one of the most influential theories about the 

gradual maturation or development from birth to adulthood. Piaget’s theory consists of 

four developmental stages: the sensori-motor stage, preoperational stage, concrete 

operational stage, and formal operations stage. The formal operations stage starts from 

the age of 11 or 12 to adulthood. Fifth, sixth, seventh, and eighth graders are likely to 

make the transition to formal operational thinking. During the formal operational stage, 

children develop the ability to think in a logical way (Inhleder & Piaget, 1958, in 

Wolfinger, 2000). One of the most important abilities in this stage is the ability of 

hypothesizing, which is the ability to formulate and test hypotheses. Wolfinger (2000) 

states that the individual, during this stage, can infer from a set of data all possible 

conclusions. Also, the individual can analyze these conclusions in a logical way and 

generate hypotheses and ways of testing those hypotheses to decide which are valid and 

which are not.  

The ability to accomplish the skills related to classification pertains to the 

concrete-operations stage in Piaget’s theory of cognitive development. The concrete-

operations stage starts from about 2 until 8 or 9 years, that is, kindergarten through fourth 

grade. In this stage, children start to work on classification, generate classes or groups, 

divide groups into subgroups, and regroup or reorganize groups on different bases. 

According to Piaget, the ability to classify is one of the most important processes of 

logical thought. During the elementary school, children acquire the ability to add groups 

together, multiply classes (adding two attributes shared between two elements in a certain 
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group), and break classes into smaller units. Children tend to deal with classifications in 

three ways. These diverse ways of classification are called ‘styles of categorization’. 

Three major styles of categorization can be identified: descriptive approach, relational-

contextual, and categorical-inferential approach. In the descriptive approach, children do 

the classification based on the perceptual physical characteristics such as shape, color, 

and size. In the relational-contextual approach, children do the classification based on the 

‘functional interdependence, that is, the relationship of one specific item to another. In 

the categorical-inferential approach, children tend to do classifications based on deducing 

items characteristics such as thinking of banana as a kind of fruit (Sigel, Jarman, & 

Hanesian, 1963, Kagan, Moss, & Sigel, 1963). An overlap exists between Piaget’s 

concrete-operations stage (classification skills) and Gardner’s Naturalist intelligence 

capacities.   

Another conceptual model, based on the concrete operations stage in Piaget’s 

theory, is Hilda Taba Teaching Strategies. Schiever (1991) states that four teaching 

strategies (concept development, interpretation of data, application of generalizations, 

and resolution of conflict) were developed by Hilda Taba to present arenas for carrying 

out curricular goals at various grade levels and in all areas of content. One of these four 

strategies, concept development, presents an avenue to explore and arrange diverse 

relationships between data. The strategy consists of five steps. The first step, listing, 

involves listing an assortment of data so the students can start having a foundation that 

can help in constructing relationships. The second step, grouping, involves classifying the 

data based on similarities and differences. In the third step, labeling, students find a word 
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or phrase that combines the characteristics of a pool of items based on a shared specific 

relationship. The fourth step, subsuming, consists of moving items already in a specific 

group into a different group to examine new relationships between the data and the 

groups. In the last step, recycling, students generate completely different groups based on 

exploring new relationships in the already-existing data and groups.  

Another theoretical basis that is not the focus of most of the researchers who 

developed scientific creativity tests is the inclusion of science process skills. In this study, 

various science process skills are used. These process skills consist of basic science 

process skills (observing, comparing, classifying, measuring, and communicating), 

intermediate process skills (inferring and predicting), and advanced process skills 

(hypothesizing, and defining and controlling variables). Meador (2003) matched science 

process skills to components of creative thinking. This correspondence is shown in table 

1.2. 
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Table 1.2 

The Correspondence between Science Process Skills and Creative Thinking 
  

Hierarchy of Science 

Process Skills  

 

Components of Creative  

Thinking 

Basic Science Processes  Observing Openness to Experience: 

Being sensitive and 

observant 

 Comparing Flexibility: Comparing from 

multiple angles or 

viewpoints 

 Classifying Flexibility and Elaboration: 

Considering multiple ways 

in which things might be 

grouped and providing 

details about the attributes 

of categories.  

 Measuring (Creative thinking is not 

usually required) 

 Communicating Elaboration: Providing clear 

and detailed explanations 
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 Table 1.2     (continued). 

  

Hierarchy of 

Science 

Process Skills  

 

Components of Creative  Thinking 

Intermediate 

Process Skills 

Inferring Flexibility: Thinking about various meanings 

before deciding on the inference 

 Predicting Flexibility and Creative Convergence *: 

Considering a variety of different 

possibilities and then deciding on the most 

plausible.  

Advanced Process 

Skills 

Hypothesizing  Resistance to Premature Closure and 

Creative Convergence: Making an informed 

hypothesis after considering multiple 

possibilities rather than jumping to 

conclusions 

 Defining and 

controlling 

variables 

Elaboration: Carefully planning how to 

control variables 

 

 
Note. The author suggests the following definition of creative convergence referred to in 

the chart above: the act of making a decision or choice regarding a number of options 

being considered and the process of working with a divergent idea to make it plausible, 

useful, or appropriate. (From Meador, 2003).  
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The correspondence between science process skills and creativity components in 

table 1.2 is helpful. However, more science process skills and creative components 

should be added for a good test of scientific creativity to be representative enough of the 

students’ scientific potential.  

 Another influential theoretical framework is Sternberg and Lubart’s (1991, 1992, 

1995, 1996) investment theory of creativity. Sternberg and Lubart (1995) believe that 

creative individuals are the ones who are eager to and capable of ‘buying low and selling 

high’. Buying low refers to generating ideas that are unfamiliar and characterized by 

having growth potential. Usually, these ideas are defied or resisted when they are first 

generated and communicated. In other words, creative individuals challenge the others by 

producing ideas that are not common at the time they are first suggested; then these 

individuals convince others of the value of their ideas. Sternberg and Lubart (1995) used 

some tasks in developing the Investment Theory. One of these tasks was solving original 

or unique scientific problems (e.g. How can somebody tell if a person was on the moon 

last month?). Sternberg and Lubart (1999) conclude that creative performance, in the 

light of the research on the Investment Theory of Creativity, is reasonably domain 

specific and to be speculated by a combination of specific resources. According to the 

Investment Theory, “creativity requires a confluence of six distinct but interrelated 

resources: intellectual abilities, knowledge, styles of thinking, personality, motivation, 

and environment” (p. 11). Sternberg and Lubart (1999) conclude that three intellectual 

abilities are predominantly significant (Sternberg, 1985, in Sternberg & Lubart, 1999): (a) 

the synthetic ability to view problems in original or new ways and to be free from the 
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constraints of conventional thinking; (b) the analytical ability to identify what ideas could 

be chosen or selected, and (c) the practical-contextual ability of convincing others of 

one’s ideas. As for knowledge, the individual is required to have enough knowledge 

about a field or domain to benefit this domain.  

In light of the previous presentation of various models and theories, a new 

approach to identify scientific creativity for fifth graders is presented. This model 

depends on the integration of the theoretical frameworks discussed earlier. When 

developing the scientific creativity test, the shortcomings in the previous attempts to 

develop scientific creativity measures were addressed. As a reminder, most of the 

approaches to assess scientific creativity were either limited to a specific domain in 

science such as physics, chemistry, and biology or restricted to a limited number of 

science process skills. Moreover, attempts to build such instruments did not involve 

major theoretical models in the field of human cognition and creativity research. The 

model of scientific creativity developed in this study is presented in figure 1.1.  

Tardif and Sternberg (1988) suggested that a creative process involves an active 

search for gaps in existing knowledge, problem finding, or attempting to break through 

the existing boundaries and limitations. Hence, students’ exploration in science learning 

to find higher-level problems and formulate adequate and precise hypotheses with both 

higher quality and larger quantity may be the most considerable part in scientific creative 

processes and products. Getzels and Csikszentmihalyi (1967) contended that scientific 

creativity is the ability to formulate fresh questions rather than only solving given 

problems.  
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Another theoretical framework is the Creative Problem Solving Model (CPS) that 

was developed by Osborn (1952, 1963) and modified by Parnes (1967). The framework 

of the CPS was continually changed until it consisted of three components: understanding 

the problem (mess-finding, data-finding, and problem finding), generating ideas (idea-

finding), and planning for action (solution-finding and acceptance-finding) (Treffinger & 

Isaksen, 2005). The three components were used in developing the Scientific Creativity 

Test used in this study: understanding the problem (problem finding), generating ideas 

(idea-finding or brainstorming), and planning for action (solution-finding).  
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Figure 1.1 Model of Scientific Creativity  

 

 

 
Scientific 
Creativity 

Amabile’s (1982) Componential 

Model of Creativity: Domain-

Relevant Skills (skills related to the 

domain), Creativity-Relevant Skills 

(cognitive and personal) 

Hilda Taba Teaching Strategies (Schiever, 

1991): Concept Development  

Science Process Skills (Wolfinger, 2000): 

Basic processes, inter-mediate processes, and 

advanced processes 

Sternberg and Lubart’s (1995, 

1996) Investment Theory of 

Creativity: Intellectual abilities and 

knowledge 

Gardner’s (1993, 1999) Naturalist 

Intelligence: recognizing and 

grouping or classifying different 

species  

Creative Problem Solving Model (CPS, 

Osborn, 1952; Parnes, 1967; Treffinger 

& Isaksen, 2005): problem finding, and 

solution-finding).  

 Piaget’s (Inhelder & Piaget, 1952): 

Concrete Operations: classification  

skills and Formal Operations Stage 

including developing hypotheses 
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Purpose 

The purpose of this study was to develop and validate a test of scientific creativity 

to identify fifth-grade students who are creative in the domain of science. A related 

purpose was to explore gender differences in scientific creativity and teacher ratings of 

students’ scientific ability, science content knowledge, and scientific creativity.  

Research Questions 

1. What are the psychometric qualities of the Scientific Creativity Test (SCT)? 

a. What is the internal consistency of the Scientific Creativity Test? What are 

the relationships among the sub-parts of the instrument [e.g. Subtest I 

(Problems and Solutions), Subtest II (Groupings of Flowers), and Subtest 

III (Design an Experiment)]? 

b. What is the concurrent validity of the Scientific Creativity Test? In other 

words, what is the relationship between students’ subtest and total scores 

on the scientific creativity test and teacher’s ratings of students’ scientific 

ability, science content knowledge, and scientific creativity?  

c. What is the inter-rater reliability for the three items rated using the  

 Consensual Assessment Technique? 

2. What, if any, differences exist between males’ and females’ scores on each 

subtest item, total scores on each subtest, and total score on the Scientific 

Creativity Test and teacher’s ratings of students’ scientific ability, science content 

knowledge, and scientific creativity?   
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CHAPTER II 

REVIEW OF LITERATURE 

In this chapter, some important topics are presented to help in the understanding 

of scientific creativity: (a) various definitions of creativity from several viewpoints, (b) 

different approaches of creativity assessment, (c) the science process skills, (d) the debate 

of domain specificity/generality of creativity and how this debate is related to scientific 

creativity, (e) the gender differences in scientific creativity and science achievement, (f) 

scientific creativity, and (g) performance-based assessment, including the DISCOVER 

assessment. At the beginning of each section, a theoretical background is presented and 

empirical research summarized in tables follows the section.  

Part I: Definitions of Creativity 

Rhodes (1961) concluded that the various definitions of creativity could be 

classified into three dimensions: definitions involving the person, definitions involving 

the process, and definitions involving the product, and definitions involving the press or 

environment. As for the creative person, the definitions were focused on the specific 

characteristics or traits of the creative person. For example, Dellas and Gaier (1970) 

concluded that creative individuals are characterized by their interests and attitudes more 

than their intellectual capacities. The definitions involving the creative process were 

focused on the ways by which the individuals reach a creative solution or a product. 

Process definitions frequently involve a sequence of steps or stages, and a 

reconceptualization of previous knowledge or ideas (Wallas, 1926; Guilford, 1962; 

Mackinnon; 1978). Torrance’s (1988) definition of creativity involved sensitivity to 
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problems or looking for gaps in information, constructing ideas or hypotheses, testing and 

changing these hypotheses, and conveying the results. The definitions involving the 

creative product were those focusing on the final product or output of the creative 

process. Product definitions focused on originality, practicality, and social value or 

appreciation. An example was Czikszentmihalyi (1988) who proposed that three factors 

determine the creative product: the social domain, the cultural domain, and the 

individual. An example of the definitions involving press (the relationship between the 

human being and the environment) is Sternberg and Lubart’s (1993, 1995) Investment 

theory of creativity. According to this theory, creativity was one of the factors that 

contribute to creativity.  

Getzels (1975) stated that no universal consensus for the definition of creativity 

was found, but he defined creativity as the subjective experiences that are derived by 

process and product. On the other hand, Vernon (1989) believed an agreement exists 

about the definition of creativity. He believed that creativity is the person’s ability to 

generate ideas, inventions, artistic objects, insights, and products that are judged by 

experts as being of high scientific, social, aesthetic, or technological value. Feldhusen and 

Goh (1995) said “creativity is often defined as a parallel construct to intelligence, but it 

differs from intelligence in that it is not restricted to cognitive or intellectual functioning 

or behavior”(p.231). They also concluded that creativity consists of a variety of 

personality factors, environmental conditions, chance factors, and even products. 

Guilford (1950) defined creativity as a group of traits that characterizes creative persons. 

He also proposed that creativity involves problem finding and evaluative ability. 
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Torrance (1979) defined creativity as a group of abilities, skills, motivations, and states 

that are linked to dealing with problems. 

Czikszentmihalyi (1990) argued that creativity is centered on social systems and 

judging individuals. His conception of creativity contradicted the one mentioned before. 

He proposed that creativity is not a characteristic of the individual, but is the interaction 

among a domain, a person, and a field. The domain was a variety of opportunities and 

constraints conveyed to the person. The person created an alternative concept. The field 

was the different gatekeepers or specialists who judged the suitability of the product 

according to the domain. Accordingly, creativity took place outside the creative person. 

Treffinger, Feldhusen, and Isaksen (1990) promulgated a model in which they defined 

creativity as a set of cognitive processes that lead to productive thinking and problem 

solving. Productive thinking consisted of information and skills, motivations and 

inclinations, and management and metacognitive systems. This definition overlooked 

problem finding and the role of the person and the product. Westby and Dawson (1995) 

concluded that teachers’ definitions of students’ creativity were different from college 

students’ definitions of creativity. Teachers referred to some traits such as responsibility 

and reliability whereas college students included impulsivity and nonconformity.  

 Gardner (1999) believed that an individual was creative when he or she could 

solve problems, generate products, or initiate a topic in a domain in a new or original and 

accepted way in a cultural setting. Also, a creative work was characterized by being 

accepted in a domain. The focus of Gardner’s definition was on two things: novelty and 

the appropriateness in a domain. Sternberg and Lubart (1995) described a creative 
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product as having novelty and appropriateness or usefulness. A novel product was 

characterized by being statistically infrequent and different from what other people might 

produce.  

Raina (1999) concluded that the idea of creative talent was viewed as a global and 

essential concept in both the Western countries (Occident) and the Eastern countries 

(Orient). Nonetheless, the two civilizations were different from one another in the 

underlying goals. For example, Western civilization focused more on the product, while 

in Eastern civilization, product-oriented creativity was less appreciated and the focus was 

on process-centered creativity. In other words, process-centered creativity meant that the 

person should be alert and alive and the crucial purpose was to achieve personal 

enlightenment. Another difference was that the West concentrated more on objects of 

consciousness while the East was interested in the consciousness itself. The Eastern 

concept of creativity stressed issues of development and progress toward the 

understanding of the universe.  

On the contrary, Raina (1999) concluded that the Western concept of creativity 

involved an unexpected production of the universe “by an uncreated being who brings 

order to the formless void” (p. 455). Indian culture, as an example of the East, presented 

few scientific and mathematical models of creativity and thus creativity was associated 

with spiritual awareness while in the West, a scientific approach or method was 

associated with problem solving. In India, the creative process was viewed as spiritual, 

objective, synthetic, and conforming. Also, the Hindu mind looked at the creative process 

as a way of reformulating a vision and viewed art as a way of going through a state of 
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bliss similar to the absolute state of ananda or jivanmukti (release in life). The image of 

dancing Siva, Nataraja, represented the supreme symbol of all life aspects as well as 

dance itself which represented the synthesis of all aspects of creative activity. The 

Eastern view of creativity was characterized by being emotional, personal, and 

intrapsychic. The Eastern theories of creativity were more intuitive while Western 

approaches were more logical (Raina, 1999). The Chinese are from the East; however 

they have a much more practical orientation toward creativity (J. Maker, personal 

communication, September 3, 2005).  

From the previous presentation of the various definitions of creativity, the 

following can be concluded: 

1. Numerous definitions of creativity exist, however none of these definitions is 

universally accepted. 

2. Even though different theorists, researchers, and educators may use the term 

creativity, they might refer to completely different constructs (Treffinger, Young, 

Selby, & Shepardson, 2002). 

3. The definition of creativity that a researcher adopts will determine the factors or 

characteristics considered essential for understanding and locating evidence about 

the creativity of the individual. 

4. The problem of numerous definitions of creativity might lead to problems in the 

assessment of creativity. For example, a focus on the creative processes to the 

exclusion of creative products results in an incomplete assessment of important 

aspects. 
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5. The definition of creativity depends on the background of the author. For 

example, Amabile and Cszikenmentihalyi represent the social psychology 

definition example of creativity. On the other hand, Guilford, Gardner, Sternberg, 

and Lubart represent the cognitive side of defining creativity.  

6. Delineating similarities or differences among the different definitions of creativity 

is not easy. However, almost all of the definitions can be classified according to 

Rhodes (1961) who proposed a classification of creativity definitions based on 

four dimensions: person, process, product, and press or environment.  

7. Determining whether various definitions of creativity are good or bad is not easy. 

Instead, the conclusion is that every definition has its merits and demerits. For the 

purpose of the current study, the focus will be on the definitions involving 

problem solving, problem finding, and appropriateness to the task or domain.   

The Link between Creativity Definitions and Assessment of Creativity 

Treffinger et al. (2002) concluded that numerous definitions existed in the field of 

creativity, as the nature of creativity was complex and multi-faceted. Among the 

definitions that Treffinger et al. (2002) presented were the definitions of Fromm (1959), 

Gardner (1993), Gordon (1961, in Treffinger et al., 2002), Guilford (1977), Khatena (in 

Khatena & Torrance, 1973), Mackinnon (1978), Maslow (1976), Rhodes (1961), Rogers 

(1959), Torrance (1974), and Treffinger, Isaksen, and Dorval (2000). Some definitions of 

creativity follow.  

1. Amabile (1983): Creativity is the interaction of three components: domain-

relevant skills, creativity-relevant skills, and task motivation. Domain-relevant 
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skills entail the knowledge about the domain, technical skills, and specific talents 

related to the domain. Creativity-relevant skills involve working styles, thinking 

styles, and personality traits. Task motivation entails the aspiration to accomplish 

something for its own sake.  

2. Fromm (1959): Creativity is “the ability to see and to respond” (p.44). Fromm 

concluded that creative attitudes need the ability to be puzzled, the ability to 

focus, the ability to experience oneself as the originator of ideas and actions, and 

the ability to accept, rather than to reject.  

3. Gardner (1993): “The creative individual is a person who regularly solves 

problems, fashions products, or defines new questions in a domain in a way that is 

initially considered novel but ultimately becomes accepted in a particular cultural 

setting” (p. 35).  

4. Gordon (1961, in Treffinger et al., 2002): Creativity pertains to the Greek word 

synectics which denotes putting together various and unrelated elements. The 

synectics approach entails searching and using direct, personal and symbolic 

analogies to find new solutions to problems. 

5. Guilford (1977, in Treffinger et al., 2002): “Problem solving and creative thinking 

are closely related. The definitions of these two activities show logical 

connections. Creative thinking produces novel outcomes, and problem solving 
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involves producing a new response to a new situation, which is a novel outcome” 

(p. 161).  

6. Khatena (in Khatena &Torrance,1973) : “the power of the imagination to break 

away from the perceptual set so as to restructure anew ideas, thoughts, and 

feelings into novel and associative bonds” (p. 28).  

7. MacKinnon (1978, in Treffinger et al., 2002): Creativity is related to the study of 

highly creative architects. MacKinnon enriched the field with many significant 

personal characteristics related to creativity. He stated that creative responses 

should be original and adaptive to reality. Among the characteristics of creative 

individuals were individuality, independence, enthusiasm, determination, and 

industry.  

8. Maslow (1976, in Treffinger et al., 2002): Creativity is related to the importance 

of self-attainment in human behavior. Creative individuals can defeat the fears 

resulting from learning too much about their personalities and the inflexible 

pressures of society and accordingly they are able to be free to reach to personal 

integration, wholeness, and creativity. 

9. Mednick (1962, in Treffinger et al., 2002): Creativity entails the process by which 

ideas already in the person’s mind are related in original ways to create new ideas. 

Individuals should dive deeply in their associative structures to find new and 

original ideas.  
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10. Rhodes (1961): “Creativity can not be explained alone in terms of the emotional 

component of the process in terms of any other single component, no matter how 

vital that component may be” (p. 36). He believed that creativity consists of four 

factors: person (personality characteristics); process (elements of motivation, 

perception, learning and communication); product, and press (the relationship 

between the human being and the environment).  

11. Rogers (1959, in Treffinger et al., 2002): Creativity is related to the development 

of creative personality by pinpointing three essential ‘inner conditions’ of the 

creative person: (a) openness to experiences that encourage flexibility, (b) ability 

to use one’s personal determinants to evaluate situations, and (c) ability to accept 

the unstable and try out many possibilities.  

12. Torrance (1974, in Treffinger et al., 2002): Creativity is “ a process of becoming 

sensitive to problems, deficiencies, gaps in knowledge, missing elements, 

disharmonies, and so on; identifying the difficulty; searching for solutions, 

making guesses, or formulating hypotheses about the deficiencies; testing and 

retesting these hypotheses and possibly modifying and retesting them; and finally 

communicating the results” (p. 8).  

13. Treffinger, Isaksen, and Dorval (2000, in Treffinger et al., 2002): Creative 

thinking is “encountering gaps, paradoxes, opportunities, challenges, or concerns, 

and then searching for meaningful new connections by generating many 

possibilities, varied possibilities, unusual or original possibilities, and details to 
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expand or enrich possibilities”. Also, they defined critical thinking as “examining 

possibilities carefully, fairly, and constructively, and then focusing thoughts and 

actions by organizing and analyzing possibilities, refining and developing 

promising possibilities, ranking or prioritizing options, and choosing or deciding 

on certain options” (p. 7).  

14. Wallas (1926, in Treffinger et al., 2002). Creativity is represented in the famous 

stages of the creative process: preparation, incubation, illumination, and 

verification. Wallas integrated the definitions included in these four stages to 

present a definition of creativity.  

Table 2.1 contains some sample definitions of creativity, the primary focus of these 

definitions, and their implications for the assessment of creativity.  
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Table 2.1 

 Sample Definitions of Creativity and Their Implications for Assessment 
 
Sample Definitions 

 
Emphasis in 
Definition 

 
Primary Focus 

 
Implications for 
Assessment 

Fromm, Khatena, 

Mackinnon 

Person Characteristics of 

highly creative 

people 

Assessment of 

creative personality 

traits  

Gordon, Guilford, 

Mednick, Torrance, 

Treffinger et al., 

Wallas 

Cognitive process or 

operations 

Skills involved in 

creative thinking or 

in solving complex 

problems 

Testing for specific 

creative thinking 

and problem solving 

aptitudes or skills 

Maslow, Rogers Lifestyle or personal 

development 

Self-confidence, 

personal health and 

growth; self-

actualization; 

creative context or 

setting 

Assessing personal 

adjustment, health, 

and self-image; 

assessing the 

climate that nurtures 

or inhibits creativity 
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Table 2.1 (continued) 
 
 
Sample 
Definitions 

 
Emphasis in 
Definition 

 
Primary Focus 

 
Implications for 
Assessment 

Gardner, Khatena Product Results, outcomes, or 

creative 

accomplishments 

Assessing and 

evaluating products or 

demonstrated 

accomplishments  

Amabile, Rhodes Interaction among 

person, process, 

situation, and 

outcomes 

Multiple factors 

within specific 

contexts or tasks 

Assessing multiple 

dimensions in a 

profile, with various 

tools 

Note. From “Assessing creativity: A guide for educators. By D. J. Treffinger, G. D. Young, 

E. C. Selby, and C. Shepardon,  2002, Research Monograph Series, p. 27. Copyright 2002 

by National Research Center on the Gifted and Talented, CT: Stores. 

Part II: Assessment of Creativity 

Assessment entailed collecting, organizing, and synthesizing qualitative and 

quantitative data. The multifaceted nature of creativity could not be grasped efficiently 

and inclusively by a single measurement or analytical procedure. Treffinger, Young, 

Selby, and Shepardson (2002) argued that assessment of creativity might be considered 

an endeavor to identify or be acquainted with creative traits or abilities in individuals or 

to comprehend their creative strengths and potentials. Linn and Gronlund (1995) stated 
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that “Although most of the criticisms of testing have some merit, most problems are not 

caused by the use of tests, but by the misuse of tests” (p. 496).  

Treffinger et al., (2002) concluded that the assessment data could be either 

qualitative or quantitative. Qualitative data depended on observations, biographical 

information, anecdotal records or other comparable endeavors to view the participants. 

Examples of quantitative data were descriptions and anecdotal records that offered a 

foundation for thorough analysis and discussion including consideration of related 

contextual issues, possible biases, and values. When a researcher was interested in 

analyzing and describing a child’s creativity as observed in a behavior in a school setting, 

qualitative data could be used. Quantitative data analysis “draws upon resources that 

yield numerical scores or results, such as tests, rating scales, checklists, and self-report 

inventories. Quantitative procedures yield scores for variables based on clearly identified 

attributes, characteristics, or specific objectives; these specific scores or numerical data 

are used for statistical treatment” (p. 39).  

Treffinger et al. (2002) developed a structured matrix to direct organized efforts 

for assessing creativity in students. This matrix consisted of four data sources and four 

levels of present performance. The data sources or ways were basically means to collect 

information on individual’s creative abilities, skills, strengths, or potentials. These data or 

assessment sources were behavior or performance data, self-report data, rating scales, and 

tests.  

Behavior or performance data included essential information about an 

individual’s creativity via the authentic or real behavior; creative products, different kinds 
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of performance or achievements. The researcher obtained this type of data using records 

or first-hand field observations in authentic situations or via the individual’s performance 

in unstructured tasks that were semi-life situations while being observed under structured 

and controlled conditions. The difference between these approaches was basically a 

difference between genuine creativity and semi-life or simulated conditions. The second 

type of data sources was self-report data. Researchers could get information about an 

individual’s creativity from the answers or responses regarding questions about his or her 

behavior. In this kind of data, individuals answered questions about themselves and the 

skills, abilities, behavior, and activities they possessed. Examples of this source of data 

were attitude inventories, personal checklists, or biographical inventories.  

A third kind of data was rating scales through which parents, classroom teachers, 

and researchers used instruments that helped in getting certain descriptions of the traits or 

behaviors that characterized creativity. The fourth source of data was tests. A test was an 

organized set of questions or tasks administered under special or standardized conditions. 

In these tests, the individual exhibited his or her ability to think and answer in a creative 

way.  

Psychometric Approaches in Assessing Creativity 

Plucker and Renzulli (1999) concluded that the most widely used approaches in 

assessing creativity were the psychometric approaches. The psychometric approaches 

were applied in four areas: the creative process, the creative person, the creative product, 

and the creative environment. 
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      The creative process. Divergent thinking batteries were used to measure the creative 

process. Divergent thinking tests required that the person generated as many responses as 

he or she could to a certain prompt. On the contrary, traditional IQ tests required one 

right answer. Divergent thinking tests focused on fluency, which was an important 

element of creativity. Examples of this approach were the Torrance (1972; 1974) Tests of 

Creative Thinking (TTCT), Wallach and Kogan Creativity Test (1965), and Getzels and 

Jackson’s Creativity Test (1962). Although the reliability of those measures was 

convincing, researchers believed that the predictive validity and discriminant validity was 

questionable (Cooper, 1991; Renzulli, 1985). Examples of other tests of process included 

anectodal reports, autobiographical statements, and systematic interviews and 

observations.   

 The divergent thinking tests were criticized for several reasons. First, the 

homogeneity of the sample in relation to achievement or ability could affect the results 

since improved psychometric properties were related to the samples of gifted or highly-

achieving children (Runco & Albert, 1985; Runco, 1985). Second, the testing conditions 

(e.g. gamelike vs. testlike, timed vs. untimed, individual vs. group, and specific 

instructions to be creative vs. general instructions) made a difference in creativity 

responses depending on the condition. A very clear problem in the scoring of divergent-

thinking tests was the contaminating effect of fluency on originality scores (Runco & 

Albert, 1985).  

      The Creative Person. Measurements that focused on the traits or characteristics of the 

person were varied. Various measures such as self-reports, teacher ratings of behavior, 
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and personality were used. The purpose of these measures was to identify highly creative 

persons and know more about their personality traits. Examples of these measures were 

the Group Inventory for Finding Talent and Group Inventory for Finding Interests (Davis, 

1989, in Plucker & Renzulli, 1999). Self-reports helped the researchers in collecting data 

about a person’s activities and accomplishments that might convey creative potential and 

achievement. Examples also included personality inventories, biographical surveys, 

interest and attitude measures, self-report checklists, rating scales, self-and peer-

nomination procedures, and interviewing techniques.  

      The Creative Product. MacKinnon (1978) stated that the foundation of all research in 

creativity was in the analysis of creative products that made the difference between 

creative and mundane products. Runco (1989) concluded that analyzing creative products 

might overcome the problems resulting from using divergent-thinking tests. Although 

many authors reported the significance of this method in assessing creativity, research 

regarding the psychometric study of product ratings is still scarce. The most common 

approach for measuring creativity was the use of external judges in rating.         

      Creative Environments and Environment-Person Interaction. This approach focused 

on the context where creativity took place. Amabile’s work on the social psychology of 

creativity paved the way to other approaches such as Sternberg and Lubart’s (1995) 

Investment theory and Rubenson and Runco’s  (1992) Psychoeconomic theory. Since the 

creative environment approach is recent, assessment tools are still scarce. In the 

meantime, researchers study the environmental variables that are associated with creative 

productivity. Authors wish that these studies would help in establishing and 
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implementing the environments that enhance creative achievement more effectively than 

those currently in place in school and business (Plucker & Renzulli, 1999).  

Classification of Creativity Tests 

As stated previously, creativity tests could be classified into three general groups: 

personality tests, biographical inventories, and behavioral assessments. A description of 

these three groups follows.  

     Personality inventories. Creativity scales were developed from these inventories. 

Personality tests were used to assess traits or characteristics of creative people. Examples 

of personality tests were: ‘How Do You Think?’ (Davis & Subkoviak, 1975, in Amabile, 

1996), the ‘Group Inventory for Finding Creative Talent (Rimm & Davis, 1976, in 

Amabile, 1996), and ‘What Kind of Person Are You?’ (Torrance & Khatena, 1970, in 

Amabile, 1996).  

     Biographical inventories. Most of these inventories were developed via exploring 

samples of persons who were highly rated in creativity and those who were rated low. An 

example of this category of tests was the Alpha Biographical Inventory that was designed 

through extensive exploration of NASA scientists and engineers. This inventory included 

many items about childhood, interests and hobbies, and distinguished experiences.  

     Behavioral tests. These tests included a battery of tests that was analogous to 

conventional intelligence tests. Most of the tests that Guilford (1956) developed to 

measure divergent thinking in his structure-of-intellect model were used to help in 

developing many tests. The most famous and widely used were Torrance Tests of 

Creative Thinking (Torrance, 1962). Most of the other creativity tests were analogous to 
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the TTCT in form, content, administration, and scoring. Almost all of the tests were 

designed to assess creative products. However, a few researchers developed the ‘Creative 

Process Checklist’ (Ghiselin, Rompel, & Taylor, 1964, in Amabile, 1996) to measure 

states of attention and affect in scientists while these scientists were in the moments of 

invention. 

 Amabile (1996) criticized creativity tests for several reasons. First, although 

researchers suggested that creativity tests measured traits that were similar to real-life 

creative performance, the concurrent and predictive validity of most of these tests was 

questionable. The validity problem came from the fact that most of the creativity tests 

were validated against each other. Second, creativity tests measured a limited number of 

abilities and thus naming a specific test performance as an indicator of creativity would 

not be possible. An example was the Torrance Tests of Creative Thinking in which the 

originality scores were affected by verbal fluency (Dixon, 1979; Hocevar, 1979, in 

Amabile, 1996). Calling verbal fluency originality would be deceptive in the field of 

creativity. Most scoring procedures in many creativity tests were subjective. “For some 

scoring procedures, results must depend on the test scorer’s intuitive assessment of what 

is creative. Even when scoring guidelines have been specified in sufficient detail to allow 

little room for the scorer’s own interpretation, performance on the tests is rated according 

to the test constructor’s intuitive assessment of what is creative, and not according to 

objective criteria of novelty, appropriateness, etc.” (Amabile, 1996, p. 28).  

 Hocevar and Bachelor (1989) stated “a lack of discriminant validity continues to 

be a problem, both in terms of how creativity differs from other constructs and in terms 



 49

of how the dimensions of creativity differ from each other” (p. 69). Houtz and Krug 

(1995) stated that the difficulty of agreement regarding creativity definition led to 

inadequate research about creativity assessment. Also, this lack of agreement of a 

creativity definition led to the shortcomings in the stability, factor complexity, or 

predictive validity of most of the measures.  

The Consensual Assessment Technique (CAT)  

Amabile (1982, 1996) developed the Consensual Assessment Technique. This 

assessment technique was derived from Amabile’s (1982, 1996) consensual definition of 

creativity, which was based on subjective assessment approaches. She believed that a 

product or response was creative when proper observers reached a consensus that this 

product was creative. Appropriate observers were those who were acquainted with the 

domain in which the product was generated. Accordingly, creativity could be viewed as 

the quality of products that were rated as being creative by appropriate raters.  

The Consensual Assessment Technique entailed some prerequisites. First, the 

raters or judges should be experts within the domain in use. However, the level of 

experience should not be the same. The second procedure entailed that the raters judged 

the products independently. “The integrity of the assessment technique depends on 

agreement being achieved without attempts by the experimenter to assert particular 

criteria or attempts by the judges to influence each other” (p. 42). The third requirement 

was that raters or judges should be required to assess other dimensions of creativity such 

as technical quality and aesthetic liking. The fourth requirement was that judges or raters 

should be taught to judge the products in relation to each other on the specified 
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dimensions. The fifth requirement was that each rater should look at the products in a 

different random order and each rater should put in mind the different dimensions of 

rating or judgment in a different random order. The studies of consensual assessment 

technique, including researchers, participants, tests, analyses, and conclusions are 

presented in table 2.2.  
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   Table 2.2 
 
   Review of the Studies of Consensual Assessment Technique (CAT) 

 
Study 

 
Participants  

 
Test(s) 

 
Analysis 

 
Conclusions 

Dollinger and 

Shafran (2005) 

 

200 
undergraduates 

Drawing Task, The 

Test of Creative 

Thinking-Drawing 

Production, Creative 

Behavior Inventory, 

Creative Personality 

Scale from the 

Adjective Check List, 

Innovation Scale from 

the Jackson Personality 

Inventory 

Ratings of Quality of 

Details and Overall 

Creative Gestalt  by 

artists and 

psychologists 

Cronbach Alpha  

Principal component 

analysis 

Pearson correlations 

 

The CAT is not 

undermined by showing 

judges a brief preview of 

the range of quality seen 

in past products using 

the same task. These 

conclusions should not 

be generalized to 

different creative 

activities or to creative 

products from 

participants selected for 

special talent or training. 
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   Table 2.2     (continued).  
 

 
Study 

 
Participants  

 
Test(s) 

 
Analysis 

 
Conclusions 

Baer, Kaufman, 

and Gentile 

(2004) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Eighth-grade students 

 

Writing (poems, 

fictional stories, and 

personal narratives) 

 

Judges rated the writing 

products on a 6-point scale. 

Judges divided the papers 

in each group into three 

piles (low, medium, and 

high creativity) and then to 

subdivide each pile into six 

levels of creativity. Judges 

were free to move papers to 

any pile they feel would be 

appropriate.  

Cronbach alpha 

Pearson correlation 

The consensual 

assessment 

technique can 

assess nonparallel 

creative activities- 

“ones not created 

in response to the 

same assignments 

or prompts” 

(p.116). 
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   Table 2.2    (continued). 
 

 
Study 

 
Participants  

 
Test(s) 

 
Analysis 

 
Conclusions 

Baer (2003) 540 seventh-and eighth-

grade students 

Writing stories 

and poems 

 

Judges rated the stories and 

poems on a scale from 1 to 5 

on one dimension; creativity 

Cronbach alpha 

ANOVA 

High Interrater 

reliability coefficients 

among the judges  

Chen, Kasof, 

Himsel, 

Greenberger, 

Dong, and Xue 

(2002) 

98 Anglo American and 

48 Chinese 

undergraduate students 

Drawing of 

three geometric 

shapes 

(Triangle, 

Rectangle, and 

Circle) 

Judges used a 5-point scale and 

they rated the drawings on 

creativity, technical quality, 

uniqueness, and liking.  

Cronbach alpha, t-test 

Two-way ANOVA 

The consensual 

assessment technique 

is effective in cross-

cultural comparisons 

in judging creativity.  

 
 
 
 
 



 54

   Table 2.2    (continued). 
 

 
Study 

 
Participants  

 
Test(s) 

 
Analysis 

 
Conclusions 

Hickey (2001) 21 fourth- and 

fifth-grade 

students 

Musical compositions Judges listened to the 

musical compositions and 

judged them according to 

liking and creativity.  

Amabile’s Dimensions of 

Creative Judgment: 7-point 

scale, dimensions are 

creativity, craftsmanship, 

and aesthetic appeal 

Interjudge reliability: 

Hoyt’s analysis, coefficient 

alpha 

The consensual assessment 

technique is a fairly reliable 

technique for measuring the 

creativity of children’s 

musical compositions 

especially when used by the 

most experienced group of 

judges.  
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Table 2.2    (continued). 
 
 
Study 

 
Participants  

 
Test(s) 

 
Analysis 

 
Conclusions 

Conti, Coon, and 

Amabile (1996)  

 

82 young adults 

 

Writing short stories 

and art activities, 

Pictures from the  

Thematic Apperception 

Test (TAT) 

 

Pearson correlation, 

Consensual assessment 

technique  

Cronbach alpha 

 

Good reliability 

for using the 

consensual 

assessment 

technique among 

the judges 

Baer (1996) 108 students in 

kindergarten and 

grades 3, 4, and 5. 

Collage making Judges were told to rate the 

collages only on creativity, 

using a scale of 1 to 5 

Cronbach alpha  

ANOVA, Pearson 

correlation 

High agreement 

between judges 
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  Table 2.2    (continued). 
 

 
Study 

 
Participants  

 
Test(s) 

 
Analysis 

 
Conclusions 

Gerrard, Poteat, and 

Ironsmith (1996) 

103 third-grade 

children 

Creativity Task: making 

paper collages 

Coopersmith Self-Esteem 

Inventory 

Judges were told to rate the 

collages according to their own 

subjective definition of creativity 

and technical quality using a 

scale from 0 (least creative) to 

10 (most creative).  

Spearman-Brown interjudge 

reliability 

Cronbach alpha 

ANOVA 

Pearson correlation 

The type and 

experience of 

judges is an 

important factor 

in the 

consensual 

assessment 

technique.  
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  Table 2.2    (continued). 
 

 
Study 

 
Participants  

 
Test(s) 

 
Analysis 

 
Conclusions 

Hennessey 

(1994) Study 1 

30 undergraduate 

students 

20 geometric designs  Product condition: Judges 

were told that they will see 

20 geometric designs and 

rate the products on 

creativity, technical 

goodness, and likableness.  

Process condition: judges 

were shown the steps that 

students take in producing 

the product 

Cronbach alpha 

Reliability was 

high in the two 

conditions. The 

CAT could be used 

as a way of 

collecting process 

judgments.  

Hennessey 

(1994) Study 2 

15 undergraduate 

students 

The same geometric 

designs used in study 1 

Procedures are the same as 

in study 1 

  Evidence of 

interrater reliability  
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  Table 2.2    (continued). 
 

 
Study 

 
Participants  

 
Test(s) 

 
Analysis 

 
Conclusions 

Amabile (1982) 22 girls, 7-11 years Maniuplatives and 

materials (lightweight 

paper, glue, and white 

cardboard) 

Factor analysis 

Judges rank the 

students’ designs using 

their own subjective 

definition of creativity 

Judgment of designs in 

light of creativity, 

technical goodness, and 

aesthetic appeal 

Interrater reliability   

The consensus 

among the different 

groups of judges on 

the creativity 

assessment was 

reasonably good.  
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   Table 2.2    (continued). 
 

 
Study 

 
Participants  

 
Test(s) 

 
Analysis 

 
Conclusions 

Amabile 

(1982) Study 

2 and 3 

111 students  for 

study 2, 47 

students study 3 

Maniuplatives and 

materials 

(lightweight paper, 

glue, and white 

cardboard) 

Interrater reliability 

Pearson correlation 

 

 

The consensus among the 

different groups of 

judges on the creativity 

assessment was 

reasonably good.  

Amabile 

(1982) Study 

4, 5, and 6 

Undergraduate 

students (95 

women in study 

4, 10 men and 10 

women in study 

5, and 40 women 

in study 6)  

Maniuplatives and 

materials 

(lightweight paper, 

glue, and white 

cardboard) 

Interrater reliability  

Pearson correlation 

Factor analysis 

In study 5, the judges rated the 

collages only on creativity 

Creativity and technical 

goodness were rated in study 6 

Evidence of interrater 

reliability. Subjective 

judgments of the 

creativity of artworks can 

be separated from the 

judgments of their 

aesthetic appeal and 

technical goodness. 
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   Table 2.2    (continued). 
 

 
Study 

 
Participants  

 
Test(s) 

 
Analysis 

 
Conclusions 

Amabile (1982) 

Study 7 

48 

undergraduates

Writing a cinquain (a 

simplified form of 

unrhymed poetry) 

Judges rated each student’s poem 

based on their own subjective 

definition of creativity, use of 

poetic form, and liking 

Factor analysis  

Highly significant 

correlations among 

the subjective judges 

  

Amabile (1982) 

Study 8 

40 

undergraduate 

students 

Writing cinquains as in 

study 7 

Judges rated the poems on 

creativity, clarity of expression, 

and use of poetic form 

The correlation 

among the judges 

was significant.  

In both collages and 

cinquains, a very high 

level of judge 

expertise is not 

required. 
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As seen from table 2.2, the following conclusions can be drawn: 

1. The consensual assessment technique has been used in different topics or fields 

such as writing (Baer, Kaufman, & Gentile, 2004; Baer, 2003; Conti, Coon, & 

Amabile, 1996; Amabile, 1982), collage making (Gerrard, Poteat, & Ironsmith, 

1996; Baer, 1996), drawing shapes (Chen et al., 2002), geometric designs 

(Hennessey, 1994), manipulatives (Amabile, 1982), and music (Hickey, 2001). 

None of the authors of these studies investigated scientific creativity or even the 

topic of science in the activities judged by the raters. Although not many 

researchers investigated hands-on science activities, the procedures could be 

adapted to the ratings of performance-based activities. 

2. The participants’ grade level in these studies ranged from third-grade students to 

undergraduate students. Apparently, the consensual assessment technique was an 

appropriate method for all ages. 

3. Most of the researchers in these studies chose different grading scales. Some used 

a 5 point-scale (Baer, 2003; Chen et al., 2002), a 6 point-scale (Baer, Kaufman, 

and Gentile, 2004; Baer, 1996), a 7-point scale (Hickey 2001), and a 10 point-

scale (Gerrard, Poteat, & Ironsmith, 1996). In the current study, a 7 point-scale 

was used. The grading scale is important, because the researcher must have a 

scale sensitive enough to detect real differences, but not so sensitive that raters 

can not make distinctions among products.  

4. Most of the researchers concentrated on three dimensions: creativity, technical 

quality, and likableness. These dimensions originally came from the author of this 
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technique (Amabile, 1982). Every researcher used some other dimensions such as 

uniqueness, craftsmanship, and aesthetic appeal. All of these authors agreed that 

the raters should set their definitions of the dimensions they were using in the 

assessment.  

5. Almost all of the researchers in the studies established interrater reliability by 

investigating the correlation between the raters who used the consensual 

assessment technique.  

6. To conclude, the consensual assessment technique is one of the most effective 

means of assessing product-oriented creativity because of the high interrater 

reliability scores (as measured by Pearson Product-Moment Correlation) reported 

in the literature. The correlation coefficients cited in the literature ranged from 

medium to high. For example, Hennessey (1994) reported medium to high 

significant correlations: r = .48, p = .015 for likableness, r = .68, p = .001 for 

technical goodness, and r = .59, p = .003 for likableness with technical goodness. 

Baer, Kaufman, and Gentile (2004) concluded that the inter-rater correlation 

coefficients ranged from .61 to .72 for poetry ratings, from .73 to .81 for the 

fictional story ratings, and from .78 to .80 for the personal narratives.  

Part III: Science Process Skills 

Science as inquiry “requires that students combine processes and scientific 

knowledge as they use scientific reasoning and critical thinking to develop their 

understanding of science” (National Science Standards, 1990, p. 105, in Wolfinger, 

2000). Wolfinger (2000) concluded that students use scientific processes to examine the 
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physical world and help them “develop concepts in a direct, personal, and active manner” 

(p. 8). Scientific processes consist of basic processes, causal or intermediate processes, 

and experimental processes.  

The Process of Sciencing  

 Researchers in the 1960s developed a theory, based on Piaget’s ideas, that 

children’s thinking developed from concrete, hands-on learning experiences to the 

abstract construction of concepts and their applications. This theory was known as the 

three-phase learning cycle (Bevenio, Dengel, & Adams, 1999). Victor and Kellough 

(2004) contended that the processes of sciencing were thinking skills. When students 

went through these processes and developed expertise, they could work on more complex 

tasks in science and in other subjects as well, and in authentic problem-solving situations. 

Any assessment of children’s scientific ability should be based on the four stages of the 

scientific cycle. The first phase was the exploratory phase, the data-gathering processes. 

These processes were required to produce or generate data that were considered essential 

in children’s explorations. Children generated data by expanding their language skills, by 

interacting with others, and by listening and exchanging experiences with others.  

The second phase consisted of the data-organizing processes. This phase was 

known as the concept-introduction phase of the learning cycle. Children learned how to 

arrange things or objects in relation to order and sequence. During this phase, children 

might identify problems that required them to start the cycle again. The ongoing process 

of constructing concepts occurred during the third phase. Children used many processes 

such as synthesis, generalization, and inference. During the synthesis and inference 
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processes, children might think about using analogies, and might identify problems with 

which they started the learning all over. “Interpreting data, making analogies, and 

synthesizing, are not usually emphasized until the late primary or early intermediate 

grades” (Victor & Kellough, 2004, p. 41). The last phase of the learning cycle was the 

idea-using process. During this phase, children applied the concepts they learned. 

Children were encouraged to predict what happened if they tested a hypothesis by 

designing experiments in which they controlled all except one variable. These processes 

helped people think in creative, productive, and intelligent ways.  

 Three kinds of science processes exist: basic processes, causal processes, and 

experimental processes. Basic processes include observation, classification, 

communication, operational questions, space relations, and number relations (Wolfinger, 

2000). Observation is the ability to perceive a phenomenon precisely without reaching 

conclusions. People use their senses- sight, touch, taste, hearing and smell - in observing. 

Examples of observation include perceiving phenomena in nature or perceiving shapes of 

diverse colors and details. Classification is the ability to put objects in groups or 

categories based on the attributes shared or not shared among these objects. Examples of 

classification include grouping of colors, flowers, and shapes. Communication is a way 

of conveying information from one person or group of people to another. Students use 

communication in different formats such as pictures, journals, and models to represent an 

idea. Operational questions are answered by the students who raised these questions 

through conducting a hands-on manipulation. An example of an operational question is 

‘What would happen to an ice cube if it were insulated?’ Space relations include three 
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essential geometric concepts: solid geometric forms, plane geometric forms, and 

measurement. Examples include using solid shapes (e.g. cubes, pyramids, and prisms) 

and understanding of perimeter, area, diameter, and circumference. Number relations 

includes the process of using numbers to describe the result or consequences of an 

activity. An example is the use of graphs, numerical relations, and computations.  

 Causal science processes are interaction and systems, cause and effect, inference, 

prediction, and conclusion (Wolfinger, 2000). Interactions are the relationships among 

the different portions of the system. Examples include concepts of action and reaction 

using balloons, test tubes, baking soda, and vinegar. Systems are categories of objects 

and facts that operate together. Cause-and-effect is the ability to decide which of two or 

more elements or variables came first in order. An example is when students work on 

chemical reactions. Inference is the explanation of the observations made during an 

experiment. An example is deducing causes for why pouring cold water on a can caused 

it to shrink more. Prediction is deciding, based on data collection, what will happen in the 

future. An example is working with levers and then finding more information before 

attempting to predict what would happen if the location of the fulcrum is altered. 

Conclusion is a kind of inference. Many inferences can be deduced from the existence of 

a specific activity. The conclusion represents the final product of the prediction. Since 

conclusions depend on a considerable amount of evidence than do inferences, 

conclusions are less likely to change. An example of conclusion is when students look for 

the trends or relationships in data and state that all lubricants, such as water and ice, 

reduces friction to the inclined plane (Krajcik, Czerniak, & Berger, 2003) 
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 Experimental processes consist of investigations and experiments, variables, 

formulating hypotheses, interpreting data, and operational definitions (Wolfinger, 2000). 

Investigations are hands-on activities, whether planned or not planned. They are planned 

to find how a phenomenon works or to explore a simple prediction. An example is when 

children investigate the different ways a piece of magnet touches several objects in the 

classroom. Scientists use experiments to approve or disprove a theory. To accept theories, 

hypotheses obtained from these theories have to be examined via the process of 

experimentation.  

Variables are the factors in a quantitative experiment that might change due to the 

experiment, that might change by the experimenter or be kept as is because the 

experimenter wants to manipulate them. An example is using the insulation process as an 

independent variable and an ice cube as a dependent variable and controlling other 

variables such as room temperature. Formulating hypotheses is the process of generating 

educated guesses about a phenomenon or activity. An example is ‘If proper insulation is 

used, an ice cube would melt more slowly’. Interpreting data is recognizing patterns in 

the information gathered from an experiment and communicating these patterns as 

conclusions that either support or disproves the hypothesis of an experiment. Operational 

definitions are developed by the experimenter to fulfill a need during the planning and 

implementation of an experiment. An example of an operational definition is defining the 

concept of insulation when working on insulating an ice cube.  
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Part IV: Debate about Domain Generality/Specificity of Creativity 

Creativity researchers started to shift from the traditional view of creativity as 

general toward the domain specific view of this cognitive ability. They started to validate 

the notion that creativity might be more specific than what was believed in the past, 

especially in the study of the relationship between creativity and giftedness and the 

rejection of the divergent thinking theory in domain-general creativity.  

Some authors believed that creativity was identical across all domains of human 

ability (Simon, 1976). Creative individuals in one domain should exhibit their creativity 

across other domains. Gardner (1988) believed that people who exhibited high standards 

of creative thinking in some fields could demonstrate similar levels of creativity in other 

areas provided that they work on such areas. The belief in the domain generality of 

creativity dated back to Guilford’s theory of divergent production and his well known 

Structure-of-Intellect model. Guilford advanced the idea that divergent production was 

the main cognitive process involved in creative performance in various domains (Kogan, 

1994). However, his theory was criticized because of its lack of empirical support and 

lack of relatedness to life-like creativity (Brown, 1989).  

Policastro & Gardner (1999) asserted that although some researchers considered 

creativity to be a general ability or trait, this belief seemed partially correct because 

creativity components such as flexibility, fluency and originality were related to 

innovative behavior in various domains. Considering the role of expertise and practice in 

a domain, any creative responses needed to have a wide scope and a scale that was more 

differential than the general view of creativity. Gardner (1988) argued that human 
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cognition should be considered as being composed of a number of factors, with each 

factor functioning with regard to its own set of rules. In 1993, he asserted that 

outstanding creative responses were linked to specific domains that involved different 

kinds of skills, distinct types of knowledge, and a significant period of specialized 

training.  

Amabile’s componential theory (1996) was another domain specific theory of 

creativity. She described creativity as the involvement of domain-relevant knowledge and 

abilities, intrinsic motivation, and creativity-relevant skills. Several researchers reported 

evidence for the domain specificity of creativity. Those who believed that creativity was 

domain general (Hocevar, 1980; Runco, 1987; Torrance, 1988; Crammond, 1994; 

Plucker, 1998) believed that creativity, as a general intellectual ability, affected the 

performance of the individual regardless of the specific or particular activity he or she 

was involved in (Tardif & Sternberg, 1988, Treffinger, 1986) and that domain-relevant 

skills contributed to creative performance (Weisberg, 1988). Researchers in the field of 

creativity believed that the idea of domain-specificity was a thorny issue that entailed 

some conceptual and methodological concerns (Plucker, 1998). 

Although some researchers believed in the domain-specific view of creativity, 

most of the studies were limited due to several factors (Kogan, 1994). One limitation was 

that the researchers who addressed this controversy did not approach the problem in a 

way that could clarify some of the ambiguity (Kogan, 1994). Some studies were limited 

to the use of self-report measures for assessing creative performance in various domains 

(Hocevar, 1980; Runco, 1987). Self-report measures were not valid for exploring the 
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domain-centered controversy about creativity. Problems of self-report data included poor 

recall and both intentional and unintentional misinterpretation by participants. Brown 

(1989) stated that self-report data and retrospective case histories were unlikely to be 

verified. Most of the researchers using self-report scales concluded that creativity was 

domain general (Plucker, 1998).  

The second limitation of the research of those who believed in the domain 

specificity of creativity was that researchers paid more attention to investigating the 

concurrent or predictive validity of divergent thinking tests than to investigating the 

relationships among the children’s performance in various domains (Han, 2002; 2003). A 

third limitation in the research of the proponents of the domain specificity view of 

creativity was that many of the researchers did not use a battery of divergent thinking 

tests. Using more than one divergent thinking test could help in delineating the 

differences among high divergent thinkers and low divergent thinkers simply because 

each test was characterized by its own aspects of divergent thinking (Kogan, 1994; Han, 

2003).  

A fourth limitation of the research of the proponents of domain specificity of 

creativity that might be of interest for researchers who were involved in the domain 

specificity/generality debate was the identification of creative children (Han & Marvin, 

2002). Denying the view that creativity was domain general meant denying the 

significance and importance of divergent thinking in creativity assessment. This view 

represented a critical threat to the most currently and widely used criteria for identifying 

and serving creative and gifted children (Baer, 1993). If researchers assumed that the 
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domain-general view of creativity was not accurate, the current criteria for identifying 

both creative and gifted children would represent a very fragile basis for making 

placement decisions (Baer, 1993; Han & Marvin, 2002). The identification of creative 

and gifted students was based on looking at the performance of the students in several 

domains. 

Han (2003) believed that conclusions reached from many studies of creativity 

lacked verified theoretical foundations. Moreover, some methodological problems 

included the use of certain statistical procedures. Researchers who used bivariate analysis 

tended to have results that supported domain specificity of creativity whereas researchers 

who used multivariate analyses tended to find support for the domain-generality belief 

about creativity. Kaufman & Baer (2002) concluded that the different questions the 

researchers asked and the different methods they used to address the issue of domain 

generality or specificity might be the central issues in the dispute in this area. 

Children’s creativity was assessed using hundreds of measures. However, these measures 

usually assessed general creativity. Theorists in the field of creativity proposed that 

domain specific knowledge was an essential factor in creative performance (Han, 2003).  

Heller (1993) concluded that scientific ability could be studied using product-

oriented, personality, and social-psychological approaches. As for product-oriented 

approaches, outstanding performance in the sciences could be used as a sign of special 

scientific ability or competence. Because this view was probable and practical, 

researchers considered it an acceptable method in creativity research (Sternberg, 1988; 

Glover et al. 1989). Nonetheless, this did not answer the following questions: (1) is 
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outstanding scientific achievement mostly determined by cognitive problem-solving 

competence or other factors such as motivation?, and (2) do scientific underachievers 

exist who can not make use of their potential abilities to achieve appropriate scientific 

performance?  

 The second approach to scientific ability was the psychometric approach in which 

researchers designed measurements to assess cognitive and non-cognitive personality 

characteristics that could be the core of scientific ability. Examples of the characteristics 

that involved both cognitive and creativity aspects were logical thinking processes, 

abstract thinking ability, systematic and theoretical thinking processes, and the person’s 

potential for creativity consisting of sensitivity to problems, inventiveness and flow of 

ideas, the ability to reorganize problems and originality of problem-solving methods. 

Moreover, some non-ability characteristics such as cognitive curiosity and search for 

knowledge, exploration, and the yearning for questioning existed. “The most powerful 

long-range predictors of professional success in science and technology are apparently 

domain-specific problem-solving abilities and motivational and social leadership 

abilities” (Heller, 1993, p. 141). A summary of the studies about domain specificity and 

generality of creativity are presented in Tables 2.3 and 2.4 respectively. 
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Table 2.3  

Review of the Studies of the Domain Specificity of Creativity  
 
Study 

 
Participants 

 
Test(s) 

 
Analysis 

 
Conclusions 

Kaufman and 

Baer (2004) 

 

241 undergraduates 

 

Rating one’s general creativity 

and creativity in science, 

managing interpersonal 

relationships, writing, art, 

interpersonal communication, 

solving one’s own personal 

problems, mathematics, crafts, 

and bodily/physical movement 

on a 1-5 Likert scale,  

SAT scores 

International Personality Item 

Pool 

Pearson correlation 

One-way ANOVA 

Factor Analysis 

In general, if 

students viewed 

themselves as 

generally creative, 

they also viewed 

themselves as 

creative in various 

areas. The only area 

that was not 

correlated with 

general creativity 

ratings was math.  
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     Table 2.3     (continued).  
 

 
Study 

 
Participants 

 
Test(s) 

 
Analysis 

 
Conclusions 

Han (2003) 

 

109 second graders Wallach-Kogan Creativity Test 

(Alternate Uses and 

Similarities)  

Real-World Divergent 

Thinking Test 

Collage making, story-telling, 

and math word problem task 

 

Inter-item and inter-

judge correlations for 

reliability 

Pearson correlation  

Multiple regression 

analysis 

A considerable 

intra-individual 

variation in creative 

ability by domain is 

found. 

Diakidoy, and 

Spanoudis  

(2002) 

112 ninth-grade 

students 

Torrance Tests of Creative 

Thinking (TTCT), Creativity in 

History Tests (CHT) 

 

Pearson Correlation, 

MANCOVA, 

Hierarchical regression 

analysis, MANOVA 

Evidence of domain 

specificity, no 

correlation between 

the two measures 
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      Table 2.3      (continued).  
 

 
Study 

 
Participants 

 
Test(s) 

 
Analysis 

 
Conclusions 

Baer (1994) 41 second-

grade students 

Storytelling and collage making, 

poetry writing, story-writing, word-

problem-creating  

 

One-way ANOVA 

Regression, Pearson 

Correlation 

Although training in 

divergent thinking 

influences creativity 

on a variety of tasks, 

these effects are not 

due to a single factor 

such as a general 

divergent-thinking 

skill.  

Baer (1991) 

Study 1 

50 eighth-grade 

students 

Poetry-Writing, Story-Writing  

Word-Problem-Creating  

Equation-Creating  

Inter-rater reliability 

(Cronbach Alpha) 

 

Creativity in one 

domain does not 

predict creativity in  
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Table 2.3     (continued).  
                

 
 

 
Study 

 
Participants 

 
Test(s) 

 
Analysis 

 
Conclusions 

  Equation-Creating  

 

Pearson correlation 

Multiple 

Regression analysis 

 

other domains. However, 

the results do not suggest 

the existence of 

intradomain creative-

thinking skills that are 

relevant to performance of 

any kind within a domain, 

especially in math and 

verbal. 

Baer (1991) 

Study 2 

19 fourth-

grade students 

Story-Writing  

Word-Problem-Creating  

Equation-Creating  

Pearson correlation 

Inter-rater 

reliability  

No significant correlations 

among the three measures 

were found.  
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       Table 2.3     (continued).  
                

 
 

         
 

 
Study 

 
Participants 

 
Test(s) 

 
Analysis 

 
Conclusions 

Baer (1991) 

Study 3 

38 second-

grade students 

Torrance Tests of 

Creative Thinking 

(TTCT) 

Storytelling 

Collage making 

Pearson correlation 

Inter-rater 

reliability 

Scores on the TTCT did 

not correlate with other 

measures. 

Runco (1987) 212 fifth-

grade students 

(gifted and  

nongifted) 

Wallach and Kogan 

Creativity Test 

Questionnaire of self 

report of creative extra 

curricular activities 

Pearson correlation Correlations were found 

between divergent thinking 

and creativity for gifted 

but not for nongifted. 
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        Table 2.3     (continued).  
                 

 
 
 

 
 
 

 
Study 

 
Participants 

 
Test(s) 

 
Analysis 

 
Conclusions 

Gough (1975) Graduate 

students 

The Scientific Uses Test, 

Guilford’s tests of 

consequences, unusual 

tests, the Kent-Rosanoff 

word association list, 

science word association 

test, scientific incomplete 

sentences test, the 

Minnesota Engineering 

Analogies Test             

Inter-rater 

reliability, Split-

half reliability, 

Pearson 

correlations 

No significant correlations 

were found among 

measures of creativity in 

any of the domains. 
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Table 2.3     (continued).  
                 

 
 

 

   

 
Study 

 
Participants 

 
Test(s) 

 
Analysis 

 
Conclusions 

Rotter, Langland, 

and Berger 

(1971) 

61 second 

graders 

Wallach and Kogan 

Creativity Test, Alternate 

Uses and Instances, 

Pattern Meanings and 

Line Meanings), 

California Test of Mental 

Maturity, Long Form, 

100-item checklist of 

creative activities as in 

Torrance study (1965) 

Spearman-Brown 

split-half reliability 

Pearson Correlation

Physical sciences were not 

correlated with creativity.  

Arts and crafts were not 

related to creativity.  Game 

activities were not related 

to creativity.  
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  Table 2.4  
 
   Review of the Studies of the Domain Generality of Creativity 

 
Study 

 
Participants 

 
Test(s) 

 
Analysis 

 
Conclusions 

Conti, Coon, and 

Amabile (1996)  

 

82 young adults 

 

Writing short stories and 

art activities, Pictures 

from the Thematic 

Apperception Test  

 

Pearson correlation, 

Consensual 

assessment technique 

Cronbah alpha  

Evidence was found 

for the generality of 

creativity across 

domains. 

 

Eunsook and 

Milgram (1995) 

 

60 second grade 

students  

Wallach and Kogan 

Creativity Tests (Uses 

and Pattern Meanings 

Subtests), Laboratory 

problem-solving tasks, 

Tel Aviv Activities 

Inventory, WISC 

t-test, partial 

Correlation,            

Factor analysis 

 

Domain generality 

of creativity was 

supported as high 

intercorrelations 

among specific 

domains were 

found. 
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     Table 2.4     (continued).  
 

 
Study 

 
Participants 

 
Test(s) 

 
Analysis 

 
Conclusions 

Okuda, 

Runco, and 

Berger (1991) 

77 fourth 

and sixth 

grade 

students 

Wallach and Kogan Creativity Test, 

Real-World Divergent Thinking 

Test 

Hierarchical 

regression 

analyses 

A significant correlation was 

found between the Real-

World Divergent Thinking 

Test and the Wallach and 

Kogan creativity test. 

Runco (1987) 

 

 

 

 

228 

children, 79 

gifted and 

78 nongifted

65-item questionnaire representing 

seven domains (adapted from 

Hocevar, 1978): writing, music, 

crafts, art, science, performing arts, 

and public presentation  

 

Inter-item 

correlation using 

Cronbach Alpha, 

Pearson 

correlation 

Moderate generality was 

found in the quantity of 

creative performance, and 

moderate specificity in the 

quality of their creative 

performance. 
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  Table 2.4     (continued).  
 

 
Study 

 
Participants 

 
Test(s) 

 
Analysis 

 
Conclusions 

Stubbs and 

Amabile 

(1979) 

47 first and second 

graders   

Guillford’s Unusual Test 

Storytelling, and Collage making 

Pearson correlation Divergent thinking 

correlated 

significantly with 

storytelling.  

Wallbrown 

and 

Huelsman 

(1975) 

 

74 third and fourth 

grade students 

Wallach and Kogan Creativity 

Test 

Art Products (crayon drawing and 

clay work) 

WISC 

Bialer Locus of Control Scale 

Coefficient of 

concordance (W) 

Chi-square 

The Wallach 

Kogan Test 

correlated 

significantly with 

clay work but not 

with crayon 

drawing. 
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     Table 2.4     (continued).  
 

 
Study 

 
Participants 

 
Test(s) 

 
Analysis 

 
Conclusions 

Kogan and 

Panvoke (1974) 

Fifth 

graders in a 

five-year 

follow up 

Wallach and Kogan Creativity Test 

Self-report Extracurricular creative 

activities 

Pearson 

correlation 

Multiple 

regression 

Analysis 

Fifth and tenth grade students’ 

divergent thinking accounted 

for about half of the variance 

in their extracurricular 

activities. 

Rotter, 

Langland, and 

Berger (1971) 

61 second-

grade 

students 

Wallach and Kogan Creativity Test 

Creative Activities Extracurricular 

Checklist (writing, reading, drama, 

games, social studies, physical 

science, arts, crafts, and life sciences) 

WISC 

Pearson 

correlation 

Divergent thinking correlated 

significantly with writing, 

reading, drama, and life 

sciences but not with art, 

crafts, social studies, games, 

and physical sciences. 
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From tables 2.3 and 2.4, the following can be concluded: 

1. Most of the authors in the cited review of literature investigated the domain 

specificity of elementary school children.  

2. For assessment, most of the authors used divergent-thinking creativity tests such 

as Torrance Tests of Creative Thinking (Diakidoy & Spanoudis, 2002), Wallach 

and Kogan Creativity Test (Han, 2003; Runco, 1987), or Guilford’s Creativity 

Tests (Gough, 1975). Some other authors used performance assessment such as 

collage making, storytelling, and story and poetry writing (Han, 2003, Baer, 1994; 

Baer, 1991). Other authors used checklists (Rotter, Langland, & Berger, 1971), or 

the Self-Report of Creative Extra Curricular Activities Questionnaire (Runco, 

1987). None of the cited authors studied science achievement or scientific 

creativity except Gough (1975), who used the scientific incomplete sentences test.  

3. Most of the researchers found partial evidence for the domain specificity of 

creativity. In other words, intraindividual differences were found between various 

measures of creativity, but not in a consistent way.  

Part V: Nature and Theoretical Underpinnings of Scientific Creativity 

Simonton (2004) stated that the topic of scientific creativity was discussed by 

many researchers in numerous distinctive fields. This discussion was called 

“metasciences” (Simonton, 1988). The most significant of these metasciences were the 

history of science, the philosophy of science, the sociology of science, and the 

psychology of science. Each of these metasciences had its own interpretation of scientific 

creativity. According to Simonton (2004), differences among these metasciences were 
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also based on the fact that scientific creativity could be explored from four essential 

components: logic, genius, chance, and zeitgeist.  

 Philosophers strived to present a logical basis for scientific discovery. The first 

attempts were accomplished by Francis Bacon and Rene Descartes. Bacon focused on 

inductive reasoning and Descartes focused on deductive reasoning. These endeavors 

attracted the attention of some prominent philosophers such as Locke, Kant, and Mill. 

Furthermore, the position of logical reasoning was definitely clear in any high-impact 

scientific contribution. For example, Newton’s Principia was considered to be an 

ultimate display of the hypothetico-deductive method, a form of logical analysis that 

constituted a paradigm for how best to do science. Scientific creativity was viewed as 

giving science “a high degree of inconvertible inevitability” (Simonton, 2004, p. 4).  

 Some advocates of the psychology of science agreed on the same philosophical 

standpoint about scientific creativity as Herbert Simon. A Nobel laureate in economics, 

Simon carried out a remarkable number of laboratory experiments and computer 

simulations that allege to inaugurate the logical bases of scientific creativity (Klahr & 

Simon, 1999). Computer simulations were called discovery programs. Programs were 

meant to replicate the achievements of prominent scientists by applying logical analyses 

to empirical data. Simulations proved successful in replicating real-life experiments and 

rediscovered aspects of some theories. Simonton (2004) concluded that if a scientist 

“masters the logic of science and the substance of a particular discipline, creativity is 

guaranteed.” Simonton (2003) argued that since the time of Francis Bacon and René 

Descartes, science philosophers have been striving to introduce a logical explanation for 
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scientific discovery. The logic might be deductive or inductive or a mix of the two, 

whereas the application should be purposeful and clear-cut. Max Planck (1949, in 

Simonton, 2003) argued that creative scientists “must have a vivid intuitive imagination, 

for new ideas are not generated by deduction, but by an artistically creative imagination” 

(p. 109).  

 Did every one accept the limitations of the logical approach? Simonton (1999) 

stated that scientific creativity, from the psychology of science point of view, might 

necessitate some special abilities or characteristics that made individuals at a prominent 

distance from their normal colleagues. Some psychologists thought that creativity 

involved the intellectual and dispositional ability to produce novel or unusual 

associations and analogies along with rich imagery.  

 The third perspective was chance, which represented the unexpected events and 

circumstances that led to scientific discovery. Simonton (2004) concluded that “such 

events often are so unexpected that they can exert an inordinate influence over the course 

of scientific history, thrusting it in surprising directions” (p. 8). Clear examples of 

unexpected events were the discovery of X-rays and radioactivity. Simonton called 

chance serendipity. He drew an example about school children who heard about the way 

Newton discovered gravity after watching the apple falling from a tree. Simonton (2004) 

concluded that to look at creativity from the chance viewpoint did not mean that creative 

scientists were purely lucky. “Because some scientists appear to be consistently luckier 

than others, it is probably more correct to assert that scientific genius includes a capacity 

for the exploitation of science” (p. 10).  
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 The fourth and last perspective was the sociology-of-science perspective. 

Sociologists of science had an argument that inventions and discoveries were the 

unavoidable product of the sociocultural system that was often characterized as zeitgeist 

or spirit of the times. Historians of science thought that scientific creativity was 

contextually decided (Furumoto, 1989). Merton (in Simonton, 2004) concluded that 

discoveries and inventions were inevitable for two reasons. The first was that these 

discoveries became inevitable when knowledge accumulated in man’s culture and the 

second was because of emerging social needs. Marxist historians believed the scientific 

ideas should have immediately and permanently reflected the materialistic conditions of 

the society.  

Other theoretical frameworks of Studying Scientific Creativity 

Simonton (2003) argued that “these real-life data all converge on a single 

implication: Genuine instances of science at the behavioral level display the telltale 

characteristics of a constrained stochastic process. That is, creative behavior in science 

demands the intrusion of a restricted amount of chance, randomness, or unpredictability” 

(p. 476). According to Simonton (2003), scientific creativity entails what is called a 

stochastic process. To understand how scientific creativity involved a stochastic process, 

the following assumptions were made (a) every scientific or technological endeavor 

consists of two main elements, specifically what Csikszentmihalyi (1990) called the 

domain and the field. The domain involved a large but limited set of facts, concepts, 

techniques, heuristics, themes, questions, goals, and criteria. These could be jointly 

referred to as the population of ideas that structure a given domain. The field involved all 
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the individuals who worked with the set of ideas that characterized the domain. Those 

individuals were the scientists who were presumably inclined to study, evaluate, and 

develop the discoveries and innovations produced by others in the same field, and (b) 

every scientist during learning obtained his or her ‘sample’ from the larger set of ideas. 

Each person who described a field had an exclusive set of ideas that determined the 

domain.  

Dunbar (1999) concluded that the topic of scientific creativity has been the focus 

of diverse areas in the field of psychology such as Gestalt, social, cognitive, 

psychometric, and analytical approaches. Also, he argued that the reason for the immense 

interest in the creativity of scientists was that scientists talked about their research and 

inventions in the same terms as well as other creative producers such as poets and artists. 

Another reason was that the domain of science was highly appreciated in the American 

society. The race between the US and the late Soviet Union caused politicians to push 

psychologists forward and ask them to create approaches by which scientific creativity 

could be identified and nurtured, especially in the space race. Accordingly, the 

psychometric approach to creativity was revitalized. “More recently, the cognitive 

approach to creativity has uncovered many of the important components of scientific 

thinking and creativity through experimentation, historical analyses, and in vivo 

investigations of live scientists” (p. 526).  

Dunbar (1999) also concluded that the most prevalent way of exploring scientific 

creativity has been scrutinizing either the life of a creator in science or the way a scientist 

made a difference by coming up with a scientific discovery. The purpose of this scrutiny 
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was to pinpoint the mental processes that a certain scientist used to produce a discovery. 

Authors used autobiographies, lab notebooks, and interviews with scientists and strived 

to pinpoint the strategies the scientist used in creating or producing a discovery. An 

example of the study of a prominent scientist was the focus of the Gestalt theory of the 

scientific creativity of Albert Einstein. Max Wertheimer, a Gestalt psychologist, stated 

that the way Einstein reorganized the problems in physics influenced his productions. 

One problem of the Gestalt approach was that the Gestalt psychologists did not have an 

elaborated theory of what represented knowledge in the mind or an explanation of the 

mechanisms by which knowledge changes over time. “The more recent cognitive 

approach to scientific creativity made it possible to propose specific models of both the 

conscious and unconscious components of knowledge representation that form the basis 

of contemporary accounts of thinking and reasoning. 

Simonton’s chance-configuration theory was another significant approach in 

interpreting the nature of scientific creativity. This theory rested on the analysis of the 

prominent historical figures in science. Simonton stated that scientific creativity started 

with the chance variation or permutation of mental elements. He proposed that “these 

chance permutations coalesce to produce a configuration that is a new scientific idea, 

hypothesis, explanation, or experiment” (Dunbar, 1999, p. 526).  This process could lead 

to scientific creativity. Donald Campbell in his evolutionary approach to creativity, 

argued that an essential mental process explaining or underlying scientific creativity is 

the random permutation of ideas.  
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 Dunbar (1999) argued that although the approaches that have been used in 

identifying scientific creativity contributed to the literature by providing tentative 

explanations of the topic, these methods were not enough to account for what creative 

scientists actually did and the way they thought. Dunbar (1999) stated that to have a 

better view of scientific creativity, collecting data on scientists through observing their 

thinking and reasoning in their labs was important. He developed the scientific creativity 

in vivo approach because he thought that observing scientists in live situations was 

important “as many of the important thought processes that the scientists use are 

forgotten by the scientists and do not make it into their lab books or notes” (p. 527). 

Dunbar stated that once we had an idea of the mental models that these scientists had, we 

could test these models on structured experiments in psychological labs as in vitro 

research; an approach that was very similar to that of Herbert Simon.  

Vernon (1987) argued that scientific creativity could be approached from different 

theoretical underpinnings. He concluded that the equivalent methods of theory, 

introspection, and experimentation used in cognitive psychology have been frequently 

employed to approach the topic of scientific creativity. Examples from cognitive 

psychology included: (1) the application of information theory on problem solving, 

including creative thinking (Fredriksen, 1984), (2) the use of computer programs in 

simulating human problem solving (Newell, Shaw, and Simon, 1962), (3)  the 

comparison of thinking to complex motor skills and juxtaposing logical-sequential with 

audacious thinking (Bartlett, 1958), (4) the use of the classical associationist theory in 

solving some problems by collapsing or breaking down conventional associations to 
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reach original or novel solutions (Mednick, 1962), (5) the Gestalt theory, in which 

psychologists looked at scientific discovery as a new reorganization or restructuring of 

recognizable or familiar knowledge that yields better understanding of the problem or 

‘better Gestalts, and (6) the distinction of normal science that just added to prior 

knowledge with revolutionary science, where prior postulations and paradigms were 

abandoned and a new fusion was achieved.  

The second perspective that Vernon looked at was the psychodynamic theories. 

Freud and his disciples searched to interpret the motivational factors that lay beneath 

creative production. Also, Freud also discussed the work of artists and proposed that the 

work of artists was like fantasy or dreaming that involved the expression of wishes 

arising from the id. Although subsequent writers did not agree that art should be viewed 

as a kind of neurosis or a sublimation of a sexual or violent or aggressive inclinations, 

Kris (1952, in Dunbar, 1999) concluded that creativity entailed regression to a primary 

source and then being converted into a work of art by a secondary process.  

Weisberg (1986) concluded that two differences existed between creative and 

noncreative scientists. The first was that creative scientists liked to be freed from 

regulations or rules so they could think in a flexible way. Such flexibility allowed those 

scientists to leave out nonproductive trials. The second difference was that creative 

scientists had a tendency to experience sensitivity to problems. The creative scientists 

might easily recognize a problem that seemed difficult for others to recognize. 

 Meador (2003) argued that children who were flexible and open to experience 

would be vigilant and alert during investigations and realize what others might not see or 
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realize. Charlesworth and Lind (1995) developed a hierarchy of science process skills and 

classified them into basic, intermediate, and advanced levels. The summary of the review 

of literature about scientific creativity is presented in table 2.5. 
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 Table 2.5  

 Summary of Studies about Scientific Creativity 
 
Study 

 
Participants 

 
Test(s) 

 
Analysis 

 
Conclusions 

Liang (2002)  130 male 11th graders 

in three biology classes 

Test of Divergent 

Thinking, Creativity 

Rating Scale Creative 

Activities and 

Accomplishments 

Checklist  

- The Nature of 

Scientific Knowledge 

Scale 

- Science Attitudes 

Scale 

Pearson Product-

Moment Correlation 

Stepwise multiple  

Students’ scientific 

creativity was 

significantly correlated 

to problem finding and 

formulating 

hypotheses.  

Hu & Adey (2002) 

 

150 secondary school 

students in England 

Test of Scientific 

Creativity  

Item analyses, internal 

consistency  

The test is useful in 

assessing the scientific 
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Table 2.5     (continued).  

 
Study 

 
Participants 

 
Test(s) 

 
Analysis 

 
Conclusions 

  (Hu & Adey, 2002)  Inter-scorer reliability 

Factor Analysis,  Face 

validity 

creativity of secondary 

school students. 

Sansanwal, & Sharma 

(1993) 

 

 

 

228 secondary school 

students (131 males 

and 97 females) from 

grades 9 to 10 

Majumdar Scientific 

Creativity Test 

Jabota’s General 

Mental Ability Test 

Sansanwal & 

Bhawalker’s (1989) 

Self-confidence Scale 

ANOVA (2X2 design) 

 

Grade level influenced 

the scientific creativity 

of students.  

Gender didn’t have any 

significant influence on 

scientific creativity.  

Self confidence was 

found to affect 

scientific creativity. 
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Table 2.5     (continued).  

 
Study 

 
Participants 

 
Test(s) 

 
Analysis 

 
Conclusions 

Gupta (1988) 550 secondary school 

science students 

Scientific Creativity 

Test consisting of 30 

items 

Goodness of Fit,  

Scientific Creativity 

Index  

The result was not 

significantly different 

from a normal 

distribution at the .05 

level and the 

hypothesis of normal 

distribution was 

retained. 

Shukla & 

Sharma(1987) 

230 7th and 8th graders Test of Scientific 

Creativity (Shukla & 

Sharma, 1980) 

Responses obtained 

were scores of fluency, 

flexibility, and 

originality.  Means, 

SDs, and t-values 

Urban pupils were 

higher in all aspects of 

scientific creativity.  
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Table 2.5     (continued).  

 
Study 

 
Participants 

 
Test(s) 

 
Analysis 

 
Conclusions 

Sinha & Singh (1987) 

  

54 Secondary school 

students 

Test of scientific 

creativity consisting of 

84 items 

Item analysis, 

Difficulty value, 

Discrimination value , 

test-retest, split-half, 

and KR-20, content 

and Criterion validity 

The scientific 

creativity test is highly 

reliable and valid to 

identify scientifically 

creative students in 

high school. 

Shukla & Sharma 

(1986)  

 

 

 

 

230 pupils from middle 

schools (117 boys and 

113 girls) 

Test of Scientific 

Creativity (Shukla, 

1980) 

Means 

SD 

t-test 

 

 

No significant 

differences were found 

between boys and girls 

in scientific creativity. 
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Table 2.5     (continued).  

 
Study 

 
Participants 

 
Test(s) 

 
Analysis 

 
Conclusions 

Friedlander (1983) 143 students in grades 

eleven and twelve  

The Natural Science 

Creativity Test 

Reliability: test re-test 

Interrater reliability 

Criterion-related 

validity 

The test is one of the 

first attempts to 

develop a creative 

evaluation of natural 

science.  
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From table 2.5, the following can be concluded:  

Most of the assessments developed to measure scientific creativity were for 

secondary school students. Fiedlander (1983) developed a test in which high school 

students reacted to a plant or animal stimulus through a series of divergent thinking 

questions dealing with data collection, problem solving, hypothesis construction, and 

planning experiments. Majumdar (1975) developed the Scientific Creativity Test which 

consisted of tasks from physics, biology, and mathematics. The focus on Majumdar’s test 

was to identify the creative talent necessary to solve the current and future problems of 

the world. Sinha and Singh (1987) developed an English-Hindi instrument for assessing 

scientific creativity in secondary school students. The components that were measured by 

that instrument included flexibility, novelty, observation abilities, imagination, analysis 

capabilities, and transformation abilities.  

Looking at these instruments, some conclusions could be made. One point was 

that these scientific creativity tests targeted secondary school students. Another point was 

that these tests were developed for certain cultures, so the applicability across other 

cultures might be questionable. Majumdar (1975) argued that measures of creative 

achievement in any domain of science could be designed to have problem-oriented 

questions that necessitate various and original situations, thus giving the students 

opportunities to make use of their creativity. Whereas divergent thinking abilities were 

viewed as the catalyst of creative production for scientific creativity, some other elements 

such as convergent thinking, cognition and evaluation, especially of transformations, 

were very important. Majumdar (1975) developed the Scientific Creativity Test. This test 
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consisted of 29 structure-of-intellect factor tests with content areas from physics, 

chemistry, biology, and mathematics that entailed several creative responses (Majumdar, 

1973, 1974).  

Moravcsik (1981) concluded that “scientific creativity can appear in the 

conception of new ideas contributing to scientific knowledge itself, in the formulation of 

new theories of science, in the devising of new experiments to probe nature’s law, in the 

development of scientific ideas applied to particular domains of practical interest, in the 

realization of new organizational features of scientific research and of scientific 

community, in the novel implementation of plans and blueprints for scientific activities, 

in trail-blazing undertakings to transmit the scientific outlook into the public mind, and in 

many other realms”(p.222).  

Students with high scores in divergent thinking tests (formal creativity tests) 

might not have high creative potential in science since general creativity should not 

represent the creativity in a specific field. For example, Musil and Ondrusek (1982) 

claimed that specific divergent tests have to be designed in order to improve the 

prediction of specific types of creativity. Accordingly, we can not test scientific creativity 

by only using standard creativity tests. Thus, some researchers tried to design some 

specific tests for assessing students’ scientific creativity such as physics creativity tests, 

math creativity tests, and chemistry creativity tests (Eichenberger, 1978; Davis, 1971). 

Eichenberger (1978) used The Judging Criteria Instrument to evaluate creativity of 40 

students in a physics class, and he used rating scales to evaluate fluency, flexibility, 

originality, elaboration, usefulness, social acceptance, and worth to science. 
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Unfortunately, no scientific creativity tests published for commercial testing exist. Thus, 

scientific creativity can not be assessed by just using a single test, and we need to build a 

model of assessment involving more holistic elements. 

Sinha and Singh (1987) concluded that a good test for assessing scientific 

creativity should measure the originality and novelty in the abilities that characterize 

scientists. Examples of these abilities were analyzing, synthesizing, and hypothesizing. 

They also believed that a good test in scientific creativity should measure the novelty or 

originality in the abilities that the creative scientist would need. They thought that 

“properly loaded factors of novelty, flexibility, and fluency applied to different processes 

involved in scientific method of problem-solving appear to be a good measure of 

scientific creativity” (p. 4 ).   

Hu and Adey (2002) developed a model for assessing the scientific creativity of 

secondary school students. This model was based on Guilford’s Structure-of-Intellect 

model. Hu and Adey’s model consisted of three dimensions: the process, the trait, and the 

product. The process dimension consisted of imagination and thinking. The trait 

dimension consisted of originality, fluency, and flexibility. The product dimensions 

consisted of science problem, science phenomena, science knowledge, and technical 

product.  

Liang (2002) adopted two conceptual models for identifying creativity. The first 

model rested on the work of Mooney (1963) who used a classification of creativity that 

consisted of four elements: the creative product, the creative person, the creative process, 

and the creative environment for identifying creativity. Each of these elements provided a 
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different perspective and criteria for identifying creativity. Mooney proposed that 

combining these four elements together and delineating them to be aspects of one whole 

idea was essential. Researchers used the creative product and the creative process as the 

criteria for identifying creativity. In terms of the creative product, authors used citation 

counts derived from either SSCI (Social Sciences Citation Index) or SCI (Social Sciences 

Index) and expert ratings to judge creative production in science.  

 The second model rested on Amabile’s (1983) model. Amabile suggested a three-

component model by adopting a psychological view of creativity. The three elements in 

Amabile’s model were: domain-relevant skills, creativity-relevant skills, and task 

motivation. Domain-relevant skills were the most essential, since the individual could be 

considered creative only if he knew a good amount of knowledge about a specific area 

and possessed the skills deemed indispensable to create in this domain. Creativity-

relevant skills represented the cognitive and personality characteristics that have been 

considered as underlying generation by creative individuals. Task motivation involved 

attitudes toward the task and the perceptions of the individual’s self-motivation for 

accomplishing the task. Liang (2002) did not develop any special instruments for 

identifying scientific creativity, but he used a battery of assessments such as the Creative 

Activities and Accomplishments Checklist (Runco, 1987) and a hypotheses formation 

test he adapted.  

 From the review of some assessments of scientific creativity, the need for an 

instrument that overcomes the flaws in previous research becomes apparent. Some of 

these flaws include less concentration on performance-based assessment, limited 
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theoretical bases, overlooking elementary school children, and ignoring the use of a 

variety of science process skills.   

Part VI: Gender Differences in Science Achievement 

In a speech delivered in front of the National Bureau of Economic Research in 

2005, Lawrence Summers, the Harvard University president, proposed that the difference 

between girls and boys’ achievement in math and science might be due to genetic rather 

than social differences and these were the reasons why of women in these two fields are 

scarce. Other researchers (Bransford, 2000) concluded that research on learning indicated 

that expectations greatly affected performance, especially in tests.  

If the society, various institutions, classroom teachers, and those in leadership 

positions, such as the president of Harvard, proposed, either explicitly or implicitly, that 

girls and women would not achieve and perform in a similar way to boys and men, then 

many girls and women would not achieve as well because of these negative expectations 

(Bransford, 2000). Valian (1999) argued that women’s endeavors and efforts were not 

valued, acknowledged, and rewarded as much as males’.  

Meece and Jones (1996) concluded that regardless of the attempts to augment the 

number of women in science classes and jobs, remarkable differences still existed 

between the performance of men and women on standardized tests of scientific 

achievement. Hedges and Nowell (1995) concluded that the ratio between teenage males 

and females who got scores in the top 5 % in science tests was 7 to 1. Other researchers 

argued that the causes of gender differences in science achievement were (a) inborn 

differences in visual-spatial abilities, (b) differences in socialization experiences at home 
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and school, (c) gender role stereotypes, and (d) differences in males and females’ 

participation in science inside or outside the school (Kahle & Meece, 1994; Jones & 

Wheatley, 1989).  

Some researchers stated that one reason behind the gender differences in science 

achievement at the high school level was rote versus meaningful learning modes (Ridley 

& Novak, 1983). Ridely and Novak (1983) also concluded that girls lacked meaningful 

learning, leading to less likelihood for girls to achieve in science. Ausubel (1968) defined 

meaningful learning as necessitating a task that was related to the student’s cognitive 

structure. Also, he concluded that the student should be skillful at associating the material 

in a structured way to what was already available in his cognitive structure. On the other 

hand, rote learning was basically haphazard, verbatim, and unrelated to events and 

usually did not have the emotional commitment of the learner to associate new 

information to what already existed. Ausubel (1968) concluded that students should be 

skillful in associating the material in a structured way to what was already available in 

their cognitive structures.  

Ridley and Novak (1983) argued that females were socialized with rote learning 

modes because of their predisposition of desiring to satisfy the teacher. On the other 

hand, boys were socialized with varied, risk taking behaviors and refusing teacher 

expectations. The female inclination toward rote learning in science led to the divergence 

or the difference in the participation in science courses later on because at later stages of 

learning science “the failure to learn meaningfully is more likely to detract from assessed 
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performance” (p. 394). Accordingly, the gap between males and females in science 

achievement increased from elementary to high school.  

 Atkin (1977), in a study about an instructional strategy designed to enhance 

meaningful learning in organic chemistry, did not find any differences between males and 

females in factual recall. However, males surpassed females in original problem solving 

that necessitated meaningful learning. In another study, Novak and Musonda (1991) 

concluded that females had less integrated and less complex concepts when they were 

measured by concept mapping. On the other hand, boys were more skillful in having 

meaningful conceptual understandings in upper levels of school.  

Researchers concluded that differences existed between males and females in 

approaching science (Khale & Lakes, 1983). Among the factors affecting males’ science 

achievement positively were prior experience, attitude, and participation (Erickson & 

Farkas, 1991; Weinburgh, 1991; Haggerty, 1991). Khale & Lakes (1983) stated that girls’ 

weak performance in science was because they had less varied kinds of experiences with 

a variety of physical phenomena that are related to these experiences (Kahle & Lakes, 

1983). 

Smith (1992) concluded that the difference in science achievement of males and 

females was due to the slower increase of females’ science achievement as compared to 

boys around the 7th grade. Weinburgh (1995) concluded that results from various studies 

about gender differences in science achievement were mixed and deciding which factors 

were related to this difference was not easy. 
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On the other hand, Toh (1993) compared eighth-grade males and females on three 

practical problem-solving tasks in physical science. No significant gender differences 

were found. An important finding of this study was that females preferred content 

familiarity provided through enough exposure. In another study, Weinburgh and England 

(1994) found that gender had a significant effect on attitudes. Females showed more 

positive attitudes toward biology laboratory assignments than males. Researchers argued 

that growing evidence of the gender gap was likely to be understood in the light of the 

apparent “masculinity of science” and the ongoing teaching methods in the schools 

(Strom, 1999; Kahle & Meece, 1994; Keller, 1985). Hammrich (1997) stated that when 

females were disappointed by this masculinity, their attitudes were affected negatively 

and they refrained from choosing science-related jobs.  

Strom (1999) also concluded that young males were characterized by their 

confidence levels in their ability to achieve science better then females. Interest in science 

kept increasing throughout school in males while females’ interests and attitudes toward 

science were evident in elementary school and started to decrease when they entered 

middle and high school. Schibeci & Riley (1986) concluded that females from 

economically and educationally deprived communities were obliged to adapt to their 

limited life experiences. This, in turn, left them vulnerable to negative attitudes toward 

science.  

Strom (1999) mentioned that the AAUW (American Association of University 

Women) Report (1992) indicated that a clear increase, not a decrease, in gender 

differences in science achievement was apparent. The NAEP (National Assessment of 
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Educational Progress) kept track of science achievement and the AAUW Report (1992) 

denoted that gender differences in science achievement increased between 1978 and 1986 

for 9 and 13 year olds. The largest difference was in the 17-year-olds and this difference 

was still the same as 1978. The domains of science that males were excelling in were 

physics, chemistry, earth science, and space science.  

 On the other hand, Catsambis (1995) concluded that eighth-grade females did not 

fall behind in science achievement tests, grades and course enrollments. Moreover, 

Catsambis (1995) found that females have had more possible chances for joining high-

ability classes than males. Nonetheless, males had more positive attitudes toward science 

than females, participated in more related extracurricular activities, and aimed at science 

jobs more than females. Serbin, Zelkowitz, Gold, and Weaton, (1990) concluded that 

females did better than males in academic performance. Path analysis indicated that 

females’ advantage was partly attributed to their distinctive response to social cues and 

conformity to adult guidance. This advantage was partly counterbalanced by males’ 

distinguished visual spatial skills; a predictor of academic success.  

Tracy (1990) did not find any significant differences between males and females 

in science achievement. Nonetheless, the results indicated a significant difference in 

science achievement for students with different spatial abilities. Students with high 

spatial abilities have had high science achievement scores. Strom (1999) believed that no 

cause-and-effect relationship could be decided here.  

Vernon (1987) concluded that the differences between males and females in 

science were due to cultural pressures and gender role expectations. Another reason 
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beyond the fact that a few women were creative was that these women were more 

sensitive to criticism than men and found it difficult to face depressing perceptions about 

their work. Another reason for gender differences was the burden on the shoulders of the 

woman regarding family commitments, childbearing, and inadequate educational 

opportunities. In American society, researchers argued that creative and prominent 

women had gone through extensive stress associated with role conflict and burdens.  

In 1989, Nina Roscher investigated a group of 12 highly creative prominent 

women in science who pointed out that having a role model was a key element in their 

success either at high school or in the university; either a professor or a family member 

encouraged them. A great number of married women said their spouses pushed them to 

success. Reis (1999) argued that some researchers believed that gender differences 

existed between males and females because some females recognized creative 

phenomena in a different way from males. Rena Subotnik and Karen Anrold (In Reis, 

1999) studied women in science and they found that creative women in science seemed to 

be motivated to a great extent by profound cognitive or intellectual engagement and the 

recognition related to significant discoveries. 

Research on gender differences in scientific creativity was scarce. Two Indian 

studies were conducted to investigate this issue. Sansanwal and Sharma (1993) concluded 

that gender did not have any significant effect on scientific creativity. Also, they found 

that students’ self-confidence affected scientific creativity. Shukla and Sharma (1987) 

stated that no significant differences were found between boys and girls in scientific 

creativity. In the United Kingdom, Hu, Lin, and Shen (2003), in a study conducted on 
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British adolescents, concluded that females outperformed males in scientific creativity. A 

summary of the literature about gender difference in scientific creativity and science 

achievement is presented in table 2.6. 
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  Table 2.6 

   Summary of Studies of Gender differences in Scientific Creativity and Science Achievement 
 
Study 

 
Participants 

 
Test(s) 

 
Analysis 

 
Conclusions 

Hu, Lin, & Shen 

(2003) 

1098 students (aged 

11 to 15 yrs) 

Test of Scientific 

Creativity 

Questionnaire of 

Creative Activities 

t-test Adolescents showed 

significant gender differences 

in scientific creativity: the 

females were superior to the 

males. 

Echevarria (2003) 

 

3667 students in 

grades 3 to 6 

Test: Stanford 

Achievement Test, 

Teacher Survey Data 

MANOVA, 

t-test 

Boys significantly 

outperformed girls in 

traditional classrooms and in 

reform classrooms. 

Performance in reform 

classrooms (hands-on science) 

exceeded the performance in 

traditional classrooms. 
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     Table 2.6     (continued) 
 

 
Study 

 
Participants 

 
Test(s) 

 
Analysis 

 
Conclusions 

Ma and Wilkins 

(2002) 

 

52 middle and high 

school students 

Science achievement 

measured in three 

areas: biology, physical 

science, and 

environmental science 

Hierarchical 

Linear Model 

No evidence for gender 

differences in science 

achievement was found. 

She (2001) 90 seventh-grade 

students 

 

Observation of 

classrooms, Transcripts 

were coded according 

to the Teacher-Student 

Interaction systems 

Qualitative 

Analyses of 

Teacher–

Student 

Interactions 

Chi square  

 

Females in the low-

achieving biology class 

participated in a 

comparable manner with 

males while in the high-

achieving class, females 

generated more questions 

than boys. 
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      Table 2.6      (continued) 
 

 
Study 

 
Participants 

 
Test(s) 

 
Analysis 

 
Conclusions 

Freedman 

(2001) 

Ninth-grade physical-

science students 

Scores of science 

achievement on final 

examination  

 

t-test 

ANCOVA 

No significant gender differences 

were found on objective 

examination of achievement in 

science knowledge.  

Mau and Lynn 

(2000) 

Nationally 

representative sample 

of tenth-grade students 

Students were tested in 

1990 on math, reading, 

and science and 

retested at twelfth 

grade in 1991 

ANOVA 

Pearson 

correlation 

Males scored higher in math and 

science than females.  

Soyibo (1999) 1216 secondary-school 

students 

Errors in Biological 

Labeling Test (EBLT) 

t-test 

 

Females performed better on all the 

test categories than males. 

Dimitrov (1999) 2551 fifth-grade 

students 

Ohio Off-Grade  MANOVA

 

No gender differences were found 

for the low and medium ability- 
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      Table 2.6    (continued) 
 

 
Study 

 
Participants 

 
Test(s) 

 
Analysis 

 
Conclusions 

  Proficiency Test  (Science) 
 

 students, regardless of response 

formats and strands of learning 

outcomes. 

Preece, Skinner 

and Riall (1999) 

Students in 664 

schools in 

England and 

Wales 

National Science Test t-test 

Pearson 

correlation 

Males outperformed females in 

science. 

Lawrenz,  

Huffman, and 

Welch (2001) 

3500 ninth-grade 

students 

 

Multiple Choice Test, Written 

Open-ended Test, Hands-on 

Content-based Laboratory 

Station Test, and Hands-on 

Full Investigation Test 

Percent 

correct 

Pearson 

correlation 

No gender differences were 

found on any of the assessment 

formats. 
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       Table 2.6    (continued) 
 

 
Study 

 
Participants 

 
Test(s) 

 
Analysis 

 
Conclusions 

Hamilton 

(1998) 

 

2230 twelfth-

grade students 

Multiple-Choice Science Test 

Constructed Response Science Test 

(nuclear and fossil fuels, eclipse, 

rabbit and wolf populations, and 

heating curve) Weighted Kappa for 

interrater reliability 

Multivariate 

models, 

Interviews 

Factor 

analysis 

Both the quantitative and 

interview analyses showed that 

males outperformed females 

especially on items with 

visualization requirements and 

on items that need application of 

knowledge in the school. 

Jovanovich, 

Solano-

Flores, and 

Shavelson 

(1994) 

109 fifth-grade 

students 

Two performance-based 

investigations of the Science 

Performance Field Test of California 

Assessment Program: Incline planes 

and friction 

ANOVA No overall gender effect was 

found. A few differences existed 

between males and females on 

performance-based assessments 

at the elementary school level. 
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  Table 2.6       (continued) 
 

 
Study 

 
Participants 

 
Test(s) 

 
Analysis 

 
Conclusions 

Shavelson, 

Baxter, and Gao 

(1993) 

600 six-grade 

students 

Science achievement scores, Science 

Performance Field Test of California 

Assessment Program (five hands-on 

investigations; electricity, leaves, 

rocks, measurement, acids and 

bases) 

ANOVA 

 

Females performed better than 

males on three of the five 

investigations: leaves, acids, and 

bases.  

Sansanwal, & 

Sharma (1993) 

 

 

228 secondary 

school students 

(131 males and 

97 females) 

from grades 9 to 

10 

Majumdar Scientific Creativity Test 

Jabota’s General Mental Ability 

Test 

Sansanwal and Bhawalker’s (1989) 

Self-confidence Scale 

ANOVA 

(2X2 

design) 

Gender did not have any 

significant influence on 

scientific creativity.  

Self-confidence was found to 

affect scientific creativity. 
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      Table 2.6      (continued) 
 

 
Study 

 
Participants 

 
Test(s) 

 
Analysis 

 
Conclusions 

Shavelson, 

Baxter, 

Goldman and 

Pine (1992) 

197 fifth and 

sixth-graders 

Three hands-on investigations from the 

Science Performance Field Test of 

California Assessment Program: 

Electric mysteries, bugs, and paper 

towels 

ANOVA No overall effect was found for 

gender. However, males 

outperformed females on the 

electric mysteries investigation. 

Smith (1992) 1747 seventh- 

and-ninth 

grade students 

Comprehensive Tests of Basic Skills  Multiple 

regression 

ANOVA 

Males were better in science 

achievement at the ninth-grade 

level while females were better 

at the seventh-grade level. 

Levin, Sabar, 

and Libman 

(1991) 

1934 ninth-

grade students 

Science achievement tests, , attitude 

scales, Understanding Science Test, 

scales of classroom and self-perception; 

and Opportunity to Learn questionnaire 

p values, 

Pearson 

correlation

Gender differences favoring 

boys were small in biology, but 

substantial in earth sciences, 

chemistry, and physics.  
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  Table 2.6     (continued) 
 

 
Study 

 
Participants 

 
Test(s) 

 
Analysis 

 
Conclusions 

Howe and 

Doody (1989) 

28 male and 28 

female 10th 

graders 

Group Embedded Figures Test 

(GEFT) 

Piagetian Tasks for perceptual 

fidelity, simple and complex 

imagery, pseudoconservation, 

and cognitive regulation 

ANOVA No significant gender 

differences were found in 

GEFT; evidence does not 

support the idea that girls 

do not do as well as boys 

in science because they are 

less analytical or more 

field-independent. 

Shukla & 

Sharma(1986) 

 

230 7th and 8th 

graders 

Test of Scientific Creativity 

(Shukla & Sharma, 1980) 

Responses obtained 

were scores of fluency, 

flexibility, and 

originality.  Means, 

SDs, and t-values 

Urban pupils were higher 

in all aspects of scientific 

creativity. No gender 

differences were found in 

scientific creativity.  
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Part VII: Performance-based Assessment 

Brown and Shavelson (1996) define performance-based assessment as consisting 

of three components: a performance task, a response format, and a scoring system. In a 

performance task, students are invited to solve a problem or carry out an investigation 

and they are given concrete materials. The materials given to the students constitute an 

essential part of performance-based assessment, as these materials offer a context for the 

problem and help the students by providing them with feedback that can help them in 

solving the problem. As for the response format, students can communicate their findings 

and conclusions in a specific way. Students might be asked to choose any format to use 

conclusions or they might be required to use pictures, tables, and graphs.  

The characteristics of a response format are (1) giving an opportunity to record 

conclusions and findings, (2) asking for particular information, (3) allowing the students 

to make a decision on summarizing findings, and (4) asking students to give explanations 

for answers. Some characteristics of scoring systems follow. A good scoring system 

should include different solution or response formats. In other words, the scoring system 

should leave room for the student’s creativity. Other characteristics include easiness and 

quickness of use.  

Shavelson and Baxter (1992) stated that “development of quality performance 

assessments requires multiple iterations through a sequence of development, tryouts with 

students (getting their thoughts and comments) and revision” (p. 23).  
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Could Performance-Based Assessment Reconcile the Ongoing Debate? 

One possible solution for resolving the conflict about the domain 

specificity/generality of creativity is to use performance-based assessments of children’s 

creative problem-solving abilities. The advantages of this approach include testing 

students in real-life situations, including both the process and product in assessment, 

using testing materials that attract the students, and assessing higher-order skills 

(Fretchling, 1991).  

Other advantages of using performance-based assessments include (a) involving a 

broad spectrum of domains of cognitive functioning, as those in Gardner’s theory of 

multiple intelligences, (b) using the mother language of the assessment subjects to 

overcome the problems of language, (c) reaching the rating or the final evaluation process 

through the consensus of several observers or raters who agree about the performance of 

the subject (inter-rater reliability), (d) providing an intelligence-fair method for assessing 

human abilities. [Gardner (1993) believes that “the solution, easier to describe than to 

realize, is to devise instruments that are ‘intelligence-fair’, which peer directly at the 

intelligence-in-operation rather than proceed via the detour of language and logical 

faculties” (p. 91)], and (e) overcoming the problems that result when scores are added 

across several domains (yielding a score representing general ability). In widely used 

divergent thinking tests, creativity scores also are summed across domains. Finding 

domain specificity is difficult because the domains are not entirely separate. 

Supporters of performance-based assessments of creative problem-solving looked 

at creative production in different domains such as story-telling, writing, mathematics, 
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and arts (Baer, 1991; Baer, 1993; 1996; 1998; Han, 2000). Plucker (1998) asserted that 

performance-based assessments had the evidence of domain specificity of creativity 

while traditional assessments had the evidence of domain generality of creativity. One 

concern was that the researchers who used divergent thinking tests had the total scores 

across domains. Therefore, the score in the divergent thinking tests was a composite. On 

the other hand, authors who used performance-based assessments showed evidence of 

domain specificity because performance assessments focused on the quality of creative 

performance as a whole, not as a composite.  

DISCOVER.  

DISCOVER (Discovering Intellectual Strengths and Capabilities while Observing 

Varied Ethnic Responses, Maker, 1993, 2001) is a performance-based assessment in 

which trained observers examine students’ creative processes and products in domains 

such as logical-mathematical, oral linguistic, spatial artistic, spatial analytical and writing 

(Baer, 1991; 1993; Conti, Coon, & Amabile, 1996; Han, 2000). Observers use a method 

similar to Amabile’s (1982, 1996) Consensual Assessment Technique in which raters 

judge the subjects’ creative products by comparing them to each other, rather than against 

an absolute idea.  

The theoretical framework for the DISCOVER assessment rested upon three 

theories: Sternberg’s theory of the Triarchic Mind (1985), Gardner’s theory of Multiple 

Intelligences (1983), and Maker’s (1993) definition of Giftedness. This assessment was 

developed by Maker and her colleagues (Maker, 1996; 2001) to identify gifted students 

from culturally and linguistically diverse backgrounds. The main purpose of this tool was 
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to assess and nurture the creative problem solving abilities of children and youth. One 

important element that distinguished DISCOVER from other assessments was the 

problem continuum adapted from the research of Getzels and Csikszentmihayli (in 

Maker, 1992).  

In this model, problem-solving situations are classified according to how well the 

presenter and the solver know the problem, method and solution. Type I and II in the 

continuum are well-structured requiring convergent thinking. Students have to reach the 

correct solution that is already determined by the presenter. On the other end of the 

continuum, problem types are open-ended requiring divergent thinking. Students have to 

decide what is correct from their own problem solving perspective. Table 2.7 presents the 

problem types. Types I, II, and VI were in the original system developed by Getzels and 

Csikszentmihayli (1976). Problem types III, IV, V, and VI were added by Schiever and 

Maker (1991, 1997, 2003) and (Maker & Schiever, 2005). A careful synthesis of the 

problem-solving continuum, especially when looking at problem types IV, V, and VI, 

supports the view that the DISCOVER assessment is a unique measure of creativity. The 

open-ended, divergent, and productive nature of the perspectives and ideas that students 

come up with during the assessment is closely related to the measurement of creativity. 

The DISCOVER assessment is mainly based on the idea of problem solving, which 

represents the core capacity of any creative production of the human potential.  
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Table 2.7 

 DISCOVER Problem Types 
 
 

Problem Types 
 

 
Problem 

 
Presenter      Solver 

 

 
Method 

 
Presenter      Solver  

 
Solution 

 
Presenter      Solver 

  
 

I K K K K K U 

II K K K U K U 

III K K R U K U 

IV K K R U R U 

V K K U U U U 

VI U U U U U U 

 
 Note.  K = Known     U = Unknown R = Range (from Maker & Schiever, 2005) 
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The DISCOVER assessment consists of activities designed for four different 

ranges of grade levels: K-2, 3-5, 6-8, and 9-12. It provides students with opportunities to 

demonstrate their creative problem-solving abilities in activities in five domains: spatial 

artistic, spatial analytical, logical-mathematical, oral linguistic, and written linguistic. The 

process of assessment consists of having one trained observer sitting with a group of 4 or 

5 students at a table. The observer watches and records the problem-solving behaviors 

exhibited by the students while they participate in the different activities of the 

assessment. To overcome any bias on the part of the observer, observers rotate when they 

are finished with each activity so that the student is assessed only once by a single 

observer.  

Sarouphim conducted a series of studies using the DISCOVER assessment and 

found evidence for the domain specificity of creativity. In one of the studies (Sarouphim, 

1999), she observed two students whose ratings on DISCOVER assessment activities 

were discrepant. In other words, the two students were given a high rating in one activity, 

but a low one on the other. Sarouphim (2000) found low and non-significant correlations 

among the DISCOVER assessment activities across grade levels indicating that students 

were given different ratings on the problem-solving activities. She also reported some 

evidence for the fit or consistency between the DISCOVER assessment and Gardner’s 

theory. She concluded that students given a high rating on one activity did not necessarily 

receive a similar high rating in other activities. Again, Sarouphim (2004) concluded that 

the students’ ratings on the assessment activities were similar in those activities assessing 
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similar intelligences while these ratings were different in the activities assessing different 

intelligences.  

The psychometric properties of the DISCOVER assessment tool have been 

examined in a variety of studies. Griffiths (1996) examined the inter-observer reliability 

of DISCOVER in two studies. In the first study, positive and significant correlations were 

found between the observers who watched videotapes of children’s performance on the 

DISCOVER activities and the original observers in classrooms. The highest correlation 

was 0.81 showing a high agreement among the three observers. In the second study, the 

agreement between the researcher (expert) and six observers with various levels of 

experience in the observation process ranged from 80 to 100 %. The highest agreement 

was between expert observers. 

  As for validity studies¸ Griffiths (1997) examined the relationship between 

students’ ratings on each of the DISCOVER activities (spatial artistic, spatial analytical, 

logical-mathematical, oral linguistic, and written linguistic) and their scores on various 

subtests of the WISC-III. She concluded that she had found evidence for comparative and 

concurrent validity of the DISCOVER assessment. Sarouphim (2001) reported low but 

significant correlations between students’ scores on the Raven Progressive Matrices and 

their ratings in spatial artistic (r = .58, p < .01), spatial analytical, (r = .39, p < .01), and 

math (r = .35, p. < 01). The study provided evidence for the concurrent validity of 

DISCOVER.  

   Sak and Maker (2003b) provided evidence of the predictive validity of the 

DISCOVER assessment. Comparisons of gifted and non-gifted kindergarten students’ 
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performance on DISCOVER activities and their academic achievement in the fifth and 

sixth grades on Stanford 9 and AIMS (Arizona’s Instrument to Measure Standards) were 

made. For example, linguistically gifted students had higher scores in Stanford Reading 

(F= 5.05, p < .01), and students gifted in logical mathematical and spatial analytical 

activities had higher scores in Stanford 9 Math (F = 6.14, p < .01; F= 7.02, p < .01) and 

AIMS Math (F= 4.15, p < .01; F= 7.29, p < .01).  

Some authors in the field of creativity noted that performance-based assessment 

studies, in which subjects were asked to create various products in different domains, 

have found either weak or negative correlations among the creativity ratings of the 

products they came up with in different domains  (Kaufman & Baer, 2002; Baer, 1991).  

On the other hand, researchers, in studies using a correlation between a general measure 

of creativity and a domain specific measure found significant positive correlations 

between the two kinds of measures (Diakidoy & Spanoudis, 2002). This finding was 

consistent with Sternberg’s (1989) view that domain specificity and domain generality 

were complementary, both working in an interactive way to produce performance 

differences.  

 Selected studies of the DISCOVER assessment are presented in table 2.8  
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Table 2.8 

 Summary of the Studies of DISCOVER Assessment  
 
Study 

 
Participants 

 
Test(s) 

 
Analysis 

 
Conclusions 

Sarouphim (2004) 395 Mexican 

American, Native 

American, and 

Caucasian students in 

grades 6, 7, & 8 

DISCOVER MANOVA 

Chi Square 

Pearson correlation 

Evidence of theoretical 

and construct validity 

was found. 

 

Sak and Maker (2003a) 857 Hispanic, Native 

American, African 

American, and 

Caucasian students in 

grades 1 through 6 

DISCOVER Math Correlation 

Coefficients of 

Determination 

Evidence of 

theoretical/construct 

validity was found. 

Sak and Maker (2003b) Study 1: 84 Mexican 

American, Native 

American, and  

DISCOVER 

Stanford 9 

AIMS 

MANOVA 

Simultaneous 

Regression 

Evidence of predictive 

validity was found. 
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 Table 2.8     (continued) 
 

  
Study 

 
Participants 

 
Test(s) 

 
Analysis 

 
Conclusions 

 Caucasian students in 

grade 6 

Study 2: 83 students 

from the same ethnicity 

as Study 1 in grade 4 

Grades in English, 

Math, and Science 

Analysis  

Sarouphim (2001) 257 Mexican 

American, Native 

American, and 

Caucasian students in 

grades K, 2, 4, and 5 

DISCOVER 

Raven Matrices 

MANOVA 

Chi Square 

Pearson correlation 

Evidence of concurrent 

validity was found. 

Maker (2000) 72 students in grade 2 DISCOVER 

OLSAT 

Pearson correlation Evidence of concurrent 

validity was found. 

Kassymov (2000) 5 DISCOVER  DISCOVER Percentage Evidence of  
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Table 2.8     (continued) 
 

  
Study 

 
Participants 

 
Test(s) 

 
Analysis 

 
Conclusions 

 observers, 7-10 

Hispanic students, 11 

district-team observers, 

5-10 students from 

diverse backgrounds 

  consistency and 

reliability was found. 

Sarouphim (1999) 2 Mexican American 

girls aged five and five 

and half   

DISCOVER Qualitative  Evidence of concurrent 

validity was found. 

Griffiths (1996) 91 fifth-to-eleventh- 

grade students  

DISCOVER 

WISC-III, WPPI, 

Raven  

Percentage and 

Cohen’s Kappa 

Correlation 

Evidence of 

consistency and 

reliability was found. 
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Summary 

Some important conclusions can be drawn from this review of literature. What is 

clear is that more research is needed to develop and validate more comprehensive 

measures of scientific creativity. Most of the researchers in the field of creativity or 

scientific creativity talk about prominent scientists’ creativity and do not pay attention to 

the nature of scientific creativity in public education. Although some trials were made in 

India, UK, and the US, these trials are still very basic. Also, authors tended to shift their 

attention from the discussion of prominent scientists’ creativity to the actual empirical 

research involving developing models of assessing students’ scientific creativity, 

neglecting the elementary-school stage. Models or assessment tools for assessing the 

scientific creativity of elementary-school students were not developed by researchers. 

The need to explore the scientific creativity of children has not been addressed.  

 Additionally, assessment models for the identification of scientific creativity do 

not include some very influential theories in the domain of human potential and 

intelligence. These theories include Gardner’s multiple intelligences theory (with a 

special focus on natural intelligence), Sternberg’s Triarchic theory of Intelligence, and 

Piaget’s developmental theory. Also, the research on the scientific creativity of school 

students does not include a variety of science processes such as basic, causal, and 

experimental. Almost all of the authors in the field focus on Guilford’s Structure-of-

Intellect model. No doubt that Guilford’s model is a tremendous theoretical basis for any 

assessment tool, but this model can not stand alone as a sole basis for assessing children’s 

scientific creativity.  
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 Other reasons for developing a test of scientific creativity include the need to 

include performance-based assessment in the identification of scientific creativity. 

Finally, gender differences in scientific achievement and creativity need to be addressed 

in both research and practice in science assessment and education.  
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CHAPTER III 

METHOD 

 This chapter includes descriptions of participants and procedures used to develop 

and score the scientific creativity test. At the end of this chapter, statistical data analyses 

are introduced to answer the research questions. 

Participants 

The total number of participants was 138. Participants included fifth grade 

students from six different schools. The six schools were located in one metropolitan city 

in the Southwestern part of the United States. The gender was approximately distributed 

as 44 % male and 56 % female. The ethnicities of the students were different; most were 

Whites and Hispanics with a few African-American and Asian Pacific students. The 

students’ ages ranged from 9.5 to 11. The students were from lower to upper 

socioeconomic status. Percentage and frequency distributions by school and gender are 

shown in tables 3.1 and 3.2. Prior to the beginning of the data collection, the students in 

all six schools were asked to have parental/legal guardian consent forms signed. Also, 

students were asked to sign minor assent forms (see Appendices B, C, D, and E for 

parental/legal guardian consent forms and minor assent forms in English and Spanish). 

All consent forms were signed and collected before the administration of the Scientific 

Creativity Test. All consent forms were approved by the Human Subjects Protection 

Office at the University of Arizona, Tucson.  
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 Table 3.1 

 Frequency of Participants by School 
 

School 

 

Frequency 

 

Percent 

A 34 24.6 

B 12 8.6 

C 24 17.3 

D 10 7.2 

E 31 22.4 

F 27 19.5 

Total 138 100.0 

 

 Table 3.2 

 Frequency of Participants by Gender 
 

Gender 

 

Frequency 

 

Percent 

Female 77 56 

Male 61 44 

Total 138 100.0 
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Procedures 

The researcher administered the Scientific Creativity Test (SCT) and obtained the 

teacher’s ratings of students’ scientific ability (SA), science content knowledge (SCK), 

and scientific creativity (SC) during students’ regular science classes in the 2005-2006 

school year. The procedures for developing the test, test scoring, and test administration 

follow.  

Instruments 

 Two instruments were used in this study: the Scientific Creativity Test (SCT) and 

Teacher Ratings. The Scientific Creativity Test was developed to assess the scientific 

creativity of fifth-grade students. The test consisted of three subtests: subtest I (Problems 

and Solutions), subtest II (Grouping of Flowers), and subtest III (Design an Experiment). 

Each subtest included some sub-items (see Appendix F). The subtests were explained in 

detail after introducing the development of the Scientific Creativity Test. Teacher ratings 

were also used.  The teachers in the classrooms, where the scientific creativity test was 

administered were asked to rate the students on three areas: scientific ability (SA), 

science content knowledge (SCK), and scientific creativity (SC) (see Appendix G).  

Description of the Scientific Creativity Test 

 The Scientific Creativity Test was reviewed by experts and pilot tested before the 

final version was designed.  

  In Subtest I (Problems and Solutions), the students were shown pictures of 

different problems in the local community (see Appendix H). Pictures were taken in 

different areas in and around Tucson by the dissertation adviser. The researcher obtained 
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other pictures via correspondence with the Arizona Department of Environmental Quality 

(ADEQ). Examples of pictures included filled trash cans, a gas station, fallen trees in the 

Santa Cruz River area, a small stream in the Santa Cruz River with a herd of cattle near 

the river, crowded traffic, polluted water and air pollution.  

In item 1A, the students were asked to list as many ‘scientific’ problems as they 

could see in these pictures. Students were alerted that they should list or describe the 

problems they saw in these pictures in a scientific way. In other words, most of the 

problems in these pictures were not straightforward and the students were required to 

think about problems in the pictures in a scientific context. In item 1B, the students were 

asked to pick one of the scientific problems they listed in item 1A (listing scientific 

problems in the pictures) and list as many solutions as they could think of for solving the 

problem they had chosen.  

In item 1C (designing a construction about a solution), students were required to 

pick a solution from the list they made in item 1B (picking one of the scientific problems 

and listing solutions) and make a scientific device for or a model of this solution. Each 

student received a packet of materials that contained construction paper, shipping 

peanuts, and pipe cleaners to use in his/her construction. The researcher told the students 

to call him when they were finished with their construction so he could take a picture of 

the student’s device or model. The purpose for taking pictures of students’ designs and 

constructions was to make these pictures available for the two independent raters who 

judged item 1C (designing a construction about a solution) on three dimensions: scientific 
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ability, science content knowledge, and scientific ability using Amabile’s (1982; 1996) 

Consensual Assessment Technique.  

 The second subtest was Grouping of Flowers (see Appendix I). Pictures used in 

this subtest were taken by the dissertation adviser during her trips inside and outside the 

US. The pictures were taken in several places such as France, Mongolia, England, 

Florida, Arizona, New Mexico, Georgia and Kentucky. The structure of subtest II 

(Grouping of Flowers) was adapted from one of the Hilda Taba Teaching Strategies: 

concept development. Schiever (1991) concluded that the concept development task 

helps in assessing the level of concept development and supporting students in finding 

new relationships when they have a lot of information. Schiever (1991) also argued that 

“the concept development strategy helps students develop (a) more openness and 

flexibility in their thought processes, (b) a cognitive structure for organizing data, and (c) 

a process for organizing new data in the future” (p. 148).  

The steps of the concept development strategy include listing, grouping, labeling, 

subsuming, and recycling. Listing helps the students to name the data in a way that makes 

sense to them. In this step, when students see all the pictures of flowers, they have an 

opportunity to expand the skill of deciding appropriateness and have access to a pool of 

knowledge. Grouping requires that the students start classifying the data based on the 

ways these data are similar or related. Labeling is the process of finding a word or phrase 

to state the relationship among the different pictures. The student amalgamates the 

pictures into a label or name that communicates the fundamental nature of the group. 

Students used grouping and labeling in item 2A (grouping flowers). Subsuming is the 
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process of grouping or classifying within a bigger or broader category or beneath an 

overall principle. The purpose of subsuming is to enable the students to investigate new 

relationships among the data and labels. In other words, students are required in item 2B 

to see which of the flowers already in one group can also go into a different group. The 

last step of the concept development strategy is recycling. In recycling, students think 

about grouping the flowers in completely different ways. Item 2D (drawing a diagram 

that shows the relationship among the groups) was derived from Gardner’s (1993; 1999) 

naturalist intelligence. One of the important cognitive capacities of this type of 

intelligence is the ability to delineate relationships among a set of data or groups of 

species in the environment.  

The third subtest was Design an Experiment. In the first item, students were 

required to find out how to solve an environmental problem and find a problem they 

would like to investigate. Then, students were required to formulate and write as many 

hypotheses as they could about the problem they chose. In item 3B, students were asked 

to draw a sketch, design, or any graphical representation that they, as a scientist, thought 

would be a valid experiment to develop a solution for the problem they generated 

hypotheses for in item 3A (formulating hypotheses about environmental problems). Each 

item in the Scientific Creativity Test pertained to two main categories: science process 

skill(s) and creativity components. In other words, each item was developed with the 

premise that both science process skills and creativity components constituted an 

essential basis for the test. Each item in the test measured one or more science process 

skills (basic, intermediate, and advanced) and one or more of the creativity components 
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(originality, fluency, and flexibility). In tables 3.3, 3.4, and 3.5, the distribution of science 

process skills and creativity components in the three subtests is presented.  

 Table 3.3  

 Distribution of Science Process Skills and Creativity Components in Subtest I (Problem  

 and Solutions) 
 

Item 

 

Science Process Skills 

Involved  

 

Creativity Components 

Involved 

1A (Listing scientific 

problems in the pictures) 

Observing, inferring, and 

communicating 

Originality, fluency, and 

flexibility 

Problem finding and 

problem solving 

1B (Picking one of the 

scientific problems and 

listing solutions) 

Observing, inferring, 

communicating, and 

predicting  

Fluency, flexibility, and 

originality  

Problem Solving  

1C (Designing a 

construction about a 

solution) 

Observing, comparing, 

inferring, predicting, and 

communicating  

Scientific creativity 

(defined by each rater) 
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Table 3.4  

 Distribution of Science Process Skills and Creativity Components in Subtest II (Grouping  
 
 of Flowers) 

 

Item 

 

Science Process Skills 

Involved  

 

Creativity Components 

Involved 

2A (Grouping flowers) Observing, comparing, 

classifying, and inferring 

Fluency, flexibility, and 

originality 

2B (subsuming or moving 

flowers already in groups 

into different groups) 

Observing, comparing, 

classifying, and inferring 

Fluency, flexibility  

2C (recycling or thinking 

about completely different 

groups) 

Observing, comparing, 

classifying, and inferring 

Fluency, flexibility, and 

originality  

2D (drawing a diagram 

about the relationships 

among the groups of 

flowers) 

Observing, comparing, 

classifying, communicating 

and inferring 

Scientific Creativity 

(defined by each rater) 
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Table 3.5  

Distribution of Science Process Skills and Creativity Components in Subtest III (Design 

an Experiment) 

 

Item 

 

Science Process Skills 

Involved  

 

Creativity Components 

Involved 

3A (Formulating 

hypotheses about an 

environmental problem) 

Observing, inferring, 

predicting, hypothesizing, 

and defining and controlling 

variables  

Fluency and originality  

 

Problem finding and 

problem solving 

3B (drawing an experiment 

to develop a solution for the 

environmental problem) 

Observing, inferring, 

predicting, hypothesizing, 

defining and controlling 

variables, and 

communicating 

Scientific Creativity 

(defined by each rater) 

 

Scoring of the Scientific Creativity Test 

1A (listing scientific problems in the pictures) was scored in three different ways: 

fluency, flexibility, and originality. Fluency was the number of scientific problems the 

students were able to identify. Each possible and correct answer was given 1 point. 

Correctness of an answer was determined by looking at the listed scientific problems and 

deciding if these problems were related to science or not. Flexibility was the diverse 
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approaches to viewing scientific problems. Each possible and correct answer was given 1 

point. Originality was the statistical rarity of the scientific problems. To calculate 

originality, the students’ responses were tabulated. If the frequency of the student’s 

response was below 2 % of the total sample in this specific sub-item, the student was 

given 2 points for every original response. If the frequency of the student response was 

between 2 % and 5 % of the total sample, the student was given 1 point. If the frequency 

of the student response was above 5 %, the student was given no points.  

Item 1B (picking one of the scientific problems and listing solutions) was scored 

in three different ways: fluency, flexibility, and originality. Fluency was the number of 

solutions to one of the problems the student listed in Item 1A (listing scientific problems 

in the pictures). Each answer was given 1 point for every possible and correct answer. 

Correctness of an answer was determined by looking at the listed scientific problems and 

deciding if these problems were related to science or not. Flexibility was the diverse 

approaches to and categories of scientific problems. Each possible and correct answer 

was given 1 point. Originality was the statistical rarity of the scientific problems. To 

calculate originality, the students’ responses were tabulated. If the frequency of the 

student’s response was below 2 % of the total sample, the student was given 2 points. If 

the response of the student was between 2 % and 5 %, the student was give 1 point. If the 

response of the student was above 5 %, the student was given no points.  

Item 1C (designing a construction about a solution) was scored by two 

independent raters using the Amabile’s (1982; 1996) Consensual Assessment Technique 

(see Appendix J). The two raters scored the students’ responses using three criteria: 
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Scientific Ability (SA), Science Content Knowledge (SCK), and Scientific Creativity 

(SC). The two raters were told to use their own definitions of these three dimensions and 

to explain their criteria after they completed the scoring (see Appendices K, L, and M for 

the criteria that each rater used in scoring items 1C, 2D, and 3B). The researcher attached 

a colored picture of each student’s response to item 1C on the copies of students’ sheets 

given to the two raters. This response was basically the design or construction that the 

student made to solve a problem in the local community (see Appendix N for some 

pictures of students’ designs and constructions in item 1C). For the purpose of data 

analysis, the two raters’ scores on each of the three items were averaged and only one 

score was obtained for each of the three dimensions.  

Item 2A (grouping flowers) was scored using four criteria: fluency, flexibility, 

originality, and complexity. Fluency was the number of groups of flowers. Flexibility 

was the different approaches used in grouping the flowers such as physical characteristics 

of groups including color, size, shape, length, and texture or grouping the flowers based 

on the conceptual understanding of the flowers such as grouping flowers as desert 

flowers, water flowers, and tropical flowers. To calculate originality, the students’ 

responses were tabulated. If the frequency of the student’s response was below 2 % of the 

total sample on this specific sub-item, the student was given 2 points. If the frequency of 

the student’s response was between 2 % and 5 %, the student was given 1 point. If the 

frequency of the student’s response was above 5 %, the student was given no points. 

Complexity was scored using three styles of categorization (Sigel, 1971). These styles 

were descriptive, relational-contextual, and categorical-inferential. The descriptive 
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categorization style was related to the incidence of physical characteristics such as size, 

color, and shape. The relational-contextual style was related to grouping the flowers 

according to the relationship of one part to another such as the function of a flower petal 

or the function of a flower stem. The categorical-inferential style was related to grouping 

of flowers according to the characteristics or attributes that the students deduced or 

inferred such as desert flowers or water flowers.  

Also, two more criteria were included in the scoring of the complexity dimension, 

addition and multiplication. Complex classification behavior involved the ability to 

combine two or more attributes or characteristics of the flowers. Addition meant that the 

student added or combined two attributes such as describing some sets of flowers as 

either red or green. Here, the student should have used ‘either…or’ as evidence of 

addition classification behavior. As for multiplication, the student should have used two 

attributes that were shared by the two flowers such as ‘both flowers are red and green’. 

Here, the two flowers must have had the two colors, characteristics, or attributes, red and 

green. The student was given 2 points for every time he/she used the addition of 

characteristics and 3 points for every time he/she used the multiplication of 

characteristics.  

As for the descriptive, relational-contextual, and categorical-inferential 

approaches, the student was given 1 point for every time he/she used any of these 

approaches in grouping the flowers. Item 2B (subsuming or moving flowers already in 

groups into different groups) was scored using one criterion: fluency, or the number of 

pictures of flowers that could go into other groups. Item 2C (recycling or thinking about 
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completely different groups) was scored the same way as item 2A (grouping flowers) 

using fluency, originality, and complexity, excluding flexibility, as students were 

required to think about completely different groups other than the ones they already made 

in item 2A (grouping flowers). For example, if a student grouped flowers based on color 

in item 2C (recycling or thinking about completely different groups) and he already used 

color as an attribute in item 2A (grouping flowers), the student was not credited for using 

a different color in item 2C given that using a different color was not considered a 

completely different classification. Item 2D (drawing a diagram about the relationships 

among the groups) was scored using Amabile’s (1982; 1996) Consensual Assessment 

Technique (see Appendix J for instructions and Appendix L for the criteria used by the 

two raters in scoring this item). For the purpose of data analysis, the two raters’ scores on 

each of the three dimensions were averaged and only one score was obtained for each of 

the three dimensions, scientific ability, scientific content knowledge, and scientific 

creativity. 

Item 3A (formulating hypotheses about environmental problems) was scored 

using three criteria: fluency, quality of hypotheses, and originality. Fluency was scored 

by counting the number of correct hypotheses that the student generated. The quality of 

hypotheses was scored using a Hypothesis Quality Scale developed by Quin (1971, see 

Appendix O). To calculate originality, the students’ responses were tabulated. If the 

frequency of the student’s response was below 2 % of the total sample on this specific 

sub-item, the student was given 2 points. If the frequency of the student’s response was 
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between 2 % and 5 %, the student was given 1 point. If the frequency of the student’s 

response was above 5 %, the student was given no points.  

Item 3B (drawing of an experiment to develop a solution for the environmental 

problem) was scored by the two independent raters using the Consensual Assessment 

Technique (see Appendix M for the criteria used by the two raters in scoring item 3B) on 

three dimensions: scientific ability, science content knowledge, and scientific creativity. 

For the purpose of data analysis, the two raters’ scores on each of the three dimensions 

were averaged and only one score was obtained for each of the three dimensions.   

Test Administration  

 The researcher administered the test during students’ regular classes in the 

beginning of the spring semester of the 2005-2006 school year. The testing was done in 

one setting, taking about 1 hour and 15 minutes. The researcher handed out the test sheets 

and hands-on materials prior to the beginning of the test. Students were told not to start 

working until the researcher started giving the instructions. At the beginning of the 

assessment, the researcher briefly informed the students about the assessment and gave 

them quick tips about time management and the need to work individually. The 

researcher told the students to make sure that every one of them had all sets of materials 

[the group of pictures used in item 1A (listing scientific problems in the pictures), the 

plastic bag that had the shipping peanuts, construction and pipe cleaners used in item 1C 

(designing a construction about a solution), and the plastic bag that had 27 pictures of 

flowers used in Subtest II (Grouping of Flowers)]. Some supplies were put in the middle 

of each table. These supplies were scissors, scotch tape, and glue. Students sat in groups 
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of four or five facing each other. Classroom teachers did not intervene in any way and the 

researcher told them earlier not to say or do anything related to the test activities without 

prior permission from the researcher so they would not give any clues or answers to the 

students.  

The researcher presented the items of each subtest and gave examples of each 

subtest. For example, in Subtest I (Problems and Solutions), students were told to look 

carefully at the pictures at their tables and think about any scientific problems they might 

see. In other words, students were told to list scientific problems as they could see them 

in the pictures and not to describe the pictures. The researcher prepared poster charts on 

which he wrote some examples of the activities and how students could proceed 

throughout the test. At some points, classroom teachers, under the supervision of the 

researcher, were allowed to illustrate what students were required to do. The poster 

boards included, for example, the way students could handle the three items in Subtest I 

and how they could move on when they felt they were finished answering a certain item.  

In Subtest I, the students were told that ‘solutions’ means several ways to fix the 

problem since some of them did not quite understand what they needed to do. In item 1C, 

the students were asked to pick a solution that they were interested in from the list they 

made in item 1B (picking one of the scientific problems and listing solutions) and make a 

scientific device or a model of this solution. Each student was given a plastic ziploc bag 

that contained 10 pipe cleaners or chenille stems of different colors, 5 sheets of 

construction paper of different colors, and 30 pieces of styrofoam shipping or packing 

peanuts. Also, supplies such as scissors, scotch tapes, and glue were distributed to each 
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table. The students were told to use these supplies in creating a construction, design, or 

invention to solve the problem they had chosen. The researcher explained to the students 

how they could use the materials in the plastic bag in making a construction or design to 

fix a problem in the environment as some students were not sure what they should do 

with these materials. The researcher demonstrated by twisting or manipulating the pipe 

cleaners so they could become a certain shape.  

Also, explanations for Subtest II (Grouping of Flowers) consisted of ways 

students could make the groups and move on to the next items. The researcher gave the 

students an example of using color as a name of the group. Students were told that color 

was one simple characteristic for grouping these flowers together and that they should 

think of as many groups as possible. For subtest III, an example of a hypothesis was 

given to the students. The researcher obtained this example from one of the science fair 

projects of fifth-grade students in an elementary school at the Tucson Unified School 

District: ‘I determined from my research that proper insulation will cause an ice cube to 

melt slower than it would without being insulated. So, my hypothesis is: If proper 

insulation is used, then ice will melt slower’. Students were alerted here to the fact that a 

cause-effect relationship existed between the independent variable (cause) and the 

dependent variable (effect). Also, the researcher gave the students several examples about 

the process of insulation.  

After explaining the tests items in brief, students were told to start answering the 

test and work at their own pace. Students were told to work individually and not to share 

any kind of answers with their classmates. During the explanation of the test items and 
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giving examples, the researcher kept alerting the students about the need to watch the 

time and make sure they answered as many questions as they could in the specified 

testing time. Students were told several times to raise their hands in case they needed an 

explanation or in case the item wording was not clear enough to them and not to ask their 

neighbors for an explanation. The researcher made sure that no clues or answers were 

given to the students. During the testing time, the researcher was moving around the 

classroom answering students’ questions and making sure that students were maintaining 

the level of privacy of their answers. The researcher alerted the students during the initial 

explanation of the test items that a picture should be taken for their construction in 

Subtest I (Problems and Solutions) and they made sure that they wrote a description of 

what the construction or design or invention was, how it worked, and what it did or for 

what purpose it was created. At some points during the test, students were alerted about 

the remaining time so they could proceed to other questions without spending too much 

time on a specific item and leaving out others.  

Data Analysis 

Research Question 1(a) 

 This research question was related to investigating the internal psychometric 

qualities of the Scientific Creativity Test. To explore the internal consistency of the 

Scientific Creativity Test, alpha coefficient was used to examine the internal consistency. 

To explore the relationships among the sub-parts (Problems and Solutions, Grouping of 

Flowers, and Design an Experiment) of the instruments, The Pearson Product Moment 
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Correlation was used. Also, a three-level analysis was conducted using correlational 

analyses. These three levels were item-total, item-subtest, and subtest-total.  

Research Question 1(b) 

 This research question also was related to investigating the psychometric qualities 

of the Scientific Creativity Test. The Pearson Product Moment Correlation was used to 

examine the relationship between the teacher ratings of students’ scientific ability, 

science content knowledge, and scientific creativity and their performance on the Total 

Test Score and the sub-parts.   

Research Question 1(c) 

 This question was also related to investigating the psychometric qualities of the 

Scientific Creativity Test. To examine the degree of consistency in the two independent 

raters who scored items 1C (designing a construction about a solution), 2D (drawing a 

diagram about the relationships among the groups of flowers), and 3B (drawing an 

experiment to develop a solution for the environmental problem), the Pearson Product 

Moment Correlation was used.  

Research Question 2 

 This question was related to an examination of the gender differences on the total 

test score, subtests, all items of the test, and the teacher’s rating of students’ scientific 

ability, science content knowledge, and scientific creativity. General Linear Modeling 

(GLM) Repeated Measures Two-Way Analysis of Variance was used to detect any 

gender differences in the three subtests. The independent-samples t test was used to 
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detect any differences between females and males on the total test score and teacher 

ratings.  
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CHAPTER IV 

RESULTS 

 This chapter includes findings for the research questions investigated in this 

study. Each question will be introduced in the beginning and then the research findings 

for this question follow.  

Research Question 1 

What are the psychometric qualities of the Scientific Creativity Test? 

a.  What is the internal consistency of the Scientific Creativity Test? What are the 

relationships among the sub-parts of the instrument (e.g. Problems and Solutions, 

Groupings of Flowers, and Design an Experiment)? 

The purpose of this question was to investigate the degree of homogeneity and 

heterogeneity of test items and subtests. Homogeneity of test items supports the construct 

validity of the test. To investigate the internal consistency of the Scientific Creativity 

Test, the researcher used SPSS 14.0 to run reliability analysis on the 27 items that 

constitute the Scientific Creativity Test. The alpha coefficient based on scores of 138 

students is .90. The alpha value is an acceptable indication of internal consistency. If item 

2B (subsuming or moving flowers already in groups into different groups) is deleted, the 

alpha will be .91. Also, the researcher ran the reliability analysis on each subtest by 

considering each subtest as a separate test. The alpha values for the three subtests were 

the following: Problems and Solutions Subtest (.82), Grouping of Flowers Subtest (.81), 

and Design an Experiment Subtest (.91). The researcher also used Pearson Product 

Moment Correlation analysis to investigate the correlations of item-total scores, item-
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subtest scores, and subtest-total scores. The rationale for using this analysis was to 

provide a view of the strength of the relationships determining internal consistency of the 

test. Also, investigating the correlations in these three levels (item-total, item-subtest, and 

subtest-total) is strongly related to the homogeneity of the test subtests and the items as 

well. As seen in table 4.1, correlations on three levels (item-total, item-subtest, and 

subtest-total) are significant and range from low to high.  

For the item-total level, 13 out of the 27 items had a high correlation with the total 

score. For example, items 2C Fluency (recycling or thinking about completely different 

groups) (r = .71), 2C Originality (r = .70), 2D Scientific Ability (drawing a diagram about 

the relationships among the groups of flowers) (r = .76), 3A Fluency (formulating 

hypotheses about an environmental problem) (r = .70), 3A Quality of Hypotheses (r = 

.71), 3B Scientific Creativity (drawing of an experiment to develop a solution for the 

environmental problem) (r = .71) had the highest correlations with the total test score. All 

these high correlations were significant at the .01 level. All other items had medium 

correlations and all the correlations were significant at the .01 level.  

For the item-subtest level, all Subtest I items had high correlations with the total 

score of the subtest. The highest correlations were items 1B Flexibility (picking one of 

the scientific problems and listing solutions, r = .78, p < .01). Also, three items had high 

correlations with the total score of the subtest, namely, 1A Fluency (listing scientific 

problems in the pictures, r = .70, p < .01), 1A Flexibility (r = .70, p < .01), and 1B 

Fluency (picking one of the scientific problems and listing solutions, r = .77, p < .01). All 

other Subtest I items had medium correlations with the total score of the subtest. All 
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Subtest I items had significant correlations with Subtests II and III. However, these 

correlations were low to medium. Item 1C Scientific Ability (designing a construction 

about a solution) had the highest two correlations with Subtest II (r = .45, p < .01) and 

Subtest III (r = .52, p < .01).  

For Subtest II (Grouping of Flowers), all items had significant correlations with 

the total score of Subtest II. The highest correlations were items 2C Fluency (recycling or 

thinking about completely different groups, r = .71, p < .01), 2C Originality (r = .70, p < 

.01), 2D Scientific Ability (drawing a diagram about the relationships among the groups 

of flowers, r = .71, p < .01), and 2D Science Content Knowledge (drawing a diagram 

about the relationships among the groups of flowers, r = .70, p < .01). All other subtest 

items had significant medium correlations with the total score of Subtest II. All Subtest II 

items had low-to-medium significant correlations with the total scores of Subtest I and 

Subtest III except two items, 2A Fluency (grouping flowers), and 2B Fluency (subsuming 

or moving flowers already in groups into different groups). Item 2C Fluency had the two 

highest correlations with Subtest I (r = .44, p < .01) and Subtest III (r =. 52, p < .01).  

For Subtest III (Design an Experiment), all subtest items had high correlations 

with the total score of the subtest. The highest correlations were items 3B Scientific 

Ability (drawing an experiment to develop a solution for an environmental problem), 3B 

Science Content Knowledge, and 3B Scientific Creativity, (r = .89, p < .01 for the three 

items). All Subtest III items had significant medium correlations with the total scores of 

Subtest I and Subtest II. The correlations among all of Subtest III items and Subtest II 
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total score were higher than the correlations among all of Subtest III items and Subtest I 

total score.  

For the subtest-total level, Subtest I total score (Problems and Solutions) had 

significant correlations with Subtest II (Grouping of Flowers) total score (r = .44), 

Subtest III (Design an Experiment) total score (r = .43), and the Total Test score (r = .77). 

All the correlations were significant at the .01 level. Subtest II total score had significant 

correlations with Subtest I total score (r = .44), Subtest III total score (r = .60), and Total 

Test score (r = .89). Subtest III total score had significant correlations with Subtest I total 

score (r = .44), Subtest II total score (r = .61), and the total score (r =.81). All the 

correlations were significant at the .01 level. The three levels of correlations (item-total, 

item-subtest, and subtest-total) support the evidence that all test items are homogenous as 

most of the correlations are significant and range from medium to high.  

To provide more evidence of the internal consistency of the Scientific Creativity 

Test, all items were correlated with each other. As seen in table 4.2, a great percentage of 

the test items had significant medium correlations.  
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Table 4.1 

Item-subtest and Item-total Test Correlations 
 
 
Item 

 

Total Score on Part 1 

(Problems and 

Solutions) 

 

Total Score on  

Part II 
 
(Grouping of Flowers) 
 

 
 
Total Score on Part III 

(Design an 

Experiment) 

 
 
Total Test Score 

Item 1A Fluency .70** .27** .24** .46** 

Item 1A Flexibility .70** .28** .28** .48** 

Item 1A Originality .39** .16 .011 .22** 

Item 1B Fluency .77** .32** .29** .53** 

Item 1B Flexibility .78** .31** .28** .52** 

Item 1B Originality .66** .17* .15 .36** 

Item 1C SA .74** .45** .52** .66** 

Item 1C SCK  .59** .28** .37** .47** 

Item 1C SC  .55** .38** .39** .52** 
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Table 4.1     (continued) 
 
 
 
Item 

 

Total Score on Part 1 

(Problems and 

Solutions) 

 

Total Score on  

Part II 
 
(Grouping of Flowers) 
 

 
 
Total Score on Part III 

(Design an 

Experiment) 

 
 
Total Test Score 

Part I Total Score _____ .44** .43** .72** 

Item 2A Fluency .06 .51** .07 .32** 

Item 2A Flexibility .27** .38** .33** .41** 

Item 2A Originality .22** .54** .22** .44** 

Item 2A Complexity .03 .46** .01 .27** 

Item 2B Fluency -.04 .43** -.02 .21** 

Item 2C Fluency .44** .71** .52** .71** 

Item 2C Flexibility .38** .63** .50** .64** 

Item 2C Originality  .38** .70** .55** .70** 
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Table 4.1     (continued) 
 
 
 
Item 

 

Total Score on Part 1 

(Problems and 

Solutions) 

 

Total Score on  

Part II 
 
(Grouping of Flowers) 
 

 
 
Total Score on Part III 

(Design an 

Experiment) 

 
 
Total Test Score 

Item 2C Complexity .41** .67** .49** .67** 

Item 2D SA .44** .71** .68** .76** 

Item 2D SCK .45** .70** .65** .75** 

Item 2D SC  .39** .68** .71** .74** 

Part II Total Score .44** _____ .60** .89** 

Item 3A Fluency .38** .56** .79** .70** 

Item 3A Quality of 

Hypotheses .37** .56** .83** .71** 

Item 3A Originality  .33** .48** .76** .63** 
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Table 4.1     (continued) 
 
 
 
Item 

 

Total Score on Part 1 

(Problems and 

Solutions) 

 

Total Score on  

Part II 
 
(Grouping of Flowers) 
 

 
 
Total Score on Part III 

(Design an 

Experiment) 

 
 
Total Test Score 

Item 3B SA .37** .49** .89** .69** 

Item 3B SCK .37** .49** .88** .68** 

Item 3B SC  .39** .52** .89** .71** 

Part III Total Score .44** .61** _____ .81** 

 

Note.  ** Correlation is significant at the 0.01 level (2-tailed).  * Correlation is significant at the 0.05 level (2-tailed). 

       SA: Scientific Ability                SCK: Science Content Knowledge                  SC: Scientific Creativity  
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Table 4.2  

 Intercorrelations of the items of the Scientific Creativity Test 
 
Item 

 
1AFlu. 

 

 
1A 

Orig. 

 
1B Flu.

 
1B 

Flex. 

 
1B 

Orig. 

 
1C SA 

 
1C 

SCK 

 
1C SC 

 
2A 
Flu. 

 
2A 

Flex. 

 
2A 

Orig. 

 
2A 

Comp. 
1A Flu 0.79** 0.38** 0.45** 0.44** 0.30** 0.28** 0.13 0.22** 0.06 0.16 0.04 0.79 

1A Flex  0.27** 0.51** 0.50** 0.25** 0.36** 0.19** 0.26** 0.08** 0.20* 0.07 0.05 

1A Orig   0.15 0.20* 0.26** 0.11 0.09 0.06 0.02 -0.01 0.04 -0.09 

1B Flu    0.89** 0.63** 0.45** 0.26** 0.27** 0.11 0.38** 0.29** 0.13 

1B Flex     0.63** 0.48** 0.30** 0.30** 0.09 0.37** 0.26** 0.09 

1B Orig      0.33** 0.26** 0.11 0.02 0.19* 0.07 0.04 

1C SA       0.80** 0.60** 0.02 0.16* 0.27** -0.03 

1C SCK        0.48** -0.06 0.10 0.23** -0.05 

1C SC         -0.01 0.07 0.10 -0.04 

2A Flu.          0.18* 0.34** 0.89** 

2A Flex.           0.51** 0.11 

2A Orig.            .40** 
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Table 4.2     (continued) 
 
 
Item 

 
2B 
Flu. 

 
2C 
Flu. 

 
2C 

Flex. 

 
2C 

Orig. 

 
2C 

Compl.

 
2D 
SA 

 
2D 

SCK 

 
2D 
SC 

 
3A 
Flu. 

 
3A 

Qual. 

 
3A 

Orig. 

 
3B 
SA 

 
3B 
SCK 

 
3B 
SC 

1AFlu .08 .29 .20 .19 .30 .25 .28 .18 .25 .25 .25 .16 .16 .18 

1AFlex .06 .28 .21 .23 .27 .24 .26 .22 .22 .27 .19 .24 .24 .26 

1AOrig .11 .25 .06 .08 .25 .10 .11 .06 -.01 .03 .03 .03 .01 -.01 

1BFlu -.14 .24 .19 .19 .19 .32 .34 .29 .28 .25 .24 .21 .23 .29 

1BFlex -.13 .24 .24 .19 .21 .32 .31 .30 .29 .25 .25 .19 .22 .27 

1BOrig -.09 .11 .14 .09 .08 .26 .31 .20 .19 .10 .17 .10 .13 .13 

1CSA -.06 .47 .44 .48 .45 .43 .41 .44 .39 .42 .33  .50 .49  .48  

1CSCK -.09 .31 .32 .32 .29  .27 .24 .28 .27  .30 .21 .39 .35 .33 

1CSC -.01 .45 .43 .51 .44 .38 .34 .35 .30 .34 .28 .34 .35 .36 

2AFlu .34 .06 .09 .10 .09 .08 .08 .06 .10 .03 .06 .07 .05 .07 

2AFlex -.13 .22 .13 .11 .21 .24 .24 .25 .32 .32 .32 .26 .21 .25 

2AOrig .05 .19 .23 .16 .16 .26 .22 .22 .28 .27 .16 .16 .14 .15 

 
 

** * * ** ** ** * ** ** ** *

** * ** ** ** ***************

** **

** * * * ** ** ** ** ** ** * * **

** ** ** * * ** ** ** ** ** ** * ** **

** ** * * *

** ** ** ** ** ** ** ** ** ** ** ** **

** ** ** ** ** ** ** ** ** ** ** ** **

** ** ** ** ** ** ** ** ** ** ** ** **

**

** * ** ** ** ** ** ** ** * **

* ** ** ** ** ** ** *
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 Table 4.2     (continued) 
 
 
Item 

 
2B 
Flu. 

 
2C 
Flu. 

 
2C 

Flex. 

 
2C 

Orig. 

 
2C 

Compl.

 
2D 
SA 

 
2D 

SCK 

 
2D 
SC 

 
3A 
Flu. 

 
3A 

Qual. 

 
3A 

Orig. 

 
3B 
SA 

 
3B 
SCK 

 
3B 
SC 

2AComp .31** -.01 .01 .02 .01 .06 .06 .02 .04 -.02 .03 .02 .02 .02 

2BFlu  .19* .11 .16 .17* .05 .08 .03 -.06 .02 -.03 -.02 -.02 -.04 

2CFlu   .70** .76** .95** .46** .44** .44** .42** .42** .38** .44** .47** .49** 

2CFlex    .70** .64** .48** .41** .42** .43** .41** .34** .43** .46** .48** 

2COrig     .74** .51** .51** .51** .43** .45** .39** .47** .49** .54** 

2CComp      .40** .38** .38** .39** .39** .34** .43** .46** .48** 

2D SA       .90** .94** .70** .66** .62** .51** .51** .53** 

2D SCK        .89** .64** .64** .61** .48** .47** .50** 

2D SC         .70** .68** .61** .56** .55** .56** 

3A Flu          .86** .89** .51** .48** .53** 

3A Qual           .81** .56** .52** .57** 
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 Table 4.2     (continued) 
 
 
Item 

 
2B 
Flu. 

 
2C 
Flu. 

 
2C 

Flex. 

 
2C 

Orig. 

 
2C 

Compl.

 
2D 
SA 

 
2D 

SCK 

 
2D 
SC 

 
3A 
Flu. 

 
3A 

Qual. 

 
3A 

Orig. 

 
3B 
SA 

 
3B 
SCK 

 
3B 
SC 

3A Orig            .47 .45** .49** 

3B SA             .96** .86** 

3B SCK              .89** 

 
Note. * Correlation is significant at the 0.05 level (2-tailed). ** Correlation is significant at the 0.01 level (2-tailed). 
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b. What is the concurrent validity of the Scientific Creativity Test? In other words, 

what is the relationship between students’ subtest and total scores on the scientific 

creativity test and teachers’ ratings of students’ scientific ability, science content 

knowledge, and scientific creativity? Teacher ratings were used as a criterion against 

which students’ scores on the scientific creativity test could be compared. The Pearson 

Product Moment Correlation analysis was used to determine the relationships among the 

Scientific Creativity Test and three teacher ratings. As seen in table 4.3, teacher rating of 

students’ scientific ability was significantly correlated with Subtest I, Subtest II, Subtest 

III, and total test scores. The correlations were medium. Subtest I and the Total Test 

Score had the highest correlation coefficients with teachers’ rating of scientific ability (r 

= .42, p < .01 for both).  

Teachers’ ratings of students’ science content knowledge were significantly 

correlated with Subtest I, Subtest II, and Subtest III, and the total score. The correlations 

were medium. Subtest I had the highest correlation with teachers’ ratings of science 

content knowledge (r = .44, p < .01). Also, the total score had a significant correlation 

with the teachers’ ratings of science content knowledge (r = .42, p < .01).  

Teachers’ ratings of students’ scientific creativity was significantly correlated 

with Subtest I, Subtest II, Subtest III, and the total test score. All correlations were 

medium. The Total Test score had the highest correlation with the teachers’ ratings of 

scientific creativity (r = .51, p < .01). An interesting finding is that the teacher rating of 

students’ scientific creativity had the highest correlation coefficients with the three 
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subtests and the total score. Also, the intercorrelations among the three teacher ratings are 

high.   

 Table 4.3      

 Correlations between Teacher Ratings and Subtests and total scores 
 

Variable 

 

TR SA 

 

TR SCK 

 

TR SC 

 

Subtest I 

 

Subtest 

II 

 

Subtest 

III 

 

Total 

Test 

Score 

TR SA ____ .87** .82** .42** .32** .31** .42** 

TR SCK  ____ .80** .44** .33** .28** .42** 

TR SC   ____ .42** .42** .43** .51** 

Subtest I    ____ .44** .44** .72** 

Subtest 

II 

    ____ .61** .90** 

Subtest 

III 

     ____ .81** 

Total 

Test 

Score 

       

___ 

 
 

 

 Note.  ** Correlation is significant at the 0.01 level (2-tailed).  * Correlation is significant at the   

0.05 level   (2-tailed).  TR SA: Teacher Rating of Scientific Ability      TR SCK: Teacher  

Rating Science of Content   Knowledge        TR SC: Teacher Rating of Scientific Creativity           

Subtest I: Problems and Solutions Subtest II: Grouping of Flowers  Subtest III:  Design an Experiment 
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c. What is the inter-rater reliability of the three items rated using the Consensual 

Assessment Technique?  

The three items rated by two independent judges are 1C (designing a construction 

for a solution), 2D (drawing a diagram about the relationships among the groups of 

flowers), and 3B (drawing an experiment to develop a solution for the environmental 

problem). Each item was rated using the Consensual Assessment Technique in three 

areas: scientific ability, science content knowledge, and scientific creativity. The total 

number of sub-items was 9. To determine the relationship between the ratings of the two 

independent raters, the Pearson Product Moment Correlation analysis was used. As seen 

in table 4.4, the ratings of the two raters were significantly correlated in all the nine 

items. Correlations ranged from medium to high.  

As seen in table 4.4, the highest correlation between the two raters was in items 

3B Science Content Knowledge (r = .85), 2D Scientific Creativity (r = .84), 3B Scientific 

Ability (r =.79), 2D Scientific Ability (r = .77), 2D Science Content Knowledge (r = .74), 

and 3B Scientific Creativity (r = .74). All these correlations were significant at the .01 

level. In table 4.4, most of the nine items are correlated with each other. The correlations 

ranged from low to high. The highest correlations between items in the table are 2D 

(drawing a diagram about the relationships among the groups of flowers) SCK (Science 

Content Knowledge) (rater one) and 2D SC (Scientific Creativity) (rater two) (r = .80, p < 

.01), 2D (drawing a diagram about the relationships among the groups of flowers) SC 

(rater one) and 2D SA (Scientific Ability) (rater two) (r = .82, p < .01), 3B (drawing an 

experiment to develop a solution for the environmental problem) SA (Scientific Ability) 
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(rater one) and 3B SCK (Science Content Knowledge) (rater two) (r = .92, p < .01), 2D 

(drawing a diagram about the relationships among the groups of flowers) SA (Scientific 

Ability) (rater one) and 2D SCK (Science Content Knowledge) (rater two) (r = .78, p < 

.01), 2D (drawing a diagram about the relationships among the groups of flowers) SA 

(Scientific Ability) (rater one) and 2D SC (Scientific Creativity) (r = .80, p < .01), 2D 

(drawing a diagram about the relationships among the groups of flowers) SCK (Science 

Content Knowledge) (rater one) and 2D SA (Scientific Ability) (rater two) ( r= .73, p < 

.01), 2D (drawing a diagram about the relationships among the groups of flowers) SC 

(Scientific Creativity) (rater one) and 2D (drawing a diagram about the relationships 

among the groups of flowers) SCK (Science Content Knowledge) (rater two) (r =.75, p < 

.01), 3B (drawing an experiment to develop a solution for the environmental problem) 

SA (Scientific Ability) (rater one) and 3B (drawing an experiment to develop a solution 

for the environmental problem) SC (Scientific Creativity) (rater two) (r = .77, p < .01), 

3B SCK (Science Content Knowledge) (rater one) and 3B (drawing an experiment to 

develop a solution for the environmental problem) SA (Scientific Ability) (rater two) (r= 

.76, p < .01), 3B (drawing an experiment to develop a solution for the environmental 

problem) SCK (Science Content Knowledge) (rater one) and 3B (drawing an experiment 

to develop a solution for the environmental problem) SC (Scientific Creativity) (rater 

two) (r = .73, p < .01), 3B SC (rater one) and 3B SA (rater two) (r =. 70, p < .01), and 3B 

SC (rater one) and 3B (drawing an experiment to develop a solution for the 

environmental problem) SCK (Science Content Knowledge) (rater two) (r = .74, p < .01). 

Only three high correlation coefficients were obtained between scientific creativity and 
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other variables: 2D (drawing a diagram about the relationships among the groups of 

flowers) SC (Scientific Creativity) (rater one) and 2D (drawing a diagram about the 

relationships among the groups of flowers) SA (Scientific Ability) (rater two) (r = .82, p 

< .01), 3B (drawing an experiment to develop a solution for the environmental problem) 

SC (Scientific Creativity) (rater one) and 3B (drawing an experiment to develop a 

solution for the environmental problem) SA (Scientific Ability) (rater two) (r =. 70, p < 

.01), and 3B (drawing an experiment to develop a solution for the environmental 

problem) SC (Scientific Creativity) (rater one) and 3B (drawing an experiment to develop 

a solution for the environmental problem) SCK (Science Content Knowledge) (rater two) 

(r = .79, p < .01).  

The items rated by the two independent judges were averaged to obtain one single 

score for each student on each of the nine sub-items. As seen in table 4.5, the correlation 

coefficients among all the sub-items are apparently higher than before averaging the two 

raters’ sub-items into one score. Again, some high correlation coefficients can be seen in 

table 4.5. These high correlation coefficients are among the following items: 1C 

(designing a construction about a solution) SA (Scientific Ability) and 1C (designing a 

construction about a solution) SCK (Science Content Knowledge) (r = .80, p < .01), 2D 

(drawing a diagram about the relationships among the groups of flowers) SA (Scientific 

Ability) and 2D (drawing a diagram about the relationships among the groups of flowers) 

SCK (Science Content Knowledge) (r = .90, p < .01), 2D (drawing a diagram about the 

relationships among the groups of flowers) SA (Scientific Ability) and 2D (drawing a 

diagram about the relationships among the groups of flowers) SC (Scientific Creativity) 
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(r =. 94, p < .01), 2D (drawing a diagram about the relationships among the groups of 

flowers) SCK (Science Content Knowledge) and 2D (drawing a diagram about the 

relationships among the groups of flowers) SC (Scientific Creativity) (r =.89, p < .01), 3B 

(drawing an experiment to develop a solution for the environmental problem) SA 

(Scientific Ability) and 3B (drawing an experiment to develop a solution for the 

environmental problem) SCK (Science Content Knowledge) (r = .96, p < .01), 3B 

(drawing an experiment to develop a solution for the environmental problem) SA 

(Scientific Ability) and 3B (drawing an experiment to develop a solution for the 

environmental problem) SC (Scientific Creativity) (r = .86, p < .01), and 3B (drawing an 

experiment to develop a solution for the environmental problem) SCK (Science Content 

Knowledge) and 3B (drawing an experiment to develop a solution for the environmental 

problem) SC (Scientific Creativity) and 3B (drawing an experiment to develop a solution 

for the environmental problem) SC (Scientific Creativity) (r =. 89, p < .01).  
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Table 4.4  

Correlations between the two raters on the three items 
 

 

Rater One 

 

 

1C SA 

 

 

1C SCK

 

 

1C SC 

 

 

2DSA 

 

 

2D SCK 

 

 

2DSC 

 

 

3B SA 

 

 

3B SCK

 

 

3B SC 

1C SA .45** .48** .22** .33** .30** .40** .48** .51** .45** 

1C SCK .34** .40** .12 .16* .13 .25** .35** .31** .28** 

1C SC .55** .42** .36** .28** .25** .28** .30** .32** .31** 

2D SA .33** .24** .32** .77** .78** .80** .45** .49** .43** 

2D SCK .32** .22** .27** .73** .74** .80** .44** .44** .40** 

2D SC .35** .26** .34** .82** .75** .84** .47** .46** .41** 

3B SA .26** .28** .20** .44** .43** .57** .79** .92** .77** 

3B SCK .24** .26** .19* .44** .41** .55** .76** .85** .73** 

3B SC .26** .27** .26** .47** .46** .57** .70** .79** .74** 

 
 
 
 

Note.  ** Correlation is significant at the 0.01 level (2-tailed).  * Correlation is significant at the 0.05 

level (2-tailed).  SA: Scientific Ability SCK: Science Content Knowledge   SC: Scientific Creativity  

Rater Two 
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 Table 4.5  

 Inter-item Correlations for Items 1C, 2D, and 3B after averaging the two raters’ scores 
 
Item 

 
1C SA 

 
1C SCK 

 
1C SC 

 
2D SA 

 
2D SCK 

 
2D SC 

 
3B SA 

 
3B SCK 

 
3B SC 

1C SA  .80** .60** .43** .41** .44** .50** .49** .48** 

1C SCK   .48** .27** .24** .28** .39** .35** .33** 

1C SC    .38** .34** .35** .34** .35** .36** 

2D SA     .90** .94** .51** .51** .53** 

2D SCK      .89** .48** .47** .50** 

2D SC       .56** .55** .56** 

3B SA        .96** .86** 

3B SCK         .89** 

3B SC          

 
Note.  ** Correlation is significant at the 0.01 level (2-tailed).  * Correlation is significant at the 0.05 level (2-tailed). 

       SA: Scientific Ability                SCK: Science Content Knowledge                  SC: Scientific Creativity  
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Research Question 2 

What, if any, differences exist between males’ and females’ scores on subtest 

items, total scores on each subtest, and total scores on the Scientific Creativity Test and 

teacher’s ratings of students’ scientific ability, science content knowledge, and scientific 

creativity? Using SPSS 14.0, the researcher conducted two analyses. The first analysis 

was the General Linear Modeling (GLM) Repeated Measures Two-Way Analysis of 

Variance. The design was 2 levels X 3 levels as gender (male and female) and differences 

between gender constituted the two independent variables or the between-group effect 

and test (subtest I, subtest II, and subtest III) constituted the dependent variable or the 

within-group variable. The purpose of using GLM was to investigate if any differences 

existed between males and females on the Scientific Creativity subtests. The descriptive 

statistics for the three parts of the scientific creativity test are summarized in table 4.6. 

The GLM Repeated Measures analysis did not indicate any overall significant differences 

between males and females on the three subtests (F (1, 136) = 667.64, p = .13; partial eta 

squared .83). In other words, no overall effect for gender was found. An interaction 

effect, however, was found. In Subtest I (Problems and Solutions), males and females did 

almost the same. In Subtest II (Grouping of Flowers), females performed better than 

males. In Subtest III, females performed slightly higher than males. This finding suggests 

that gender had no overall effect on the three subtests, and the interaction effect indicated 

that females are better than males in Subtest II.  

 

 



 
169

Table 4.6  

Descriptive Statistics for the Three Subtests 

 

 

Gender Mean Std. Deviation N 

Male 22.88 8.93 61 

Female 23.05 7.81 77 

Part I Total 

Total 22.98 8.30 138 

Male 24.00 12.60 61 

Female 28.84 14.42 77 

Part II Total 

Total 26.70 13.81 138 

Male 5.336 8.11 61 

Female 6.88 8.62 77 

Part III Total  

Total 6.19 8.40 138 

 

The researcher also used an independent-samples t test to investigate gender 

differences on the total test score, all the test items, and the teacher ratings. For the 

gender differences on the total score of the scientific creativity test, the females 

performed better (M = 58.79, SD = 26.19) than males (M = 52.23, SD = 23.56). This 

difference was not significant. For the gender differences on all test items, descriptive 

statistics for each of the three subtests are presented in table 4.7. The analysis using the 

independent-samples t test indicated no significant differences between females and 

males in the scientific creativity test except for four items: 2A (grouping flowers) 

Fluency, 2A Flexibility, 2A Originality, and 2A Complexity.  
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Table 4.7 

Means and Standard Deviations for Students on Teacher Ratings (TR) and Test Scores  

 

 
 

Gender 
      
             Male                            Female 

 
 

 
 
Variable 

M SD M SD 

TR: Scientific Ability 2.79 .97 2.7 .84 

TR: Science Content Knowledge 2.46 1.05 2.62 .87 

TR: Scientific Creativity 2.79 .88 2.74 .95 

Item 1A Fluency 3.59 2.07 3.82 2.20 

Item 1A Flexibility 2.62 1.14 2.73 1.11 

Item 1A Originality  .33 .83 .38 .84 

Total Points of Item 1A 6.54 3.49 6.92 3.51 

Item 1B Fluency 2.08 1.26 2.25 1.35 

Item 1B  Flexibility 1.64 .89 1.75 .99 

Item 1B Originality 1.64 1.94 1.61 0.21 

Total Points of Item 1B  5.36 3.64 5.61 3.81 

Item 1C: Scientific Ability 3.57 1.36 3.47 1.36 

Item 1C: Science Content Knowledge 3.47 1.44 3.27 1.44 

Item 1C: Scientific Creativity 3.93 1.47 3.77 1.37 

Total Pointes of Item 1C 10.98 3.72 10.52 3.62 
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Table 4.7     (continued) 
  

 
 

 
 

Gender 
      
             Male                            Female 

 
 

 
 
Variable 

M SD M SD 

Total Points of Subtest 1 22.88 8.93 23.05 7.81 

Item 2A Fluency 4.34 1.54 5.02 1.79 

Item 2A Flexibility 1.75 0.97 2.22 1.25 

Item 2A Originality 1.88 2.34 2.81 2.89 

Item 2A Complexity 4.50 1.91 5.36 2.60 

Total Points of Item 2A 12.49 5.06 15.42 6.56 

Item 2B Fluency 1.72 2.73 2.57 3.45 

Item 2C Fluency 1.72 1.69 1.74 1.77 

Item 2C Flexibility 0.78 0.85 0.83 0.92 

Item 2C Originality 1.55 2.01 2.06 2.46 

Item 2C Complexity 1.73 1.75 1.88 1.89 

Total points of Item 2C 5.80 5.74 6.51 6.47 

Item 2D Scientific Ability 1.51 1.94 1.53 2.04 

Item 2D Science Content Knowledge 1.31 1.75 1.46 1.88 

Item 2D Scientific Creativity 1.15 1.60 1.32 1.84 
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Table 4.7     (continued) 
 

 
  

 
 

Gender 
      
             Male                            Female 

 
 

 
 
Variable 

M SD M SD 

Total Points of Subtest 1 22.88 8.93 23.05 7.81 

Item 2A Fluency 4.34 1.54 5.02 1.79 

Item 2A Flexibility 1.75 0.97 2.22 1.25 

Item 2A Originality 1.88 2.34 2.81 2.89 

Item 2A Complexity 4.50 1.91 5.36 2.60 

Total Points of Item 2A 12.49 5.06 15.42 6.56 

Item 2B Fluency 1.72 2.73 2.57 3.45 

Item 2C Fluency 1.72 1.69 1.74 1.77 

Item 2C Flexibility 0.78 0.85 0.83 0.92 

Item 2C Originality 1.55 2.01 2.06 2.46 

Item 2C Complexity 1.73 1.75 1.88 1.89 

Total points of Item 2C 5.80 5.74 6.51 6.47 

Item 2D Scientific Ability 1.51 1.94 1.53 2.04 

Item 2D Science Content Knowledge 1.31 1.75 1.46 1.88 

Item 2D Scientific Creativity 1.15 1.60 1.32 1.84 
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Table 4.7     (continued) 
  

 
 
 
 
 
 
  

 
 

Gender 
      
             Male                            Female 

 
 

 
 
Variable 

M SD M SD 

Total Points of Item 2D 3.99 5.15 4.32 5.61 

Total Points of Subtest II 24.00 12.60 28.84 14.42 

Item 3A Fluency 0.36 0.68 0.50 0.95 

Item 3A Quality of Hypotheses 1.13 2.01 1.29 2.11 

Item 3A Originality 0.65 1.26 0.70 1.46 

Total Points of Item 3A 2.14 3.83 2.50 4.27 

Item 3B Scientific Ability 0.983 1.64 1.43 1.89 

Item 3B Science Content Knowledge 1.09 1.89 1.5 2.00 

Item 3B Scientific Creativity 1.10 1.82 1.44 1.81 

Total points of Item 3B 3.18 5.26 4.37 5.49 

Total Points of Subtest III 5.33 8.11 6.88 8.62 

Total Score of the Test 52.22 23.56 58.78 26.19 
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The first item is 2A (grouping flowers) Fluency. Females performed better (M = 

5.03, SD = 1.8) than males (M = 4.34, SD = 1.5). This difference was significant [t (136) 

= 2.53, p = .02, d = .40]. The second item is 2A (grouping of flowers) Flexibility. 

Females performed better (M = 2.22, SD = .1.25) than males (M = 1.75, SD = .98). This 

difference was significant [t (136) = 2.40, p = .018, d = .41]. The third item is 2A 

(grouping of flowers) Originality. Females performed better (M = 2.82, SD = .2.90) than 

males (M = 1.89, SD = 2.34). This difference was significant, t (136) = 2.04, p = .043, d = 

.35. The fourth item is item 2A (grouping of flowers) Complexity. Females performed 

better (M = 5.36, SD = 2.60) than males (M = 4.51, SD = 1.91). This difference was 

significant [t (136) = 2.15, p = .033, d = .37]. 

 The last analysis was conducted to investigate the gender differences in teacher 

ratings, scientific ability, science content knowledge, and scientific creativity. No gender 

differences were found in three teacher ratings.  

 The researcher compared the performance of females and males on the total 

scores of each item (total score of item 1A, total score of item 1B, total score of item 1C, 

total score of item 2A, total score of item 2B, total score of item 2C, total score of item 

2D, total score of item 3A, and total score of item 3B). Also, the researcher compared the 

performance of females and males on Subtest I, Subtest II, and Subtest III when treated 

as separate tests rather than three connected tests in a battery. Using an independent-

samples t test, the researcher concluded that no significant differences between the 

females and males were found except for two areas. The first is the total score of item 2A 

(grouping flowers). Females scored better (M = 15.43, SD = 6.56) than males (M = 12.49, 
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SD = 5.06). This difference was significant [t (136) = 2.81, p = .005, d = .48]. The second 

is the total score of Subtest II (Grouping of Flowers). Females scored better (M = 28.84, 

SD = 14.42) than males (M = 24.00, SD = 12.60). This difference was significant [t (136) 

= 2.06, p = .005, d = .35]. 

Summary of Findings 

 Regarding the internal consistency of the Scientific Creativity Test as an evidence 

of reliability, an alpha coefficient of .90 was obtained based on the scores of 138 

students. This is an indicator of the homogeneity between the 27 items of the Scientific 

Creativity Test. Also, alpha coefficients when treating each subtest as separate were .82 

for Problems and Solutions Subtest, .81 for Grouping of Flowers Subtest, and .91 for 

Design an Experiment Subtest. The comparison conducted on three levels (item-total 

correlations, item-subtest correlations, subtest-total correlations, and inter-item 

correlations) indicated that most of the correlation coefficients ranged from medium to 

high and were significant. Evidence of inter-rater reliability was supported as significant 

correlations were found between the two independent raters who scored items 1C 

(designing a construction about a solution), 2D (drawing a diagram about the 

relationships among the groups of flowers), and 3B (drawing of an experiment to develop 

a solution for the environmental problem).  

 Evidence of concurrent validity was found in this study. The teachers’ ratings of 

students’ scientific ability, science content knowledge, and scientific creativity were 

correlated with the three subtests, Problems and Solutions, Grouping of Flowers and 

Design an Experiment, and the Total Test score.  
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 Using the General Linear Modeling (GLM) Repeated Measures Two-Way 

Analysis of Variance, no gender effect was found on the three subtests of the Scientific 

Creativity Test. However, an interaction effect was found. Females generally performed 

better than males on Subtests II and III (Grouping of Flowers and Design an Experiment). 

Using the independent-samples t test to compare the performance of females and males 

on the Total Test score, no significant differences were found. Using the independent-

samples t test to compare the performance of males and females on all test items, females 

scored better than males in four items, 2A  (grouping flowers) Fluency, 2A Flexibility, 

2A Originality, and 2A Complexity. No gender differences were found in the teacher 

ratings of students’ scientific ability, science content knowledge, and scientific creativity 

of three items, 1C (designing a construction about a solution), 2D (drawing a diagram 

about the relationships among the groups of flowers), and 3B (drawing of an experiment 

to develop a solution for the environmental problem).  

 Comparing the performance of females to males on total scores of subtest items, 

no significant differences were found except for two areas. The first was the total score of 

item 2A (grouping flowers) and the second was the total score of Subtest II (grouping of 

flowers).  
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CHAPTER V 

DISCUSSION AND CONCLUSION 

 The purpose of this study was to investigate the psychometric properties (validity 

and reliability) of the Scientific Creativity Test. A related purpose was to compare the 

performance of females and males. The researcher developed the scientific creativity test 

according to Gardner’s (1993, 1999) Multiple Intelligences Theory, Amabile’s (1982) 

Componential Model of Creativity, Piaget’s (Inhleder & Piaget, 1958) developmental 

theory, and Sternberg and Lubart’s (1991, 1992, 1995, 1996) investment theory of 

creativity. The test was administered to 138 fifth-grade students in a metropolitan city in 

the Southwest region of the US. Descriptive and inferential statistics were used to 

conduct the data analysis. This chapter consists of the discussion of research findings, 

recommendations for science assessment and education, implications on both the 

theoretical and pedagogical levels, and limitations of the study.  

Research Question 1 

What are the internal psychometric qualities of the Scientific Creativity Test? 

b.  What is the internal consistency of the Scientific Creativity Test? What are the 

relationships among the sub-parts of the instrument (e.g. Problems and Solutions, 

Groupings of Flowers, and Design an Experiment)? 

The alpha coefficient based on scores of 138 students is .90. According to 

Anastasi and Urbina (1997), an alpha coefficient of .70 is an acceptable level for the 

internal consistency of a measure. Other authors (Crano & Brewer, 2002) stated that an 

acceptable value of internal consistency should be .75 or higher. Crano and Brewer 
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(2002) concluded that internal consistency is concerned with the degree to which the 

items or constituents of a measure or test are interrelated. When these items are 

interrelated, a great possibility exists to envisage or generate the same or similar results. 

An essential component in internal consistency is that all items of a measure are 

presumed to measure substantially the same construct. Nunnally (1967, in Crano & 

Brewer, 2002) concluded that “a test should ‘hang together’ in the sense that the items all 

correlate with one another. Otherwise, it makes little sense to add scores over items and 

speak of total scores as measuring any attribute” (p. 251).  

Also, the number of items in an instrument represents a major part in the 

instrument’s reliability (internal consistency). If the inter-item correlations are high, alpha 

will be high. Another important indicator of internal consistency is the assessment of all 

item-total score correlations. If an item is measuring something not compatible with what 

other items in the test measure, the relationship of this item to the total score will be low. 

In this content of internal consistency, the items of a measure or scale should not be 

considered duplicates of one another. Preferably, the items in a test should measure a 

common construct or focus; however, these items should be completely different in all 

other characteristics that are not related to this construct or focus (Crano & Brewer, 

2002). When considering each subtest as a separate test, the internal consistency of three 

tests (constituting the Scientific Creativity Test) is above the acceptable alpha coefficient 

as recommended by most of the authors in the measurement field.  

 Consistent with the previous explanation, investigating the correlations on three 

levels (item-subtest, item-total, and subtest-total) is an important measure of the 
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Scientific Creativity Test’s internal consistency. For the item-total level, all the test items 

had significant correlations with the total score. The coefficient of determination (r²) is 

used to measure to what extent the amount of variability in one variable can be decided 

from the relationship with the other variable (Gravetter & Wallnau, 2005). If the 

coefficient of determination is applied to the relationship at the item-total level, the 

proportion of variability in most of the test items can be explained or determined from the 

relationship with the other variable. The items that had the highest correlations with the 

total score were 2C (recycling or thinking about completely different groups) Fluency, 

2C Originality, 2D (drawing a diagram about the relationships among the groups of 

flowers)SA, 2D Science Content Knowledge, 2D SC (Scientific creativity), 3A 

(formulating hypotheses about an environmental problem) Fluency, and 3A (formulating 

hypotheses about an environmental problem) Quality of Hypotheses, and 3B (drawing of 

an experiment to develop a solution for the environmental problem) Scientific Creativity. 

Those high correlations and all other significant correlations of the item-total level as 

well provide support for the internal consistency of the SCT based on Anastasi and 

Urbina’s (1997) assumptions. They concluded that the significant correlations that 

constitute the relationship among items, subtests, and the total score are essential 

indicators that the measure under construction is measuring one focused construct.  

 Some interesting findings regarding the items that had the highest correlations 

with the total score are worth noting. Although the test was designed to identify the 

scientific creativity of fifth-grade students, some other variables such as scientific ability 

and science content knowledge are contributing substantially to scientific creativity. Two 
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of the essential components that constitute Amabile’s (1982) componential model of 

creativity are domain-relevant skills and creativity-relevant skills. The domain-relevant 

skills include knowledge of the domain and the technical skills required to achieve in that 

domain. They depend on inborn cognitive abilities and formal and informal education, 

while creativity-relevant skills include appropriate implicit or explicit cognitive style, and 

producing new ideas; they depend on training and experience in producing many ideas. 

As seen in table 4.2, the items that had the highest correlations with the total were 2C 

(recycling or thinking about completely different groups) Fluency, 2C Originality, 2D 

(drawing a diagram about the relationships among the groups of flowers) rating on SA 

(Scientific Ability), 2D rating on SCK(Science Content Knowledge), 2D rating on SC 

(Scientific Creativity), 3A (formulating hypotheses about an environmental problem) 

Fluency, and 3A (formulating hypotheses about an environmental problem) Quality of 

Hypotheses, and 3B (drawing of an experiment to develop a solution for the 

environmental problem) rating on SC (Scientific Creativity).  

Accordingly, all the item-total significant correlations and the high correlations 

support the construct validity of the scientific creativity test. Also, the scientific creativity 

test is consistent with Amabile’s (1982) componential model of creativity, as the highest 

correlations represent the relationships among scientific ability, scientific creativity, 

creativity components (fluency and originality), science content knowledge and the total 

test score. According to Amabile’s (1982) model of creativity, scientific ability and 

science content knowledge represent the domain-relevant skills.  
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 For item-subtest correlations, all items in each subtest had significant correlations 

with the relevant subtest. The correlations ranged from medium to high. What was also 

interesting is that most of the items in these subtests have low-to-high significant 

correlations with the three subtests. These significant correlations demonstrate the 

homogeneity of the scientific creativity test and show that the test is measuring one 

construct.  

 For the subtest-total level, all three subtests had high significant correlations with 

the total test score: Subtest I (Problems and Solutions) r = .72, p < .01, Subtest II 

(Grouping of Flowers) r = .89, p < .01, Subtest III (Design an Experiment) r = .81, p < 

.01. Subtest II (Grouping of Flowers) had the highest subtest-total correlation. The reason 

for this high subtest-total correlation was that Subtest II had the most representative items 

in the scientific creativity test because the items include both creativity components (e.g. 

fluency, flexibility, and originality) and science knowledge. Although Subtest I 

(Problems and Solutions) and Subtest III (Design an Experiment) include creativity 

components and science knowledge, Subtest II has more use of scientific ability such as 

the use of several skills of classification included in Piaget’s developmental theory and 

Hilda Taba Concept Development. Subtest II included four items, 2A (grouping flowers), 

2B (subsuming or moving flowers already in groups into different groups), 2C (recycling 

or thinking about completely different groups), 2D (drawing a diagram about the 

relationships among the groups of flowers).  

As seen from the diversity of these items, creativity components (fluency, 

flexibility, and originality) are represented in items 2A, 2C and 2D Scientific Creativity. 
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Also, the knowledge domain is represented in the items 2A, 2C, and 2D. Moreover, the 

items scored for complexity of groups represent scientific ability. Again, Amabile’s 

(1982) componential model of creativity is supported. On the other hand, items in Subtest 

I include only creativity components. Subtest III had a different structure. Although 

creativity is represented in item 3B (drawing an experiment to develop a solution for the 

environmental problem) in Scientific Creativity rating, this subtest had a higher 

correlation with the total test score. This finding supports the view that scientific 

creativity consists not only of creativity components but also of knowledge of the 

domain. Previous attempts to design scientific creativity instruments relied heavily on 

creativity as a major component and drew less on knowledge of science concepts. 

 For the subtest-total level, the coefficient of determination (r²) between the three 

subtests and the total score are .50 for Subtest I, .79 for Subtest II, and .65 for Subtest III.  

The proportion of variability in the three subtests can be explained or determined from 

the relationship with the total test score. In other words, the performance of a student on 

the total score can be predicted from his or her performance on each of the three subtests.  

b. What is the concurrent validity of the Scientific Creativity Test? 

Convergent, concurrent, or criterion-related validity is important when 

validating a construct (Crano & Brewer, 2002). The researcher has to develop a set of 

assumptions about other constructs that are related to his specific construct or concept. In 

other words, convergent or concurrent validity refers to the degree of relationship 

between a newly-developed measure and an existing measure or between a newly-
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developed measure and the perceptions of individuals who know the abilities of those 

taking the test.   

 The measure that was selected to investigate the concurrent validity of the 

scientific creativity test is Teacher Ratings. Classroom teachers rated the students on 

three criteria: scientific ability, science content knowledge, and scientific creativity. 

Scientific ability was defined as the ability of the student to do science, see logical 

relationships, and use reasoning. Science content knowledge was defined as the ability of 

the student to understand the content knowledge in science books and apply this 

knowledge in different situations. Scientific creativity is the uniqueness and 

appropriateness of the student’s responses to questions related to science. As seen in table 

4.3, the three teacher ratings had significant correlations with the total test score. Teacher 

rating of scientific creativity had the highest correlation with the total test score (r = .51, p 

< .01). This high correlation is another indication that the test is measuring scientific 

creativity.  

On the other hand, the two medium significant correlations between the teacher 

rating of scientific ability and teacher rating of science content knowledge (r =. 42, p < 

.01) indicate that these two variables (scientific ability and science content knowledge) 

were represented in the test. This finding suggests, however, that children who are 

creative in science are more inclined to get high scores on this test other than children 

who are better in science ability and science content knowledge. This finding also can be 

interpreted in terms of the effect size represented in the coefficient of determination (r²). 

The coefficient of determination of the correlation between the teacher rating of scientific 
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creativity and the total test score is .26. What can be concluded from this result is that the 

proportion of variability in the teacher rating of scientific creativity can be explained or 

determined from the relationship with the total test score given that the effect size of this 

relationship is low. In other words, the performance of a student on the total score can be 

partially predicted from the teacher’s rating of his or her scientific creativity.  

 For the two other ratings, scientific ability and science content knowledge, the 

effect sizes are .17. Although the effect size measure (coefficient of determination) of 

three teacher ratings is low scientific creativity is contributing to the test by a significant 

amount. One explanation for the medium significant correlations between the three 

teacher ratings and the total test score is that students do not do enough science in the 

classrooms. Due to the fact that math and reading are the two most important subject 

matters taught at schools, not enough time is dedicated to science teaching and science 

assessment. The lack of time for science teaching and science assessment contributes to 

less exposure to science concepts. Consequently, when students have less scientific 

knowledge, they are likely to be less creative in science. Also, because teachers are 

teaching less science, they have very few opportunities to observe the students’ 

performance, which contributes to lower correlations.  

 If each subtest is considered a separate test, the three teacher ratings had medium 

significant correlations to Subtest I (Problems and Solutions), Subtest II (Grouping of 

Flowers), and Subtest III (Design an Experiment). These correlations also are indicators 

of the convergent or concurrent validity of the sub-tests of the scientific creativity test.  
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 An interesting finding of the significant correlations between teacher ratings and 

the Scientific Creativity Test total score is that the belief that creativity is domain specific 

of creativity is supported. If teacher rating of students’ scientific creativity is considered a 

domain specific measure of students’ creativity in the domain of science, then the belief 

in domain specificity of creativity is supported in this study because of the medium 

significant correlation (r = .51, p < .01).  

c. What is the inter-rater reliability for the three items rated using the Consensual 

Assessment Technique?  

Interrater consistency is basically having two or more raters independently score 

the performance of students and determining the relationship between their ratings (Lin 

and Miller, 2005). Consistency is assessed by computing the correlations between the 

scores allocated by the first judge with those of the other judge. For the specific nature of 

items 1C (designing a construction about a solution), 2D (drawing a diagram about the 

relationships among the groups of flowers), and 3B (drawing of an experiment to develop 

a solution for the environmental problem), those items were rated by two independent 

raters. Overall, the correlations between the two raters on the nine items ranged from 

medium to high significant correlations.  

 The two highest correlations were items 3B (drawing of an experiment to develop 

a solution for the environmental problem) rating on Science Content Knowledge (r = .85, 

p < .01) and 2D (drawing a diagram about the relationships among the groups of flowers) 

rating on Scientific Creativity (r= .84, p < .01). Looking at the rating of each rater of 

items 1C (designing a construction about a solution), 2D (drawing a diagram about the 
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relationships among the groups of flowers), and 3B (drawing of an experiment to develop 

a solution for the environmental problem), all of the interrater correlations were high 

except for item 1C (designing a construction about a solution) rating of SC (Scientific 

Creativity) in which the item had medium correlation (r = .36, p < .01). The correlation of 

item 1C (designing a construction about a solution) rating of SC (Scientific Creativity) is 

the lowest correlation in the nine correlations of the two raters. This low correlation 

might be due to the divergence or difference of performance in Subtest II (Grouping of 

Flowers) and Subtest III (Design an Experiment). In other words, the difficulty level of 

Subtest I (Problems and Solutions) was the easiest. The students articulated, while 

working on the activities of the scientific creativity test, the increasing difficulty of the 

subtests. Most of the students in the classrooms described Subtest I (Problems and 

Solutions) as difficult, Subtest II (Grouping of Flowers) as more difficult than Subtest I, 

and Subtest III (Design an Experiment) as the most difficult of all. 

The results of the interrater reliability in this study are consistent with the findings 

of other researchers using the Consensual Assessment Technique (Dollinger & Shafran, 

2005; Baer, Kaufman, & Gentile, 2004; Baer, 2003; Chen et al., 2002; Hickey, 2001; 

Conti, Coon, & Amabile, 1996). Most of the researchers in these studies found medium 

to high correlations among the scores of the independent raters. Although none of the 

authors of these studies investigated scientific content, researchers used hands-on 

performance, which overlaps with this study. For example, Dollinger and Shafran (2005) 

used a drawing task, the Test of Creative Thinking-Drawing Production (TCT-DP). Other 

researchers used writing production represented in writing poems, fictional stories, and 
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personal narratives (Baer, Kaufman, & Gentile, 2004; Baer, 2003). Others used 

manipulative materials as paper, glue, and white cardboard (Amabile, 1982), drawing of 

geometric shapes (Chen et al., 2002), musical compositions (Hickey, 2001), writing short 

stories and art activities (Conti, Coon, & Amabile, 1996), collage making (Baer, 1996), 

making paper collages (Gerrard, Poteat, & Ironsmith, 1996), and geometric designs 

(Hennessey, 1994). Accordingly, the Consensual Assessment Technique (CAT) is a good 

way to measure students’ creativity especially in hands-on activities.  

Research Question 2 

What, if any, differences exist between males’ and females’ scores on subtest items, total 

scores on each subtest, and total scores on the Scientific Creativity Test and teacher’s 

ratings of students’ scientific ability, science content knowledge, and scientific creativity? 

The researcher used General Linear Modeling (GLM) Repeated Measures Two-

Way Analysis of Variance to answer this question. No overall effect for gender was 

detected. In other words, no overall significant differences were found between the 

performance of males and females on the three subtests, Subtest I (Problems and 

Solutions), Subtest II (Grouping of Flowers), and Subtest III (Design an Experiment). 

However, the interaction effect indicated that females performed slightly better than 

males in Subtests II and III. Using several independent-samples t tests on the total test 

score, no significant differences were found between males and females. Conducting the 

independent-samples t test on the 27 sub-items of the test, females performed better than 

males in four sub-items, 2A (grouping flowers) Fluency, 2A Flexibility, 2A Originality, 

and 2A Complexity. Also, comparing females to males on the teacher ratings of scientific 
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creativity, scientific ability, and science content knowledge did not yield any significant 

differences.  

 The results of this study are consistent with other research showing no gender 

differences in scientific achievement (Wilkins 2002; Freedman, 2001; Dimitrov, 1999). 

For studies about science achievement and scientific ability, no evidence of gender 

differences in science achievement was found, achievement in science knowledge, and 

science achievement. Solano-Flores, Jovanovich, and Shavelson (1994) stated that no 

overall gender effect was detected in two performance-based investigations of the 

Science Performance Field Test of the California Assessment Program. However, a few 

differences existed between males and females on this field test. For example Shavelson, 

Baxter, and Gao (1993) concluded that females performed better than males in three 

(leaves, acids, and bases) out of five (electricity, leaves, rocks, measurement, acids and 

bases) hands-on investigations in the Science Performance Field Test of California. On 

the other hand, Shavelson, Baxter, and Pine (1992) concluded that no overall effect of 

gender was found but males outperformed females on the electricity investigation in one 

of the five hands-on investigations of the Science Performance Field Test of California 

Assessment Program.  

 For gender differences in scientific creativity, and given the scarcity of research 

conducted on investigating the gender differences in scientific creativity, some 

researchers found that gender did not have an effect on scientific creativity (Sansanwal & 

Sharma, 1993; Shukla & Sharma, 1986). However, Hu, Lin, and Chongde (2003) 
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concluded that significant gender differences between males and females in scientific 

creativity were detected. Females were apparently better than males.  

 Because of the inconsistency of results of previous research, the results of this 

study should be interpreted with caution. Although the researcher for this study 

concluded that no overall gender effect was found in scientific creativity, some points 

should be taken into consideration when interpreting the results of this research or 

matching these results with the authors who reached the same conclusion. First, the age 

levels in all of the studies are different from the grade or age level of the current study. 

Some of the authors studied secondary school students (Shukla & Sharma, 1986; 

Sansawal & Sharma, 1993; Hu & Adey, 2002). Second, the instruments used in these 

studies were different from the scientific creativity test developed in this study. For 

example, Sansawal and Sharma (1993) used the Majumdar Scientific Creativity Test 

(Shukla, 1980). The test measured creativity components as fluency, flexibility, and 

originality in addition to global scientific creativity. The test consisted of 12 items 

categorized to four sub-tests: Consequences Test, Unusual Uses Test, New Relationship 

Test, and Just Think Why Test. The Majumdar Scientific Creativity Test did not include 

any reference to advanced science process skills such as the ability to hypothesize or 

design experiment. Another difference was that the test included few problems from 

daily-life situations.  

 Also, Hu, Chongde, and Jiliang (2003) used the Test of Scientific Creativity 

developed by Hu and Adey (2002). This test consisted of seven items based on a 

theoretical model consisting of three dimensions, the process dimension (thinking and 
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imagination), the trait dimension (fluency, flexibility, and originality), and the product 

dimension (technical product, science knowledge, science phenomena, and science 

problem). From the brief explanation of the two tests found in the literature on scientific 

creativity, researchers should be careful about interpreting the results of studies of gender 

differences in scientific creativity.  

 Another major difference between the Scientific Creativity Test developed in this 

study and the other tests is the use of several theoretical frameworks. Most of the authors 

who developed tests of scientific creativity had limited theoretical bases. Looking at the 

Scientific Creativity Test developed for this study, the test is different from the previous 

tests in several ways. The test has more than one major theoretical basis: Gardner’s 

(1993) theory of Multiple Intelligences, Amabile’s (1982) Componential Model of 

Creativity. Piaget’s theory of cognitive development, and Sternberg and Lubart’s (1991, 

1993) Investment Theory of Creativity. Moreover, a variety of science process skills are 

used, ranging from basic to advanced. The test has a unique set of hands-on manipulation 

activities that stimulate students’ thinking and reasoning.  

Many activities in the test require problem finding that is a higher and more 

complex process than what has been investigated previously in studies of creative 

individuals. For example, students are required in Subtest I to list as many environmental 

problems as they can see in the pictures. Also, in Subtest III, students are required to 

generate hypotheses for an environmental problem of their own choice. The three hands-

on activities in the test, 1C (designing a construction about a solution), 2D (drawing a 

diagram about the relationships among the groups of flowers), and 3B (drawing of an 
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experiment to develop a solution for the environmental problem) require higher-level 

problem solving. For example, in item 1C, the student has to think in the beginning about 

problems he/she can see in the pictures. Then, the student has to pick the problems for 

which he will list possible solutions or possible ways to fix these problems. The highest 

level of problem solving is clearly represented when students generated solutions and 

created a design or a model that represented the solution. Also, the efficiency in using the 

manipulation materials (pipe cleaners, styrofoam shipping peanuts, and sheets of 

construction paper) is closely related to the problem-solving ability of the student. Some 

students, for example, thought about the problem carefully and generated a design for 

solving the problem. Involving students in such activities is very similar to real-life 

situations, as the students pretend to be in the shoes of scientists. The students were told 

to act exactly as if they were scientists and think about creative ways to solve problems. 

Students are faced in life with situations that require problem finding and problem 

solving. Subtest I (Problems and Solutions) is a genuine representation of real-life 

problems as students think about actual problems in their local community.  

What makes the Scientific Creativity Test developed in this study a unique 

instrument is the real-life simulation in all of the activities. Other instruments to measure 

scientific creativity did not include real-life situations in which the students solved or 

even found problems that occurred in their environments. For example, the scientific 

creativity test developed by Hu and Adey (2002) consisted of seven items. In the first 

item, students were required to write as many scientific uses as they could for a piece of 

glass. In the second item, students were required to list as many scientific questions as 



 
192

they could about an imaginary situation in which they took a spaceship to travel to outer 

space to a planet. In the third item, students were required to think about as many 

improvements to a regular bicycle as they could, making it more useful and more 

beautiful. In the fourth item, students were required to describe what the world would be 

like if no gravity existed. In the fifth item, students were required to use as many methods 

as they could to divide a square into equal pieces. In the sixth item, students were 

required to test two kinds of napkins and decide which one was better. In the seventh 

item, students were required to design an apple-picking machine, draw a picture, and 

point out the name and the function of each part. Apparently, most of the questions were 

not related to real-life situations that students encountered in the environment, home, and 

school except for a few examples such as improvements to a bicycle, which was 

connected to their world.  

 The last item of the Test of Scientific Creativity developed by Hu and Adey 

(2002) was somewhat similar to the three hands-on activities in the Scientific Creativity 

Test developed in this study. However, the students were asked in this single hands-on 

activity to design an apple-picking machine, which was not a real-life problem that all of 

the students will encounter, and this activity is not related to personal needs. The ultimate 

goal of designing science assessments is to assess the ability of the students to do science. 

Doing science entails using a variety of science process skills, possession of efficient 

science content knowledge, and the ability to find and solve problems in an appropriate 

and unique fashion. This definition could be an operational definition of scientific 

creativity in this study.  
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 Another important reason for developing the Scientific Creativity Test used in this 

study is the eventual inclusion of that test into the DISCOVER assessment battery as a 

science assessment. The DISCOVER assessment is thoroughly discussed in the review of 

literature section. The author of this study strongly believes that most of the portions of 

this test are culture fair, as most of the responses did not require a good knowledge of the 

English language. Some of the students did ask to write their answers in Spanish and they 

were allowed to do so, since the test was not measuring linguistic ability but scientific 

creativity and scientific ability as well. The use of hands-on manipulative tasks in the 

three subtests represents an advantage for the test. The Scientific Creativity Test can be 

used with other cultures without any restrictions. The intention of the researcher is to 

prepare a universal version of the Scientific Creativity Test as it will be applied to the 

Egyptian environment, the home country of the researcher.  

 Recommendations for future research on scientific creativity include the use of 

culture as a variable to investigate the cultural differences in scientific creativity. Since 

the Scientific Creativity Test can be used as a culture-fair instrument, researchers in the 

future can investigate if cultural differences will affect the responses of students. An 

interesting array of studies could be developed on the topic of cultural differences in 

scientific creativity. The second recommendation is to include more hands-on materials 

especially for the subtest (Problems and Solutions). For example, the bag that was given 

to each student can be expanded to include other materials such as Capsela, plastic cubes, 

or Pablo pieces such as those used in the DISCOVER assessment.  
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In the spatial artistic activity of the DISCOVER assessment, the students are 

asked to use the Pablo pieces, and some plastic connectors at some points during the 

activity, in making shapes such as a rainbow, mountain, and anything that moves. Using a 

scientific context with the Pablo pieces and plastic connectors, students can be asked to 

design a scientific device or construction that helps in overcoming a problem in the local 

community. Also, other kinds of paper or art supplies can be provided in these plastic 

bags. Teachers can investigate the scientific creativity of their students while they are 

teaching regular science classrooms or while they are doing tests in science labs. Overall, 

these hands-on activities, from a scientific context, can be used to identify students who 

are creative in science.  

 Another recommendation is to include the attitudes toward science, as future 

researchers need to investigate what relationships exist among students’ scientific 

creativity and their attitudes toward science. I mentioned earlier in this section that due to 

the ongoing standardized testing in the schools nowadays, less attention is paid to 

science. Most of the instructional time is dedicated to math and reading at the expense of 

science. This low attention to science can cause more negative attitudes toward science as 

students scarcely do science in the classrooms. An issue related to the attitudes toward 

science is parent expectations for their children. Most parents, due to the current policies 

related to education, think that students are on the right track if they achieve well in math 

and reading, but this view is the opposite when looking at science. Future research should 

be directed at investigating the role of parents and teachers in promoting or jeopardizing 

science ability and scientific creativity of children in elementary schools. Also, future 
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research on children’s scientific creativity should employ qualitative approaches in 

analyzing responses as more depth of students’ creativity and problem solving can be 

seen.  

Implications on both the Theoretical and Pedagogical Levels 

 Some important implications can be derived from this study. These implications 

should take place at both the macro-level and the micro-level. For the macro-level, policy 

planners, curriculum specialists, and educators should pay attention to the fact that less 

science is taught in schools and that more effort should be spent in order to promote 

science education and assessment in elementary schools in general and in later grade 

levels as well. The results of the TIMSS (Trends in International Mathematics and 

Science Study) indicate that creative science learning should take place in the classrooms 

(Merrow, 2005). The guidelines of science teaching and assessment are available in The 

National Science Standards. However, little attention is paid to open-ended investigations 

in science classes. Most of the teaching in the classroom is done on the facts level. 

Teachers should strive to engage students in open-ended problem solving. Although the 

curriculum might have open-ended problem solving activities, these activities are still 

limited to basic and simple levels of science knowledge and science process skills. 

Moving to the micro-level, teachers should speak to the policy planners requesting that 

they allocate more time for students to do science in the classrooms. Teachers should 

encourage more hands-on activities that involve problem finding and problem solving. 

Teachers should pay more attention to advanced science process skills. The researcher, 

while collecting data for this study, found out that advanced science process skills 
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(especially the ability to generate hypotheses and experimentation) are given much less 

time than other science process skills. If children lack these advanced science process 

skills, they are likely to go to upper grade levels with insufficient science knowledge. In 

turn, this can lead to the loss of many brilliant minds just because of the insufficient 

exposure of appropriate science process skills in the elementary school.  

 Another interesting implication of the Scientific Creativity Test for science 

teaching is the integration of teaching models in the education of both regular education 

and gifted education students. Examples of these models are DISCOVER (Maker, 1996), 

Problem-Based Learning (PBL) (Maker & Schiever, 2005), Teaching Actively in a Social 

Context (TASC) (Maker & Schiever, 2005), and Hilda Taba Questioning Techniques 

(Maker and Schiever, 2005). These teaching models can be used in promoting scientific 

creativity.  

Study Limitations 

A number of limitations exist in this study. One limitation is related to the sample. 

The sample is not an exact representation of the population of the US and the sample of 

students was selected from the Southwest region of the US. Accordingly, limitations of 

demographic characteristics might affect the generalization of the results and conclusions 

of this study. The second limitation is related to the scoring system of the scientific 

creativity test. All items were scored using creativity components (fluency, flexibility, 

and originality) except for item 2A (grouping flowers) and 2C (recycling or thinking 

about completely different groups), and 3A (formulating hypotheses about an 

environmental problem). Items 2A and 2C had an extra scoring component, that is 
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complexity of the groups. Item 3A was scored using quality of hypotheses. Researchers 

should be careful when implementing any of these scoring techniques on similar 

instruments if used on different samples or different cultures.  
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APPENDIX A 

DISTRIBUTION OF THE ANSWERS IN THE SCIENTIFIC CREATIVITY TEST 
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Table A.1  

 Descriptive Statistics of the Items in Subtest I (Problems and Solutions) 
 

Item 

 

SD 

 

Range 

Minimum            Maximum 

 

Percentiles 

25           50              75 

1A Flu. 2.13 0 15 

1A Flex. 1.12 0 4 

1A Orig. .83 0 4 

1B Flu. 1.03 0 6 

1B Flex. .94 0 5 

1B Orig. 1.9 0 9 

1C SA 1.35 .5 6 

1C SCK 1.44 .5 7 

1C SC 1.41 1.5 7 

2 

2 

0 

1 

1 

0 

2.5 

2.5 

2.5 

4 

3 

0 

2 

2 

1 

3 

3.5 

4 

5 

4 

0 

3 

2 

2 

4.5 

4 

5 

 
Note: 1A (listing scientific problems in the pictures), 1B (picking one of the scientific 

problems and listing solutions), and 1C (designing a construction about a solution) 

 Flu: fluency                    Flex: flexibility            Orig: Originality  

SA: Scientific Ability              SCK: Science Content Knowledge 

SC: Scientific Creativity  
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 Table A.2 

 Distribution of Scores on Item 1A Fluency 

 

Score 

 

Frequency 

 

Valid Percent 

 

Cumulative 

Percent 

0 5 3.62 3.62 

1 11 7.97 11.59 

2 27 19.56 31.15 

3 24 17.39 48.55 

4 26 18.84 67.39 

5 23 16.66 84.05 

6 12 8.69 92.75 

7 4 2.89 95.65 

8 3 2.17 97.82 

9 2 1.44 99.27 

15 1 0.72 100 

Total 138 100  
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      Figure A.1. Distribution of the Scores in Item 1A Fluency and 1A Flexibility 
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 Table A.3 

 Distribution of the Scores in Items 1A Flexibility and 1A Originality  
 

Score 

 

 

Frequency                            Percent 

Item 1A Flexibility 

 

Cumulative Percent 

 

0 5 3.62 3.62 

1 13 9.42 13.04 

2 46 33.33 46.37 

3 31 22.46 68.84 

4 43 31.15 100 

Total 138 100  

 

Item 1A Originality  

0 112 81.2 81.15 

1 10 7.2 7.24 

2 11 8 7.97 

3 3 2.2 2.17 

4 2 1.4 1.44 

Total 138 100 100 
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  Figure A.2. Distribution of the Scores in Item 1A Originality and Item 1B Fluency         
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 Table A.4 

 Distribution of Scores in Items 1B Fluency and 1B Flexibility       
 

Score 

 

 

Frequency                            Percent 

Item 1B Fluency 

 

Cumulative Percent 

 

0 12 8.69 8.69 

1 35 25.36 34.05 

2 33 23.91 57.97 

3 41 29.71 87.68 

4 12 8.69 96.37 

5 2 1.44 97.82 

6 3 2.173 100 

Total 138 100  

 

Item 1b Flexibility  

0 12 8.69 8.69 

1 44 31.88 40.57 

2 61 44.20 84.78 

3 17 12.31 97.10 

4 2 1.44 98.55 

5 2 1.44 100 

Total 138 100  
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Figure A.3. Distribution of the Scores in Item 1B Flexibility and Item 1B Originality  
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 Table A.5 

 Distribution of the Scores in Item 1B Originality  
 

Score 

 

Frequency 

 

Percent 

 

Cumulative 

Percent  

0 55 39.85 39.85 

1 20 14.49 54.34 

2 32 23.18 77.53 

3 9 6.52 84.05 

4 11 7.97 92.02 

5 4 2.89 94.92 

6 4 2.89 97.82 

7 1 0.72 98.55 

9 2 1.44 100 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
207

 Table A.6 

 Distribution of Scores in Item 1C Scientific Ability 
 

Score 

 

Frequency  

 

Percent  

 

Cumulative Percent 

0.5 1 0.72 0.72 

1 9 6.52 7.24 

1.5 2 1.44 8.69 

2 11 7.97 16.66 

2.5 17 12.31 28.98 

3 30 21.73 50.72 

3.5 8 5.79 56.52 

4 10 7.24 63.76 

4.5 21 15.21 78.98 

5 14 10.14 89.13 

5.5 8 5.79 94.92 

6 7 5.072 100 

Total 138 100  

 
 
 
 
 
 
 
 
 
 



 
208

 
  

   

 

 

 

 

 

 

 

 

 

                             Figure A.4. Distribution of the Scores in item 1C Scientific Ability                                                                                
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 Table A.7 

 Distribution of Scores in Item 1C Scientific Content Knowledge  
 

Score 

 

Frequency  

 

Percent  

 

Cumulative Percent 

0.5 1 0.72 0.72 

1 20 14.49 15.21 

1.5 5 3.62 18.84 

2 3 2.17 21.01 

2.5 7 5.07 26.08 

3 22 15.94 42.02 

3.5 17 12.31 54.34 

4 36 26.08 80.43 

4.5 9 6.521 86.95 

5 6 4.347 91.30 

5.5 4 2.89 94.20 

6 5 3.62 97.82 

7 3 2.17 100 
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   Figure A.8. Distribution of the Scores in Item 1C Science Content  
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Table A.8 

 Distribution of Scores in Item 1C Scientific Creativity   
 

Score 

 

Frequency  

 

Percent  

 

Cumulative Percent 

1.5 7 5.07 5.07 

2 15 10.86 15.94 

2.5 21 15.21 31.15 

3 10 7.24 38.40 

3.5 15 10.86 49.27 

4 4 2.89 52.17 

4.5 17 12.31 64.49 

5 32 23.18 87.68 

5.5 8 5.79 93.47 

6 4 2.89 96.37 

6.5 1 0.72 97.10 

7 4 2.89 100 

Total 138 100  
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Figure A.6. Distribution of the Scores in item 1C Scientific Creativity  
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Table A.9 

 Descriptive Statistics of the Items in Subtest II (Grouping of Flowers) 
 

Item 

 

SD 

 

Range 

Minimum     Maximum 

 

Percentiles 

      25                 50                 75  

2A Fluency 1.71 0 12 4 5 6 

2A Flexibility  1.15 0 6 1 2 3 

2A Originality  2.69 0 12 0 2 4 

2A Complexity 2.35 0 21 4 5 6 

2B Fluency 3.17 0 16 0 1 4 

2C Fluency 1.73 0 7 0 2 3 

2C Flexibility  1.73 0 4 0 1 1 

2C Originality  2.28 0 12 0 1 3 

2C Complexity 1.83 0 7 0 2 3 

2D SA 1.99 0 7 0 0 3 

2D SCK 1.82 0 6.5 0 0 2.5 

2D SC 1.73 0 6 0 0 2.5 
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 Table A.10 

 Distribution of Scores on Item 2A Fluency 
 

Score 

 

Frequency 

 

Valid Percent 

 

Cumulative 

Percent 

0 1 0.72 0.72 

1 2 1.44 2.17 

2 12 8.69 10.86 

3 16 11.59 22.46 

4 28 20.28 42.75 

5 33 23.91 66.66 

6 29 21.01 87.68 

7 13 9.42 97.10 

8 3 2.17 99.27 

12 1 0.72 100 

Total 138 100  
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Figure A.7. Distribution of the Scores in Item 2A Fluency and Item 2A Flexibility  
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 Table A.11 

 Distribution of Scores on Item 2A Flexibility  
 

Score 

 

Frequency 

 

Valid Percent 

 

Cumulative 

Percent 

0 1 0.72 0.72 

1 60 43.47 44.20 

2 34 24.63 68.84 

3 28 20.28 89.13 

4 10 7.24 96.37 

5 4 2.89 99.27 

6 1 0.72 100 

Total 138 100  
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Figure A.8. Distribution of the Scores in Item 2A Originality and Item 2A Complexity   
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 Table A.12 

  Distribution of Scores on Item 2A Originality     
 

Score 

 

Frequency 

 

Valid Percent 

 

Cumulative 

Percent 

0 52 37.68 37.68 

1 14 10.14 47.82 

2 15 10.86 58.69 

3 16 11.59 70.28 

4 15 10.86 81.15 

5 7 5.07 86.23 

6 7 5.07 91.30 

7 4 2.89 94.20 

8 2 1.44 95.65 

9 3 2.17 97.82 

10 2 1.44 99.27 

12 1 0.728 100 

Total 138 100  
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 Table A.13 

  Distribution of Scores on Item 2A Complexity      
 

Score 

 

Frequency 

 

Valid Percent 

 

Cumulative 

Percent 

0 1 0.72 0.72 

1 2 1.44 2.17 

2 12 8.69 10.86 

3 17 12.31 23.18 

4 27 19.56 42.75 

5 30 21.73 64.49 

6 24 17.39 81.88 

7 13 9.42 91.30 

8 4 2.89 94.20 

9 5 3.62 97.82 

10 2 1.44 99.27 

21 1 0.72 100 

Total 138 100  
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 Table A.14 

 Distribution of Scores on Item 2B Fluency       
 

Score 

 

Frequency 

 

Valid Percent 

 

Cumulative 

Percent 

0 68 49.27 49.27 

1 11 7.97 57.24 

2 15 10.86 68.11 

3 8 5.79 73.91 

4 11 7.97 81.88 

5 9 6.52 88.40 

6 1 0.72 89.13 

7 5 3.62 92.75 

8 2 1.44 94.20 

9 1 0.72 94.92 

10 2 1.44 96.37 

11 2 1.44 97.82 

12 1 0.72 98.55 

13 1 0.72 99.27 

16 1 0.72 100 

Total 138 100  
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Figure A.9. Distribution of the Scores in Item 2B Fluency and Item 2C Fluency          
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 Table A.15 

 Distribution of Scores on Items 2C Fluency and 2C Flexibility  
 

Score 

 

Frequency            Valid Percent 

Item 2 C Fluency  

 

Cumulative 

Percent 

0 53 38.40 38.4 

1 15 10.86 49.27 

2 22 15.94 65.21 

3 26 18.84 84.05 

4 12 8.69 92.75 

5 7 5.07 97.82 

6 2 1.44 99.27 

7 1 0.72 100 

Total 138 100  

 

Item 2C Flexibility  

0 63 45.65 45.65 

1 44 31.88 77.53 

2 26 18.84 96.37 

3 4 2.89 99.27 

4 1 0.728 100 

Total 138 100  
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Figure A.10. Distribution of the Scores in Item 2C Flexibility and Item 2C Originality 
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 Table A.16 

 Distribution of Scores on Item 2C Originality        
 

Score 

 

Frequency 

 

Valid Percent 

 

Cumulative 

Percent 

0 63 45.65 45.65 

1 15 10.86 56.52 

2 15 10.86 67.39 

3 13 9.42 76.81 

4 13 9.42 86.23 

5 7 5.07 91.30 

6 7 5.07 96.371 

7 3 2.17 98.55 

8 1 0.72 99.27 

12 1 0.72 100 

Total 138 100  
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Table A.17 

 Distribution of Scores on Item 2C Complexity         
 

Score 

 

Frequency 

 

Valid Percent 

 

Cumulative 

Percent 

0 53 38.40 38.4 

1 13 9.42 47.82 

2 23 16.66 64.49 

3 23 16.66 81.15 

4 14 10.14 91.30 

5 7 5.07 96.37 

6 3 2.17 98.55 

7 2 1.44 100 

Total 138 100  
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   Figure A.11. Distribution of the Scores in Item 2C Complexity and Item 2D Scientific Ability  
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 Table A.18 

 Distribution of Scores on Item 2D Scientific Ability         
 

Score 

 

Frequency 

 

Valid Percent 

 

Cumulative 

Percent 

0 77 55.79 55.79 

.5 1 0.72 56.52 

1 4 2.89 59.42 

1.5 2 1.44 60.86 

2 9 6.52 67.39 

2.5 5 3.62 71.01 

3 8 5.79 76.81 

3.5 9 6.52 83.33 

4 3 2.17 85.50 

4.5 5 3.62 89.13 

5 6 4.34 93.47 

5.5 5 3.62 97.10 

6 3 2.17 99.27 

7 1 0.72 100 

Total 138 100  
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Table A.19 

 Distribution of Scores on Item 2D Science Content Knowledge          
 

Score 

 

Frequency 

 

Valid Percent 

 

Cumulative 

Percent 

0 76 55.07 55.07 

.5 1 0.72 55.79 

1 1 0.72 56.52 

1.5 6 4.34 60.86 

2 16 11.59 72.46 

2.5 5 3.62 76.08 

3 8 5.79 81.88 

3.5 5 3.62 85.50 

4 4 2.89 88.40 

4.5 9 6.52 94.92 

5 2 1.44 96.37 

5.5 1 0.72 97.10 

6 2 1.44 98.55 

6.5 2 1.44 100 

Total 138 100  
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Figure A.12. Distribution of the Scores in Item 2D Scientific Content Knowledge and Item 2D Scientific Creativity  
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 Table A.20 

 Distribution of Scores on Item 2D Scientific Creativity           
 

Score 

 

Frequency 

 

Valid Percent 

 

Cumulative 

Percent 

0 77 55.79 55.79 

.5 2 1.44 57.24 

1 15 10.86 68.11 

1.5 3 2.17 70.28 

2 3 2.17 72.46 

2.5 5 3.62 76.08 

3 6 4.34 80.43 

3.5 9 6.52 86.95 

4 6 4.34 91.30 

4.5 6 4.34 95.65 

5 2 1.44 97.10 

5.5 2 1.44 98.55 

6 2 1.44 100 

Total 138 100  
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 Table A.21  

 Distribution of Scores in Subtest III (Design an Experiment) 
 

Item 

 

SD 

 

Range 

Minimum     Maximum 

 

Percentiles 

      25                 50                 75  

3A Fluency .84 0 4 0 0 1 

3A Quality of 

Hypotheses 

2.06 0 5 0 0 3 

3A Originality 1.37 0 7 0 0 1 

3B SA 1.80 0 6.5 0 0 2.12 

3B SCK 1.95 0 7 0 0 2.12 

3B SC 1.82 0 6.5 0 0 3 
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 Table A.22 

 Distribution of Scores on Item 3A Fluency and 3A Quality of Hypotheses       
 

Score 

 

Frequency            Valid Percent 

Item 3A Fluency 

 

Cumulative 

Percent 

0 100 72.46 72.46 

1 23 16.66 89.13 

2 8 5.79 94.92 

3 6 4.34 99.27 

4 1 0.72 100 

Total 138 100  

Item 3A Quality of Hypotheses       

0 100 72.46 72.46 

1 1 0.72 73.18 

2 2 1.44 74.63 

3 3 2.17 76.81 

4 5 3.62 80.43 

5 27 19.56 100 

Total 138 100  
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Figure A.13. Distribution of the Scores in Item 3A Fluency and Item 3A Quality of Hypotheses  
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 Table A.23 

 Distribution of Scores on Item 3A Originality            
 

Score 

 

Frequency 

 

Valid Percent 

 

Cumulative 

Percent 

0 101 73.18 73.18 

1 6 4.34 77.53 

2 22 15.94 93.47 

3 1 0.72 94.20 

4 4 2.89 97.10 

6 3 2.17 99.27 

7 1 0.72 100 

Total 138 100  
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 Table A.24 

 Distribution of Scores on Item 3B Scientific Ability  
 

Score 

 

Frequency 

 

Valid Percent 

 

Cumulative 

Percent 

0 81 58.69 58.69 

1 8 5.79 64.49 

1.5 7 5.07 69.56 

2 8 5.79 75.36 

2.5 7 5.07 80.43 

3 5 3.62 84.05 

3.5 5 3.62 87.68 

4 6 4.34 92.02 

4.5 1 .72 92.75 

5 2 1.44 94.20 

5.5 2 1.44 95.65 

6 5 3.62 99.27 

6.5 1 .72 100 

Total 138 100  
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Figure A.14. Distribution of the Scores in Item 3A Originality and Item 3B Scientific Ability                                
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 Table A.25 

 Distribution of Scores on Item 3B Science Content Knowledge   
 

Score 

 

Frequency 

 

Valid Percent 

 

Cumulative 

Percent 

0 81 58.69 58.69 

.5 1 .72 59.42 

1 8 5.79 65.21 

1.5 7 5.07 70.28 

2 7 5.07 75.36 

2.5 5 3.62 78.98 

3 5 3.62 82.60 

4 4 2.89 85.50 

4.5 8 5.79 91.30 

5 3 2.17 93.47 

5.5 1 .72 94.20 

6 6 4.3 98.55 

6.5 1 .72 99.27 

7 1 .72 100 

Total 138 100  
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 Table A.26 

 Distribution of Scores on Item 3B Scientific Creativity  
 

Score 

 

Frequency 

 

Valid Percent 

 

Cumulative 

Percent 

0 81 58.69 58.69 

.5 1 .72 59.42 

1 8 5.79 65.21 

1.5 6 4.34 69.56 

2 3 2.17 71.73 

2.5 1 .72 72.46 

3 10 7.24 79.71 

3.5 6 4.34 84.05 

4 11 7.97 92.02 

4.5 4 2.89 94.92 

5 2 1.44 96.37 

5.5 2 1.44 97.82 

6 2 1.44 99.27 

6.5 1 0.72 100 

Total 138 100  
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Figure A.15. Distribution of the Scores in Item 3B Science Content Knowledge and Item 3B Scientific Creativity  
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 Table A. 27 

 Distribution of Scores in Three Parts of the Scientific Creativity Test and the Total Score  

 and the Teacher Ratings  
 

Item 

 

SD 

 

Range 

Minimum     Maximum 

 

Percentiles 

      25                 50                 75  

Subtest I 8.30 4.5 49.50 17.5 23 28.50 

Subtest II 13.81 0 65.50 14 24 37 

Subtest III 8.40 0 28.50 0 0 11.62 

Total Score 25.18 14.5 123.5 33.37 54.50 74.75 

 

Teacher Rating 

SA  .89 1 4 2 3 3 

SCK .95 0 4 2 3 3 

SC .91 1 4 2 3 3 

 

Note. Subtest I: Problems and Solutions        Subtest II: Grouping of Flowers 

Subtest III: Design an Experiment                  SA: Scientific Ability  

SCK: Science Content Knowledge                 SC: Scientific Creativity  
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 Figure A.16. Distribution of the Total Score in Subtest I (Problems and Solutions) and Total Scores in Subtest II Grouping of 

Flowers) 

 

 

 

Subtest II (Grouping of Flowers) Total Score

65.0

60.0

55.0

50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.00.0

Fr
eq

ue
nc

y

20

10

0

Std. Dev = 13.82  
Mean = 26.7
N = 138.00

 Subtest I (Problems and Solutions) Total Score

50.0

47.5

45.0

42.5

40.0

37.5

35.0

32.5

30.0

27.5

25.0

22.5

20.0

17.5

15.0

12.5

10.0

7.55.0

Fr
eq

ue
nc

y
30

20

10

0

Std. Dev = 8.30  
Mean = 23.0
N = 138.00

 



 
242

 

Figure A.17. Distribution of the Total Score in Subtest and the Total Test Score (Design an Experiment)               

 

Subtest III (Design an Experiment) Total Score

27.5
25.0

22.5
20.0

17.5
15.0

12.5
10.0

7.5
5.0

2.5
0.0

Fr
eq

ue
nc

y
100

80

60

40

20

0

Std. Dev = 8.41  
Mean = 6.2
N = 138.00

 

Total Test Score

125.0

115.0

105.0

95.0

85.0

75.0

65.0

55.0

45.0

35.0

25.0

15.0

Fr
eq

ue
nc

y

30

20

10

0

Std. Dev = 25.19  
Mean = 55.9
N = 138.00

 



 
243

 

 

 

 

 

 

 

 

Scientific Ability (Teacher Rating)

4.03.02.01.0

Fr
eq

ue
nc

y
60

50

40

30

20

10

0

Std. Dev = .90  
Mean = 2.7
N = 138.00

 
Science Content Knowledge (Teacher Rating)

4.03.02.01.00.0

Fr
eq

ue
nc

y

70

60

50

40

30

20

10

0

Std. Dev = .96  
Mean = 2.6
N = 138.00

 

Scientific Creativity (Teacher Rating)

4.03.02.01.0

Fr
eq

ue
nc

y

60

50

40

30

20

10

0

Std. Dev = .92  
Mean = 2.8
N = 138.00

 

Figure A.18 Distribution of Teacher Rating of Scientific Ability, Science Content Knowledge, and Scientific Creativity   

   

 



 

  

244

APPENDIX B 

PARENT/LEGAL GUARDIAN CONSENT FORM (ENGLISH) 
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PARENT/LEGAL GUARDIAN CONSENT FORM 
 
Project Title: Investigating the Scientific Creativity of Fifth Grade Students 
 
You are being asked to read the following material to ensure that you are informed 
of the nature of this research study and of how your child will participate in it, if 
you consent for him/her to do so. Signing this form will indicate that you have been 
so informed and that you give your consent. Federal regulations require written 
informed consent prior to participation in this research study so that you can know 
the nature and risks of your child’s participation and can allow him/her to 
participate or not participate in a free and informed manner.   
 
PURPOSE 
Your child is being invited to participate voluntarily in the above-titled research project. 
The purpose of this project is to identify the scientific creativity of fifth grade students 
through administering a scientific creativity test developed by the researcher of this 
study. The findings of this research will help classroom teachers and curriculum 
specialists to provide your children with the appropriate learning opportunities to identify 
and nurture their scientific creativity.   
SELECTION CRITERIA  
The Principal Investigator will discuss the requirements for participation in this study 
with you. These requirements are: your child was invited in this research because he/she 
is a fifth-grade student and is registered in one of the schools where this research will be 
conducted. A total of 120 students will be enrolled in this study from several schools in 
the Tucson area.  
PROCEDURE(S)  
The following information describes your child’s participation in this study. If you would 
like your child to participate, you will be asked to consent to the following. The 
administration of the study assessment tool (scientific creativity test) will last one session 
which takes about one hour. I will ask the children to respond to the items of the 
Scientific Creativity Test which consists of three subtests. The first subtest is the 
Problems and Solutions about environmental problems in Arizona. The second subtest 
involves grouping and regrouping of some flowers. The third subtest involves designing 
an experiment about a problem of the student’s choice. The first subtest involves using of 
some manipulatives, such as pipe cleaners, Styrofoam peanuts, glue, and paper to create a 
product so the principal investigator will take pictures of your child’s product(s). Also, 
teacher’s ratings of your child’s scientific creativity, scientific ability, and science content 
knowledge will be used as another criterion in this study. The participation of your child 
will not affect his/her science grade in the class. The findings of this research will be 
shared with the teacher(s) and what impact this may have on your child. Students who do 
not participate will be doing their regular science activities during the administration of 
the test. 
RISKS  
There are no expected risks to participating in this research project.  
Version Date: 11/14/2005        Page 1 of 3           Parent/Legal Guardian Initials  
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BENEFITS  
There are no direct benefits to your child from his/her participation. However, the study 
will be a good opportunity for your child to be more aware of a new format of 
questioning in science assessment. Since science assessment in our schools is mostly 
done through traditional approaches that require right or wrong answer, children’s 
scientific thinking need to be challenged by more open-ended formats of assessment. 
Also, another significant benefit from the results of this research is that classroom 
teachers and curriculum specialists can design learning opportunities and teaching 
approaches according the students’ strengths and weaknesses in science.  
 
CONFIDENTIALITY 
Great care will be used to maintain confidentiality of your child’s data. Any information 
that is obtained in relation to this study and that can be identified with your child will 
remain confidential and they will be disclosed only with your permission. Your child’s 
written answers will not be linked to his or her name in any written or verbal report of 
this research. Only the principal investigator and the project advisor will have access to 
individual data. The results of this research will be shared with the teachers if they wish.  
 
PARTICIPATION COSTS AND SUBJECT COMPENSATION  
There is no cost to you or your child for participating except for the time. Participants 
will not be paid for participating in this research. Your child’s participation in this 
research is voluntary. At any time in the study, your child may refuse to participate, 
discontinue involvement, and skip any questions or decline to participate in any portion 
of the study that may make him/her uncomfortable. All activities will take place during 
normal class time 
 
CONTACTS 
You can obtain further information from the principal investigator, Ahmed Mohamed. If 
you have questions concerning your child’s rights as a research subject, you may call the 
University of Arizona Human Subjects Protection Program office at (520) 626-6721. (If 
out of state use the toll-free number 1-866-278-1455). Contact information for the 
principal investigator and for the advisor is below:  
 
Ahmed Mohamed                                                        June Maker, Ph.D. 
Principal Investigator                                                  Advisor                            
Doctoral Candidate, College of Education                  Professor, College of Education         
Phone: (520) 312-5313                                              Phone: (520) 622-8106                                                
E-mail: ahemdan@email.arizona.edu                          E-mail: junemaker@hotmail.com  
University of Arizona                                                 University of Arizona 
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AUTHORIZATION 
Before giving my consent by signing this form, the methods, inconveniences, risks, 
and benefits have been explained to me and my questions have been answered. I 
may ask questions at any time and I am free to withdraw my child from the project 
at any time without causing bad feelings. My child’s participation in this project 
may be ended by the investigator for reasons that would be explained. New 
information developed during the course of this study which may affect either my 
willingness or that of my child to continue in this research project will be given to 
me as it becomes available. This consent form will be filed in an area designated by 
the Human Subjects Committee with access restricted by the principal investigator, 
Ahmed Mohamed, Ph.D. candidate or authorized representative of the Special 
Education Department. I do not give up any of my or my child’s legal rights by 
signing this form. A copy of this signed consent form will be given to me.  
 
___________________________________ 
Subject's Name (printed) 
 
___________________________________   
Name of Parent/Guardian (printed) 
    
___________________________________  ______________ 
Signature of Parent/Guardian    Date 
 
INVESTIGATOR'S AFFIDAVIT: 
Either I have or my agent has carefully explained to the parent/legal guardian of the 
subject the nature of the above project. I hereby certify that to the best of my knowledge 
the person who signed this consent form was informed of the nature, demands, benefits, 
and risks involved in his/her child’s participation.  
 
___________________________________  ____________  
Signature of Investigator    Date 
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APPENDIX C 

MINOR ASSENT FORM (ENGLISH) 
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MINOR’S ASSENT FORM 
 
Title of Project: Investigating the Scientific Creativity of Fifth Grade Students 
 
My name is Ahmed Mohamed, and I am a student at the University of Arizona and wish 
to study the scientific creativity of fifth grade students. Your mother/father has indicated 
by signing the consent form that it was okay for you to help me with my research if you 
want to. You are invited to participate in this project because you are in one of schools 
where this research will be conducted. Approximately 120 fifth grade students are invited 
to participate in this research. If you agree to participate, you will be asked to consent to 
the following: You will participate in several scientific creativity activities in your regular 
science class. The activity consists of three smaller activities developed by the principal 
investigator. These activities will take you about one hour to complete them.  I will 
administer the three activities with the help of the classroom teacher. The first activity 
involves using of some pipe cleaners, Styrofoam peanuts, glue, and paper to create a 
product or a design. I will take pictures of the things you create. The second activity 
involves grouping and regrouping of some flowers. The third activity involves designing 
an experiment about a problem of your choice. Your participation or not in these 
activities will not affect your science grade in the class. The findings of this research may 
be shared with your science teacher(s). If you do not want to participate, you will be 
doing regular science activities during the administration of the research activities.  There 
is no right or wrong way to perform the activities.  

You may experience some frustration in trying to think of creative ideas.  Just do 
you best.  Your participation in this research project is completely voluntary. At any time 
in the study, you may refuse to participate, discontinue involvement, and skip any 
questions or decline to participate in any portion of the study that may make you feel 
uncomfortable.  Participating or not in this research will have no affect on your grade in 
this class.  

Your identity in this study will be confidential, which means.only the principal 
investigator and the project advisor will have access to individual data.  The results of the 
study may be published for scientific purposes but will not give your name or include any 
identifiable references of the participants. 

The only cost to you will be one hour of your time in science class.  If you choose 
not to participate in this research, you teacher will give you some science activities or any 
other activities you choose as part of your science class.  You will not be paid for your 
participation. 
_______________________________________________________________________                          
Child's Name                                            Child’s Signature            Date 
                                                                    
 
____________________________________________________ 
Investigator's Signature                             Date 
 
 Version Date: 11/14/05 
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APPENDIX D 

PARENT/LEGAL GUARDIAN CONSENT FORM (SPANISH) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

  

251

FORMA DEL CONSENTIMIENTO DEL GUARDA DE PARENT/LEGAL 
Título De Proyecto: Investigar la creatividad científica de los quinto estudiantes del 
grado 
Le están pidiendo leer el material siguiente para asegurarse de que usted es informado de 
la naturaleza de este estudio de la investigación y de cómo su niño participará en ella, si 
usted consiente para que him/her haga tan. La firma de esta forma indicará que le han 
informado tan y que usted da su consentimiento. Las regulaciones federales requieren 
consentimiento informado escrito antes de la participación en este estudio de la 
investigación de modo que usted pueda saber la naturaleza y los riesgos de la 
participación de su niño y pueda permitir que him/her participe o que no participe en una 
manera libre e informada. 
PROPÓSITO  
Se está invitando a su niño que participe voluntariamente en el proyecto de investigación 
sobre-titulado. El propósito de este proyecto es identificar la creatividad científica de los 
quinto estudiantes del grado con administrar una prueba científica de la creatividad 
desarrollada por el investigador de este estudio. Los resultados de esta investigación 
ayudarán a profesores de la sala de clase y a especialistas del plan de estudios a proveer 
de sus niños las oportunidades que aprenden apropiadas de identificar y de consolidar su 
creatividad científica.  
Los CRITERIOS de SELECCIÓN  
el investigador principal discutirán los requisitos para la participación en este estudio con 
usted. Estos requisitos son: invitaron su niño en esta investigación porque he/she es un 
estudiante del quinto-grado y se coloca en una de las escuelas en donde esta investigación 
será conducida. Alistarán a un total de 120 estudiantes en este estudio de varias escuelas 
en el área de Tucson.  
PROCEDURE(S)  
la información siguiente describe la participación de su niño en este estudio. Si usted 
quisiera que participara su niño, le pedirán consentir al siguiente. La administración de la 
herramienta del gravamen del estudio (prueba científica de la creatividad) durará una 
sesión que tome cerca de una hora. Pediré que los niños respondan a los artículos de la 
prueba científica de la creatividad cuál consiste en tres subtests. El primer ma's subtest es 
los problemas y las soluciones sobre problemas ambientales en el Arizona. El segundo 
ma's subtest implica el agrupar y el reagrupar de algunas flores. El tercer ma's subtest 
implica el diseñar de un experimento sobre un problema de la opción del estudiante. El 
primer ma's subtest implica usar de algunos manipulatives, tales como limpiadores de 
pipa, cacahuetes del styrofoam, pegamento, y papel crear un producto así que el 
investigador principal tomará cuadros del product(s) de su niño. También, los grados del 
profesor de la creatividad científica de su niño, de la capacidad científica, y del  
conocimiento contento de la ciencia serán utilizados como otro criterio en este estudio. 
La participación de su niño no afectará su grado de la ciencia en la clase. Los resultados 
de esta investigación serán compartidos con el teacher(s) y qué impacto éste puede tener 
en su niño. Los estudiantes que no participan harán sus actividades regulares de la ciencia 
durante la administración de la prueba. 
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Los RIESGOS  
allí no son ningún riesgo previsto a participar en este proyecto de investigación.  
 
Las VENTAJAS  
allí no son ninguna ventaja directa a su niño de su participación. Sin embargo, el estudio 
será una buena oportunidad para que su niño esté más enterado de un nuevo formato de 
preguntar en el gravamen de la ciencia. Puesto que el gravamen de la ciencia en nuestras 
escuelas se hace sobre todo con los acercamientos tradicionales que requieren a la 
derecha o mal contesta, la necesidad de pensamiento científica de los niños de ser 
desafiado por formatos más ampliables del gravamen. También, otra ventaja significativa 
de los resultados de esta investigación es que los profesores de la sala de clase y los 
especialistas del plan de estudios pueden diseñar aprender que las oportunidades y la 
enseñanza acerca a acordar las fuerzas y las debilidades de los estudiantes en ciencia.  
 
SECRETO  
El gran cuidado será utilizado para mantener secreto de los datos de su niño. Cualquier 
información que se obtenga en lo referente a este estudio y que se pueda identificar con 
su niño siga habiendo confidencial y ellos serán divulgados solamente con su permiso. 
No ligarán a su niño escrito respuestas a su o su nombre en ningún informe escrito o 
verbal de esta investigación. Solamente el investigador principal y el consejero del 
proyecto tendrán acceso a los datos individuales. Los resultados de esta investigación 
serán compartidos con los profesores si desean. La PARTICIPACIÓN CUESTA Y LA 
REMUNERACIÓN SUJETA allí no es ningún coste a usted o a su niño para participar a 
excepción del tiempo. Los participantes no serán pagados para participar en esta 
investigación. La participación de su niño en esta investigación es voluntaria. En 
cualquier momento en el estudio, su niño puede rechazar participar, continuar la 
implicación, y saltar cualquier pregunta o declinar participar en cualquier porción del 
estudio que puede hacer him/her incómodo. Todas las actividades ocurrirán durante 
tiempo normal de la clase CONTACTOS Usted puede obtener la información adicional 
del investigador principal, Ahmed Mohamed. Si usted tiene preguntas referentes a las 
derechas de su niño como tema de la investigación, usted puede llamar la universidad de 
la oficina del programa de la protección de los temas humanos del Arizona en (520) 626-
6721. (si fuera de uso del estado el número gratis 1-866-278-1455). La información del 
contacto para el investigador principal y para el consejero está abajo: 
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AUTORIZACIÓN  
Antes de dar mi consentimiento firmando esta forma, los métodos, las inconveniencias, 
los riesgos, y las ventajas se han explicado a mí y se han contestado mis preguntas. Puedo 
hacer preguntas en cualquier momento y estoy libre retirar a mi niño del proyecto en 
cualquier momento sin causar malas sensaciones. La participación de mi niño en este 
proyecto se puede terminar por el investigador por las razones que serían explicadas. La 
nueva información se convirtió durante el curso de este estudio que puede afectar o mi 
buena voluntad o el de mi niño continuar en este proyecto de investigación me será dada 
como llega a estar disponible. Esta forma del consentimiento será archivada en un área 
señalada por el comité de los temas humanos con el acceso restringido por el investigador 
principal, el candidato de Ahmed Mohamed, de Ph.D. o el representante autorizado del 
departamento de la educación especial. No doy para arriba cualesquiera de las derechas 
legales de mi o mi niño firmando esta forma. Una copia de esta forma firmada del 
consentimiento me será dada. 
 
_________________________            
Nombre sujeto (impreso) 
 
_______________________________ 
Nombre de Parent/Guardian (impreso) 
 
_______________________________                                    ___________ 
Nombre de Parent/Guardian (impreso)                                     Fecha 
 
DECLARACIÓN JURADA DEL INVESTIGADOR:  
O tengo o mi agente ha explicado cuidadosamente al guarda de parent/legal del tema la 
naturaleza del proyecto antedicho. Certifico por este medio que al mejor de mi 
conocimiento la persona que firmó esta forma del consentimiento era informada de la 
naturaleza, de las demandas, de las ventajas, y de los riesgos implicados en la 
participación de su niño. 
 
_______________________________                                  ____________ 
Firma del investigador                                                             Fecha  
 
 

Ahmed Mohamed  
Investigador principal 
Candidato doctoral, universidad de la 
educación 
Teléfono: (520) 312-5313 
E-mail:  217Hahemdan@email.arizona.edu  
Universidad del Arizona 

June Maker, Ph.D. 
Consejero 
Profesor, universidad de la educación 
Teléfono: (520) 622-8106 
E-mail: 
218Hjunemaker@hotmail.com 
Universidad del Arizona 
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APPENDIX E 

MINOR ASSENT FORM (SPANISH) 
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FORMA DEL ASENTIMIENTO DEL MENOR DE EDAD 
 

Título del proyecto: Investigar la creatividad científica de los quinto estudiantes del 
grado 

Mi nombre es Ahmed Mohamed, y soy un estudiante en la universidad del 
Arizona y deseo estudiar la creatividad científica de los quinto estudiantes del grado. Su 
mother/father ha indicado firmando la forma del consentimiento que era aceptable para 
que usted me ayude con mi investigación si usted desea a. A le invitan que participe en 
este proyecto porque usted es en una de escuelas en donde esta investigación será 
conducida. Se invita a aproximadamente 120 quinto estudiantes del grado que participen 
en esta investigación. Si usted acuerda participar, le pedirán consentir al siguiente: Usted 
participará en varias actividades científicas de la creatividad en su clase regular de la 
ciencia. La actividad consiste en tres actividades más pequeñas desarrolladas por el 
investigador principal. Estas actividades le tomarán cerca de una hora para terminarlas. 
Administraré las tres actividades con la ayuda del profesor de la sala de clase. La primera 
actividad implica usar de un poco de limpiadores de pipa, cacahuetes del styrofoam, 
pegamento, y papel crear un producto o un diseño. Tomaré los cuadros de las cosas que 
usted crea. La segunda actividad implica el agrupar y el reagrupar de algunas flores. La 
tercera actividad implica el diseñar de un experimento sobre un problema de su opción. 
Su participación o no en estas actividades no afectará su grado de la ciencia en la clase. 
Los resultados de esta investigación se pueden compartir con su teacher(s) de la ciencia. 
Si usted no desea participar, usted hará actividades regulares de la ciencia durante la 
administración de las actividades de la investigación. No hay manera derecha o incorrecta 
de realizar las actividades. 

 
Usted puede experimentar una cierta frustración en intentar pensar en ideas 

creativas. Apenas hágale lo más mejor posible. Su participación en este proyecto de 
investigación es totalmente voluntaria. En cualquier momento en el estudio, usted puede 
rechazar participar, continuar la implicación, y saltar cualquier pregunta o declinar 
participar en cualquier porción del estudio que puede hacer le la sensación incómoda. El 
participar o no en esta investigación tendrá ningún afectar en su grado en esta clase. 

Su identidad en este estudio será confidencial, que means.only el investigador 
principal y el consejero del proyecto tendrá acceso a los datos individuales. Los 
resultados del estudio se pueden publicar para los propósitos científicos pero no darán su 
nombre ni incluirán cualquier referencia identificable de los participantes. 

El único coste a usted será una hora de su tiempo en clase de la ciencia. Si usted 
elige no participar en esta investigación, usted profesor le dará algunas actividades de la 
ciencia o cualquier otra actividad que usted elija como parte de su clase de la ciencia. 
Usted no será pagado para su participación. 

 
 

 

 

_______________________________________________________________________ 
Nombre Del Niño                          Firma Del Niño                                       Fecha 
                                                                           
______________________________________________________________________ 
Firma Del Investigador                                                                 Fecha  
 
 
Fecha De la Versión: 11/14/05 
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APPENDIX F 

THE SCIENTIFIC CREATIVITY TEST 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

  

257

Solving Science Problems in Creative Ways 
 

We will do the first activity together.  Then, please read each item carefully. If you do not 

understand what you are supposed to do, please ask for an explanation.  Do your own 

work, and work at your own pace.  Show all your work. Please answer in the space 

provided after each item.  

Part 1. Problems and Solutions 

1. I will show you some pictures of the local environment.  Look at them carefully 

and see what may be happening. 

a. List as many scientific problems as you can see in these pictures.  
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b. Pick one of the scientific problems that you listed above, and list as many solutions 

as you can think of for solving the problem you have chosen.  
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c. Pick a solution from the list you made above that you are interested in, and make a 

scientific device for or a model of this solution. You will receive a packet of 

materials to use in your construction.  When you have finished, write a description 

of your device or model, and make sure a picture is made of your device or model.  

Your solution could be anything you imagine!  
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Part II. Grouping of Flowers 

2. Flowers are the most complex and beautiful parts of plants. Each is different, but 

they have common characteristics, too. Think about how these flowers are alike and 

different.   

 
a. Put together in groups the flowers that are alike in some way. Give each group a 

name that fits the items in it. Write the numbers from the cards on the chart beside 

the name of the group. Make as many groups as you wish.  

 

Name of group 

 

Numbers of pictures in group 
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b. Which of the flowers already in one group can also go into a different group? 

      Example:  Picture (number of picture) can go into (name of group) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Picture ----------- can go into ------------------------------------ 
 
Picture ----------- can go into ------------------------------------ 
 
Picture ----------- can go into ------------------------------------ 
 
Picture ----------- can go into ------------------------------------ 
 
Picture ----------- can go into ------------------------------------ 
 
Picture ----------- can go into ------------------------------------ 
 
Picture ----------- can go into ------------------------------------ 
 
Picture ----------- can go into ------------------------------------ 
 
Picture ----------- can go into ------------------------------------ 
 
Picture ----------- can go into ------------------------------------ 
 
Picture ----------- can go into ------------------------------------ 
 
Picture ----------- can go into ------------------------------------ 
 
Picture ----------- can go into ------------------------------------ 
 
Picture ----------- can go into ------------------------------------ 
 
Picture ----------- can go into ------------------------------------ 
 
Picture ----------- can go into ------------------------------------ 
 
Picture ----------- can go into ------------------------------------ 
 
Picture ----------- can go into ------------------------------------ 
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c. What completely different groups can you make? For example, if you grouped 

together the flowers based on their color, you could not use this way of grouping 

them this time.  Write the numbers of the cards under the name of the group in the 

same way you did in item a.  

 

Name of group 

 

Numbers of pictures in group 

  

  

  

  

  

  

  

  

  

 

d. Draw a diagram or a sketch that shows the relationships among as many groups as 

you can. 
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Part III: Design an experiment 

You are a scientist who wants to find out how to solve an environmental problem. Find 

a problem you would like to investigate and do the following: 

 

 

1. Formulate as many hypotheses as you can about the problem you choose. 

Hypotheses are your predictions or ideas about the causes of the problem and ways the 

problem might be solved.. The more hypotheses (predictions or ideas) you think of, the 

more it will help you to gather information. Having more hypotheses also will help you 

in designing your experiment and in developing a solution to the problem.   
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2. Draw a sketch, design, or any graphical representation that you think, as a scientist, 

would be a valid experiment to develop a solution for the problem you generated 

hypotheses for in item (a). Please label the parts of your design and write something 

about the way your experiment or design works.  
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APPENDIX G 

FORM FOR TEACHER RATING OF STUDENTS’ ABILITIES 
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Please assign a rating from poor to excellent for the following dimensions: 
 
1. The student’s general scientific ability 
 
Poor               Fair           Good           Very Good              Excellent 
 
2. The student’s science content knowledge  
 
 
Poor               Fair           Good           Very Good              Excellent 
 
3. The student’s scientific creativity 
 
Poor               Fair           Good           Very Good              Excellent 
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APPENDIX H 

PICTURES FOR ITEM 1A IN SUBTEST I (PROBLEMS AND SOLUTIONS) 
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APPENDIX I 

PICTURES OF FLOWERS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  

271

                                                                                                                                                         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                                                                                          
 
                                                           
 
 
 
 
 
 
 
 
 
 

   

  

 

 

 

 

 



 

  

272

                                                                                                                                                                                                                                    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

  

 

 

 

 

 

 

 

 



 

  

273

 
                                                     
                                                                                                            
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    

 

    

 



 

  

274

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  

275

APPENDIX J 

INSTRUCTIONS FOR ADMINISTERING THE CONSENSUAL ASSESSMENT 

TECHNIQUE 
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Dear rater, 
 
Your task is to rate the responses of students to 3 questions on a test of scientific 
creativity on three criteria as described below. Please follow these directions carefully.  
 
The rating entails the judgments of students’ creativity based on three major criteria: 
Scientific Content Knowledge, Scientific Ability, and Scientific Creativity. Please use 
your own definition of each criterion. Please make sure you follow the following steps: 
 
Scientific Ability 
 

1. Look carefully at all the students’ products  
2. Make 7 piles of the students’ products ranging from evidence of least to most 

scientific ability. Products in pile 1 give evidence of the least scientific ability 
and products in pile 7 give evidence of the most scientific ability.  

3. Look at the separate piles you made (1s, 2s, 3s, 4s…7s) and make sure the 
student’s products fit within each pile. Feel free to move a product from a certain 
pile to another if you think that this product will not belong to that pile.  

4. Assign a rating from 1 to 7 for each product. Record these ratings on the rating 
sheet provided with these instructions.  

5. Write down the qualities of each pile at a time. In other words, write what 
distinguished the products in 1, 2, 3, 4, 5, 6, and 7 from each other.  

 
Before you get to the following dimension, be sure to mix the students’ papers so you 
can not be affected by the order of the papers you assigned in the first step.  
 
Scientific Content Knowledge: 
 
 

1. Look carefully at all the students’ products  
2. Make 7 piles of the students’ products ranging from evidence of least to most 

scientific content knowledge. Products in pile 1 give evidence of the least 
scientific content knowledge and products in pile 7 give evidence of the most 
scientific content knowledge. 

3. Look at the separate piles you made (1s, 2s, 3s, 4s…7s) and make sure the 
student’s products fit within each pile. Feel free to move a product from a certain 
pile to another if you think that this product will not belong to that pile.  

4. Assign a rating from 1 to 7 for each product. Record these ratings on the rating 
sheet provided with these instructions.  

5. Write down the qualities of each pile at a time. In other words, write what 
distinguished the products in 1, 2, 3, 4, 5, 6, and 7 from each other.  
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Before you get to the following dimension, be sure to mix the students’ papers so you 
can not be affected by the order of the papers you assigned in the previous step.  
 
Scientific Creativity: 
 
 

1. Look carefully at all the students’ products  
2. Make 7 piles of the students’ products ranging from evidence of least to most 

scientific creativity. Products in pile 1 give evidence of the least scientific 
creativity and products in pile 7 give evidence of the most scientific creativity. 

3. Look at the separate piles you made (1s, 2s, 3s, 4s…7s) and make sure the 
student’s products fit within each pile. Feel free to move a product from a certain 
pile to another if you think that this product will not belong to that pile.  

4. Assign a rating from 1 to 7 for each product. Record these ratings on the rating 
sheet provided with these instructions.  

5. Write down the qualities of each pile at a time. In other words, write what 
distinguished the products in 1, 2, 3, 4, 5, 6, and 7 from each other.  
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APPENDIX K 

CRITERIA USED BY THE TWO INDEPENDENT RATERS USING THE 

CONSENSUAL ASSESSMENT TECHNIQUE FOR RATING ITEM 1C  
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Table K.1 

Criteria used by the Two Independent Raters using the Consensual Assessment 

Technique or Rating Item 1C (Scientific Ability) 

 

Score 

 

Rater 1 

Description 

1 Picture only, no description of the invention  

2 Picture of invention, some description of invention included  

3 Picture of invention and description of the purpose of the invention; purpose 

of invention does not deal presented problems  

4 Picture of invention, labeled invention, problem identified 

5 Picture of invention, problem identified, outcome (not necessarily solution) 

presented 

6 Picture of invention, problem identified, solution presented, new outcome 

presented that is helpful to the environment 

7 Picture of invention, problem identified, description of how the invention 

works, solution presented, new outcomes that are good for the environment 

Rater 2 

 

1 Demonstrates no knowledge of a scientific concept. Student was unable to 

communicate message. 
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Table K.1 (continued)  

 

Score 

 

Description 

2 Demonstrates knowledge of a scientific concept with no application 

3 Demonstrates knowledge of a scientific concept and application 

4 Demonstrates more knowledge of a scientific concept and application 

5 Demonstrates a higher degree of knowledge of scientific concept and 

application 

6 Demonstrates good knowledge of scientific concepts and their application 

to a scientific problem 

7 Demonstrates strong knowledge of complex scientific concepts and show 

their application to a scientific problem in a way that is clear and concise. 

Showed the ability to communicate idea through drawing and, in some 

cases, an explanation 
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Table K.2 

Criteria used by the Two Independent Raters using the Consensual Assessment 

Technique for Rating Item 1C (Science Content Knowledge) 

 

Score 

 

Rater 1 

Description 

1 Picture only or picture with description that implies no demonstration of 

Science Content Knowledge (SCK) 

2 Invention fixes a problem, but causes another problem (burning trash) 

3 Demonstrates SCK, but not in relation to environmental issues 

4 Demonstrates SCK in relation to environmental issues 

5 Demonstrates SCK in relation to environmental issues, recognizes problem 

and attempts to fix it without causing other problems 

6 Demonstrates SCK in relation to environmental issues, demonstrates 

knowledge of recycling, filtering, and other processes currently in use 

7 Demonstrates SCK, demonstrates understanding at multiple levels (clean up 

the environment and any new products that are produced from the cleanup 

also benefit the environment 

Rater 2 

 

1 Demonstrates no knowledge of a problem or solution. Student was unable 

to communicate message. 
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Table K.2 (continued) 

  

Score 

 

Description 

2 Demonstrates some knowledge of a problem and solution 

3 Demonstrates some knowledge of a problem and solution. Shows a tentative 

relationship 

4 Demonstrates some knowledge of a problem and provides a somewhat 

solution. Shows a relationship. 

5 Demonstrates knowledge of a problem and offered an inventive solution. 

Shows a relationship between the problem and solution. 

6 Demonstrates knowledge of a problem and offered an inventive, complex 

solution. Shows a relationship between the problem and solution. 

7 Demonstrates knowledge of a complex, sophisticated, relevant scientific 

concept and shows application and a strong relationship. Showed the ability 

to communicate idea through drawing and, in some cases, an explanation. 
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Table K.3 

Criteria used by the Two Independent Raters using the Consensual Assessment 

Technique for Rating Item 1C (Scientific Creativity)  

 

Score 

 

Rater 1 

Description 

1 Not an invention; already exists in nature 

2 Invention already exists (water filters, air filters, trash cans, etc.) 

3 Invention is not unique; not appropriate  

4 Invention is not unique; appropriate (robots that pick up trash) 

5 Invention is unique; not appropriate 

6 Invention is appropriate; more than one idea of that kind in the samples 

7 Invention is unique; only one of its kind in the samples; is appropriate 

Rater 2 

 

1 Only a picture a word or two. Not original. Student was unable to 

communicate message. 

2 Not original solution, very primitive expression  

3 Not original, practical, more complex than # 2, better communication. 

4 Somewhat original, demonstrates less academic and technical ability 

5 Original, demonstrates some academic and technical ability 
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Table K.3 (continued) 

 

Score 

 

Description 

6 Although may or may not be a new idea, demonstrates good academic and 

technical ability, student was inventive. 

7 Student shows an original, complex, and inventive idea. He or she was able 

to portray through their drawing and explanation that a relationship exists 

between the problem and solution. Student demonstrated extensive 

imagination. Idea was well communicate through drawing and explanation. 
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APPENDIX L 

CRITERIA USED BY THE TWO INDEPENDENT RATERS USING THE 

CONSENSUAL ASSESSMENT TECHNIQUE FOR RATING ITEM 2D  
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Table L. 1 

Criteria used by the Two Independent Raters using the Consensual Assessment 

Technique for Rating Item 2D (Scientific Ability) 

 

Score 

 

Rater 1 

Description 

1 Pictures of flowers only, no labels 

2 Outlines of diagrams (Venn, T-chart), diagrams not filled in 

3 Diagrams filled in, no relationships shown in the diagrams 

4 Diagrams filled in, diagrams show universal similarities only (the flowers 

ALL are orange, etc.) 

5 Diagram filled in; demonstrates basic relationships with evidence of 

comparison and contrast (item 1) 

6 Diagrams filled in; demonstrates moderate relationship with evidence of 

comparison and contrast) (2-3 times) 

7 Diagrams filled in with clearly defined relationships between the groups, 

evidence of comparison and contrast 

Rater 2 

 

1 Ability to identify one characteristic - was most likely inferred from a 

simple drawing. Student was unable to communicate message. 

2 Ability to identify basic similarities and differences between flowers 
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Table L.1 (continued) 

 Criteria used by the Two Independent Raters using the Consensual Assessment Technique 

for Rating Item 2D (Scientific Ability) 

 

Score 

 

Description 

3 Ability to show two simple characteristics and shows how there are 

similarities and differences 

4 Ability to show two to three characteristics and a relationship 

5 Ability to show two to three sophisticated characteristics and a strong 

relationship 

6 Ability to show a number of varying characteristics and strong knowledge 

of how they relate to one another 

7 Creative diagram and knowledge if many characteristics and a strong 

relationship. Showed the ability to communicate idea through drawing and, 

in some cases, an explanation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

  

288

Table L.2 

Criteria used by the Two Independent Raters using the Consensual Assessment 

Technique for Rating Item 2D (Science Content Knowledge) 

 

Score 

 

Rater 1 

Description 

1 Outlines of Venn diagrams, T-charts only 

2 Diagrams filled in, no SCK of plants or flowers demonstrated 

3 Drawings of what plants and flowers look like; basic SCK of what plants 

and flowers are 

4 Demonstrates knowledge that cactus flowers group in the desert 

5 One plant vocabulary word included (leaf, stem, petal, etc.); no plant needs 

included 

6 Two or three plant vocabulary words included; plant needs included 

7 More than three plant vocabulary words included; plant needs included 

Rater 2 

 

1 Gives one simple characteristic - was most likely inferred from a simple 

drawing. Student was unable to communicate message. 

2 Shows knowledge of basic similarities and differences between flowers 

3 Shows knowledge of two simple characteristics and shows how there are 

similarities and differences 
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 Table L.2 (continued) 

  

Score 

 

Description 

4 Shows knowledge of at least two sophisticated characteristics and shows a 

relationship 

5 Shows knowledge of two to three sophisticated characteristics and shows a 

relationship 

6 Shows knowledge of a number of varying characteristics and knowledge of 

how they relate to one another 

7 Creative diagram and knowledge if many characteristics and a strong 

relationship. Showed the ability to communicate idea through drawing and, 

in some cases, an explanation. 
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Table L.3  

Criteria used by the Two Independent Raters using the Consensual Assessment 

Technique for Rating Item 2D (Scientific Creativity) 

 

Score 

 

Rater 1 

Description 

1 Pictures of flowers only 

2 Diagrams/outlines included; relationships not evident 

3 Groupings based on color (more samples included grouping by color than 

by any other characteristic) 

4 Groupings based on shape 

5 Groupings based on color and shape 

6 Venn Diagram (most common); groupings based on unique items (only one 

sample with grouping based on that characteristic) 

7 Diagram (not a Venn Diagram); only one of its kind; shows clearly defined 

relationships 

Rater 2 

 

1 Identifies one characteristic that is very simple, no relationship. Student was 

unable to communicate message. 

2 Identifies one or two simple characteristics, no relationship 

3 Identifies two or three (mostly two) simple characteristics and a relationship 
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 Table L.3     (continued) 

  

Score 

 

Description 

4 Identifies two to three fairly original characteristics and a relationship 

5 Identifies three or more fairly original characteristics and a relationship 

6 Identifies three or more original characteristics and a sophisticated 

relationship 

7 Shows a relationship between greater than 3 original characteristics in a 

sophisticated, complex chart. Showed the ability to communicate idea 

through drawing and, in some cases, an explanation. 
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APPENDIX M 

CRITERIA USED BY THE TWO INDEPENDENT RATERS USING THE 

CONSENSUAL ASSESSMENT TECHNIQUE FOR RATING ITEM 3B  
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Table M. 1 

Criteria used by the Two Independent Raters using the Consensual Assessment 

Technique for Rating Item 3B (Scientific Ability) 

 

Score 

 

Rater 1 

Description 

1 Pictures or words only, labels do not apply to the experiment or problem 

presented 

2 Pictures with labels that do apply to the environmental issue; no 

demonstration of cause and effect relationship 

3 Picture demonstrates cause and effect relationship 

4 Steps 1, 2, 3…written down. No steps were filled in; demonstrates 

knowledge of knowing steps are needed 

5 Written hypotheses generated; no diagram of experiment 

6 Picture of invention; effect (outcome) implied 

7 Picture of invention; effect (outcome) clearly stated 

Rater 2 

 

1 Demonstrates knowledge of one simple scientific concept 

2 Demonstrates knowledge of two simple scientific concepts with no 

application 

3 Demonstrates knowledge of two simple scientific concepts an application 
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 Table M.1     (continued) 

 

Score 

 

Description 

4 Demonstrates knowledge of a scientific concept 

5 Demonstrates knowledge of several scientific concepts 

6 Demonstrates knowledge of several scientific concepts and their application 

to a scientific problem 

7 Demonstrates knowledge of complex scientific concepts and show their 

application to a scientific problem. Showed the ability to communicate idea 

through drawing and, in some cases, an explanation. 
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Table M.2 

Criteria used by the Two Independent Raters using the Consensual Assessment 

Technique for Rating Item 3B (Science Content Knowledge) 

 

Score 

 

Rater 1 

Description 

1 Pictures/words only; show no relation to environment  

2 Pictures that pertain to the environment, but not with cleaning the 

environment 

3 Pictures that pertain to cleaning the environment 

4 Demonstrates SCK that pollution also harms organisms other than humans 

5 Basic level of understanding of recycling, filtering demonstrates 

6 Knowledge of conservation of energy (solar powered cars-solar energy to 

electrical energy, etc.) and matter (higher level with recycling) 

7 Demonstrates knowledge of plant needs and byproducts (use carbon 

dioxide, release oxygen); explains processes 

Rater 2 

 

1 Demonstrates knowledge of one simple scientific concept 

2 Demonstrates knowledge of two simple scientific concepts and a tentative 

relationship 
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Table M.2   (continued) 

  

Score 

 

Description 

3 Demonstrates knowledge of two simple scientific concepts and a complex 

relationship 

4 Demonstrates knowledge of one sophisticated scientific concept that is 

relevant 

5 Demonstrates knowledge of two sophisticated relevant scientific concepts 

and a relationship 

6 Demonstrates knowledge of three sophisticated relevant scientific concepts 

and a relationship 

7 Demonstrates knowledge of complex relevant scientific concepts and shows 

application and several strong relationships. Showed the ability to 

communicate idea through drawing and explanation. 
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Table M.3 

Criteria used by the Two Independent Raters using the Consensual Assessment 

Technique for Rating Item 3B (Scientific Creativity)  

 

Score 

 

Rater 1 

Description 

1 Picture or words that show no relationship to experiment 

2 The product already exists in some form 

3 Robots with descriptions of their jobs (MANY robots); appropriate, not 

unique 

4 Slightly appropriate for the proposed problem; unique  

5 Unique, not appropriate for the proposed problem 

6 Unique and appropriate (both items were similar inventions) 

7 Very unique (only one of its kind from the samples); appropriate for the 

proposed problem 

Rater 2 

 

1 Only a picture or explanation. This may or may not be relevant. It was 

vague. Student was unable to communicate message. 

2 Not original, practical, primitive expression 

3 Not original, practical, more complex than #2 

4 Somewhat original, demonstrates less academic and technical ability 
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Table M.3   (continued)  

 

Score 

 

Description 

5 Original, demonstrates some academic and technical ability 

6 Although may or may not be a new idea, complex and inventive 

7 An original, complex, inventive idea. Students may have also shown 

knowledge of behavior modification (rather impressive!). Showed the 

ability to communicate idea through drawing and, in some cases, an 

explanation. 
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APPENDIX N 

EXAMPLES OF PICTURES OF STUDENTS’ CONSTRUCTIONS AND DESIGNS IN 

ITEM 1C 
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APPENDIX O 

HYPOTHESES QUALITY SCALE 
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Points given 

 

Criterion 

0 No explanation, for example, a non-sense statement, a question, an 

observation, a single inference about a single concrete object  

1 Non-scientific explanation, for example, “…because it’s magic” or 

“…because the man pushed a button” 

2 Partial scientific explanation, for example, incomplete reference to 

variables, a negative explanation, an analogy 

3 Scientific explanation relating at least two variables in general or non-

specific terms 

4 Precise scientific explanation, a qualification and/or quantification of 

the variables 

5 Explicit statement of a test of an hypothesis. (An inference is made here 

that the child who states a test is also able to adequately and precisely 

hypothesize.) 

  

Note. From Quin (1971) 
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