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       ABSTRACT 
 
 

             VISUAL THINKING NETWORKING PROMOTES  
 
  LONG TERM MEANINGFUL LEARNING AND ACHIEVEMENT  
 

  FOR 9TH GRADE EARTH SCIENCE STUDENTS  
 
 
                            Palma J. Longo 
      O.R. Anderson, Sponsor 
 
 

An experimental and interview-based design was used to test the efficacy of 

visual thinking networking (VTN), a new generation of metacognitive learning strategies. 

Students constructed network diagrams using semantic and figural elements to represent 

knowledge relationships. The findings indicated the importance of using color in VTN 

strategies. The use of color promoted the encoding and reconstruction of earth science 

knowledge in memory and enhanced higher order thinking skills of problem solving.  

 Fifty-six ninth grade earth science students (13-15 years of age) in a suburban 

school district outside New York City were randomly assigned to three classes with the 

same instructor. Five major positive findings emerged in the areas of problem solving 

achievement, organization of knowledge in memory, problem solving strategy 

dimensionality, conceptual understanding, and gender differences.  



 A multi-covariate analysis was conducted on the pre-post gain scores of the 

AGI/NSTA Earth Science Examination (Part 1).  Students who used the color VTN 

strategies had a significantly higher mean gain score on the problem solving criterion 

test items than students who used the black/white VTN (p = .003) and the writing 

strategies for learning science (p < .001). During a think-out-loud problem solving 

interview, students who used the color VTN strategies: (1) significantly recalled 

more earth science knowledge than students who used the black/white VTN (p = .021) 

and the writing strategies (p < .001); (2) significantly recalled more interrelated earth 

science knowledge than students who used black/white VTN strategies (p = .048) and the 

writing strategy (p < .001); (3) significantly used a greater number of action verbs than 

students who used the writing strategy (p = .033).  Students with low abstract reasoning 

aptitude who used the color VTNs had a significantly higher mean number of 

conceptually accurate propositions than students who used the black/white VTN  

(p = .018) and the writing strategies (p = .010). Gender influenced the choice of VTN 

strategy.  Females used significantly more color VTN strategies, while males used 

predominately black/white VTN strategies (p = .01). 

 A neurocognitive model, the encoding activation theory of the anterior cingulate 

(ENACT-AC), is proposed as an explanation for these findings.  
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     Chapter I 

                                   INTRODUCTION  TO THE INQUIRY 

 

 One of the most important agendas put forth by the current science education 

reform movement is that "teachers need strategies to help students learn meaningfully" 

(Glynn & Duit, 1995, p. 199). 

                                                   .1 
 
 I chose these colors because they were opposites. You know, 
 a lot of chemistry involves different things.  I used this shape  
 to show that chemistry is made up of, unpredictable reactions...  
 a lot of reactions can be spontaneous and some can be totally 
 predicted....The curvy part would be disorder, and the straight  
 lines, you just represent the more predictable part of chemistry. 
            (Appendix A: Part Three, Pilot study interview, 1995) 
 

These statements were from Peter, a high school chemistry student, as he explained how 

he constructed a visual thinking network on chemical kinetics (Appendix B: Part Four).   

                                                 
1 This symbolic representation, the color visual thinking networks, and brain figures appearing in this 
dissertation were created in color. Since University Microfilms International does not reproduce any pages 
in color, the original copy of this dissertation that illustrates these color representations is catalogued at 
Teachers College, Columbia University, Milbank Library. 
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 As a teacher/researcher, I developed and implemented visual thinking networking 

(VTN) in my science teaching practice. VTN is a new generation of metacognitive 

learning strategies conceptualized from current neurocognitive science.  Students use 

VTNs for organizing their science knowledge by constructing network diagrams using 

semantic and figural elements to represent knowledge relationships. As a metacognitive 

learning strategy, VTN "empowers the learner to take care of her/his own learning in a 

highly meaningful fashion" (Novak, 1998a, p.1). The term "visual thinking" is derived 

from the work of Rudolf Arnheim (1969). For Arnheim "the perception of shape marks 

the beginning of concept formation" (p. 27).   

 VTN, then, is a tool for the learner to represent, organize, and revise her/his 

meaning-making of science knowledge by chunking and linking conceptual labels with 

colored symbolic visualizations of scientific concepts, processes, and experiences into a 

coherent whole. The planning, organizing, the making of the chunks and the connections 

are undirected by the teacher and become an aspect that is most crucially idiosyncratic 

and imaginative. This inquiry tested the efficacy of VTN strategies on the influence of 

students’ earth science thinking that mediate learning and achievement.   

 During the time I taught students to use VTN for learning science, I was fortunate 

to witness the construction of their understanding and meaning-making by their creation 

of different types of visual thinking networks. Some students preferred making networks 

with very defined black and white shapes, others created networks with colorful and 

elaborate images, still others choose to create networks without defined shapes or color.  

Examples of this individual variability in network construction are shown in Appendix B.   
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What is it that makes some students work well with one strategy than another?  

How effective is VTN as a learning strategy?   

How important is it for a teacher to provide for student choice in metacognitive 

learning?  

These and other questions became the seeds in my research agenda. 

 

          The Need for the Inquiry 
 

 Current science education reform theory advocates the following:      
 
 Students must actively construct their science knowledge 
 for it to be meaningful... Students should play an active role in 
 building knowledge and making sense of the natural world. 
 This view has roots in philosophy and psychology, but it is 
 taking a powerful new form in the field of science education, 
 where researchers are examining students' mental model 
 of concepts, constructive processes, attitudes toward science, 
 and beliefs about the nature of learning. (Glynn & Duit, 
 1995, p. 1) 

This reform movement was spawned by the findings of cognitive science described in 

Resnick's landmark article (1983), "Mathematics and Science Learning: A New 

Conception." Resnick clearly articulated the need for “developing new approaches to 

teaching” (p. 477). The findings implicated the dynamic relationship between the learner, 

learning, and previous learning.   

 Duschl recommended three essential components for effective science teaching:  

"first, instruction that identifies learners' initial understanding of the concepts; second, 

link concepts together; and third, provide strategies to guide these linkages of larger and 

larger chunks of information" (1990, p.99). This agenda for providing strategies remains 

a consistent theme in the current science educational reform movement. 

 

 



 4

 If we are to prepare students to become life-long learners,  
 we need to provide them with a classroom environment in  
 which learning how to learn has the highest priority. We need to   
            empower students by encouraging them to take charge of their own 
 conceptual understanding. (NYS Department of Education, 1993, p. 3)  

 During the past twenty-two years, different knowledge representation strategies 

(KRS) have been developed to enhance student learning.  Some of these strategies are 

active structural networks (Norman & Rumelhart 1975), mind mapping (Buzan 1979), 

concept mapping (Stewart, VanKirk, & Rowell, 1979; Novak 1981), clustering (Rico, 

1983; Ambron, 1988), semantic networking (Fisher, 1990), contextual mapping (Bloom, 

1995), and 3-D concept mapping (Farrokh, 1997). The justification for this inquiry is 

developed from a critique involving three levels of the research informing the practice of 

science students using KRS to promote meaningful learning. These levels examine the 

knowledge claims, the methodology, and the conceptual backings.  
 

Knowledge Claims Critique 

 One of the most extensively researched and used strategy for enhancing science 

learning is concept mapping (Stewart, VanKirk, & Rowell, 1979; Novak, 1983; Novak & 

Gowin, 1984; Novak & Wandersee, 1990; Novak, 1998b; Al-Kunifed & Wandersee, 

1990; Horton, 1993; Pankratius, 1990).  Concept mapping has been intended to provide 

meaningful learning. The knowledge claims made from these research studies, however, 

have been inconsistent (Bodolus, 1987; Spaulding, 1989; Stensvold & Wilson, 1990; 

Haung, 1991;  Roth, 1994).  A meta-analysis on the efficacy of nineteen concept mapping 

studies promoting meaningful learning concluded that concept mapping "has had 

generally medium positive effects on students' achievement" (Horton et al., 1993, p. 107). 

A claim from one of the nineteen studies stated that "concept mapping does howerver, 

appear to move students slowly toward more meaningful learning" (Heinze-Fry & 

Novak, 1990, p. 471).  
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Methodological Critique 

 Although Cilburn (1990) used color coding in concept mapping, no study was 

conducted to test the effectiveness of adding this attribute with respect to student learning 

and achievement. This inquiry addressed this issue by comparing earth science 

knowledge achievement and problem solving dimensionality between groups who used 

color VTNs, black/white VTNs, and writing strategies for learning science.  

 Only two of the nineteen studies analyzed in the meta-analysis of concept 

mapping (Horton et al., 1993) tested concept mapping over a long period of time (twenty-

one or twenty-two week period of instruction). The other seventeen studies tested the 

concept mapping strategy from two-tenths of a week to eight weeks.  Stensvold and 

Wilson (1990) suggested that “a longer-term study might allow high verbal ability 

students to integrate concept mapping into their learning styles” (p. 479). This inquiry 

addressed this issue by having students construct the VTN strategies over a five month, 

twenty-two-week period.   

 One of the most important methodological consideration absent in these nineteen 

concept mapping studies (Horton et al., 1993) is the link between student cognition and 

achievement.  This inquiry addressed this issue by exploring changes in students’ 

thinking through the use of a think-out-loud problem solving interview. Interviews were 

conducted after the students had been using the VTN strategies for five months. The 

content domain of the interview focused on conceptual knowledge previously learned, 

eight months prior, at the beginning of the school year. A diverse number of verbal 

discourse properties were analyzed from these clinical interview transcripts.   

 Analysis of several concept mapping studies indicated that the control groups did 

not have an equivalent time on task as the experimental groups (Pankratius, 1990; 

Heinze-Fry & Novak, 1990; Lehman, Carter, & Kahle, 1985). This inquiry addressed this 

issue by having the control group use the same number and types of earth science 

concepts within their writing strategies. 
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Conceptual Backing Critique 

 Concept mapping and other knowledge representation strategies that students use 

for learning science, such as semantic networking (Fisher, 1990) and clustering (Ambron, 

1988, 1991) are restrictive from the conceptual perspective of the construction of 

knowledge. Concept mapping is also restrictive from the conceptual framework derived 

from neuroscience.  

 The Construction of Knowledge 

 These learning strategies rely only on the construction of knowledge derived from 

semantic relationships between propositions.  Bloom states that  
 
 such maps only show part of the 'territory,' part of the  
 children's understanding.  Other non-semantic, non-propositional 
 aspects of understanding can have at least an equal impact on  
 the construction of meaningful understanding. Emotions-values- 
 aesthetics, interpretive frameworks, personal experiences and 
 metaphors can greatly influence the way inferences are 
 made, as well as the nature and character of one's understanding.   
           (Bloom, 1995, p. 169)   

Bloom describes an important epistemological tension between what constitutes meaning 

"according to the presuppositions arising out of epistemology and what actually 

constitutes meaning for children" (Bloom, 1992, p. 179).  Further on he asks, "Is there 

more to personal meaning than sets of related propositions?" (p.180).   Bloom's research 

(1990a, b, 1992a, b, 1995) on contextual mapping represents a critical shift in science 

learning away from students solely constructing meaning derived from propositional 

(semantic) relationships. According to Bloom, "contexts of meaning can be thought of 

dynamic associations of multiple perspectives of multiple understandings... children 

construct meaning with more than semantic knowledge alone" (1995, p. 168).  

 Visual thinking networking extends the notion of Bloom's "contexts of meaning" 

by offering a place for learners to incorporate her/his visual metaphors as referents for 

non-concrete experiences. These metaphors specify meaning and aesthetic quality with 

the use of color and symbolic visualizations, in addition to incorporating knowledge 
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derived from propositional relationships. Wittrock (1992) offers the view that "to 

improve teaching and learning we need to know not only the structure of information, but 

how meanings, inferences, and understandings are generated, and how relations among 

concepts and experience are constructed" (p. 536). This inquiry addressed this issue by 

exploring the generation of meanings and understanding in relation to the kind of visual 

thinking networks students chose to represent and organize earth science information. 
  

 Conceptual Frameworks Derived from Old Neuroscience Perspectives 

 The strict hierarchical and subsumptive structure imposed with concept mapping 

(Novak, 1977, 1984) represents a conceptual limitation. The origin of this strict hierarchy 

rests upon Ausubel's assumption that the  
       
 storage of information in the brain is highly organized, with  
 linkages formed between various older and new elements leading  
            to a conceptual hierarchy in which minor elements of knowledge  
            are linked with (subsumed under) larger, more inclusive concepts.   
            Thus cognitive structure represents a framework of hierarchically  
            organized concepts, which are the individual's representation of  
            sensory experience. (Novak, 1977, p. 25) 
 

 This assumption in the strict hierarchy of the brain's organization and cognitive 

processing is now collapsing as a result a convergence of findings from current 

neurobiology and neurocognitive science (Churchland, Ramachandran, Sejnowski, 1994; 

Van Essen, Anderson, & Felleman, 1992; Van Essen & DeYoe, 1994 ; Zeki, 1990, 1993; 

Goldman-Rakic, Chafee, & Friedman, 1993; Friedman & Goldman-Rakic, 1994; Martin 

et al., 1995; Ungerleider, 1995; Zeki, 1978, 1991, 1993a, 1993b).  A broader definition of 

what constitutes a concept in the brain and its relationship to knowledge is challenging 

the epistemological assumptions about the nature of knowledge  (Damasio, 1989, 1994b).   

 The neurophysiological rationale for concept mapping (MacGinn, 1987) exposes 

another conceptual limitation.  MacGinn's framework for this level of analysis is limited 

to the cellular level and makes no link to the level of the learners' cognitive system. None 
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of the knowledge representation strategies used today in our classrooms are derived from 

the current understanding of the human brain. This inquiry is conceptualized from current 

neurocognitive science by relating neurobiological substrates to cognition (Eimas, 1990; 

Posner & Raichle, 1994; Gazzangia, 1995, 2000).   

 The use of the clustering technique (Rico, 1983; Ambron, 1988) for learning 

science and the popularized, yet unresearched method of mind mapping (Buzan, 1979, 

1991, 1994; Margulies, 1991) are conceptualized from a faulty paradigm.  The right/left 

brain dichotomy in styles of thinking is a view no longer supported by current 

neurocognitve research (Kosslyn, 1988; Efron, 1990; Brown & Kosslyn, 1993; Hellige, 

1993; Luh & Levy, 1995).  

 Since Resnick's (1983) article, however, the understanding about how the learner 

builds a picture of the external world, holds, and retrieves this knowledge has become 

exceedingly precise and elaborate with the contributions from the disciplines of 

neurobiology and neurocognitive science. These disciplines describe, predict, and explain 

the mechanism of attention, perception, and memory that are involved in the functions of 

knowledge acquisition, knowledge retrieval, and reasoning. The recent findings derived 

from these functions are absent in the conceptual frameworks that investigates 

meaningful science learning through the use of concept mapping, semantic mapping, and 

clustering. 

 The old conceptual framework that described the role of the primary visual cortex  

maintained that it records visual images directly as a camera film captures an image only 

to later send this information higher up to be analyzed.  This mechanism and its 

philosophical underpinnings no longer fit the current understanding of the neural 

organization and function in the human brain.  Neurobiological and neurocognitive 

evidence provides new knowledge on the nature of the organizational and processing 

strategies involved in vision.  The new role of the cerebral cortex is viewed as a 

categorizer of knowledge  (Zeki, 1990a, 1992, 1993a). This unique perspective gives rise 
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to the notion "seeing as understanding" (Zeki, 1993a, p. 3). Perception and cognition are 

viewed as "continuous and coextensive processes" (Squire & Kandel, 1993, p. 147).  The 

more extensive understanding of the participatory role of the visual cortex in cognitive 

processing has strong implications for a necessary broadening of science education 

research with respect to research questions, methodology, and foci. This newly expanded 

research has direct implications for the nature of science classroom learning tasks and 

assessment strategies (Anderson, 1991, 1992, 1997).   
 
 
    The Purpose of the Inquiry 
    

 Promoting students’ long term meaningful conceptual understanding, is one of the 

important goals directing the current science education reform movement. The purpose of 

this study was to investigate the effectiveness of VTN influencing students’ thinking that 

mediate earth science learning and achievement.  VTN strategies encourage the learners 

to integrate multiple ways of thinking that inform concept formation by utilizing three of 

the four categorizational attributes (color, form, and spatial information). These attributes 

that have been linked to the organization and cognitive processing in the brain (Zeki, 

1984, 1988, 1990a, 1991, 1992, 1993a; Damasio, 1990, 1992; Martin, Haxby, Lalonde, 

Wiggs, & Ungerleider, 1995; Ungerleider, 1995).  

 The questions that drove this inquiry were grounded from both an experimental, 

and an interview-based design paradigm. The coherence between these paradigms was 

from a research context that imposes two critical links. "The first link is between teaching 

and students' thought processes.  The second link is between student cognition and 

learning or achievement" (Wittrock, 1986, p. 297).  The interview-based design phase of 

this inquiry explored changes in students’ thinking on how information is processed and 

organized into memory as a result of students utilizing VTN strategies for learning 

science.  According to Wittrock (1986) "students’ thinking mediate learning and 
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achievement" (p. 297). The experimental phase of this inquiry sought to establish a 

relationship between the utilization of VTN strategies and earth science achievement.  

 The outcome or dependent variable in the experimental design was achievement, 

with two levels: earth science knowledge and Gagnean cognitive level of achievement 

(Barba, 1990). This study used a diverse set of independent variable measures for both 

paradigms. VTN levels, spatial visualization, and abstract reasoning aptitude are the 

independent variables for the experimental design. Progression density, linear linkages, 

network linkages, knowledge action verb linkages, conceptual evidence, and conceptual 

dimensionality are properties of a verbal discourse sequence that were analyzed in the 

interview-based design phase. These properties provided a multidimensional view on 

how students process and organize information in memory when allowed to choose 

among different visual modes of representing the earth science knowledge in a network 

schema. Gender was the mediating variable.   
 

Definition of Terms 

 The following are operational definitions of terms essential to the inquiry: 

 Abstract reasoning:  The capacity to reason when problems are presented in terms  

                  of size, shape, or position, or quantity, or other non-verbal, non-numerical  

                  forms (Bennett, Seashore, & Wesman, 1974). 

 Concept:  An individual is said to have learned a concept when he/she can  

                  demonstrate the meaning of some particular class of objects, events, or  

                  relations (Gagne, Briggs, & Wager 1988, p. 59). 

 Conceptual evidence: A compilation of conceptions in the form of a profile  

                  inventory (Hewson, 1986). 

 Conceptual dimensionality:  Distinguishes between surface and deep responses in   

                 a clinical interview.  Surface responses are questions, describing, recognition,  

                or naming; while deep responses are causal explanations or justifications  
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                (Pines, Novak, Posner, &VanKirk, 1978). 

 Earth science knowledge:  Domain specific content knowledge of four 

                 subsections: Astronomy, Atmosphere, Oceans and Lakes, and Solid Earth  

                 (Callister, Higham, Mayer, Sproull & Stroud, 1988). 

 Facts:  Verbal statements that express the relationship(s) between two  

                 or more named objects or events (Gagne, Briggs, & Wager 1988, p.80). 

 Gagnean Cognitive levels:  Based on the work of Robert Gagné, a hierarchy was  

                developed for organizing types of knowledge. Levels of this hierarchy include:  

                facts, concepts, rules or principles, and problem solving (Gagné, Briggs, &  

                Wager, 1988). 

            Interrelatedness of Knowledge:  The extent to which recursive and cross- 

                referential statements were uttered in a sequential narrative of students 

                statements.  

 Knowledge action verb linkages:  Action verbs used in linear linkages that  

                describe the action between scientific objects and events.  

 Linear linkages:  Single verbal discourse statements that describe scientific  

                objects and events generated during a think-out-loud interview. 

 Network linkages:  Verbal discourse statements that describe previously stated 

                scientific objects and events generated during a think-out-loud interview. 

 Preference categories:  Decision basis for choice of a visual thinking network  

                learning strategy. 

 Problem solving:  A higher order rule invented for the purpose of solving  

                a practical problem or class of problems, it is also the highest order of thinking  

                skills (Gagné, 1988, p. 63). 

 Properties of verbal discourse:  Numerical assessment of five properties      

                (progression density, linear linkages, network linkages, knowledge action 

                verb linkages and different kinds of knowledge action verb linkages) that 
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                describe the nature of the sequential statements uttered in a think-out-loud 

                problem solving interview. 

 Progression density:   A property of verbal communication structure 

      that "provides a measure of the continuity of semantic markers between  

                sentences and the degree of information load during encoding, Ds” (Anderson  

                Botticelli 1990, p. 170). 

 Progression density coefficient: A numerical measure (Ds) of the rate at which  

                 new information is being introduced. This coefficient also indicates the 

                 extent students revisit previously stated concepts in their verbal discourse. 

                 Ds assesses a property of knowledge inter-relatedness. 

            Progression of information: The degree of recursive thought and cross references 

                  uttered during a narrative sequence. 

 Rules and principles:  Rules are defined concepts whose purpose is to  

      classify objects and events, while principles are exhibited by the     

                 learner as rule-using behavior (Gagné, Briggs & Wager 1988, p.61). 

 Spatial visualization:  The capacity to create and manipulate mental 

     representations or objects in space (Languis, Miller & Bertoline 1990). 

 

    Research Questions 
 
 
General Research Question   
 

 To what extent does the choice and utilization of different visual thinking 

networking strategies promote long-term meaningful earth science learning? 

 Twenty-nine specific research questions were addressed in this inquiry and 

organized under four main research questions within an experimental and interview-
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based design. Each main research question acts as a guide that focuses the direction of the 

collective specific research questions. 
 

The Experimental Design: Main Research Question # 1 
 
 Is earth science learning improved as a result of students choosing and 

utilizing visual thinking networking  (VTN) strategies for learning science? 

 Specific Research Questions 

 1a.   Are there differences in the pre-post test achievement gain scores on  

                    an earth science exam between groups who utilized VTN strategies  

                    for learning science and those who used a writing strategy for  

                    learning science? 

 1b.   Are there differences in the pre-post test achievement gain scores on  

                    an earth science exam between groups who utilized different 

          VTN strategies for learning science? 

 1c.   Are there differences in the pre-post achievement gain scores on an 

         earth science exam between groups who used different VTN  

                    strategies for learning science and a group who utilized a writing  

                    strategy for learning science? 

 2a.1 Are there differences in the pre-post achievement gain scores on the  

                    fact cognitive level of an earth science exam between groups who  

                    utilized VTN strategies for learning science and those who used a  

                    writing strategy for learning science? 

 2a.2  Are there differences in the pre-post achievement gain scores on the  

                     concept cognitive level of an earth science exam between groups  

                     who utilized VTN strategies for learning science and those who used  

                     a writing strategy for learning science? 

 



 14

 2a.3  Are there differences in the pre-post achievement gain scores on the  

                     rule/principle cognitive level of an earth science exam between  

                     groups who utilized VTN strategies for learning science and those  

                     who used a writing strategy for learning science? 

 2a.4  Are there differences in the pre-post achievement gain scores on the  

                     problem solving cognitive level of an earth science exam between  

                     groups who utilized VTN strategies for learning science and those  

                     who used a writing strategy for learning science? 

 2b.1  Are there differences in the pre-post achievement gain scores on the  

                     fact cognitive level of an earth science exam between groups who  

                     utilized different VTN strategies for learning science? 

 2b.2  Are there differences in the pre-post achievement gain scores on the  

                     concept cognitive level of an earth science exam between groups  

                     who utilized different VTN strategies for learning science? 

 2b.3  Are there differences in the pre-post achievement gain scores on the  

                     rule/principle cognitive level of an earth science exam between  

                     groups who utilized different VTN strategies for learning science? 

 2b.4  Are there differences in the pre-post achievement gain scores on the  

                     problem solving cognitive level of an earth science exam between  

                     groups who utilized different VTN strategies for learning science? 

 2c.1 Are there differences in the pre-post achievement gain scores on the  

                    fact cognitive level of an earth science exam between groups who  

                    utilized different VTN strategies for learning science and those who  

                    utilized a writing strategy for learning science? 

 2c.2 Are there differences in the pre-post achievement gain scores on the  

                    concept cognitive level of an earth science exam between groups who  

                    utilized different VTN strategies for learning science and those who  
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                    utilized a writing strategy for learning science? 

 2c.3 Are there differences in the pre-post achievement gain scores on the  

                    rule/principle cognitive level of an earth science exam between  

                    groups who utilized different VTN strategies for learning science and  

                    those who utilized a writing strategy for learning science? 

 2c.4 Are there differences in the pre-post achievement gain scores on the  

                    problem solving cognitive level of an earth science exam between  

                    groups who utilized different VTN strategies for learning science and  

                    those who utilized a writing strategy for learning science? 
 

The Experimental Design: Main Research Question # 2 

  What factors are involved when a student chooses, prefers, constructs, and 

utilizes VTN strategies for learning science? 

 Specific Research Questions 

 3a.  Is the choice of a VTN strategy related to abstract reasoning aptitude? 

 3b.  Is the choice of a VTN strategy related to spatial relations aptitude? 

4.  Does gender influence the choice of networking strategy? 

 5a.  To what extent do students interchange different levels of the VTNs 

                  during twelve weeks of utilizing these strategies for learning science? 

 5b.  What VTN levels do students choose for the final three earth science 

                   topics and what is their rationale for changing levels? 

 5c.   Is there a relationship between gender and those students who  

                   changed VTN levels and those who did not change VTN levels? 

 5d.  Is there a relationship between the type of VTN submitted and those 

        who changed VTN levels and those who did not change VTN levels? 

 5e.  What meaningful depictions decisions are made in the construction of         

        the final set of VTNs for the three earth science topics? 



 16

 6a.  What are students’ preferences in choosing a VTN strategy? 

 6b.  Is there a relationship between those students who used the same VTN  

                   preference and most frequently utilized VTN level for learning science to  

                   those students who had a different VTN preference and most frequently  

                   utilized VTN level by gender? 
 

The Interview-Based Design: Main Research Question # 3 
 
 To what extent are there differences in the properties of a verbal discourse 

sequence between a subset of students who utilized different strategies for learning when 

solving four problems involving time, planetary motion, and seasons?  

 Specific Research Questions 

 7a.  To what extent are there differences in the progression of information  

        generated when students are solving four problems involving time,  

                   planetary motion, and seasons? 

 7b.  To what extent are there differences in the linear, network, knowledge 

                   action verbs, and different kinds of knowledge actions verbs generated 

                   when students are solving several four problems involving time,  

                   planetary motion, and seasons? 

 
The Interview-Based Design: Main Research Question # 4 

 To what extent are there differences in the conceptual understanding of time, 

planetary motion, and seasons between a subset of students who utilized different 

strategies for learning science?  

 Specific Research Questions 

 8a.  What are the conceptions used by students when solving four problems  

                   about time, planetary motion, and seasons? 
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 8b.  To what extent are students who used different strategies for learning 

                   science, successful at solving four problems involving time and  

                   planetary motion? 
 

    Hypotheses 
 

 Eighteen hypotheses were tested in the experimental design of this inquiry. These 

hypotheses are listed under each main research question. 
 

Hypotheses Derived from The Experimental Design: Main Research Questions # 1 

H(O)1a:      There are no statistically significant differences in pre-post test achievement  

                   gain scores on an earth science exam between groups that utilized VTN   

                   strategies for science learning and those who utilized a writing strategy for   

                   learning science. 

H(O)1b:     There are no statistically significant differences in the pre-post achievement 

        gain scores on an earth science exam between groups who utilized different  

                   VTN strategies for learning science.  

H(O)1c:      There are no statistically significant differences in the pre-post achievement 

                   gain scores on the earth science exam between groups who utilized different 

                   VTN strategies for learning science and those who utilized a writing strategy 

                    for learning science. 

H(O) 2a.1:  There are no statistically significant differences in the pre-post achievement 

                    gain scores at the Gagnean fact cognitive level on the earth science exam   

                    between groups who utilized VTN strategies for learning science and those    

                    who utilized the writing strategy for learning science. 

H(O) 2a.2: There are no statistically significant differences in the pre-post achievement 

                    gain scores at the Gagnean concept cognitive level on the earth science exam   

                    between groups who utilized VTN strategies for learning science and those    
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                    who utilized the writing strategy for learning science. 

H(O) 2a.3:  There are no statistically significant differences in the pre-post achievement 

                    gain scores at the Gagnean rule/principle cognitive level on the earth science  

                    exam between groups who utilized VTN strategies for learning science and  

                    those who utilized the writing strategy for learning science. 

H(O) 2a.4:   There are no statistically significant differences in the pre-post achievement 

                    gain scores at the Gagnean problem solving cognitive level on the earth  

                    science exam between groups who utilized VTN strategies for learning  

                    science and those who utilized the writing strategy for learning science. 

H(O) 2b.1:  There are no statistically significant differences in the pre-post achievement 

                    gain scores at the Gagnean fact cognitive level on the earth science exam 

                    between groups who utilized different VTN strategies for learning science. 

H(O) 2b.2:  There are no statistically significant differences in the pre-post achievement 

                    gain scores at the Gagnean concept cognitive level on the earth science exam 

                    between groups who utilized different VTN strategies for learning science. 

H(O) 2b.3:  There are no statistically significant differences in the pre-post achievement 

                    gain scores at the Gagnean rule/principle cognitive level on the earth science  

                    exam between groups who utilized different VTN strategies for learning  

                    science. 

H(O) 2b.4:  There are no statistically significant differences in the pre-post achievement 

                    gain scores at the Gagnean problem solving cognitive level on the earth  

                    science exam between groups who utilized different VTN strategies for   

                    learning science. 

H(O) 2c.1:  There are no statistically significant differences in the pre-post achievement 

                    gain scores at the Gagnean fact cognitive level on the earth science exam  

                    between groups who utilized different VTN strategies for learning science  

                    and those who used the writing strategy for learning science. 
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H(O) 2c.2:  There are no statistically significant differences in the pre-post achievement 

                    gain scores at the Gagnean concept cognitive level on the earth science exam  

                    between groups who utilized different VTN strategies for learning science  

                    and those who used the writing strategy for learning science. 

H(O) 2c.3:  There are no statistically significant differences in the pre-post achievement 

                    gain scores at the Gagnean rule/principle cognitive level on the earth science  

                    exam between groups who utilized different VTN strategies for learning  

                    science and those who used the writing strategy for learning science. 

H(O) 2c.4:  There are no statistically significant differences in the pre-post achievement 

                    gain scores at the Gagnean problem solving cognitive level on the earth  

                    science exam between groups who utilized different VTN strategies for   

                    learning science and those who used the writing strategy for learning science. 
 

Hypotheses Derived from The Experimental Design: Main Research Question # 2 

H(O) 3a:     There is no statistically significant relationship between abstract reasoning  

                   aptitude and choice of VTN strategy. 

H(O) 3b:     There is no statistically significant relationship between spatial relations  

                   aptitude and choice of VTN strategy. 

H(O) 4:       There is no statistically significant relationship between gender and choice of  

                    VTN strategy.  
 

     Assumptions Guiding the Inquiry 
  

 At least the following four assumptions have guided the design of this inquiry: 

1. Color as knowledge in the brain is an integral associative component within 

the widely distributed memory networks of the brain.   

2. Ninth grade earth science students (13-15 years of age) have the capacity for 

reflection, that is, reflective access to their own thinking when using VTN 
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strategies for learning science. 

3. The visual thinking networks constructed by the learners to represent her/his 

earth science understanding are not mirror images or internal maps of the 

neural organization inside the brain.  The relational knowledge constructed by 

the learner in the visual thinking network is made explicit on paper.  

4. Each think-out-loud problem solving interview is sufficient to elicit the entire  

      set of earth science propositions. 
 
 
         Significance of the Inquiry 
 

 The educational significance of this inquiry provides a new understanding of 

knowledge building through the lens of current neurocognitive science. Pedagogical 

practices have been continually influenced and informed by a wide range of educational, 

cognitive-psychological, and philosophical theories. The findings from neurocognitive 

science implicate the role of the senses in concept formation. As educators it is critical 

that we encourage multiple ways of thinking about concept formation by allowing for the 

transformation in the forms we allow students to use in order to represent what they have 

come to know (Eisner, 1994). Gaskins (1994) argues "that for students to achieve 

understanding and to make applications, another kind of knowledge is necessary--

knowledge about how the mind works and how to control that process" (p. 129).  It is 

necessary, therefore, to bring into the educational view the recent findings about the 

brain's organization and processing to conceptually ground the heuristics used by learners 

when making their knowledge explicit.   
 

        Summary 
 

 It is very important that newly developed knowledge representation strategies be 

tested over a long period of time in a natural classroom setting. This inquiry was a search 
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for evidence in the effectiveness of visual thinking networking as learning strategy to 

promote long term meaningful earth science learning and achievement by using an 

experimental and interview-based design. VTN is a new generation of metacognitive 

learning strategies that is conceptualized from current neurocognitive science.   

 This inquiry is organized in the following way.  Chapter one presents the  

need and the purpose of the inquiry.  Sets of operationally defined terms, research 

questions, hypotheses, assumptions guiding the inquiry, and educational significance are 

elaborated. 

 Chapter two presents the review of the literature which examined neurocognitive 

science, a philosophical ground for a new interpretation of the brain, learner 

characteristics, the historical development of knowledge representation strategies, 

thinking visually and meaningful science learning, and methods from interview-based 

research. 

 Chapter three presents the inquiry design and methodology. The population and 

the setting is described. Pilot studies that informed this design are presented. For each set 

of main research questions the sources of data, records of data, and methods of 

transforming the data set are discussed. 

 Chapter four is divided into three sections. The first section contains the summary 

of the major findings.  The second section contains the detailed findings from the 

experimental design.  The third second contains the detailed findings from the interview- 

based design. 

 The discussion in chapter five concludes this inquiry. The major claims derived 

from the findings are discussed.  A neurocognitive model, the encoding activation 

theory of the anterior cingulate (ENACT-AC), is presented as an explanation for these 

claims.  Implications for science educational research and instructional practices are 

discussed in addition to the strength and limitations of the study.  
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           Chapter II 

                                            LITERATURE REVIEW 

 

 This research is about testing the efficacy of visual thinking networking, a new 

knowledge representation strategy for student learning.  It is a study to develop a set of 

claims to elucidate the extent to which VTN promotes long-term meaningful earth 

science learning and achievement. In addition, this inquiry is an exploration into the 

factors involved when the learner chooses, constructs, prefers, and uses VTN strategies 

for learning science. The conceptual and methodological frameworks that underlie this 

inquiry were developed through a review of the literature related to six areas. These areas 

are: neurocognitive science, a philosophical ground for a new interpretation of the brain, 

learner characteristics, the historical development of knowledge representation strategies, 

visual thinking and meaningful science learning, and methods from interview-based 

research. 
         

     Neurocognitive Science 
 

Introduction    

 Neurocognitive science is a new and highly interdisciplinary field of study that 

bridges the concepts and methods from three main disciplines, neuroscience, 

experimental psychology, and computer science (Gazzaniga, 1995, 2000; Kosslyn & 

Andersen,1992). Neurocognitive science provides new methods and conceptual 

frameworks for linking neural systems to cognitive events (Posner & Raichle, 1994).  
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In doing so, neurocognitive science as a discipline seeks to identify the biological or 

neural substrates that correlate to cognition (Eimas, 1990). Researchers explain how these 

correlates are involved in the processes of attention, perception, and memory. These 

processes in turn mediate cortical functions such as reasoning and language.  

  Anderson (1991, 1992, 1997) has explicitly paved an important path in science 

education, linking the empirical and theoretical findings from neurobiology and 

neurocognitive science to a constructivist view of learning.  One of the major insights 

gained from Anderson rests in the plausibility of the multi-modal (visual, auditory, 

kinesthetic) cortical maps that are established during sensory input "may be the 

neurophysiological correlates to the extended associational networks known as schemata 

in cognitive science" (1992, p. 1043). The role of the multi-modal learning tasks and 

strategies become important tools both in the learner's acquisition, representation, and 

assessment of knowledge. This literature review supports and continues this established 

path. 
 

Overview 

 The review of neurocognitive science presents six important findings from a 

variety of empirical studies and two integrative theoretical models. How can these 

findings and models relate to student learning? The empirical findings will be introduced 

by using a typical earth science field laboratory experience to show the new interpretation 

of how one builds a picture of the visual world in the learner's brain. Following the 

description of the two theoretical frameworks, we will return to the earth science 

classroom to see how these models and empirical findings relate back to issues of student 

learning. 
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 An Earth Science Learning Scenario 

  A sunny day.  Students are out in the field collecting evidence of earth’s rotation 

by marking the changes that occur in the position of a shadow casted by a pencil like pole 

during a forty-minute time period. Groups of three students are assembled on the ground 

in front of a shadow board (a one square foot piece of wood one inch thick, with a hole in 

the center of the board).  One student places a sheet of white paper on the board, another 

places a pencil in the center.  They are instructed to observe and draw the pencil's shadow  

every five minutes for forty minutes.   Ten minutes pass and one student says, "the path 

of the pencil's shadow is changing.” Ten minutes later another student makes a similar 

observation.  Students continue to trace the shadow of the pencil every five minutes.  

  The next day in class, students discuss and analyze the data.  Although the 

students experience and memory of this phenomena is a unitary event, herein lies the 

"paradox of vision" (Zeki, 1993, p. 295).  The picture that is emerging from studying the 

visual cortex is one that shows a deep division of labor. The different attributes of both 

the objects involved in collecting data and the events of what occurred, such as the color, 

shape, motion, and location are processed, stored and reconstructed during memory from 

anatomically separate parts of the brain (Zeki, 1988, 1993; Martin et al., 1995; 

Ungerleider, 1995). 
 

  Summary of Empirical Findings from Neurocognitive Science 

 The section below highlights five major empirical findings on the organization 

and processing in the human brain. Each section is then further explained. 

• The old conceptual framework on the strict hierarchical organization of the 

visual cortex collapses. 

• Knowledge is distributed into anatomically separate regions of the brain. 

Early visual processing categorizers the visual world into constructs of  

                  color, form, location, and motion.    
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• The organization of the visual cortex is a distributed network of neural 

ensembles in which the processing is concurrent. Elaborate feedforward and 

feedback connections are established. The early visual categorziations have 

diverse functional roles in cognitive processing related to memory, attention, 

and thinking visually.    

• Memory is a distributed property of the cerebral cortex.   

• Learning engages a simple set of rules that modify the strength of the 

connections between neurons. 
  

Two Theoretical Models 
 

• The Convergence Zone Frameworks – The Retrieval of Knowledge from  
 

Memory. 
 

• A Model of Communication Structure and Knowledge Acquisition 
  
  
Detailed Explanations of the Empirical Findings 

1. The old conceptual framework on the strict hierarchical organization of the visual 

cortex collapses. 

 For a long time, it was thought the nervous systems builds up an image of the 

external world by first analyzing its components and then assembling the analyzed 

components at successive stages of the visual pathways by simple addition (Hubel & 

Wiesel, 1962, 1965, 1968; Hochberg, 1964). This notion of analysis with a serial 

hierarchical manner is collapsing.  Table 2.1, on the following page, summarizes the 

historical shift in the models explaining the organization in the visual cortex from the 

strict hierarchical model to a briefly held view of parallel pathways to the current model 

of distributed networks. Each conceptual framework is presented in relation to the level 

of analysis of evidence and the challenges to that model of organization. This evidence  
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                                                 Table 2.1 Comparison of the Shifting Frameworks for Visual Cortex Organization 
 
 

Organization Evidence 
Level of Analysis 

Assumptions(s) Challenges to the Model 

Serial 
(Strict Hierarchical) 

1. Neurophysiological Single-unit 
recording 

2. Anatomical (Hubel & Wiesel, 
1962, 1965, 1968) 

Visual Information is processed at 
each step before being sent to the 
next level up.  “Building block 
concept”, bottom up. 

1. Zeki (1976) shows the presence of 
independent and parallel projections from 
striate to prestriate areas:  V2,V3,V4:  
Functional division of labor. 

2. Test of the effect of lesioning of 
inactivation of a lower order to determine 
whether this silences the higher order areas.  
Results: 

(a) Confirms V1 in primates only when 
inactivated silences V2,V3,V4, TEO 
(Rocha-Miranda 1975; Schitter et al 1977; 
Girard et al 1991; Bullier et al 1994) 

(b) Confirms V2 does not silence higher order 
extrastsriate areas (Merigan et al 1993; 
Cowey 1994) 

3.  Measure of latencies of neurons in different 
cortical areas showing a timing overlap of 
V1,V2 (Nowak et al, 1995; Munk et al. 
1995) 

Parallel Pathways 1. Antatomical connections (Zeki 
1978, 1988, 1990) 

2. Functional morphology of 
cytochrome oxidase 
(Livingston, Hubel 1984, 1987) 

Visual Information of color, form 
and motion are segregate at the 
LGN and processed in 
independent and parallel 
pathways. 

1. Critique of Evidence of Parallel pathways 
(Merigan, Manusell 1993) 

2. Cortical pathways show anatomical cross-
talk; convergence/divergence (Felleman, 
Van Essen 1991; Van Essen 1992; Levitt, et 
al. 1994) 
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                                                                                        Table 2.1 Continued 
Organization Evidence 

Level of Analysis 
Assumptions(s) Challenges to the Model 

Parallel Pathways   3.   Neurophysiological studies have 
demonstrated functional intermixing of P,M 
streams (Malpeli et al 1981; Nealey et al 
1991; Yoshioka et al 1994) 

4.   Behavioral studies have contradicted some 
of the functional segregation claims.  
(Schiller et al 1990a) 

5.   Evidence of a A third visual pathway K 
contributes to Magno dominated, blob and 
interblob stream. (Hendry, 1994; 
Casagrande, 1994, Shipp 1995) 

Distributed Network 1. Anatomical feedforward and 
feedbackward connections 
(Rockland & Pandya, 1979; 
Felleman, Van Essen 1991) 

2. Functional studies in human 
(Dupont et al 1994; Gulyas & 
Roland 1994; Pasternak et al 
1994; Goldman-Rakic, 1993; 
Friedman et al 1994; Martin, et 
al, 1995; Ungerleider, 1995) 

1. Higher order areas receive 
feedforward connections and 
send feedback connections to 
lower areas. 

2. Multiple or concurrent 
processing of visual 
information distributed over 
several cortical areas 
including pre-frontal lobes.  
Object knowledge (color and 
action, shape, word form are 
distributed in discrete cortical 
areas; activation of network 
may occur without conscious 
effort. 

3. Nouns and verbs are retrieved 
with different distributed 
neural systems 

No challenges have been presented to this 
distributed model of organization. 
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indicates the collapsing of the strict hierarchical model in the organization of the visual 

cortex. 
 

2. Knowledge is distributed into anatomically separate regions of the brain. Early 

    visual processing categorizes the visual world into constructs of color, form, location, 

    and motion.  

 The brain transforms incoming sensory information to generate constructs.  The 

primary constructs of color, form, location, and motion are used to categorize objects in 

the visual world.  Figure 2.1 displays this finding of the brain as a categorizer of discrete 

forms of distributed knowledge by compiling many human imaging studies (Ungerleider, 

1995).  Knowledge about spatial relations, motion, color, shape, word form, and faces are 

located in different regions in the brain. 

 How does the early visual processing categorize our visual world? Figure 2.2 

explains this mechanism by using an example of looking at a landscape in which an apple 

is falling from a tree. The attributes of color, form, motion, and location are initially 

segregated at the lateral geniculate nucleus (LGN).  This structure acts as a relay station 

in the visual pathway that transfers visual information from the optic nerve to the 

multiple areas of the visual cortex.  Here at the primary visual cortex the discrete 

attributes are separated into two pathways: “the what and the where pathways”. The what 

pathway categorizes the external world into attributes of form and form with color at the 

V4 location in the association cortex. The where pathway categorizes the external world 

into attributes of motion at the V5 association cortex, and spatial relations at the V3 

association cortex.  These visual constructs are properties of the brain, not of the world 

outside (Allison et al., 1994; de Jong et al, 1994; Haxby et al, 1991; Haxby et al., 1994; 

Lueck et al., 1989 ; Martin, Haxby, Lalonde, Wiggs, & Ungerleider, 1995; Orban, 

Dupont, De Bruyn, Vogels, Vandenberghe, & Mortelmans, 1995; Zeki, 1984 ; Zeki, 

 



 29

 
 
 
 

 
 
  Figure 2.1. Converging evidence from recent human PET (positron emission   
  tomography) imaging illustrating distributed knowledge in the brain. This  
  diagram summarizes many findings from different studies. (Top) Lateral views  
  of the right and left hemispheres. (Bottom) Ventral view of the hemispheres.   
  Numbers in the symbols indicate the study reporting each activated focus of  
  increased blood flow. Green and blue indicate foci activated spatial vision tasks;   
  yellow, orange, pink, and red indicate foci in object vision.  The number inside the  
  circle refers to the type of study: 1, face and location matching-to-sample; 2a  
  gender discrimination; 2b face identity; 3, working memory for faces and locations;  
  4, shifting attention to spatial locations; 5, spatial working memory; 6, selective 
  attention to color, shape, and velocity; 7, passive perception of color and motion; 
  8, passive perception of motion; 9a, word generation of object attributes from line 
  drawing of objects; 9b word generation of object attributes from objects words; and 
  10 perception of word forms. (From Ungerleider, L.G. (1995). Functional Studies  
  of Cortical Mechanisms for Memory. Science. Vol. 270, p. 771, with permission). 
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Figure 2.2.  Distributed knowledge: a new conceptual framework for concepts in the brain. Visual information of the apple falling 
from the tree travels from the optic nerve to the lateral geniculate nucleus (LGN). Here the visual signals are initially segregated into 
attributes of color, form, motion, and location. This information is then sent to the primary visual cortex. The early visual processing 
system functions to build a picture of our external world into two pathways. The dorsal, "where", pathway categorizes the external 
world into attributes of color and form with color (V4), while the ventral, "what", pathway categorizes the external world into 
attributes of motion (V5), and spatial relations (V3). These attributes are anatomically segregated and maintained into the frontal 
cortex of the brain.  The nouns (apple, gravity, and motion) and verbs (falling, pulling) we use to describe the objects and events in our 
external world are also located in anatomically segregated regions of the brain. 
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1990b; Zeki, Watson, Lueck, Friston et al., 1991). Knowledge from the visual world is 

distributed in anatomically different parts of the visual cortex. In some instances  

 (Albright, 1995; Assad & Manusell, 1995; Tootell & Taylor, 1995; Zeki, Watson, & 

Frackowiak, 1993b) these constructs of color, shape, location, and motion, can be utilized 

by the brain as a strategy once described by Bruner as "going beyond the information 

given" (Bruner & Anglin, 1973). 

 It is also important to note that the nouns one uses to describe the objects and 

events in the landscape, such as apple, gravity, and motion, are located in a different area 

than the verbs that are used to describe the objects and events, such as falling and pulling. 

Thus from a neurocognitive perspective, distributed knowledge gives rise to a new 

understanding of how experiences are semantically and iconically represented in the 

brain. 
 

3.  The organization of the visual cortex is a distributed network.  The  processing in the  

      distributed networks is concurrent. Elaborate feedforward and feedback connections 

      established.  

 Figure 2.3 shows that the distributed knowledge in the cortex is highly 

interconnected. Anatomical analysis of the visual cortex revealed a distributed network 

that is highly recursive (Young, 1992, 1993, 1994).   Up stream cortical areas (frontal, 

parietal, temporal) receive feedforward connections from the down stream, occipital 

areas; which in turn send feedback connections to the limbic-associational and visual 

cortices areas (Felleman & Van Essen, 1991; Rockland & Pandya, 1979; Rockland & 

Van Hoesen, 1994; Salin & Bullier, 1995). 

 The initial processing or categorizing of the constructs of color, shape, motion, 

and location involve three streams from the LGN that continually converge and diverge, 

sharing information along the way, thus establishing a multiple or concurrent view of 

visual processing (Van Essen, Anderson, & Felleman, 1992; Van Essen & DeYoe, 1994).   
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         Figure 2.3.  The distributed knowledge in the cortex is highly interconnected.    
         Projections from the primary visual cortex (V1) in the occipital lobe establish a  
         richness of feedforward and feedbackward neural connectivity to V2, V4 (color),  
         V3 (location), V5 (motion). These connections continue to and from the frontal   
         lobe that involve working memory. The anatomical area for our word meanings  
         and verb meanings also maintain cortical connections to and from the working  
         memory area for objects.  
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 4.  The early visual categorizations have a functional role in cognitive processing. 

 Although some of the exact mechanisms have not been clearly established, 

evidence indicated that the early visual categorizations that were established by a 

perceiver sensing an object or event are implicated in the brain's attentional and memory 

systems and when visual mental images are generated. The mechanisms of attention, 

perception, and memory mediate the cortical functions of language and reasoning.   

 a. Working memory 

 The streams that carry the distributed knowledge of color, shape, location, from 

the occipital cortex are maintained through one of the most important parts of the brain, 

the frontal cortex. The frontal cortex functions in the cognitive processes of planning, 

organizing, and working memory, (Courtney, Ungerleider, Keil, & Haxby, 1996; 

Friedman & P.S., 1994; Smith, Jonides, & Koeppe, 1996; Wilson, Schalaidhe, & 

Goldman-Rakic, 1993). Figure 2.3 also displays this finding. The brain holds and 

retrieves discrete knowledge in spatially segregated areas rather than in an integrated 

manner.  

 Working memory is the temporary store of memory information that allows for 

the manipulation of that information and is fundamental for language comprehension, 

reasoning, and decision making (Goldman-Rakic, 1992). This notion of multiple working 

memory centers (verbal, spatial, and object) challenges the one central executive working 

memory center through which all information is ultimately channeled as suggested by 

Shallice (1988).   Novak described working memory as the "most critical memory system 

for incorporating knowledge into long-term memory" (Novak, 1995, p.232). According 

to Novak, it is crucial that metacognitive learning tools facilitate working memory 

capacity.  Glynn and Duit's (1995) model of a student's cognitive architecture for learning 

science place working memory as a central role in learning science concepts within a 

metacognition framework. 
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 The term cognitive load has been described with respect to working memory and 

the amount of activity when a learner is engaged in many cognitive tasks (Chandler & 

Sweller, 1991). Empirical evidence indicates that cognitive load can be reduced by 

mixing visual and verbal modes in "physically integrated form" (Mousavi, Low, & 

Sweller, 1995, p. 319). It has been suggested that effective working memory capacity 

may be enlarged by using multiple channels.  When students utilize visual thinking 

networking strategies for learning science, the explicit multiple forms of knowledge such 

color, form, and spatial information are presented in an integrated form. Working 

memory capacity may increase by reducing cognitive load.   

 b).  Selected attention to color, motion, or form.  

 Directing attention to color, motion, or form during the performance of a task 

activates many of the same cortical areas that were involved in the passively receiving 

information of the same type (Corbetta et al., 1991; Corbetta, Shulman, Miezin, & 

Petersen, 1995).  The anterior cingulate has been hypothesized as an executive attention 

system (Posner and Raichle, 1994). This system helps to ensure that the processing in 

other brain regions is most efficient. The empirical work of Hanna and Remington (1996) 

found that color and form can be represented separately and accessed independently in 

long term memory. 

 c).  Formation of visual images from both the right and left hemisphere activates  

                  the early visual cortical networks.  The visual images are not propositonal  

                 representations. 

  Empirical evidence indicate that when visual images are generated the  

early visual cortices become activated (Damasio et al., 1993; Farah, 1989; Kosslyn, 

Thompson, Kim, & Alpert, 1995; Kosslyn, et al., 1993a ; Le Bihan et al., 1993).  Visual 

mental images are generated by both right and left hemispheres. "The generation of 

mental images from memory depends primarily upon structures in the left hemisphere, 

and the rotation of mental images, depends primarily upon structures in the posterior right  
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hemisphere" (Farah, 1989,  p. 395).  Neither hemisphere is said to be the seat of mental 

imagery. Imagery is carried out by multiple processes, not all of which are implemented 

equally effectively in the same part of the brain (Brown & Kosslyn, 1993; Kosslyn, 

1988).  
 
 The left hemisphere appears to be relatively better than the  
 right at encoding component parts, representing visual categories,  
 and encoding categorical spatial relations; in contrast the right   
            hemisphere appears to be relatively better at encoding overall  
 patterns, representing specific instances, and encoding coordinate   
            metric spatial relations". (Brown & Kosslyn, 1993, p. 183) 

These findings suggest that cerebral laterality must be re-evaluated. Simple dichotomies 

such as the idea that the left hemisphere is analytic, verbal and the right holistic is spatial 

are no longer tenable (Hellige, 1993). Rather a broader view supports "interhemispheric 

cooperation" (Luh & Levy 1995, p. 1243). Other studies uphold this model with respect 

to the hippocampus and memory recall for faces and words (Squire, 1992; Kapur, 1995). 

 There is also evidence that "visual mental imagery" is not solely a semantic or 

language-like (propositional) description.  Thinking visually relies on depictive 

representations that are topographically organized in regions of the primary visual cortex 

(Farah, 1994; Kosslyn, 1995; Albright, 1995; Tootel, 1982). Visual mental images are 

fundamentally different from verbal thoughts. This significance of this knowledge is 

being interpreted as a resolution to the long standing imagery debate as to "whether 

visual mental images rely on representations (which are in turn interpreted by other 

processes) or whether they are purely propositional representation (Kosslyn, 1995, p.6).”   
 

5. Memory is a distributed property of the cerebral cortex. 

 Acording to Fuster (1997) “our memories are networks of interconnected cortical 

neurons, formed by association, that contain our experiences in their connectional 

structure” (p. 451).  The distributed forms of knowledge (such as V4-form and form with 

color, V3-location, V5-motion; word and verb meanings; and spatial and object features 



 36

 
 
 
 

 
 
 
Figure 2.4.  The network ensemble model of memory contain nested neurons. These 
ensembles display all the known pattern of connectivity: feedforward, feedbackward, 
lateral, parallel convergent, and divergent.  Neurons can be activated (darkened) as a 
result of encoding (the perception of an experience); recall, the reconstruction of 
knowledge in memory; or activation by co-associated neuron ensembles in working 
memory (Modified from Fuster, 1997). 
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in working memory ) as depicted in Figure 2.4 contain nested groups of neurons or 

ensembles.   

6. Learning engages a simple set of  rules that modify the  strength of connections  

      between neurons in the brain. 

 Empirical evidence indicates that long-term memory leads to anatomical changes 

that strengthen the connections between neurons because of learning (Kandel & Hawkins, 

1992). Kandel states that:  
 
      Since all of us are brought up in somewhat different environments,  
                 are exposed to different combinations of stimuli and that we are  
                 likely to exercise our sensory and motor skills in different ways,  
                 the architecture of each of our brains will be modified in slightly  
                 different ways. (p.86)  

Our brain then, may be one of the most dynamic structures in our body, ever changing as 

a result of new learning experiences. 
 

The Theoretical Frameworks   

 Only two of the current neurocognitive models, the convergence zone framework 

and a model of communication structure, are chosen for this literature review. They were 

chosen because they offer a wider perspective related to classroom learning issues and 

knowledge representation strategies such as visual thinking networking. 
 

 The Convergence Zone Framework - The Retrieval of Knowledge from 

 Memory   

 What has been empirically established in the previous section was the way we 

build a picture of our visual world when the brain utilizes a unique strategy of 

categorizing the visual field with respect to color, form, action knowledge, direction, and 

location. Why have such strategies? How does the brain use all these discrete multiple 

forms of knowledge as separate categorizations?  
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 Damasio proposes a solution for integrating and binding all the separate 

categorizations  (1989a, 1989b, 1990; Damasio & Damasio, 1994a). Damasio's 

theoretical framework for the retrieval of knowledge from memory is the one of the most 

integrative theories. This framework brings together all those multiple elements or 

records of instantiation, when events and objects were originally perceived by utilizing 

the feedforward and feedback cortical connections between the visual cortex and the 

parietal, frontal and temporal areas. The non-verbal categorizations of shape, color,  

location, and motion established in the early (primary) processing areas that were 

traditionally related to perceptual functions are hypothesized to be retrieved during 

memory.  The essential mechanism for the retrieval of these categorizations involves a 

"convergence zone" (Damasio 1989b, p. 129). These are ensembles of neurons that 

permit the coactivation of the original patterns of activity were established during the 

perceiving of an event or object. By doing so, these ensembles fire simultaneously in 

anatomically separate and widely distributed locations in the cortex. The event or 

experience is recalled as a whole, and not as separate categorizations. 

 How plausible is Damasio's argument? The soundness of a theoretical framework 

as the convergence zone rests upon its predictive ability, particularly that the primary 

sensory and motor association areas are activated during memory retrieval. Empirical 

evidence indicate that distinct cortical activation from event related potential (ERP) 

patterns occur during long term retrieval of verbal, spatial, and color information (Heil, 

Rosler, & Hennighausen, 1994; Rosler, Heil, & Henninghausen, 1995).  

 Two important educational implications that arise from Damasio's work is a new 

interpretation for a neural basis of a concept and the organization of language (Damasio, 

1989; Damasio & Damasio, 1992; Damasio & Tranel, 1993; Damasio, et al, 1995; 

Tranel, Damasio, Damasio, & Brandt, 1995; Damasio, et al, 1996). Damasio's ideas 

provide us with broader notion of what a concept is.   
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      The cognitive/neural process underlying a concept is not a word,    
                 not a definition, and not a picture. It is some satisfactory collection of    
                 evocations pertinently related to an object on the basis of which some    
                 meaningful definition can be constructed. (Damasio, 1989, p. 25) 
  
Later Damaiso argues that, 
 
   concepts are stored in the brain in form of 'dormant' records. 
   When there records are reactivated, they can re-create the varied   
               sensations and actions associated, with a particular entity or a  
               category of entities. (Damasio, 1992, p.90)  
 

  Damasio's  (1992) model for the neural organization of language depends on 

three interacting systems. First the large collection of neural structures in both the right 

and left hemisphere that represent the non-language categorizations of shape, color, 

location, and motion. A second set of word forms and syntactical rules for combining 

words in the left hemisphere, and a third set of structures that mediate between the two.  
 
 The brain systems for color exemplify the organization of  
 language structures. Evidence from studies of people who have   
            sustained brain damage indicates that the concepts for color  
 depend on the functioning of one system, that words for colors   
            depend on another system and that the connections between words   
            and concepts depend on a third. (Damasio, 1992, p. 90) 
 

Recent empirical evidence indicates two findings regarding the mediation system. Nouns 

and verbs are retrieved with differently distributed neural systems. The system that 

mediates access to concrete nouns are anatomically closer to the systems that support 

concepts for concrete entities. The system that mediates verbs are located in the left 

frontal region (Damasio, 1993).  Other evidence indicates that the retrieving of words that 

denote concrete entities depends in part on multiple regions of the left hemisphere, 

located outside the classic language areas ( Damasio, et al, 1995; Tranel, Damasio, 

Damasio, & Brandt, 1995; Damasio, et al, 1996).  
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 A Model of  Communication Structure and Knowledge Acquisition 
 

 Anderson (1971, 1990, 1991) developed a neurocognitive model that describes 

human communication and information acquisition. This model describes a multiple 

processing pathway that controls for the "mobilization" (1991, p. 51) and synthesis of 

prior knowledge with incoming information. The encoding relies on two processes  

(1) the activity of "centers" mobilizing schemata for the encoding, and (2) the readiness 

of the perceptual processing units as monitored through feedback signals.   The 

educational implication of this model is that if these two processes are not 

"synchronized,” acquisition of new information may be inhibited or interfered. Anderson 

states that: 

 
    Efficient strategies or 'chunking' or grouping content during   
               perception may contribute to smoother encoding operation by   
               increasing the efficiency of incorporation of the content into  
    schemata, thus maintaining a coordinated action between 
               forward directed control and feedback". (1991, p.53) 
 

 This model shares two important characteristics to Damasio's convergence 

framework (1994a). First, "sensory input is parsed into identifiable units" (Anderson 

1991, p.51). These units may be the perceptual categorizations established by the early 

sensory (visual) processing streams. Second, Anderson's model incorporates multiple 

feedforward and feedback neural connections during the encoding of information into 

long term memory. 

   An another important aspect of Anderson's model is that it provides a method of 

quantifying the sequential pattern of organization in verbal communication.  The two 

quantitative properties of verbal communication structure are commonality and 

progression. Commonality is the "presence of linking ideas in successive units... while 

progression indicates the presence of recurrent themes" (p. 55). The progression property 



 41

measures the rate at which new information is being introduced. This measure provides a 

context of which ideas are being revisited. According to Anderson, the "proper balance 

between commonality and progression yields an effective and efficient communication" 

(p.55). These measures have been described at "significant predictors of knowledge 

acquisition" (p.55). The methodology section of this inquiry describes in detail how these 

measures are calculated and what they reveal about the organization of information as it 

is retrieved from memory.  
 

 A Return to the Earth Science Learning Scenario 

 How can one interpret these neurocognitive models of memory with respect to a 

science student's experience? Let us return again to the earth science classroom, but one 

week after the students collected and analyzed the shadow board data. As an assessment, 

each student was asked to write what happened as they collected data and to explain why. 

The memory of the field experience, using the shadow board and collecting data can 

evoke the original visual and tactile representations of the color, shape, depth, motion, 

and location, even the path that the hand and arm took to trace the shadow of the pencil. 

All these representations are re-created in separate brain regions, but their reconstructions 

occur simultaneously.   

  Assembling the language to write about this experience may utilize three different 

interacting systems in the brain. The convergence zone activates each pattern of activity 

and binds all separate categorizations in the students production of language.  What is 

critical for classroom experiences is to have a diverse number of multi-modal learning 

tasks for the acquisition, representation, and assessment of knowledge. These multi-

modal experiences will then continue to strengthen the internal connections between the 

distributed forms of knowledge. Perhaps assessment then can be view as authentic with 

respect to the modality in which the learning experience occurred. 
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  A Philosophical Ground for a New Interpretation of the Brain 
 

 As the old conceptual framework of the organization and function of the visual 

cortex is collapsing so too the philosophical underpinnings. The contemporary empirical 

and theoretical contributions from neurocognitive science provide us compelling 

evidence of different neural correlates distributed throughout the brain are established by 

an inherent strategy of categorization. These categorizations of color, form, spatial 

location, and motion are held in place in separate anatomical locations. The brain 

retrieves this knowledge from spatially segregated areas rather than from one integrative 

area.   Here we are left with a circuitous puzzle. Knowledge of how the brain acquires 

representation of the external world through the sense of vision began with and 

necessitates the "knowing where" (Damasio, 1995, p. 106). This "knowing where" in 

turn, is now challenging both the epistemological assumptions of the nature of knowledge 

and the ontological assumptions of the nature of physical reality. An emerging world- 

view is one in which knowledge is embodied. Our physical bodies are the ground referent 

for the constructions of reality rather than the external world (Varela, Thompson, & 

Rosch 1991;  Edelglass, Maier, Gebert, & Davy 1992; Damasio 1994b).   

 In a Vision of The Brain (1993), Zeki hinted toward challenging Kant's belief that 

separates seeing and understanding because it no longer supports the new conceptual 

understanding of the brain. 
 
 
 The genesis and lineage of this idea of separation between  
 the two causally linked faculties of seeing and understanding,  
 the former a passive and the latter an active process, are not  
 easy to trace.  In accepting this doctrine neurologists had come, 
 by the turn of the century, to develop a deeply philosophical  
 attitude about the brain, usually without realizing it. They had  
 succeeded in tying the two separate processes to separate cortical   
 areas...This evidence seemed compelling until the last few years. (p. 3) 
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 Although this new conceptual framework of the brain as a categorizer, uniting 

perception and cognition is viewed as contemporary, from a neurocognitive perspective,  

"knowing as seeing" ( Zajonc, 1993, p.343) has an historical root in Goethe's eighteenth 

century exploration into color in addition to a contemporary root in Bohm's quantum 

physical view of light, where knowledge is viewed as an event rather than an object 

(Zajonc, 1993). For Goethe,  
 
  Every act of looking turns into observation, every act of observation  
             into reflection, every act of reflection into the making of associations;  
             thus it is evident that we theorize every time we look carefully at the  
             world. The ability to do this with a clarity of mind, with self-knowledge,  
             in a free way, and (if I may venture to put it so) with irony, is a skill 
  we will need to avoid the pitfalls of abstraction and attain the results we  
            desire, results which can find a living and practical application. (1988, p.159) 
 

 Steiner, as an interpreter of Goethe, formulated A Theory of  Knowledge: Implicit 

in Goethe's World Conception (Steiner, 1978) said: 
 
 Thinking has a twofold function to discharge; first to form  
 concepts with sharply outlined contours; secondly to unite the  
 single concepts thus formed into a unified whole.  In the first  
 instance, we have to do with the activity of differentiation; and 
 in the second with that of combination. (p. 56) 

 This characterization of thinking as Steiner described, emulate the two strategies 

of categorization and convergence that have been recently formulated by contemporary 

neurocognitive science. The brain to parse the visual information into different constructs 

such as, color, shape, location, and motion uses a categorization strategy. The 

convergence of the feedforward and feedbackward cortical networks that involve the 

different constructs fire simultaneously during information retrieval and reasoning. 

Steiner (1978) continued in saying that: 
 
 Concepts themselves unite in reason to form ideas. Reason 
 brings the higher unity of the intellectual concepts into evidence, 
 the unity which the intellect possesses, indeed, in its images but  
 lacks the capacity to perceive. The fact that this truth is overlooked  
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 is the cause of much misunderstanding as to the application 
 of reason in the branches of scientific knowledge. (p. 60) 

 Goethe's way of knowing influenced Heisenberg as he wrote Across the Frontiers 

(1974).  Here Heisenberg offered the following plea: 
 
 Even today we can still learn from Goethe, that we should 
 not let everything else atrophy in favor of one organ of rational  
 analysis; that is a matter, rather, of seizing upon reality with all 
 the organs that we are given to us, and trusting that this reality 
 will then also reflect the essence of the things, the "one, the good 
 and true.”  Let us hope that the future will be more successful 
 in this regard than our own day, than my own generation, has 
 found it possible to be. (p. 141)        
 
     

    Learner Characteristics  
 

 This section of the literature review focuses on research that describes three 

learner characteristics: individual differences in cognitive processing, metacognitive 

thinking, and gender differences. 
 

Individual Differences in Cognitive Processing 

 During the past decade there has been a movement towards restructuring 

intelligence assessment from the perspective of measuring of cognitive processes as 

opposed to the established view of measuring cognitive abilities (Kirby & Das, 1990; 

Lambert, 1990; Naglieri, 1989a; Naglieri, 1990 ; Naglieri, Braden, & Gottling, 1993 ; 

Parrila, Aysto, & Das, 1994; Das et al, 1994).  The assessment of cognitive processes is 

conceptualized as PASS model (planning, attention, simultaneous, successive) and 

operationalized from Luria's brain functioning theory (Luria, 1973). Figure 2.5 illustrates 

the three interdependent cognitive systems. These functional systems have an 

approximate neuroanatomical associations and increase in complexity from the first 

(attentional-arousal), through the second (simultaneous and successive coding) to the 

third (planning  
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Figure 2.5. Interrelationship between Luria’s Functional units. (modified from Miller, 
                  1989a, p. 13). 
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and regulation).  Luria proposed these functional units, "whose participation is necessary 

for any type of mental activity" (1973, p.43).  

 The work of Languis and his colleagues utilized Luria's model as a predictor of 

brain processing patterns for different constructive tasks such as those involved in spatial 

visualization (Languis, 1990; Languis, 1993c; Languis & Wittock, 1986; Wilson & 

Languis, 1990a; Wilson & Languis, 1990b). According to Languis "individual 

differences in brain functioning exist between those with more and less efficient 

constructive processes" (Languis, 1992, p. 494). Some learners are high-efficiency (low 

errors) performers and others exhibit low-efficiency (high error) performers. Languis 

proposed a learning efficiency model that views learner differences with respect to 

cognitive processing. 
  
      Those who process tasks well would tend to employ effective   
                 learning strategies to do the tasks.  They would actively plan,  
                 organize, and use adaptive mental shifts to attach the tasks.  
                 Further more they would be more metacognitively aware of the task  
                 requirements and of their own thinking processes (Languis, 1992, p. 506). 
 

 A learner's cognitive processing performance is not fixed, but dynamic and 

flexible. This model offers a new neurocognitive perspective of integrating brain 

mechanisms, basic cognitive processes to learning strategies. Languis suggests (1993b) 

that "brain processing efficiency, may provide psychophysiological markers for the 

educational and psychological concepts embedded in the somewhat nebulous term 

'higher-order thinking” (p.6). Preliminary data from brain processing patterns indicate 

that cognitive processing skills involved in spatial visualization can be improved with 

directed cognitive interventions (Languis, 1990, 1992,1993b).   
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Metacognitive Thinking 
 
 Because of the early research in cognitive psychology (Flavell, 1976; Brown, 

1978;  Brown, DeLoache, 1978; Brown, Bransford, Ferrara, & Campione, 1983) there 

has been an increasing trend to have the learner become aware of his or her own thinking 

(Garner, 1987; Weinert, 1987; Schoenfeld, 1987; Marzano, 1988; Biggs, 1988; Paris & 

Winograd, 1990; Jones, Idol, 1990; Gunstone, 1991; Gaskins, 1994). 

 Flavell (1976) defines metacognition as “one’s knowledge concerning one’s own 

cognitive processes and products (p. 232). Brown (1981) distinguishes between two types 

of metacognition: (1) knowledge about cognition and (2) regulation of cognition.  

         Knowledge about cognition includes such things as knowledge 
         about one’s own cognitive resources, and knowledge about how 
                    compatible the demands of learning situations are with one’s own 
                    resources. (Duell, 1986, p. 206) 
 
Duell (1986) succinctly describes Brown’s knowledge of cognition as being: “(1) stable 

over time, (2) can be stated by the learner, (3) may not be accurate, and is (4) is late-

developing” (p. 207). For Brown (1981), the regulation of cognition “consists of the self-

regulatory mechanisms used by an active learner during an ongoing attempt to solve 

problems” (p.21). Examples of these regulatory mechanisms involve: “planning one’s 

next move, checking the outcome of any strategies one might use, monitoring the 

effectiveness of any attempted actions, testing, revising, and evaluating one strategies for 

learning (p. 21-22). These regulatory skills are characterized as  “(1) relatively unstable 

(the learner may use them on some occasion by not others), (2) rarely statable (the learner 

may know how to do things by not being able to describe them in words), and (3) 

independent of the learner’s age” (Duell, 1985, p. 207). 
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 Gunstone (1992) argues that although metacognitive practices and strategies are 

essential for the students to construct their meaning of scientific events and objects,  

failure to have students succeed in metacognitive thinking may be the result of not 

engaging students in articulating their beliefs about “their own learning, about teaching, 

about appropriate roles for learners and teachers” (p. 131).   

     The most significant factor contributing to the problem is that students 
     very often have extremely transmissive views of learning and teaching, 
     and very passive views of the role they should play in these processes. (p.132) 
 
Gender Differences 

 In a literature review of gender differences with respect to the nature of this 

inquiry two areas of research were surveyed: cognitive strengths and graphic production 

strategies.  

 Cognitive strengths 

 Consistent differences in cognitive function between the sexes have been 

documented for the last fifty years (Halpern, 1992; Kimura, 1992). Men have shown 

better performance on mathematical reasoning (Bohlin, 1994; Lubinshi & Benbow, 

1994), mental rotation (Gladue & Bailey, 1995; Hamilton, 1995), perception of the 

horizontal (Glaude & Bailey, 1995; Hammer, Hoffer, & King, 1995), and targetting 

accuracy (Hall & Kimura, 1995). Women were confirmed to have larger color 

vocabularies (Greene & Gynther, 1995), better verbal memory (Stumpf & Jackson, 

1994), and better performance on a test of finger dexterity (Hall & Kimura, 1995). 

Models that offer explanations for these differences in cognitive abilities range from 

biological (Berenbaum, Norman, & Leveroni, 1995; Geary, 1995; McKeever (1995) to 

sociocultural (Baenninger & Newcombe, 1995; Crawford, Chaffin, & Fitton, 1995). 

The influences of these gender differences on achievement in science has not been clearly 

established (Kahle & Meece, 1994). 
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 Graphic Production Strategies 

 Tuman’s research on the gender differences in the form and content of children’s 

drawings (1998) revealed that  “female drawings incorporated a greater variety of color, 

used more harmonious color combinations, while boys used less color, tended to use 

color locally, and tended to use contrasting color combinations in their drawings” 

(p. 140). Symmetrical differences were also observed. Female drawings were more 

symmetrical and balanced in organization, while male drawings were less symmetrical. 
 

  Historical Development of Knowledge Representation Strategies 
 

 Over the past twenty-two years at least fourteen knowledge representation 

strategies (KRS) have been developed to enhance student learning (Table 2.2). These 

KRS differ in many ways such as the process or way the knowledge is constructed, the 

product representing the constructed knowledge, and most importantly the theoretical or 

conceptual framework from which each KRS is derived. With the exception of thinking-

mapping and concept circles, each technique presents information in a “node-link-node 

assemblies” ( McCagg & Dansereau, 1991).   

 Of the fourteen KRS as presented in Table 2.2 only six: networking (Holley et al., 

1979), concept mapping (Stewart, VanKirk & Rowell, 1979; Novak, 1981; Novak & 

Wandersee, 1990; Novak, 1998), semantic mapping (Fisher, 1990, 1993, 1995), and 

associative networks (Schaveveldt, 1990), and contexual mapping (Bloom, 1990a, 1990b, 

1992a, 1992b, 1995) have been studied in educational settings. Concept mapping, 

clustering (Ambron, 1988, 1991), concept circles, semantic networking, and contextual 

mapping are strategies that have been used specifically to enhance science learning. 

Concept mapping has been the most extensively studied and widely used strategy in the 

science classroom (Novak & Wandersee, 1990). 
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 In an historical context, networking learning strategies as originally developed by 

Holley, et al., 1979) may be considered the first generation of KRS in that are 

characterized as "recall strategies" (Dansereau et al, 1978, p.8). The theoretical 

framework that supports this strategy rests on Quillian's (1967) network model of human 

memory. According to this model, memory is "a network composed of ideas or concepts 

(nodes) and the named relationships between these concepts (links)" (Dansereau, et al 

1979, p.9). The construction of knowledge is derived from semantic relationships 

between nodes.  As a primary strategy to learning, "the student identifies the important 

concepts or ideas in the material and represents their interrelationships and structure in 

the form of a network map" (Holley & Dansereau, 1984, p. 10). A set of named links 

assist the student in established a code for the relationship between ideas. 
 
 Networking process emphasizes the identification and  
 representation of (1) hierarchies (type-part), (2) chains (lines of 
 reasoning-temporal ordering- casual sequences, and (3 ) clusters 
 (characteristics-definitions-analogies. (Holley &Dansereau, 1984 
 p. 10) 
  

 Empirical studies reported by Holley and Dansereau (1984) explained that using 

spatial thinking assists learners to: (1) process verbal and spatial information at greater 

semantic depth (2) use greater elaboration, and (3) retrieve information from memory 

more efficiently.   

 Semantic networking (Fisher, 1990, 1993, 1995) represents a second generation 

of KRS.  Although still founded upon Quillian's theory of human memory (1967), the 

products, SemNettm, are computer based semantic networks.  The types of links are 

chosen from "a wide array of possible relations including interactions between concept 

pairs that are physical in nature such as under, near, connected to" (Fisher, 1990, p.1003). 

While creating a SemNettm, the learner thinks about the planning, selecting, and 

organizing knowledge into a spatial computer generated form. 
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                 Table 2.2 
 
             Historical Development of Different Knowledge Representation Strategies. 
 

 
Date 

 
Strategy Name 

    
Developer of 
    Strategy 

    Nature of the  
     Knowledge     
    Construction 

      Theoretical or Conceptual 
    Framework Grounding the 
Knowledge Representation Strategy 

 
1975 

 
Active structural 
networks 

 
Norman & 
Rumelhart 

 
Concept nodes1 illustrate 
processes of change in 
events and objects 
connected by 
arrowheaded linking 
lines2 that use verbs,  
prepositions or nouns. 

  
Rumelhart’s connectionist theory 

 
1979 

 
Concept mapping 

 
 Stewart, 
VanKirk, & 
Rowell 

  
Hierarchical display of 
concept nodes linked by a 
line. 

 
Ausubel’s meaningful learning theory 
and theory of knowledge subsumption 
(knowledge is arranged hierarchically 
in memory).  

 
1979 
 

 
Networking 

 
Holley, 
Dansereau, 
McDonald, 
Garland, & 
Collins 
 

 
Hierarchical display of 
prose material. Nodes 
contain paraphrases and 
image of key ideas and 
concepts linked by an 
arrowheaded line3 or arc. 
  

 
Quillian’s network model of human 
memory. 

 
1979 

 
Mind mapping 

 
 Buzan 

  
One concept node is the 
centering point; other 
concept nodes linked with 
noun and unlabeled lines; 
use of color, and symbolic 
representations.  

 
  Right/Left brain hemisphere 
          paradigm 

 
1980 

 
Semantic webbing 

 
Freedman & 
Reynolds 

One concept label or 
phrase idea is the 
centering point. Other 
concept nodes linked with 
unlabeled lines. 

 
Bruner’s theory of conceptual 
thinking; Instructional design models of 
Henry & Gerhard. 

 
1981 

 
Concept mapping 

 
Novak 

 
Hierarchical display of 
concept nodes linked with  
verbal or prepositional 
lines; crosslinks. 
 

Ausubel’s meaningful learning theory 
and theory of knowledge 
subsumption (knowledge is arranged 
hierarchically in memory). 

 
1983 

 
Clustering 

 
Rico 

  
One concept node is the 
centering point. Other 
concept nodes are linked 
with unlabeled lines. 

 
Right/Left Brain Hemisphere 
Paradigm 

 
1987 

  
Concept circles 

 
Wandersee 

 
Concept labels embedded 
within inclusive, 
exclusive, and 
overlapping circles.  
 
 
 
 

 
Set theory 
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  Table 2.2 Continued   
 

 
 
1990 

 
 
Semantic networking 

 
 
 Fisher 

 
Computer generated;  one 
concept node is the 
centering point. Concept  
nodes linked with verbal 
links; crosslinks. 
 

 
 
 
 
Quillian’s theory of human memory. 
 
 
 
 

 
1990 
 

 
Computer generated 
associative networks 
 

 
Schaveveldt  

 
Pathfinder software 
defines networks by 
generating concept pairs 

 
Graph theory 

 
1990 

 
Knowledge mapping 
(revised name from 
1979 networking) 

 
 Dansereau & 
 Cross  

 
Node to node assemblies; 
with arrow-headed links 
to specify the nature of the 
relationship. Relationship 
between nodes: part, type, 
characteristic, leads to, 
next, example, and 
comment.  

 
Quillian’s network model of human 
 memory. 

 
1995 

 
Contextual mapping 

 
 Bloom 

Children's depictions of 
images, metaphors 
connected to concept 
labels; some connecting 
lines use verbs. 

 
Context of meaning 

1996 Thinking maps Hyerle Integration of 8 graphic 
forms of thinking 
processes. 

Common visual language 

 
1997 

 
3-D concept mapping 

 
 Farrokh 

Computer generated 3-D 
concept map. 

 
Rumelhart's connectionist theory 

1. A concept node is a single unitary concept. 
2. Each link is a single relation between two nodes. 
3. Arrow-headed lines or arcs are directional links that specify the nature and the direction of 

the relationship between the two nodes. 
 

Bloom’s contextual mapping strategy (1990) represents a third generation of KRS which 

characterizes a critical shift in science learning away from students solely constructing 

meaning derived from propositional (semantic) relationships to a strategy that encourages 

the “emotion-values-aesthetics, interpretive frameworks, personal experiences and 

metaphors” (Bloom, 1995, p. 169). 

 Visual thinking networking extends Bloom’s “contexts of meaning” by offering a 

place for learners to incorporate her/his visual metaphors as referents for non-concrete 
 
experiences by using color and symbolic visualizations.  VTN represents a new  
 
generation of  KRS in that they are conceptualized from the current neurocognitive  
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understanding of how one builds a picture of the external world, holds, and retrieves this  
 
knowledge from memory. 
 

  Visual Thinking and Meaningful Science Learning 
 

 Wittrock (1992) recently revised his model of generative learning to be consistent 

with research on the functional processes of the brain. The revised model brings into 

focus how each of Luria's (1973) functional units in the brain is involved when learners 

generate meaning and understanding. According to Wittrock's model, the learners 

themselves must actively construct or generate meaning from multisensory information, 

no one can do it for them.  The critical component in Wittrock’s model is that the focus 

of learning is on generating relations rather than the storing of information. In this regard, 

the neurocognitive perspective on the brain's strategy of categorizing the visual world 

marks the first step towards generating relationships between the different generated 

constructs of color, shape, location, and motion. This process of generating relations 

includes utilizing one's analogies and metaphors (Wittrock & Alesandrini, 1990).   

  In The Body in the Mind, Johnson (1987) argued that "through metaphor, we 

make use of patterns that obtained in our physical experience organize our more abstract 

understanding" (p. xv). The image patterns Johnson refers to are, "recurring structures in 

our perceptual interaction" (p. xiv). The recurring use of the generated constructs of 

color, shape, motion, and location by the brain during memory recall, language, and 

reasoning may be the neural correlates for these perceptual structures. 

 White (1988) regards images as "a learned element of memory" (p.29) that have 

an important function in learning science and that differences between students' visual 

imagery means that each goes about learning in different ways. "Understanding a concept 

involves more than the sum of the knowledge that one has about it, it’s also the type and 

its degree of interlinking in one's mind" (White, 1992, p.159). Heisenberg (1974) 
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maintained that "understanding can never mean anything more than the perception of 

connections, i.e. unitary features or marks of affinity in the manifold" (p. 168). Strike and 

Posner (1992) describe concepts as "not only as objects of thought but as the tools of 

thought... that function as perceptual categories" (p. 153).   

 Ault (1994) presents compelling arguments that indicate how the "need to 

visualize" (p. 281) and visual reasoning are critical skills for earth science problem 

solving. Utilizing examples from earth science phenomenon, Ault demonstrates that 

"nearly all earth science instruction can tap a wealth of everyday experiences and 

imagery" (p.281). The relationship of these visual skills to learning and achievement have 

been documented in the earth (Keig & Rubba 1993), biological (Macnab, 1991) and 

chemical sciences (Baker & Talley 1972, 1974; Hill & Obenauf 1979;  Brendzel, 1981; 

Gabel & Bunce 1994).   

 Arber, a noted plant morphologist, once described "the use of pictorial images in 

thinking is a fundamental need of the human mind. Though philosophers have often 

inveighed against it, as vitiating abstract thought, it cannot possible be discarded from our 

mental tool chest" (Arber, 1954, p.122). Levequè (1923) regarded "l'entendement 

(conceptual thinking) and l'imagination (pictorial thinking) as indissolubly united in 

perception, of which conceptual thinking is the form and picture thinking the matter"  

(p.24).   

 Novak (1990c) has recently revised his theory of education to include a more 

expansive view on the construction of knowledge. This transition now includes emotions.  

For Novak, "meaningful learning underlies the constructive integration of thinking, 

feeling, and acting leading to human empowerment" (p.33). In Decartes' Error, Damasio 

(1994b) has neurocognitively established that "feelings are just as cognitive as any other 

perceptual image, and just as dependent on cerebral-cortex processing as any other 

image" (p.159). Feelings become indispensable for planning and rational decision making 

processes. The neural networks that involve feelings as "somatic markers,” 
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(p. 180) involve the perceptual categorizations that were established early by the visual 

and other sensory systems and become the basis for the idea "that the body provides a 

ground reference for the mind" (Damasio, 1994b, p. 223).   

  Historical evidence indicated the important role of imagery in the formation of 

scientific concepts (Miller, 1986). The origin of the scientific concepts from Einstein, 

Bohr, Heisenberg, and Boltzman did not evolve from words first, but rather from mental 

imagery in auditory, sensual, and visual modes. The essential ingredient of the concept 

formation was thinking in images.   

 Research on the effectiveness of pictorial learning strategies indicated that science 

learning is improved when pictures supplement verbal materials, when learners draw 

their own pictures while studying, and when learners are asked to generate mental 

pictures while reading or studying (Alesandrini, 1981; Alesandrini & Rigney, 1981).   

  In Cognition and Curriculum Reconsidered, Eisner (1994) argues that "the 

formation of concepts depends upon the construction of images derived from the material 

the senses provided" (p.28). For Eisner (1994a), "there is nothing in the head that was not 

first in the hand"!  To build a picture of our visual world, the brain utilizes a unique 

strategy of "transforming our landscape" (Greene, 1995, p. 53) by categorizing the visual 

field with respect to color, form, action knowledge, direction, and location. As Greene 

described, "once the landscape is transformed, experiences are clarified. The pre-

reflective, that is, what we perceive before we reflect upon it becomes the launching 

place of rationality" (p.53).  

 It has been established that humans were creating logical and linear concepts 

through symbolic representations long before the appearance of language and writing 

(Marshack, 1972). One of the most influential philosophers that utilized a symbolic 

approach to cognition was Ernst Cassirer (1953). For Cassirer, symbols were not simply 

tools or mechanisms of thought, they were the functioning of thought itself, vital forms of 

activity, "making reality" and synthesizing the world.   
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 Peter, the high school chemistry student, said after he constructed his visual 

thinking network: 
 
 I just don't think in black and white, I think in color and shapes,   
 in many different things...I associate thinking, you know, with certain   
 things, stuff like shapes and colors, and uh symbols. Like when I write   

these down they mean something to me, they might not mean anything  
to somebody else, but to me that is what the symbol means and that is  
what I can associate it with. (Appendix A: Part Three, pilot interview  
session, 1995) 

 

 By using these images of shape and color, Peter is engaging with higher order 

thinking skills, by transforming non-concrete knowledge to configurations that specify 

meaning. Arnheim (1969) writes, "every pictorial analogue performs the task of 

reasoning by fusing sensory appearance and generic concepts into one unified cognitive 

statement" (p. 148).   
 
   
   Methods from Interview-Based Research 
 

 A consistent hypothesis emerging from neurocognitive science with respect how 

an individual retrieves information from memory is that knowledge retrieval relies on an 

active phase of reconstruction (Anderson, 1990, 1991, 1992, 1997; Anderson & 

Demetrius 1993;  Bradsford, Sherwood, Hasselbring, Kinzer & Williams, 1990; Damasio 

1990, 1992, 1994a, 1996).  As a result, additional methods were needed to "capture both 

the ideational network and sequential order of information recalled by students, to 

adequately assess their historical cognition" (Anderson & Demetrius, 1993, p. 954).   
 
 Recall from memory is interpreted as being more than merely   
 readout from storage and involves a dynamic process of selection  
            and modification of information for output in relation to internal   
            organizing framework and the context of the elicit events. (p. 955) 

 A flow-map method of representing cognitive structure has been developed to 

analyze a learner's narrative from a clinical interview (Anderson & Demetrius, 1993).  
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The respondent's narrative is transformed into a flow map indicating the nature of the 

linkages in the discourse. The methodology section of this inquiry provides the context 

for this analysis. Anderson & Demetrius (1993) derived five types of quantitative data are 

derived from this transformation: the number of linear and network linkages, the 

proportion complex, total time, and the number of statements per second.  

 According to Anderson and Demetrius, "if the reconstruction hypothesis of recall 

is correct, we would expect that some of the respondents would exhibit detectable 

differences in their recall patterns depending on the ideational context of the interview 

question.  Empirical evidence now supports this hypothesis (Anderson & Demetrius, 

1993; Bischoff, 1996, 1998). 
 
 

           Summary 

 
 The diverse areas surveyed in this literature review reflect the breadth and depth 

of this inquiry. Within each section, there are specific aspects relating to neurocognitive 

science, a philosophical ground for a new interpretation of the brain, the historical 

development of knowledge representation strategies, learner characteristics, visual 

thinking and meaningful science learning, and methods from interview based research. 

 The convergent findings and theoretical frameworks from current neurocognitive 

science present a new view for the organization and processing within the human brain. 

Knowledge is distributed into anatomically separate regions of the brain. The role of the 

senses is involved in concept formation. The early visual processing system categorizes 

our visual world into constructs of color, form, location, and motion. Elaborate 

feedforward and feedback connections between the distributed forms of knowledge are 

established throughout the cortex and are maintained at the site of working memory. 
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Reconstruction of knowledge from memory involves the reactivation of the original 

cortical sense representations that were formed when the perceiver was sensing an object 

an event. A philosophical ground for this new interpretation of the brain provides an 

important epistemological base for broadening of our definition of cognition. 

 Shifting conceptual paradigms for the development of fifteen knowledge 

representation strategies (KRS) indicate the different perspectives on the nature of 

knowledge construction. Five of these KRS (concept mapping, clustering, concept 

circles, semantic networking, and contextual mapping) have been developed to enhance 

science learning.  The appearance of contextual mapping represents a critical shift in 

science learning away from students solely constructing meaning derived from semantic 

relationships to a strategy that encourages the use of figural elements, metaphors, and 

personal value laden experiences. 

 Characteristics of the learner address individual differences in cognitive 

processing, metacognitive thinking, and gender differences. These characteristics can 

shape the external products of his or her thinking in addition to influence dimensions of 

thinking. 

 Methods of accessing student cognition, that is the recall of knowledge previously 

learned, were explored from new interview-based research. These methods provide a 

multi-dimensional view of analyzing the properties of a discourse narrative from a 

clinical interview. 

 This literature review establishes the conceptual and theoretical framework 

that underlie this inquiry. The next chapter describes the inquiry design and methodology. 
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         Chapter III  

      INQUIRY DESIGN AND METHODOLOGY 

 

          The Design of the Inquiry  

             

 This inquiry was a search for evidence of the effectiveness of VTN strategies in 

promoting long-term meaningful earth science learning and achievement by using an 

experimental (pre-post control group) and an interview-based design. The experimental 

phase sought to establish relationships between earth science achievement and the 

utilization of VTN learning strategies. The interview-based phase explored what aspects 

of students’ thinking were influenced by the utilization of VTN strategies.  This phase 

extensively investigated changes in students’ thinking, ideas that are organized in the 

learners' schema, through a multidimensional analysis of clinical interviews about an 

earth science event. This inquiry was informed by six different pilot studies.  These pilot 

studies shaped both the content of the study and the methodology of the experimental and 

the interview-based design.  
 

The Population and the Setting 

 This study began with sixty 9th-grade high school students in three earth science 

class periods with the same instructor. The study concluded with a population of fifty-six 

subjects due to changes in student schedules during the academic year.  The analysis of 

the data was complied using the final set of fifty-six students. Thirty-four students  
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(n = 34) were females and twenty-two students (n =22) were males. The site was a small 

suburban high school outside New York City. 
 

The Duration and the Procedures for the Inquiry 

As described earlier in the “need for the inquiry” section of chapter one, this  

research addressed a missing element in many of the reported studies investigating 

metacognitive learning strategies, that is, a carefully controlled long term study.  This 

inquiry lasted eleven months.  Figure 3.1, the Flow Chart for the Inquiry Design, and 

Table 3.1 identifies and explains eleven procedures used from August 1996 to June 1997 

by indicating their position within the experimental and interview based design.   

 The experimental design begins with the randomization of sixty students into 

three classes: two experimental and one control group.  This phase continues with a pre-

test measurement of earth science achievement at Procedure 3, and ends with a post-test 

measurement of earth science achievement at Procedure 11. This post-test was 

administered six months after the experimental group had been using the VTN strategies 

and the control group using the writing strategies to learn science. The interview-based 

design (Procedures 5 & 10) is represented as a nested loop in between the experimental 

design.  

 VTNs were used as a metacognitive learning tool for representing earth science 

knowledge acquired throughout the academic year.  At the conclusion of three major  

units of study, both the experimental and control groups were given the same set earth  

science concepts that characterized each unit.  The VTN group had the choice of  

constructing VTNs in color or black and white, with or without symbolic images. These 

students were given no instruction in how to think visually with respect to the earth  

science objects or events. The control group was asked to use a variety of writing  

strategies, such as fictional writing or prose to express their understanding of the   
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particular set of earth science concepts. Both VTNs and writing strategies were collected  

as portfolio contributions three times during the year, thus representing the topics of: 

earth in space, the atmosphere, and solid earth and earth’s history. 

 Appendix L, Enhanced Procedural Description, contains a detailed explanation 

describing when and how the VTN and writing strategies were used in the earth science 

classroom instruction during this inquiry. This appendix can be used as a guide with 

Figure 3.1, the Flow Chart for the Inquiry Design, and Table 3.1, Explanation of the 

Eleven Procedures, to replicate this study. 

 
Table 3.1  Explanation of Eleven Procedures Used in the Inquiry Design 
 
    
   Procedure 

 
            Description 

             
                 Purpose 

         1   Randomize subjects into 3 groups 
   (2 Experimental, 1 Control) 

 Equalize distribution of subjects for 
  gender, age, and achievement. 

         2 Begin regular Earth Science Instruction 
  with the same instructor. 

All students will have the same content of 
instruction. 

         3.1 Administer Part I of the AGI/NSTA 
National Earth Science Exam (Form A) 

Determine the pre-test achievement level 
(knowledge and cognitive level) 
between experimental, control, and 
gender groups. 

         3.2 Administer the DAT Spatial Relations (SR) 
Test 

• Determine the Spatial Relations  
Aptitude for each student. 

• Provide a method of selecting 
students for the clinical interviews. 

         3.3  Administer the DAT Abstract Reasoning 
 (AR) Test 

• Determine the Abstract Reasoning 
Aptitude for each 
student. 

• Provide a method of selecting  
students for the clinical interviews. 

        4 Select a subset of students from the 
experimental and control groups for the 
pre and post VTN utilization clinical 
interviews.  

• High, medium, and low aptitude 
levels were assigned to students 
based on the scores from the DAT – 
SR & AR tests. 

• Insure equal distribution of H, M, 
and Low range of students to perform 
the clinical interviews. 

 
         5 Administer  phase I of the clinical interview. 

 
Prior to using the VTN and writing 
strategies students were asked to solve 
two problems about time and planetary 
motion.  
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 Table 3.1 Continued 
 

 

         6a During the 4th month of instruction the 
experimental group was given directions 
(Appendix H) on how to construct a VTN 
using sets of concepts (Appendix I) derived 
the NYS Regents program (NYS Dept of 
Educ., 1993) and a review book (McGuire, 
1996). 

 
For five consecutive months the 
experimental group created three VTNs 
for learning the earth science content 
material. 

         6b During the 4th month of instruction the 
control group was given directions 
(Appendix H) on how to create writing 
projects using sets of concepts (Appendix I) 
derived from the NYS  Regents program 
(NYS Dept of Educ., 1993) and a review 
book (McGuire, 1996). 

 
For five consecutive months the control 
group created three writing projects for 
learning the earth science content material 

          7 Students were asked to keep track of the 
VTN levels they used. 

To determine if students changed VTN 
levels during the course of five months of 
constructing VTN for learning science. 

          
 
           8 

 
A subset of the experimental group (n = 8) 
were video-taped as they constructed a VTN 
on the atmosphere. 
 

 
To identify planning and organizing 
strategies while constructing a VTN. 

         
          9 

Experimental group was asked to look at a 
set of four VTNs and to select which one 
they preferred and explain why. 

 
To identify the level of VTN preference. 

            
        10 

   
Administer Phase II of the Clinical Interview. 

Students were asked to recall earth 
science knowledge by solving four 
problems on a topic (time, planetary 
motion, and seasons) in which they 
received instruction six months ago. 

         
         11 

 Administer Part I of the AGI/NSTA 
National Earth Science Exam (Form B). 

Determine post-VTN utilization earth 
science achievement between the 
experimental, control, and gender groups. 

  

Overview of Methodology 

 The general research question that drove the inquiry was: To what extent does the 

choice and utilization of different visual thinking strategies promote long term 

meaningful earth science learning? 

 Twenty nine specific research questions were organized and answered under these 

four main research questions: 

 Experimental Design 

1. Is earth science learning improved as a result of students choosing and utilizing 

visual thinking networking (VTN) strategies for learning science? 
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2. What factors are involved when a student chooses, prefers, constructs, and utilizes 

VTN strategies for learning science? 

 Interview-Based Design 

3. To what extent are there differences in the properties of a verbal discourse 

sequence between a subset of students who utilized different strategies for 

learning when solving four problems involving time, planetary motion, and 

seasons? 

4. To what extent are there differences in the conceptual understanding of time, 

planetary motion, and seasons between a subset of students who utilized different 

 strategies for learning science? 

 To answer these questions five types of data sources were collected over a ten-

month period, thus providing a diverse set of measures for both the experimental and 

interview-based design. These data sources were: 
 

(1) Student performance [pre and post VTN strategy utilization] on a national 

Earth Science Exam (AGI/NSTA, 1988).  

(2) Student performance [pre VTN strategy utilization] on an abstract reasoning 

and spatial relations aptitude test (Bennett, Seashore, & Wesman, 1975). 

(3) Think-out-loud problem solving clinical interviews [pre and post VTN 

strategy utilization]. 

(4) Student choice of a VTN strategies. 

(5) Student preference for VTN strategies. 

  

 In the experimental phase of this design, the dependent variable was achievement, 

with two levels: knowledge and cognitive level achievement.  The independent variables 

for the experimental design were VTN utilization (with 4 levels of choice), abstract 

reasoning (AR) aptitude, and spatial visualization (SV) aptitude. Progression density, 
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linear linkages, network linkages, knowledge action verb linkages, conceptual evidence, 

and conceptual dimensionality were properties of a verbal discourse sequence that were 

analyzed in the interview based-design phase.  Gender was the mediating variable. 

 The method of data collection and data transformation is explained separately 

with respect to each of the four main research question and the subsequent specific 

research questions in the following section.  These explanations offer conceptual links 

between the data sources and the different variables. If pilot studies were used to inform 

the research question they are explained at the beginning of the methodology section for 

the main research question.  If instruments were used in the collection of the data, a 

description of each instrument is also provided. 
 

   Methodology for The Experimental Design 

 
Pre-Experimental Equivalence 

 An important condition in this experimental design that needed assessment, at the 

pre-test level, was the extent to which the groups (experimental, control, and gender) 

were equal with respect to earth science knowledge, cognitive level of earth science 

knowledge, and abstract reasoning aptitude. If the experimental and control groups are 

not equal at the pre-test level for earth science knowledge, then the claims regarding the 

effectiveness of VTN strategies for improving earth science achievement would not be 

warranted.  

 Data Sources: 

(1) Student performance on Part 1 of the AGI/NSTA Earth Science (Form A). 

(2) Student performance on the Spatial Relations Test (Form S). 

(3) Student performance on the Abstract Reasoning Test (Form S).  
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 Records of Data: 

(1) Student raw score on Part I of the AGI/NSTA Earth Science Exam (Form A). 

(2) Student raw score on the Spatial Relations Aptitude Test (Form S). 

(3) Student raw score on the Abstract Reasoning Aptitude Test (Form S). 

 Data Transformations: 

(1) T-tests were conducted on the pre-test scores for knowledge and cognitive  

      level of knowledge for the experimental, control, and gender groups.  

(2) T-tests were conducted raw scores of the Spatial Relations and Abstract 

Reasoning Aptitude Test.  The SPSS computer program was used to perform 

all the t-tests (Norusis, 1993).   

 

 The AGI/NSTA Earth Science Examination Instrument 

 The American Geological Institute/National Science Teachers Association Earth 

Science Examination; Version 1988A and Version 1988B (Callister, Higham, Mayer, 

Sproull, & Stroud 1988) was selected to measure two dependent variables: the subjects' 

domain specific knowledge of earth and space science and the Gagnean cognitive levels 

of the earth science knowledge.  This instrument was developed by the National Science 

Teachers Association with the assistance of the American Geological Institute and is 

recognized to be the most recent, most reliable instrument available for assessing 

students’ knowledge of the earth and space sciences from grade 9-12 (Krockover, 1990). 

 The AGI/NSTA Earth Science Examination, is a 120-item test of earth science 

knowledge. Appendix K: Part Two provides a sample of these test items.  Scores on the 

test may range from 0 to 120.  The first part of the instrument consists of 60-questions 

which are designated as Earth Science Core Questions, that is, questions to assess 

students’ understanding of concepts that are essential in basic earth science courses.   
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The second part of the instrument contains 15 in-depth questions in each of the following 

areas: solid earth, oceans and lakes, atmosphere, and space (Callister, Higham, Mayer, 

Sproull, & Stroud 1988). 
     
 The test was specifically designed to include questions that stress 
 than just facts and concepts.  Questions assess students’ problem 
 solving abilities, understanding of the relationship between 
 science and technology, and understanding of the nature of science. 
 More than half of the questions require an understanding of and an 
 ability to apply concepts, many by asking for interpretations of maps, 
 diagrams, and tables (Callister & Mayer, 1988, p. 34) 

 Content validity for the instrument as a tool for measuring domain specific 

knowledge in earth and space sciences was established by a panel of expert geologists 

and earth and space science educators representing the American Geological Institute and 

the National Science Teachers Association (Callister & Mayer, 1988).  

 Test reliability for internal consistency was determined by the Educational 

Testing Service, analyzing the returns from 1,910 students in 62 participating schools 

(private and public).  Using the Kuder-Richardson measure of reliability, Form A is 

reliable at .89 level, and Form B at .86 level (Stewart, 1988). 

 The AGI/NSTA Exam also assessed the students' knowledge at the fact, concept, 

rule/principle, and problem solving level (Gagne, Briggs, & Wagner, 1988). A panel of 

three judges, experts in cognitive psychology, was used to determine the Gagnean 

cognitive level of each questions on the instrument (Barba, 1990).  The judges were 

asked to classify each of the 120 items from the AGI/NSTA Earth Science Test as 

representing information at the fact, concept, rule and principle, or problem solving levels 

(Gagne, Briggs, & Wager 1988).  Table 3.2 indicates the percentage of the questions 

representing the four Gagnean Cognitive Levels in Part 1 of the AGI/NSTA Earth 

Science Exam.  More questions (37%) were at the concept cognitive level.  There was 

equal number (27%) of fact and problem solving cognitive levels, while the rule/principle 

cognitive level was the least represented (10%). 
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     Table  3.2  

Percentage of Gagnean Cognitive Levels in Part 1 AGI/NSTA Earth Science Exam 

 

 Gagnean Cognitive Level Percentage  

Fact Level     27 % 

Concept Level     37 % 

Rule/Principle Level     10 % 

Problem Solving Level     27 % 

 

 The inter-rater reliability of r = .95 was measured by Barba (1990) by using a 

Hawthorne Coefficient of Agreement.  The judges determined that 22 questions were at 

the fact level, 37 at the concept level, 30 questions at the rule and principle level, and 31 

questions at the problem solving level of Gagne's taxonomy of cognitive skills. 

 Part I of the AGI/NSTA Earth Science Exam (Form A) was administered to both 

the experimental and control groups early in September 1996 as the pre-test measure.   

For the post-test measure Part I of the AGI/NSTA Earth Science Exam (Form B) was 

administered to both groups in June 1997. 

  
      Pre-Test Equivalence Results for Earth Science Knowledge 
 
 There was no statistically significant difference between the experimental and  

control groups at the pre-test level with respect to earth science knowledge (p = .811). 

Male and female groups however were not equal at the pre-test level with respect to earth 

science knowledge (Appendix O).  Males scored significantly higher than females on the 

earth science knowledge criterion test items (p = .008).  This finding was expected since 

it supported other research documenting the gender gap in science achievement (Kahle & 

Meece, 1994; Beller & Gafni 1996; Parker, Rennie, & Fraser, 1996).  What is important 
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to continue to look for in the findings presented in chapter four is the extent to which this 

level of gender difference in earth science knowledge achievement changes as a result of 

utilizing the visual thinking networking strategies. 

      Pre-Test Equivalence Results for Cognitive Level of Earth Science Knowledge 

 The t-test on the Gagnean cognitive levels of achievement, indicated that both the 

experimental and control groups were equal with respect to all four cognitive levels: 

fact(p = .169), concept (p = .653), rule/principle (p = .410), and problem solving  

(p = .620).  Since males had a significantly higher mean earth science knowledge than 

females (p = .008), it was important then to establish which cognitive level(s) of earth 

science knowledge reflected this level of significance.  Male and female groups were  

equal on two of the four Gagnean cognitive levels of earth science knowledge: the fact  

(p = .057) and rule/principle Gagnean cognitive level (p = .410). Males performed 

significantly better than females on the concept (p = .048) and the problem solving  

(p = .015) cognitive levels.  

 The Differential Aptitude Instrument 

 Spatial visualization and abstract reasoning were independent variables in the 

experimental design and were measured by the Space Relations and Abstract Reasoning 

portion of The Differential Aptitude Tests (Bennett, Seashore, & Wesman 1975).  

 Appendix K (Part One) provides a sample of these test items. This instrument was 

chosen because for four reasons. First, it is a psychometrically sound measure of spatial 

visualization and abstract reasoning aptitude for grades 8-12.  Second, it is easy to 

administer for groups.  Third, it is widely used in research on cognitive aptitudes 

(Pennock-Román, 1985). Finally, the scoring of each sub section produces two numbers, 

a percentile score and a stanine score. 
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 The results of these aptitude tests were used in three different ways in this study. 

First, as a measure to determine the equity in aptitude between the experimental and 

control groups.  Second, as a method of selecting students for the clinical interview. An 

equal number of high (H), median (H), and low (L) abstract reasoning and spatial relation 

students were chosen to participate in solving six think-out-loud problems. Finally the 

the aptitude scores were used to determine whether choice of VTN strategy was related to 

aptitude.  

 Abstract Reasoning (AR: 45 items, 20 minutes).  This section consists of items 

having no words and requiring an understanding of the rule governing a series of abstract 

designs and identifying, which one comes next. It measures reasoning skill and careful 

attention to detail.  It measures the ability to understand an idea that are not presented in 

words or numbers; to see relationships among things, such as object patterns, diagrams, 

or designs. Reliability measure for the internal consistency of the test was measured by 

using split-half correlation, Spearman-Brown.  The reliability results for 9th grade boys, 

Form S, rii = .94, for 9th grade girls, Form S, rii = .95, (Bennett, Seashore, & Wesman, 

1974, p. 63-64). 

 Space Relations (SR: 60 items, 25 minutes): This section consists of patterns that 

can be folded into figures.  The subject is shown a picture of the object, which is flat and 

unfolded, and must identify which figure among the choices can be made from the 

pattern. It also requires paying attention to details such as the location of the shading and 

dark dots in the figures. This test is a measure of the ability to think in three dimensions, 

to picture mentally the shape, size, and position of objects when shown only a picture 

or pattern.  Reliability measure for the internal consistency of the test was measured by 

using split-half correlation, Spearman-Brown.  The reliability results for 9th grade boys, 

Form S, rii = .91, and Form T, rii = .92; for 9th grade girls, Form S, rii = .91, and Form T, 

rii = .90 (Bennett, Seashore, & Wesman, 1974, p. 63-64). 
 



 71

 
  Results of Abstract Reasoning Aptitude Equivalence 

 Although the t-test on abstract reasoning aptitude between the experimental and 

control group at pre-test level was not significant (p = .124),  the standard error of the 

mean indicated a two fold difference.  Therefore as a safety factor during statistical 

analysis, the abstract reasoning aptitude was used as a covariate in all-succeeding 

analysis of variance (ANOVA) and multivariate analysis of variance (MANOVA) tests.  

 The t-test on abstract reasoning aptitude by gender indicated no significance 

difference between gender groups (p = .216). 

The Experimental Design: Main Research Question # 1 
 

 This main research question asked:  Is earth science learning improved as a result 

of students choosing and utilizing different VTN strategies for learning science?  

The purpose of first phase of the experimental design was to determine the effectiveness 

of VTNs for improving earth science learning. The answer to question would provide 

evidence if a causal relationship was established between achievement (knowledge and 

cognitive level) and students who used VTN strategies for learning science. 

 

 Specific Research Questions 1a-2c: 

  1a.   Are there differences in the pre-post test achievement gain scores on  

                                an earth science exam between groups who utilized VTN strategies  

                                for learning science and those who used a writing strategy for  

                                learning science? 

  1b.   Are there differences in the pre-post test achievement gain scores on  

                                an earth science exam between groups who utilized different 

                VTN strategies for learning science? 
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  1c.   Are there differences in the pre-post achievement gain scores on an 

          earth science exam between groups who used different VTN  

                                strategies for learning science and a group who utilized a writing  

                                strategy for learning science? 

  2a.1 Are there differences in the pre-post achievement gain scores on the  

                                fact cognitive level of an earth science exam between groups who  

                                utilized VTN strategies for learning science and those who used a  

                                writing strategy for learning science? 

  2a.2  Are there differences in the pre-post achievement gain scores on the  

                                 concept cognitive level of an earth science exam between groups  

                                 who utilized VTN strategies for learning science and those who used  

                                 a writing strategy for learning science? 

  2a.3  Are there differences in the pre-post achievement gain scores on the  

                                 rule/principle cognitive level of an earth science exam between  

                                 groups who utilized VTN strategies for learning science and those  

                                 who used a writing strategy for learning science? 

  2a.4  Are there differences in the pre-post achievement gain scores on the  

                                 problem solving cognitive level of an earth science exam between  

                                 groups who utilized VTN strategies for learning science and those  

                                 who used a writing strategy for learning science? 

  2b.1  Are there differences in the pre-post achievement gain scores on the  

                                 fact cognitive level of an earth science exam between groups who  

                                 utilized different VTN strategies for learning science? 

  2b.2  Are there differences in the pre-post achievement gain scores on the  

                                 concept cognitive level of an earth science exam between groups  

                                 who utilized different VTN strategies for learning science? 
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  2b.3  Are there differences in the pre-post achievement gain scores on the  

                                 rule/principle cognitive level of an earth science exam between  

                                 groups who utilized different VTN strategies for learning science? 

  2b.4  Are there differences in the pre-post achievement gain scores on the  

                                 problem solving cognitive level of an earth science exam between  

                                 groups who utilized different VTN strategies for learning science? 

  2c.1 Are there differences in the pre-post achievement gain scores on the  

                                fact cognitive level of an earth science exam between groups who  

                                utilized different VTN strategies for learning science and those who  

                                utilized a writing strategy for learning science? 

  2c.2 Are there differences in the pre-post achievement gain scores on the  

                                concept cognitive level of an earth science exam between groups who  

                                utilized different VTN strategies for learning science and those who  

                                utilized a writing strategy for learning science? 

  2c.3 Are there differences in the pre-post achievement gain scores on the  

                                rule/principle cognitive level of an earth science exam between  

                                groups who utilized different VTN strategies for learning science and  

                                those who utilized a writing strategy for learning science? 

  2c.4 Are there differences in the pre-post achievement gain scores on the  

                                problem solving cognitive level of an earth science exam between  

                                groups who utilized different VTN strategies for learning science and  

                                those who utilized a writing strategy for learning science? 
 

  Data Sources: 

 (1) Student performance on Part 1 of the AGI/NSTA Earth Science Exam  

        (Form A).  This pre test was administered in September. 

 



 74

(2) Student performance on Part 1 of the AGI/NSTA Earth Science Exam  

                  (Form B).  This post-test was administered in early June, ten months  

                             after the pre-test measurement. 

  Records of Data: 

(1) Student raw score on Part 1 of the AGI/NSTA Earth Science Exam  

            (Form A). 

(2) Student raw score on Part 1 of the AGI/NSTA Earth Science Exam                         

(Form B). 

  Data Transformations: 

(1) Gain scores were computed (post-pre test score).  

(2) An analysis of variance (ANOVA) test statistic was performed on the 

gain score (gain score BY group gender). 

(3) A multivariate analysis (MANOVA) test statistic was performed on 

the four cognitive level gain scores (gain score BY group gender). 
 

  The MANOVA test statistic was chosen because this inquiry has more than one 

independent variable, and multiple levels of dependent variables (Tabachnick & Fidell, 

1989).  The SPSS computer program was used to perform the ANOVA analysis and 

MANOVA factorial analysis (Norusis, 1993).   

 Since there was an unequal number of subjects with respect to group 

(experimental and control) and gender, it was critical to establish that the error of 

variances on the dependent variable, pre-post achievement gain, was equal across all 

groups and that the assumption of homogeneity was met.  The Levene’s test of equality 

of error variances was performed for all ANOVA and MANOVA statistical tests and 

there was no deviation from homogeneity of variance, with a p range from .133 to .925. 
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Experimental Design: Main Research Question # 2 

 The purpose of this question was to identify specific factors involved when a 

student chooses, prefers, constructs, and utilizes VTN strategies for learning science.   

This main research question asked: What factors are involved when a student chooses, 

prefers, constructs, and utilizes VTN strategies for learning science?  
 

 Pilot Study #1: The VTN Strategy 

 This pilot was a long study that involved the inventing, teaching, and revising of 

the visual thinking networking (VTN) strategy for students learning science.  The 

significant observation from working with different students in the domain of the earth 

and physical sciences over a five year period, was the nature of the individual variability 

in the types of networks constructed as students made public their meaning-making of 

science knowledge (Appendix A: Part One).  Four basic types of network construction 

were identified:   

  (1)  Networks of conceptual labels in black and white, Level 1 

  (2)  Networks of conceptual labels in color, Level 2 

  (3)  Networks of conceptual labels with black/white symbolic or 

                               pictorial images, Level 3 

  (4)  Networks of conceptual labels with color symbolic or 

                              pictorial images, Level 4 
 

As a result of this pilot, several questions emerged: 

 What is it that make some students work well with one VTN level than another? 

 How effective is VTN as a learning strategy? 

How important is it for a teacher to provide for student choice in metacognitive 

learning? 
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 An important factor in the design of the inquiry was established from this pilot 

study. The experimental group could choose and change to any of the four VTN levels 

during the five months while they were creating the networks for learning earth science 

(Appendix B).  Because students were not randomly assigned to the group that 

constructed color VTNs or to a group that constructed black/white VTN, this inquiry is 

not defined as a true quantitative design, rather it is characterized as an experimental 

design. 
 

 Specific Research Questions 3a-3b: 

  3a.  Is the choice of a VTN strategy related to abstract reasoning aptitude? 

  3b.  Is the choice of a VTN strategy related to spatial relations aptitude? 

 Data Sources:  

(1) Student performance on the Spatial Relations (SR) Aptitude Test 

(Form S). 

(2) Student performance on the Abstract Reasoning (AR) Aptitude Test  

      (Form S). 

 (3) Student choice of VTN strategies. 
 

Records of Data: 

(1) Student raw score on the SR Aptitude Test. 

(2) Student raw score on the AR Aptitude Test. 

(3) Record of students keeping track of VTN level choices for twelve 

weeks. 
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  Data Transformations:   

  (1) Convert raw scores of the SR and AR test to percentiles. 

  (2) Each student was ranked: High (H), above the median, Median (M) at 

median level; and Low (L), below the median using the DAT normed 

data (Bennett, Seashore, & Wesman, 1974). 

(3) Tabulated the choice of VTN strategies used during twelve weeks.  

(4) The Chi-square test for independence was performed to determine the 

relationship between choice of VTN strategy, spatial visualization and 

abstract reasoning aptitude.  This statistic was chosen because of the 

ability “to determine whether the frequency distributions differ 

significantly from each other” (Borg & Gall, 1989, p. 356). SPSS 

computer program was used to perform the test statistic (Norusis, 

1993). 
 
 

 Specific Research Question 4: 

4. Does gender influence the choice of networking strategy? 

Data Sources: 

(1) Visual thinking network product. 

Records of Data: 

(1) Chart of students keeping track of VTN level choices for twelve 

weeks. 

Transformation of Data: 

(1) Tabulated the frequently used VTN strategy was compiled from the 

record chart. 

(2) A Chi-square statistic test for independence was performed to 

determine the relationship between choice of VTN strategy and 



 78

gender. An SPSS computer program was used to perform the test 

statistic (Norusis, 1993). 
  

 Specific Research Questions 5a-5d: 

 5a.  To what extent do students interchange different levels of the VTNs 

        during twelve weeks of utilizing these strategies for learning science? 

 5b.  What VTN levels do students choose for the final three earth science 

         topics and what is their rationale for changing levels? 

 5c.   Is there a relationship between gender and those students who  

        changed VTN levels and those who did not change VTN levels? 

 5d.  Is there a relationship between the type of VTN submitted and those 

        who changed VTN levels and those who did not change VTN levels? 
 

 Answers these set questions provided insights as to whether students change their 

VTN levels during the course of twelve weeks. Do they change from the lower to the 

more complex VTN structure?  Once a student uses the highest VTN level (4) do they 

stay with this multidimensional perspective of knowledge building?  Is the reason they 

changed VTN levels related to gender or the type of VTN level they chose? 

 Data Sources: 

(1) Student choice of VTN strategies. 

   (2) Clinical interview about strategy choice. 

 Records of Data: 

(1) Chart of students keeping track of VTN level choices for  

twelve weeks. 

(2) Audio tapes of clinical interview about VTN choice. 
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 Transformation of Data: 

(1) Tabulated the frequency of students interchanging VTN 

strategies during the course of twelve weeks. 

(2) Calculated the percentage of time each student utilizes the 

different VTNs during the course of twelve weeks. 

(3) Transcription of audio-tape about VTN choice. 

(4) Tabulated choice and rationale for changing VTN levels for the 

Earth/Space, Atmosphere, and Earth’s history network 

(5) Tabulated the percentage of experimental students changing 

VTN levels. 

(6) Tabulated the distribution of students by gender who did and 

did not change VTN levels during the twelve weeks. 
 

 
 
Pilot Study  # 2- Meaning Making Decisions 
 
 This pilot is a small study created to developed an open ended clinical interview 

protocol to determine if a high school student could verbally reflect upon the reasons why 

certain decisions were made with respect to use of colors and shapes in the VTN as a way 

of making meaning. Appendix A: Part Two, describes the meaning-making decisions of 

Peter, a high school chemistry student as he constructed a VTN on chemical kinetics.   

 Specific Research Question 5e 

 5e.  What meaningful depiction decisions are made in the construction of the final  

                   set of VTNs for the three earth science topics? 
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  Data Sources:  

  (1) Student choice of VTN strategy. 

(3) Clinical interview on meaningful depiction decisions made during the 

construction of the VTNs. 

  Data Transformations: 

(1) Tabulated chart of choice of final set of VTNs on Earth/Space, 

the Atmosphere, and Earth’s History. 

(2) Transcription of clinical interview. 

(3) Tabulated responses of meaningful depiction decisions. 
  
 

 Specific Research Questions 6a-6b 

 6a.  What are students’ preferences in choosing a VTN strategy? 

 6b.  Is there a relationship between those students who used the same VTN  

        preference and most frequently utilized VTN level for learning science to  

                  those students who had a different VTN preference and most frequently  

                   utilized VTN level by gender? 

Data Sources: 

(1) Choice of VTN preference. 

(2) Choice of VTN strategy. 

  Records of Data: 

(1) Clinical interview transcript. 

(2) Chart most frequently used VTN strategy during twelve weeks. 

  Transformation of Data: 

(1) Transcription of clinical interview. 

(2) Tabulation of VTN preference and rationale. 

(3) A Chi-square test for independence was performed to determine the 
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a relationship between preference of VTN strategy to the most 

frequently used VTN strategy.  An SPSS computer program was used 

to perform the test statistic (Norusis, 1993). 
 
 
   Methodology for the Interview-Based Design  
 

 The interview-based design explored what aspects of students’ thinking were 

influenced by the utilization of VTN strategies.  This phase examined changes in 

students’ thinking, ideas that are organized in memory, through a multidimensional 

analysis of a clinical interview about an earth science event.  Four pilot studies informed 

this phase of the inquiry.  Each pilot study is introduced before the particular set of 

research questions. 

 A subset of students from the experimental and the control group (N = 20) 

was selected to participate in the interview-based design.  These two groups represented 

students who used three different strategies for learning earth science: 

 
 students who used color VTN strategies (experimental) 

 students who used the B/W VTN strategies (experimental) 

 students who used the writing strategies (control) 

 
 An equal number of students with high, median, and low abstract reasoning and 

spatial relation aptitude were chosen from the experimental and control groups.  These 

students were given two sets of clinical interviews: a pre-VTN utilization clinical 

interview and a post-VTN utilization clinical interview (Appendix A: Part Three, Clinical 

Interview Protocol). The pre-VTN utilization clinical interviews (Phase I) was 
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administered in early November after the teacher's instruction on the topic of the earth's 

motion. Students were asked to respond to two problems involving time and planetary 

motion.  

 Only the post-VTN utilization clinical interviews were analyzed for this inquiry. 

During this interview session (Phase II) students were asked to solve four different 

problems involving time, planetary motion, and seasons. The recall of this knowledge, 

that is the administering of the post-VTN utilization clinical interviews took place six 

months after the teacher’s initial instruction. Seven properties of the clinical interviews 

were analyzed: progression density, linear linkages, network linkages, knowledge action 

verbs in linkages, different kinds of knowledge actions verbs in network linkages, 

conceptual evidence, and conceptual dimensionality.  Collectively these properties 

provided a multi-level view of students’ thinking with respect to long-term meaningful 

learning.    

 
Pilot Study #3 - Planet Wooz: The Clinical Interview 
 
 This pilot was a small study invented to establish the clinical interview protocol 

used to elicit students' conceptual understanding about an event involving time and 

planetary motion. The clinical interview method was chosen to elicit and probe student's 

knowledge of time, planetary motion, and seasons because of the breath and depth of 

information that would be revealed in the interviewee responses.  This interview method 

was molded along the lines of Piaget (1929, 1930) as described by Pines, Novak, Posner 

and VanKirk (1978).  

 Seven ninth grade earth science students from a New York City Junior High 

School participated in this pilot study. The format of the pilot was a forty-five minute 
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clinical interview in which the learner was thinking-out-loud as he/she solved problems 

related to time and planetary motion using a hypothetical situation (Appendix A: Part 

Three). They were NASA specialists, and part of a crew that will travel to the Epsolon 

galaxy and land on planet Wooz.  Four facts were given about the planet from a satellite 

probe.  The goals of their mission was to solve six problems:   

(1) What is the direction of rotation of the planet?  

(2) How long is a day?  

(3) How long is a year?   

(4a) Are there seasons on the planet?  

(4b) If yes, how many?  

(4c) When would the seasons occur?  

 As students were thinking-out-loud to solve these problems they had the 

opportunity to use paper and pencil to either help explain their solutions or answer 

additional probing questions from the researcher. 

 The phenomena of interest or events, are time and planetary motion. According to 

Driver and Erickson (1983) "students’ responses may differ significantly depending on 

whether they are investigated using a technique which is conceptually framed or based on 

an actual event of phenomenon" (p. 43).  The intent of these interviews was to elicit, 

"knowledge in action" (Driver & Erickson 1983, p. 44) in the form of students’ 

predictions and explanations embedded with the students’ knowledge domain. The 

transcription of the clinical interview followed the verbatim method (Posner & Gertzog, 

1982) thus preserving the whole organic response from the subject (Appendix A: Part 

Four).  
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Pilot Study # 4 

 Analysis of the Progression of Information in a Verbal Discourse Sequence  

 This pilot was a small study invented to develop a method of analyzing the 

transcription sequence from the clinical interview for the progression of information by 

testing the procedures as developed by Anderson (1971, 1991).  As a measure of 

knowledge inter-relatedness, the progression of information (Ds) quantifies at what rate 

new information is being introduced into the clinical interview and tells to what extent 

the student is revisiting previously stated concepts in the think-out-loud discourse 

sequence.  Measuring the progression of information is critical for this study because it 

will provide an important lens through which claims can be made about the organization 

of knowledge in recall from memory. 

 Calculation of the progression density coefficient, Ds, involves computing the 

commonality coefficient (B1) and progression (P). Commonality,  "the presence of 

linking ideas in successive units of discourse" (Anderson, 1991, p. 55) is calculated in the 

form of a coefficient, B1: 

              n1 

    B1 =   __________ 
         no + n1 

 

Where, n1 is the number of semantic elements (concepts) that are matched (repeated) in 

pair of discourse units, counting each occurrence in both of the pairs, thus twice for each 

pair; and no is the number of unmatched (non-repeated) semantic elements in the pair 

(Anderson, 1991, p. 56).  For example, in the first pair of discourse units exhibited in 

Table 3.3, element 2 occur in both statements, their total occurrence is n1 = 2.  Counting 

the remaining unmatched elements in both statements, no = 5.  The quotient of matched to 
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total number of elements is 2/8, and B1 = .24.  The B1 values for each successive pairs is 

listed.  A mean value of .34 is calculated indicating the presence linking idea in this 

verbal response.  According to Anderson (1991) "the mean commonality values observed 

in secondary and college instructor's communications typically range from 0.20 to 0.40" 

(p. 57). 

 The progression (P) is the rate of inclusion of unmatched verbal elements in a 

verbal structure.   P is calculated by taking the complement of B1,  P = 1- B1 (Anderson, 

1971).  Progression density then is a measure of the recurrent themes. This coefficient 

indicates how often the students return to revisit those conceptual elements in their 

internal schema.  The mean value of the progression density ( )sD  is calculated (by using 

the formula,     
 
 
 
n 
Σ   [Pi · (Ni)] 

          i = 1 
                                sD   =    _____________ 
                                       
                                                     Sn 

 

In this formula, Pi is the progression value for each discourse unit (i), Ni is the number of 

new verbal elements in the discourse unit, and Sn is the total number of discourse units in 

the segment (Anderson, 1971, p.17). Table 3.3 summarizes the transformation of a small 

segment of discourse units collected from the think-out-loud clinical interview pilot.  

Using the commonality and progression density formulas previously described, the ten 

discourse sentences were analyzed element by element (Table 3.3). 

 

 

 



 86

 
    Table 3.3   
 
 Pilot Study: Progression Density Analysis of a transcription sequence from a  
 think-out-loud problem solving interview about an event involving time, planetary   
 motion, and seasons. 
 

 
Discourse Segment 

Commonality 
Coefficient 

B1 

Progression 
 

P 

Progression 
Density 

Coefficient 
Ds 

1.  A revolution1 is the rotation2 of the... 
of an orbiting3 body4 around the sun5. 

- - - 

2.  For rotation2 I would use a 
pendulum4, that big long one6. 

.24 .76 .50 

3.  That would tell me, first of all which 
direction7of the planet8 is rotating2 and if 
it8 is at all rotating2. 

.33 .67 1.34 

4.  Being that it [planet]8 has a magnetic 
field9, that means it8 has to have a 
gravitational force10. 

.60 .40 .80 

5.  So, I would hook up, make up, like a 
stand11 of some sort and just let it6 
swing12 around there. 

.29 .71 1.42 

6.  The pendulum6 is swinging12.  I don’t 
remember the complete name13. 

.33 .67 .67 

7.  I remember it13 has a pendulum6 in 
it’s name13. 

.66 .34 .00 

8.  I think a pendulum6 is more accurate 
thing12 swinging9. 

.50 .50 .00 

9.  The bigness of the equipment14 
depends on the gravitational force10 
because if it10 is too small15, it6 would 
barely move13, too big of a pendulum6 
moves7 too fast16. 

.30 .70 2.10 

10.  I would let it6 swing9 for a while 
and then I would come back17 an hour18 
later and make a mark19, an arrow20, in 
which direction7 it6 is swinging9. 

.13 .87 3.48 

                                   
                                     Mean values 

 
.34 

 
.51 

 
.61 
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A computer program developed by Anderson (1971) was used in this inquiry 

to calculate the mean progression density for all the think-out-loud responses as the 

students were solving the four problems about time, planetary motion, and seasons. 

 Using this formula the calculated mean progression density for this section of 

verbal responses from a think-out-loud interview is .61.  The interpretation of the 

progression density coefficient means that the student has a high value of recursion, 

continually revisiting previous ideas in the discourse.   

  

Interview-Based Design: Main Research Question # 3 

 
 The purpose of this main research question was to identify differences in five 

properties (progression density, linear linkages, network linkages, number of knowledge 

action verbs linkages and different types of knowledge action verb linkages) of a verbal 

discourse sequence between groups who used different strategies for learning science 

(color VTN, b/w VTN, and writing strategy groups).  The main research question asked: 

To what extent are there differences in the properties of a verbal discourse sequence 

between a subset of students who utilized different strategies for learning science when 

solving four problems involving time, planetary motion, and seasons.   

 Specific Research Questions 7a: 

7a.  To what extent are there differences in the progression of information  

       generated when students are solving four problems involving time, planetary  

       motion, and seasons? 

  Data Sources:   

(1) Clinical interviews about an event involving time, planetary motion, 

and seasons. 
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  Records of Data:   

(1) Audio tapes of the clinical interview about an event involving time,  

      planetary motion, and seasons. 

  Data Transformations:   

  (1) Transcription of the clinical interview. 

(2) Analysis of the clinical interview for five numerical discourse 

                  coefficients. 

(3) Computer calculation of the progression density coefficient, Ds. 

(4) An ANOVA test statistic was performed on the mean progression 

density coefficient. The SPSS computer program was used to perform 

 the test statistic (Norusis, 1993).   

 

Pilot Study # 5: Flow Map Analysis 

 This small pilot study was invented to develop another method of analyzing the 

organization of ideas in the think-out-loud responses as the students solved the four 

problems involving time, planetary motion, and seasons.  As derived by Anderson & 

Demetrius (1993), the flow map method of analysis of cognitive structure describes 

several important properties regarding the nature of the linkages in the verbal sequence.  

Figure 3.2 is an example of a flow-map, created from the same data used in Pilot Study # 

4, the analysis of the progression of information. 
 
 Here each discourse unit, is coded (1,2,...).  An arrow links one unit to another, at 

any arbitrary time the discourse units are wrapped around to provide the flow of ideas.   

Time markers are inserted at several junctions to indicate the time it took the interviewee 

to utter those ideas. Recurrent arrows are inserted to indicate the linkage back to a 

previous idea.  Table 3.4 summarizes the quantitative data derived from this flow map is 

provided.  
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      Figure 3.2  Pilot Study: Flow Map analysis of a transcription sequence from  
                         a think-out-loud problem solving interview about an event 
                         involving time, planetary motion (May 1990). 
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    Table 3.4   

  Quantitative Data from the Flow-Map Representation 

  
Linear 
Linkages 

Network 
Linkages 

Proportion         
Complex 

Total Time 
  (seconds) 

Statements 
per second 

  16(15)      26         .62      205       .13 
The number inside the parenthesis indicates the conceptually correct linkage. 
 

 This transformed data provided another insight into students’ thinking. The nature 

of the linkages, that is the number and type of linkages, and how long these ideas took to 

be generated can be analyzed.  Linear linkages tells the amount of knowledge generated, 

while network linkages describe the number of linkages that refer back to previously 

stated concepts.  Network linkages and the progression of information property, Ds, are  

both measures of knowledge inter-relatedness.  Are the ideas generated by student during 

the think-out-loud interview conceptually related?   

 The data from this student tells us he generated more complex linkages than linear 

linkages.  Complex linkages are those ideas that indicate "relational thought" (Anderson 

& Demetrius, 1993, p. 959) by referring back to previously attended ideas.  The 

proportion complex is a ratio of the linear to complex linkages.  It is interesting to note 

how this proportion complex of .62, supports the previously analyzed data of the mean 

progression density of .61. 

 Analysis of these recurrent ideas indicates that eight (8) of the network linkages 

refer back to verbs that describe knowledge of action: swing, rotate, and moves. The 

neurocognitive findings explained in the literature review indicate that verbs and nouns 

are retrieved by different neural systems in different locations in the cerebral cortex 

(Damasio & Trandel, 1993). Figure 2.3 (page 32) shows that the verb and noun meanings 

are in close proximity to working memory that have feedforward and feedback cortical 

connections to the visual association cortex for color (V4). 
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 For this inquiry then, four properties of the think-out-loud interview sequence 

were analyzed: linear linkages, network linkages, knowledge action verbs in network 

linkages, and different kinds of knowledge action verbs in network linkages. 

  

 Specific Research Questions 7b: 

7b.   To what extent are there differences in the linear, network, knowledge action  

                    verbs, and different kinds of knowledge action verbs generated when  

                    students are solving four problems involving time, planetary motion, and  

                    seasons? 
 

  Data Sources:   

(1) Clinical interviews about an event involving time, planetary motion, 

and seasons. 

  Records of Data:   

(1) Audio tapes of the clinical interview about an event involving time,  

      planetary motion, and seasons. 

  Data Transformations:   

(1) Transcription of the clinical interviews. 

(2) Flow map analysis of the clinical interviews. 

(3) Tabulation of number of linear linkages, network linkages, number of 

and kinds of knowledge action verbs. 

(4) An ANOVA test statistic was performed on the mean number of  

linear linkages, network linkages, number and kinds of knowledge 

action verbs. The SPSS computer program was used to perform 

the test statistic (Noursis, 1993). 
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Interview-Based Design: Main Research Question #4 

 The purpose of this research question was to determine the nature of the 

conceptual understanding of time, planetary motion, and seasons elaborated during a 

think-out-loud problem solving interview.   This last research question asked: To what 

extent are there differences in the conceptual understanding of time, planetary motion, 

and seasons between a subset of students who utilized different strategies for learning 

science? 

 Two small pilot studies informed the data analysis of the think-out-loud clinical 

interviews. 

 Pilot Study # 6 : 

 Analyzing Conceptual Understanding from the Clinical Interview 
 
 The purpose of this small pilot was to establish two methods of identifying the 

conceptual understanding held by students when solving the think-out-loud problems 

about time and planetary motion as described in pilot study # 3.  The first method 

involved developing a conceptual profile inventory (Table 3.4). This profile was modeled 

after Hewson (1986) and identifies the requisite earth science knowledge needed to solve 

the think-out-loud problems with respect to time and planetary motion. This list was 

complied by analyzing the New York State Earth Science Regents Syllabus, 

supplemental manual and field experiences (NYS Department of Education, 1993).  

Sixteen conceptual propositions were identified. Table 3.4 compares the 

conceptions held by seven ninth grade earth science students as identified from their 

interview responses.  Analysis of this data indicates that students vary in the conceptions 

that relate to time and planetary motion.  Most of the conceptions were strongly evident.  

(#). The most weakly evident (~) conception involved planetary motion.  Surprisingly 
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five of the seven students indicated no conceptual evidence for, one rotation is one day 

[2.3].  Student's generated more alternative frameworks (<>) for planetary motion than 

time.  

A collective view of the time conceptions indicated that three of the five 

conceptions were consistently evident. Conception [1.1]: the apparent motion of the sun, 

or an object's shadow provide a method of measuring time, was more strongly evident 

than other time conceptions.  Conception [1.3]: a year is the amount of time it takes a 

planet to go around it's star once and conception [1.5]: the amount of daylight on the 

planet changes with respect to seasons, was evident for half of the students. 

This indicated a difficulty in understanding one of the important relationship's 

between time and planetary motion.  Table 3.5 supports this claim.  Analysis of the deep 

responses indicated that alternative frameworks were generated for the causal explanation 

of "different seasons are caused by rotation". The conception that generated more 

alternative frameworks, in addition to being denied was: the changing position of a planet 

relative to its start and the tilt of the planet's axis is necessary for changing seasons [2.8].  

Of all the conceptions relating to planetary motion, [2.8.1]: changes occur in the angle at 

which the star's rays strike the planet as it moves around the star, was most consistent 

present and strongly evident.     
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Table 3.5  Pilot Study: Conceptual Profile Inventory of Time and Planetary Motion 

 
Conceptual Evidence 

M 
A 
R 

J 
O 
N 

L 
E 
T 

A 
N 
I 

E 
S 
T 

I 
N 
G 

J 
O 
E 

TIME 
1.1       The apparent motion of the sun, or an 

object’s shadow provides a method of 
measuring time 

(3) (1) (0) (2) (1) (3) (1) 

1.2      A day is measured by an amount of time it 
takes for the sun, or an object’s shadow 
falling on the planet to reoccur at the 
same location 

(1) (~) (1) (2) (1) (3) (2) 

1.3       A year is the amount of time it takes a 
planet to go around it’s star once. 

(2) (1) (1) (0) (0) (0) (1) 

1.4       A year can be determined by the 
recurrences of a season marked by a 
specific total amount of daylight and the 
angle of the star’s rays hitting the planet. 

(0) (6) (1) (2) (1) (~) (0) 

1.5       The amount of daylight on the planet 
changes with respect to seasons. 

(~) (2) (0) (0) (3) (0) (/) 

PLANTEARY MOTION 
2.1       Rotation is the spinning around on a 

planet’s axis. 

(2,^) (~) (1) (1) (0) (2) (3) 

2.2      Rotation causes day and night, star-rise 
and star-set. 

(2) (2) (2) (~) (1) (0) (1) 

2.3      One rotation is one day (1) (0) (0) (0) (~) (0) (0) 
2.4      The motion of the star or a shadow can be 

used to determine the planet’s direction or 
rotation 

(3) (3) ~,<> (4) (1) (1) (3) 

2.4.1    A planet rotates in the opposite direction 
of the apparent motion of it’s star or of a 
shadow 

(2) (0) (1) (3) (0) (2) (~) 

2.4.2   The star displays an apparent motion. (~) (6) (~) (3) (0) (1) (~) 
2.5      Revolution is the movement of a planet in 

an elliptical orbit around it’s star. 
^3 (1) (1) (~) (0) (0) (3) 

2.6      One revolution is one year (3) (2) (0) (1) (0) (0) (1) 
2.7      A planet simultaneously revolves around 

it’s sun and rotates on it’s axis 
(1) (~) (2) (1) (0) (2) (0) 

2.8       The changing position of a planet relative 
to it’s star and the tilt of the planet’s axis 
is necessary for a changing season. 

<> <>,~ (2) (3) (2) / (2) 

2.8.1    Changes occur in the angle at which the 
star’s rays strike the planet as it moves 
around the star. 

(3) (7) (4) (4) (4) ~,^2 ~,+, 
<3> 

 
Numbers inside the parentheses indicates the number of times the conceptual proposition is strongly 
evident; (~) the proposition was weakly evident (<>) an alternative framework was used; (^) evidence in 
the form of an image or symbol drawn; (/)the conception is denied; (0) indicates no explicit evidence 
found. 
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 The table below (Table 3.6) illustrates the second method of analyzing conceptual 

understanding by examining conceptual dimensionality. This table differentiates between 

the surface and deep responses generated in the interviewee responses ( Pines, Novak, 

Posner and VanKirk, 1978).  

  
    Table 3.6 

 Dimensionality in One student's (LET) responses about time and planetary motion 
 
                                     
                                     Surface Responses 
 
Questions 

 
Describing 

 
Defining 

 
Recognition 

 
Naming 

(12) axis axis  sun time 
suntracker time of day  planet  

motion (3)  
watch 

(10) light, 
dark 

daylight, 
dark, time 

  light 

axis motion motion, 
rotation 

 energy 

distance motion-spin   motion (2) 
 time-motion  Y  height 
 season (4) time, season  distance 
 sun/shadow   ellipse 
 shadow 

height 
   

 motion- 
rotation 

   
  Y 

  

  orbit (2)   
                                
             Deep Responses - Causal Explanations or Justifications 
            Daylight and darkness caused by rotation 
            Direction of rotation and motion 
  <>,  Seasons and weather 
             Position of shadow of sun on the suntracker 
             The changing angle of the sun's rays causing seasons 
  <>,  Different seasons and rotation 
            Relationship of angle of sun's rays and time to season and motion. 
            Integrates the sun hitting the planet and motion. 
 <>, Distance of sun to planet and the angle of the sun's rays hitting the planet 

 
The number inside the parenthesis indicates the number of times this 
response was given; (Y) indicates the evidence of the preceding  was  
defined; (<>)  indicates that an alternative framework was given for  
the deep responses of causal explanations. 
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According to Pines, Novak, Posner, and VanKirk: 

 Surface answers refer to all answers which do not purport to  
            provide an explanation for a phenomenon. Such answers, for 
            instance, descriptions, definitions, naming, and recognition. 
 Deep answers, on the other hand, attempt to explain a  
            phenomenon, they are causal explanations or justifications 
             (1978, p.31-33). 
 

 In the actual inquiry a smaller subset of students (n = 8) were selected to provide 

an in depth analysis of conceptual understanding. All eight students where characterized 

with low abstract reasoning and spatial relations aptitude. These students were chosen 

from the larger subset of students (n = 28) that was selected to solve the post VTN 

utilization think-out-loud problems. 

 This last main research question was further characterized by two specific 

research questions: 

 Specific Research Questions 8a: 

 8a.  What are the conceptions used by students when solving four problems about 

         time, planetary motion, and seasons? 

  Data Sources: 

(1) Clinical interviews about an event involving time, planetary motion, 

and seasons. 

  Records of Data: 

(1) Audio tapes of the clinical interview. 

  Transformations of Data: 

(1) Transcription of the clinical interview. 

(2) Analysis of each conceptual profile inventory. 

(3) Tabulation of all eight conceptual profile inventories. 

(4) An ANOVA test statistic was performed on the mean number of 

conceptually accurate propositions strongly held. 
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(5) An ANOVA test statistic was performed on the total mean number 

of conceptually accurate propositions represented by symbolic 

images. The SPSS program was used for the test statistic (Noursis, 

1993). 

 

 Specific Research Question 8b: 

 8b.  To what extent are students who used different strategies for learning science, 

        successful at solving four problems involving time, planetary motion, and  

        seasons? 

  Data Sources: 

(1) Clinical interview about an event involving time, planetary motion, 

and seasons. 

  Records of Data: 

  (1)  Audio tapes of the clinical interview. 

  Transformations of Data: 

(1) Transcription of the clinical interviews. 

(2) Identification of the method(s) used to solve the problems and the 

justification or causal/principled arguments. 
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    Chapter IV 

  FINDINGS OF THE INQUIRY 

 

An experimental (pre-post control group) and interview-based design were used 

to test the efficacy of a new metacognitive learning strategy, visual thinking networking 

(VTN).  The general research question for this inquiry asked: to what extent does the 

choice and utilization of different visual thinking networking strategies promote long 

term meaningful earth science learning and achievement? 

 
Oganization of the Findings 

 
 To answer this general research question, data was analyzed from the four main 

research questions.  Major positive findings emerged from this inquiry in the area of 

problem solving achievement, organization of knowledge in memory, problem solving 

strategy dimensionality, VTN depiction decision categories, conceptual understanding, 

and gender differences.  

Due to the complexity of this long-term study, the findings in this chapter are 

organized into two sections: first, The Summary of Major Findings and second, The 

Detailed Findings for Specific Research Questions.  The Summary of Major Findings 

presents an overview of the positive findings with respect to each main research question 

in the context of the which population sets and the variables were used in the data 
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analysis.  In this first section, page references are provided to indicate to the reader where 

the detailed findings for the specific research questions that support the conclusions for 

each main research question can be found.  This second section contains in detail, a 

finding summary, descriptive statistics, results of statistical tests, graphic plots, and for 

certain specific research questions post-hoc data analysis. 

   
  Summary of Major Findings 

 
The Experimental Design: Main Research Question # 1 
 
 This question asked: is earth science learning improved as a result of students 

choosing and utilizing VTN strategies for learning science? 

Pre-post test data from fifteen specific research questions were analyzed to 

answer this first main research question. Two dependent variables were measured in the 

pre-post tests: earth science knowledge achievement and cognitive level of earth science 

knowledge achievement. The post-test was administered ten months after the pre-test. 

Analysis of the main effect question (Specific Research Question 1a, pages 110-112) 

involved using data from the entire population of fifty-six students (N = 35, the 

experimental group; N = 21, the control group).  The other fourteen specific research 

questions (2a.1-2c.4, pages 122-149) examined achievement differences between three 

sets of students who used different strategies for learning science (n = 24, color VTN 

strategies; n = 11 black/white VTN strategies; n = 21 writing strategies). Several major 

findings emerged from this first main research question in the area of problem 

solving achievement and gender differences in problem solving achievement.  
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Problem Solving Achievement 

 Earth science learning was improved in the area of problem solving 

achievement for those students who used VTN strategies (color and 

black/white).  

Students who used VTN strategies had a significantly higher mean gain score on the 

problem solving criterion test items than students who used the writing strategies for 

learning science (p = .005). 

 Earth science learning was most improved in the area of problem solving 

achievement for those students who used color VTNs. 

Students who used the color VTN strategies had a significantly higher mean gain score 

on the problem solving criterion test items than students who used the black/white VTN 

strategies (p = .003) and the writing strategy for learning science (p < .001).  This level of 

significance is still maintained when comparing the gender groups separately. Male 

students who used the color VTN strategies had a significantly higher mean gain score on 

the problem solving criterion test items than male students who used the black/white 

VTN (p = .006) and the writing strategy for learning science (p = .003). Female students 

who used the color VTN strategies had a significantly higher mean gain score on the 

problem solving criterion test items than female students who utilized the writing strategy 

for learning science (p = .025).  

 
 Earth science learning was most improved in the area of problem solving 

achievement for students with high abstract reasoning aptitude who used 

the color VTNs. 
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Using the color VTN strategies for learning science helped those students with a high 

abstract reasoning aptitude more than they helped students with the medium and low 

abstract reasoning aptitude. Students with high abstract reasoning aptitude who used the 

color VTN strategies had a significantly higher mean gain score on the problem solving 

criterion test items than the high abstract reasoning students who used the black/white 

VTN strategies (p =  .010) and the writing strategy for learning science (p = .001). 

 
Gender Differences in Problem Solving Achievement 

The color VTN strategies helped both genders move up the science achievement 

ladder but from different perspectives.  The gender science achievement gap was 

shortened when comparing certain learning strategy groups. 

 Males continued from pre-test level to have a significantly higher mean 

pre-post achievement gain scores on the problem solving criterion 

test items than females (p = .037). 

 Female students of high abstract reasoning aptitude, who used the color 

VTN strategies had a higher mean gain scores on the problem criterion test 

items than similar males who used the black/white strategies and the 

writing strategy for learning science (p = .021). 

 When male students used the color VTN strategies for learning science, 

they moved even higher up the science achievement ladder. These male 

students had the highest pre-post mean problem solving achievement gain 

score and scored significantly higher on the pre-post problem solving 

criterion test items than females who also used the color VTN strategies 

for learning science (p = .001). 
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The Experimental Design: Main Research Question # 2 

This question asked: what factors are involved when a student chooses, prefers, 

constructs and utilizes VTN strategies for learning science? 

Factors such as gender, abstract reasoning aptitude, spatial relation aptitude, VTN 

preference, VTN choice, and VTN meaningful depiction decisions were analyzed using 

ten specific research questions (3a-6b). The entire experimental population (n = 36) was 

used in this data analysis. Several major findings emerged from this second main 

research question in the area of gender differences in choice of VTN strategy and 

VTN depiction decision categories. Reference to the specific research questions 3a-6b 

that support these findings can be found between pages 149-170. 

 
 Gender Differences in choice of VTN Strategy 

 Gender influenced the choice of a VTN strategy. Females significantly chose 

to utilized more networks of color than males (p = .012).  

 VTN Depiction Decision Categories 

 When examining data from a small set of interview questions regarding the 

rationale for the use or not of color and symbolic elements in three VTNs sets, two major 

depiction categories emerged.   

 Color was viewed as an attribute for distinguishing earth science concepts into 

related groups. 

 Color was used and viewed as an attentional device. 

Twenty percent (20%) of the experimental group used color as an attribute for 

distinguishing earth science concepts into related or different groups, while seventeen 

percent (17%)  of the experimental group used color as an attentional device.  
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These two categories emerged again, but with different percentages when examining the 

rationale for preferring one VTN level over another VTN level.  Twenty-three percent 

(23%) said that VTN level 2 and 4 (the networks of color) helped to distinguish different 

earth science concepts, while twenty percent (20%) said the color used in VTN level 2 

and 4 was an attentional device.  Twenty-three (23%) of the experimental group also said 

that the VTN level 4 was easier to read and comprehend. 

 
The Interview-Based Design: Main Research Question # 3 
 
 This question asked: to what extent are there differences in the properties of a 

verbal discourse sequence between a subset of students who used different strategies for 

learning when solving four problems? 

Think-out-loud problem solving interview data from two specific research 

questions (7a and 7b) were analyzed to answer this third main research question. As 

students were solving the think-out-loud problems involving time, planetary motion, and 

seasons, they were asked to recall scientific knowledge in which they received instruction 

eight months prior. Five verbal discourse properties were analyzed: progression density, 

linear linkages, network linkages, knowledge action verb linkages, and different types of 

knowledge action verb linkages.  

Two different population sets were used in this analysis.  Progression density 

analysis (Specific Research Question 7a, pages 170-180) used a representative sample of 

students (n = 37) from the experimental and control groups with high, medium, and low 

abstract reasoning aptitude. These students used different strategies for learning science 

(n = 14, color VTN strategy; n = 8, black/white VTN strategy, n = 15, writing strategy). 

Flow map analysis (Specific Research Question 7b, pages 180-200) for the other four 
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variables (linear linkages, network linkages, knowledge action verb linkages, and 

different types of knowledge action verb linkages) involved a smaller subset (n = 20) of 

students who used different strategies for learning science (n = 7, color VTN strategy;  

n = 6, black/white VTN strategy; n = 7, writing strategy).   

While the experimental design (Main Research Question #1) provided findings 

that established a relationship between the utilization of color VTN strategies and higher 

earth science problem solving achievement, the interview-based design, Main Research 

Questions # 3, painted a very dynamic picture that explored aspects of students’ problem 

solving thinking that were influenced by the utilization of different VTN strategies. 

Positive changes in the learners’ knowledge base were revealed during problem solving 

for those students who used the color VTN strategies. Several major findings emerged 

from this third main research question in the area of organization of knowledge in 

memory, problem solving strategy dimensionality, and gender differences.  

 
Organization of Knowledge in Memory2 

The analysis of the progression density property indicated that significant 

differences were found in the organization of earth science knowledge in recall from 

memory between a subset of students who used the color VTN strategies for learning 

science and a subset of students who used other strategies for learning science. 

 The earth science knowledge recalled during a think-out-loud problem 

solving interview by students who used the color VTN strategies, was 

significantly more interrelated than the earth science knowledge recalled 

                                                 
2 Inter-relatedness of knowledge was assessed by the extent to which recursive and cross-referential  

statements were uttered in the sequential narrative from statements made by students during the think-
out-loud problem solving clinical interview. 
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by those students who utilized the writing strategy (p = .009). 

 The earth science knowledge recalled during a think-out-loud problem 

solving interview by students with high abstract reasoning aptitude  

was significantly more interrelated than the earth science knowledge 

recalled by similar students who used the black/white VTN strategies 

(p = .050) and the writing strategy (p < .001) for learning science. 

 The earth science knowledge recalled during a think-out-loud problem 

solving interview by female students with high abstract reasoning aptitude, 

who used color VTN strategies, was significantly more interrelated than  

the earth science knowledge recalled by high abstract reasoning aptitude 

female students who used the writing strategy (p = .004). 

 

Gender Differences in the Organization of Knowledge in Memory 

 The earth science knowledge recalled by female students during the think-

out-loud problem solving interview was significantly more interrelated 

than the earth science knowledge recalled by male students (p = .043).   

 The earth science knowledge recalled during the think-out-loud problem 

solving interview by female students who utilized the color VTN strategy 

for learning science was significantly more interrelated than the earth 

science knowledge recalled by male students in the black/white and 

writing strategy group (p < .001).  
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Problem Solving Strategy Dimensionality 

Significant differences were found in the dimensionality, that is the nature of the 

science knowledge elements used in the think-out-loud problem solving strategies 

between a subset of students who used the color VTN strategies for learning science and 

a subset of students who used other strategies for learning science. 

 Students who used the color VTN strategies significantly generated more 

earth science knowledge during the think-out-loud problem solving interviews 

than students who used the black/white VTN (p = .021) and the writing 

strategy (p < .001). 

 Students who used the color VTN strategies significantly generated more 

network (interrelated) knowledge during the think-out-loud problem solving 

interviews than students who used the black/white VTN strategies (p = .048) 

and the writing strategy (p < .001). 

 Students with low abstract reasoning and spatial relations aptitude who used 

the color VTN strategies significantly generated more interrelated earth 

science knowledge during the think-out-loud problem solving interviews 

than students who used the writing strategy (p = .029). 

 Students with low abstract reasoning and spatial relations aptitude who used 

the black/white VTN strategies significantly generated more interrelated 

earth science knowledge during the think-out-loud problem solving interviews 

than students who used the writing strategy (p = .049). 

 Students who used the color VTN strategies significantly used a greater 

number of knowledge action verbs to describe planetary events and objects 
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during the think-out-loud problem solving interview than those students who 

used the writing strategy (p = .024). 

 Students who used the color VTN strategies significantly used a greater 

number of different types of action verbs to describe planetary events and 

objects during the think-out-loud problem solving interview than those 

students who used the writing strategy (p = .033). 

 
Gender Differences in Problem Solving Dimensionality 

 
Two significant gender differences were found with respect to problem solving 

dimensionality. 

 Female students significantly generated more earth science knowledge during 

the think-out-loud problem solving interview than males students (p = .010). 

 Female students who used the color VTN strategies for learning science 

significantly generated more earth science knowledge during the think-out-

loud problem solving interview than male students in the black/white and 

writing strategy groups (p < .001).  

 
The Interview-Based Design: Main Research Question # 4 

This question asked: to what extent are there differences in the conceptual  

understanding of time, planetary motion, and seasons between a subset of students who 

used different strategies for learning science? 

Think-out-loud problem solving interview data from two specific research 

question (8a and 8b) were analyzed to answer this final main research question.  A 

smaller subset of students (n = 8) was selected to provide a more in depth analysis of 
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conceptual understanding. All eight students (n = 3, color VTN strategy; n = 2, 

black/white VTN strategy; n = 3, writing strategy) were characterized as having low 

abstract reasoning and spatial relation aptitude. Several major findings emerged from 

this research question in the area of conceptual understanding. Reference to specific 

research questions 8a-8b that support these findings can be found between pages 202-

223. 

 
Conceptual Understanding 

Significant differences were found in the conceptual understanding of time, 

planetary motion, and seasons between a subset of students with low abstract reasoning 

and spatial relations aptitude, who used the color VTN strategies for learning science and 

a subset of similar students who used other strategies for learning science. 

The findings below support and enhance what was found from Main Research 

Question # 3 with respect to the significant differences in the dimensionality of the verbal 

discourse from students who used the color VTN strategies for learning science.  

 Students who used the color VTN strategies for learning science significantly 

generated more accurate conceptions about time, planetary motion, and 

seasons than those students who used the black/white VTN strategy (p = .018) 

and the writing strategy (p = .010).  

 Students who used the color VTN strategies for learning science significantly 

generated more accurate conceptions in the form of symbolic representations 

about time, planetary motion, and seasons during the think-out-loud problem 

solving interviews, than those students who used the black/white VTN 

strategy (p = .048) and the writing strategy (p = .034). 
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 The color VTN group was more successful in problem solving by using 

extensively developed causal/principled arguments. The nature of their 

arguments were more robust, being built upon from previously stated 

concepts, thus making accurate links between the planet’s orbital position, the 

tilt of the planet’s axis, to the seasonal changes with respect to changes in 

sunlight hitting the planet. These relationships were expressed verbally and 

symbolically. 

 

Detailed Findings of Specific Research Questions  

from the Experimental Design 

 
 

Main Research Question # 1  

 Is earth science learning improved as a result of choosing and utilizing visual 

thinking networking (VTN) strategies for learning science?  

 The format for describing the results of specific research question 1a-2c.4 is as 

follows: 

 

 

 

 

   
 
     

 
 

 
 Statement of Specific Research Question 
 Statement of Null Hypothesis 
 Finding Summary for Specific Research Question - Reject or Accept  

          Null Hypothesis 
 

 Table - Descriptive Statistics for Groups 
 Table – Statistical Tests between Subjects (ANCOVA or MANCOVA)  
 Graphic figure 
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Specific Research Question 1a  [The Main Effect]  

 Are there differences in the pre-post achievement gain scores on an earth science 

exam between groups who utilized VTN strategies for learning science and those who 

utilized a writing strategy for learning science? 

 
 Null Hypothesis 1a. There are no statistically significant differences in the pre-

post achievement gain scores on an earth science exam between groups who utilized 

VTN strategies for learning science and those who utilized a writing strategy for learning 

science. 

Finding Summary for Specific Research Question 1a 

Table 4.1 provides the descriptive statistics for the experimental and control 

groups. The analysis of covariance, Table 4.2, indicates that there were no statistically 

significant differences in the pre-post achievement gain scores on an earth science 

criterion test items between groups who utilized VTN strategies for learning science and 

those who utilized a writing strategy for learning science (p = .082). Null hypothesis 1a 

was accepted. Figure 4.1 shows the graphic plot for the mean pre-post achievement gain  

between the experimental and control groups. 
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Table 4.1 

Specific Research Question 1a Descriptive Statistics for 
Experimental and Control Groups 

 
 
   group                  gender Mean 

Std. 
Deviation 

 
N 

   experimental female  13.4211 4.2988 19 
   male 15.3125 5.3006 16 
   Total 14.2857 4.8055 35 

   control female 11.5333 4.6270 15 
   male 10.8333 6.3061 6 
   Total 11.3333 5.0033 21 

   Total female 12.5882 4.4797 34 
   male 14.0909 5.8057 22 

    Total 13.1786 5.0456 56 
 
 
 
 
 

Table 4.2 
 

Analysis of covariance for achievement scores between the experimental 
and the control group. 

 
   Source     SS      df       MS      F      Sig.      Eta2  Observed 

 Powera 
Absscoreb        41.07       1    41.007    1.726     .195     .033    .252 
Group       74.852       1    74.852    3.151     .082     .058    .414 
Gender       11.127       1    11.127      .468     .497     .009    .103 
Group*Gender       11.341       1    11.341             .477     .493     .009    .104 
Error   1211.629       
Total 11126.000       
a. Computed using alpha = .05 
b. Abstract reasoning aptitude is the covariance 
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Figure 4.1.   Pre-post mean achievement gain on Part 1 of the AGI/NSTA 
                    Earth Science Exam between the experimental and control groups. 
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Specific Research Question 1b 

 Are there differences in the pre-post achievement gain scores on an earth science   

exam between groups who utilized different VTN strategies for learning science? 

 
Null Hypothesis 1b. There are no statistically significant differences in the pre-

post achievement gain scores on an earth science exam between groups who utilized 

different VTN strategies for learning science. 

Finding Summary for Specific Research Question 1b 

Table 4.3 provides the descriptive statistics for the experimental group using 

different VTN strategies. Although the analysis of covariance, Table 4.4, indicates no 

significance effect at the group level (p = .134), with respect to all four levels of the VTN 

strategies.  Pairwise comparisons on Table 4.5, does indicate two significant differences 

between students who used different VTN strategies for learning science. Students who 

used the color VTN (level 2) strategy had a significantly higher mean gain score on the 

knowledge criterion test items than students who used the b/w VTN (level 1, p = .013).  

Students who used the color symbolic/pictorial strategies VTN (level 4) had significantly 

higher mean gain score on the knowledge criterion test items, the b/w VTN (level 1,  

p = .033). 
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Table 4.3 

Specific Research Question 1b Descriptive Statistics for Experimental 
Group Utilizing Different VTN Strategies 

 
 
   Group                         Gender Mean 

 
Std. 

Deviation 

 
N 

   VTN in B/W                female  9.0000          . 1 
(VTN level 1)         male      9.6000 4.3359 5 

                                  Total      9.5000 3.8859 6 
   VTN in Color             female 13.7778 4.9694 9 
      (VTN level 2)          male    19.0000 2.7080 4 

                               Total       15.3846 4.9588 13 
  VTN in symb/pic         female 13.0000          . 1 
          B/W                     male   15.6667 2.5166 3 
      (VTN level 3)         Total   15.0000 2.4495 4 
  VTN in symb/pic        female 13.7143 4.3480 7 
         Color                    male   20.0000 3.6056 3 
      (VTN level 4)         Total   15.6000 4.9710 10 
  No Preference            female 13.0000         . 1 
                                     male   14.0000         . 1 
                                     Total   13.5000 .7071 2 
  Total                           female  
                                     male 
                                     Total         

13.4211 
15.3125 
14.2857 

4.2988 
5.3006 
4.8055 

19 
16 
35 

 

      
 

Table 4.4 
 
 

Analysis of Covariance of Achievement  Scores between Students who utilized 
Different VTN Strategies Learning Science 

 
   Source     SS      df       MS      F      Sig.      Eta2  Observed 

 Powera 
Absscoreb     49.460      1   49.460   2.987     .097    .111     .382 
Group   129.506     4   32.377   1.955     .134    .246     .502 
Gender     49.835     1   46.835   2.829     .106    .105     .365 
Mfsfvtn*Gender     33.966     4     8.491     .513     .727    .079     .151 
Error   397.391   24   16.558     
Total 7928.000   35      
a. Computed using alpha = .05 
b. Abstract reasoning aptitude is the covariate 
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Table 4.5 
 

Pairwise Comparisons between the Experimental Students Utilizing 
Four Different Levels of VTN Strategies for Learning Science 

 
 
(I) most frequently         (J) most frequently 
submitted VTN                    submitted VTN 
 

 
     Mean 
Difference 
     (I-J) 

 
   Std. 
  Error 

 
 Sig.* 

B/W VTN                         Color VTN 
                                          B/W symbolic/pic VTN 
                                          Color symbolic VTN 
                                          No preference 

   -.6.817* 
   -4.000 
   -6.207* 
   -4.957 

   2.547 
   3.293 
   2.747 
   3.666 

 .013* 
 .236 
 .033* 
 .189 

Color VTN                       B/W VTN 
                                         B/W symbolic/pic VTN 
                                         Color symbolic VTN 
                                         No preference 

     6.817* 
     2.817 
       .610 
       .957 

   2.547 
   2.685 
   1.963 
   3.182 

 .013* 
 .305 
 .759 
 .564 

B/W symbolic/pictorial            
 VTN                                B/W VTN 
                                         Color VTN 
                                         B/W symbolic/pic VTN 
                                         No preference 

     
   4.000 
   -2.817 
    2.207 
    1.250 

    
   3.293 
   2.685 
   2.743 
   3.426 

 
 .236 
 .305 
 .429 
 .718 

Color symbolic/pictorial           
   VTN                              B/W VTN 
                                         Color VTN 
                                         B/W symbolic/pic VTN 
                                         No preference 

     
     6.207* 
    -.610 
    2.207 
    1.250 

    
   2.747 
   1.963 
   2.743 
   3.426 

  
 .033* 
 .759 
 .429 
 .718 

No preference                  B/W VTN 
                                         Color VTN 
                                         B/W symbolic VTN 
                                         Color symbolic/pic VTN 

   4.957 
  -1.860 
     .957 
  -1.250 

   3.666 
   3.182 
   3.856 
   3.426 

 .189 
 .564 
 .806 
 .718 

* The mean differences is significant at the .05 level. 
 
 

 Examination of the plot for this data set, Figure 4.2, indicates a differential group 

effect thus providing a rationale for collapsing the data sets. The common element in the 

networks represented by the upper two lines on the graph were networks in color, while 

the common element in the networks represented by the lower two lines on the graph 

were networks in black/white.  Succeeding statistical tests used the collapsed data sets of 

students who utilized the color VTN strategies and students who utilized the black/white 

VTN strategies for learning science. 
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Figure 4.2. Pre-post mean achievement gain on Part 1 of the AGI/NSTA 
                         Earth Science Exam for the experimental group using different  
                              levels of the VTN strategies for learning science. (No preference 
                              in VTN level means that the student used three different VTN  
                              levels). 
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Table 4.6 provides the descriptive statistics for the color and black/white VTN 

groups. The analysis of covariance for achievement scores, Table 4.7, was recomputed by 

using the collapsed data sets. Null hypothesis 1b was rejected. Students who used the 

color VTN strategies for learning science had a significantly higher pre-post mean 

achievement gain on the earth science knowledge criterion test items than those students 

who used the b/w VTN strategies for learning science (p =  .022). Figure 4.3 represents 

the graphic plot for this data set. 

Table 4.6 

Specific Research Question 1b Descriptive Statistics 
for Color and Black/White VTN Groups 

 
  
Group                Gender 

  
   Mean 

     Std. 
Deviation 

 
  N 

Color VTN        female 
                              male 
                             Total 

13.7500 
18.7500 
15.4167 

4.5534 
3.2842 
4.7541 

 16 
   8 
 24 

B/W VTN          female 
                              male 
                             Total 

11.6667 
11.8750 
11.8182 

2.3094 
4.7340 
4.0943 

   3 
    8 
   11 

Total                  female 
                              male 
                             Total 

13.4211 
15.3125 
 14.2857 

4.2988 
5.3006 
4.8055 

  19 
  16 
  35 

 

 Old Data Set Classification                                        New Data Set Classification 
  4 Level of VTN Strategies                                            for  analysis of covariance            

Collapsed VTN Levels 
 
Level 1 - B/W VTN 
                                                                                             Black/White VTN's 
Level 3 - B/W Symbolic/Pictorial VTN 
 
 
Level 2 - Color VTN 
        Color VTN's 
Level 4 - Color Symbolic/Pictorial VTN      



 118

 

Table  4.7 

Analysis of Covariance of Achievement Scores between Groups utilizing 
Color and Black /White VTN Strategies for Learning Science 

 
 
Source       SS      df      MS       F    Sig. Eta2 Observed 

Powera 
Absscoreb    55.143     1  55.143   3.316   .079  .100   .422 
Group    96.529     1  96.529   5.804   .022*  .162   .645 
Gender    42.823     1  42.823   2.575   .119  .079   .342 
Group*Gender    40.816     1  40.816   2.454   .128  .076   .329 
Error   498.899   30  16.630     
Total 7928.000   35      
a. computed using alpha = .05 
b. abstract reasoning aptitude is the covariate 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.3.  Pre-post mean achievement gain on Part 1 of the  
                              AGI/NSTA Earth Science Exam: Collapsed data set  
                              of the color and black/white VTN groups. 
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Specific Research Question 1c 

 
 Are there differences in the pre-post achievement gain scores on an earth science  

exam between groups who utilized different (color, b/w) VTN strategies for learning 

science and a group who utilized a writing strategy for learning science? 

 
Null Hypothesis 1c. There are no statistically significant differences in the pre-

post achievement gain scores on an earth science exam between groups who utilized 

different VTN strategies for learning science and a group who utilized a writing strategy 

for learning science. 

Finding Summary for Specific Research Question 1c 
 

Table 4.8 provides the descriptive statistics for students using different strategies 

for learning science. The analysis of covariance on the pre-post mean achievement gain, 

Table 4.9, indicates a significant group effect (p = .009).  Pairwise comparisons, Table 

4.10, were performed to determine between which group there was a significant effect. 

Null hypothesis 1c is rejected. Students who used the color VTN strategies for learning 

science had a significantly higher pre-post mean gain on earth science knowledge 

criterion test items than those students who utilized the writing strategy for learning 

science (p = .014). Figure 4.4, displays the graphic plot of this data.  
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Table 4.8 

Specific Research Question 1c Descriptive Statistics for Students 
using Different Strategies for Learning Science 

 
 
 
Group                     Gender 

 
    Mean 

      Std. 
 Deviation 

 
    N 

Color VTN             female 
                               male 
                               Total 

   13.7500 
   18.7500 
   15.4167 

  4.5534 
  3.2842 
  4.7541 

  16 
    8 
  24 

B/W VTN              female 
                                male 
                               Total 

   11.6667 
   11.8750 
   11.8182 

  2.3094 
  4.7340 
  4.0943 

    3 
    8 
   11 

Writing                  female 
                               male 
                               Total 

   11.5333 
   10.8333 
   11.3333 

  4.6270 
  6.3061 
  5.0033 

   15 
     6 
   21 

Total                      female 
                               male 
                               Total 

   12.5882 
   14.0909 
   13.1786 

  4.4797 
  5.8057 
  5.0456 

   32 
   24 
   56 

     

 

 

Table 4.9 

Analysis of Covariance for Achievement Scores between groups who used 
Different Strategies for Learning Science 

 

Source       SS      df      MS       F    Sig. Eta2 Observed 
Powera 

Absscoreb      30.537      1   30.537    1.464   .232  .029  .220 
Group    218.507      2  109.254    5.238   .009*  .176  .809 
Gender      2 9.593      1   29.593    1.419   .239  .028  .215 
Group*Gender       75.324      2   37.662    1.806   .175  .069  .359 
Error   1022.071    49   20.859     
Total 11126.000    56      
a. computed using alpha = .05 
b. abstract reasoning aptitude is the covariate 
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Table  4.10 
  

Pairwise Comparisons of Mean Achievement Gain between Students 
who utilized Different Strategies for Learning Science 

 

(I) groups      (J) groups 
Mean  

Difference  
(I-J) 

Std. Error 

 
 
 
 

          Sig. * 

Color VTN's      B/W VTN's 4.276 1.843 .074 
             Writing   4.552* 1.541   .014* 

B/W VTN's       Color VTN's        -4.276 1.843 .074 
             Writing    .276 1.916          1.000 

 Writing             Color VTN's -4.552* 1.541   .014* 
                    B/W VTN's -.276 1.916          1.000 

*  The mean difference is significant at the .05 level. 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 

        Figure 4.4. Pre-post mean achievement gain on Part I of the  
                          AGI/NSTA Earth Science Exam between students who 
                          utilized different strategies for learning science. 
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Specific Research Question 2a.1-2a.4 

 
 Are there differences in the pre-post achievement gain scores on the four Gagnean 

cognitive levels (fact, concept, rule/principle, problem solving) of an earth science exam 

between groups who utilized VTN strategies (the experimental group) for learning 

science and those who utilized a writing strategy (the control group) for learning science? 

 
Null Hypothesis 2a.1. There are no statistically significant differences in the pre-

post achievement gain scores on the fact Gagnean cognitive level of an earth science 

exam between groups who utilized VTN strategies for learning science and those who 

utilized a writing strategy for learning science. 

Null Hypothesis 2a.2. There are no statistically significant differences in the pre-

post achievement gain scores on the concept Gagnean cognitive level of an earth science 

exam between groups who utilized VTN strategies for learning science and those who 

utilized a writing strategy for learning science. 

Null Hypothesis 2a.3. There are no statistically significant differences in the pre-

post achievement gain scores on the rule/principle Gagnean cognitive levels of an earth 

science exam between groups who utilized VTN strategies for learning science and those 

who utilized a writing strategy for learning science. 

Null Hypothesis 2a.4. There are no statistically significant differences in the pre-

post achievement gain scores on the problem solving Gagnean cognitive levels of an 

earth science exam between groups who utilized VTN strategies for learning science and 

those who utilized a writing strategy for learning science. 
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  Finding Summary for Specific Research Question 2a.-2a.4 

 Table 4.11 provides the descriptive statistics between the experimental and 

control groups for all four Gagnean cognitive levels. The multi-covariate analysis for 

achievement with respect to the four cognitive levels, Table 4.12, indicates a significant 

difference between the experimental and control group at the problem solving level only 

(p = .005). Null hypotheses 2a.1, 2a.2, and 2a.3 are accepted. There was no statistically 

significant difference between the experimental and control groups on the fact  

(p = .292), concept (p = .654), and rule/principle (p = .218) Gagnean cognitive 

achievement level. Null hypothesis 2a.4 is rejected.  There was a statistically significant 

difference between the experimental and control group on the problem solving Gagnean 

cognitive achievement level  (p = .005). At the pre-test level males scored significantly 

higher than females on both the concept and problem solving level. Here at the post-test 

level no significant gender differences were found at any of the four cognitive levels. 

Further post hoc analysis in Research Question 2c will examine what role the VTN 

strategy contributed to this change between pre and post problem solving achievement 

with respect to gender groups.    

     
 

 

 

 

 

 

 



 124

Table 4.11 

Specific Research Question 2a Descriptive Statistics 

 
Cognitive Level                         Group                    Gender 

 
Mean 

 
Std. Deviation 

 
N 

Gain score: fact experimental female 4.2105       1.8433 19 
  male 4.2000       2.0494 16 
  Total 4.2286       1.9110 35 
 control female 4.4000       1.9567 15 
  male 4.8333       1.7224  6 
  Total 4.5238       1.8606 21 
 Total female 4.2941       1.8673 34 
  male 4.4091       1.9435 22 
  Total 4.3393       1.8808 56 
Gain score: concept experimental female 4.0526       3.3907 19 
  male 3.9375       2.9319 16 
  Total 4.0000       3.1436 35 
 control female 4.0667       3.5146 15 
  male 3.0000       3.8987  6 
  Total 3.7619       3.5624 21 
 Total female 4.0588       3.3929 34 
  male 3.6818       3.1530 22 
  Total 3.9107       3.2768 56 
Gain score:  experimental female 1.5789       1.5214 19 
rule/principle  male 2.3125         .9465 16 
  total 1.9143       1.3144 35 
 control female 1.2000       1.5675 15 
  male 1.3333       1.6330  6 
  total 1.2381       1.5461 21 
 Total female 1.4118       1.5199 34 
  male 2.0455       1.2141 22 
  Total 1.6607       1.4305 56 
Gain score:  experimental female 3.5789       2.1684 19 
problem solving  male 4.8125       2.3726 16 
  Total 4.1429       2.3155 35 
 control female 1.8667       2.6150 15 
  male 1.6667       2.9439  6 
  Total 1.8095       2.6385 21 
 Total female 2.8235       2.4921 34 
  male 3.9545       2.8532 22 
  Total 3.2679       2.6730 56 
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Table 4.12 

Multi-covariate Analysis in Cognitive Level Achievement Between 
Experimental and Control Groups 

 
Source                Dependent 
                            Variable 

  SS  df      MS       F    Sig. Eta2 Observed 
  Powera 

Absscoreb       

             gain score: fact 
             gain score: concept 
             gain score: rule/principle 
             gain score: problem solving 

  
    7.994 
    2.328 
    3.167 
   11.039 

 
  1 
  1 
  1 
  1 

 
  7.994 
  2.328 
  3.167 
11.039 

 
   2.209 
     .204 
   1.637 
   1.895 

 
 .143 
 .654 
 .206 
 .175 

 
.042 
.004 
.031 
.036 

 
  .308 
  .073 
  .241 
  .272 

Group         
             gain score: fact 
             gain score: concept 
             gain score: rule/principle 
             gain score: problem solving 

 
     4.101 
     3.681 
     3.005 
    49.342  

 
  1 
  1 
  1 
  1 

 
   4.101 
   3.681 
   3.005 
  49.342  

 
   1.133 
     .322 
   1.554 
   8.470 

 
 .292 
 .573 
 .218 
 .005* 

 
.002 
.006 
.030 
.142 

 
  .181 
  .086 
  .231 
  .815 

Gender 
             gain score: fact 
             gain score: concept 
             gain score: rule/principle 
             gain score: problem solving 

 
      1.917 
      5.203 
      3.290 
      5.848 

 
  1 
  1 
  1 
  1 

 
    1.917 
    5.203 
    3.290 
    5.848 

 
     .530 
     .456         
   1.701 
   1.004 

 
 .470     
 .503     
 .198 
 .321 

 
.010 
.009 
.032 
.019 

 
  .110 
  .102 
  .249 
  .166 

 
Group*Gender 
             gain score: fact 
             gain score: concept 
             gain score: rule/principle 
             gain score: problem solving 

 
       
      1.185 
      3.330 
        .540 
      3.596 

 
  
  1 
  1 
  1 
  1 

 
     
    1.185 
    3.330 
      .540 
    3.596 

 
                  
     .327 
     .292 
     .279  
     .617 

 
   
  .570 
  .592 
  .599     
  .436 

 
  
.006 
.006 
.005 
.012 

 
   
   .087 
   .083 
   .081 
  .120 

 
Error     gain score: fact 
             gain score: concept 
             gain score: rule/principle 
             gain score: problem solving 

   
  184.597 
  582.597 
    98.636 
  297.067 

 
51 
51 
51 
51 

   
    3.620 
  11.421 
    1.934 
    5.825 

    

 
Total    gain score: fact 
             gain score: concept 
             gain score: rule/principle 
             gain score: problem solving 

 
1249.000 
1447.000 
  267.000 
  991.000 

 
56 
56 
56 
56 

     

a. computed using alpha = .05 
b. abstract reasoning aptitude is the covariate 
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Figure 4.5.  Pre-post mean problem solving achievement gain on  
                   Part 1 of the AGI/NSTA Earth Science Exam between  
                   the experimental and control groups.  
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 Specific Research Question 2b.1-2b.4 
 
 
 Are there differences in the pre-post achievement gain scores on the four Gagnean 

cognitive levels (fact, concept, rule/principle, problem solving) of an earth science exam 

between groups who utilized different (color, b/w) VTN strategies for learning science? 

 
Null Hypothesis 2b.1. There are no statistically significant differences in the pre-

post achievement gain scores on the fact Gagnean cognitive level of an earth science 

exam between groups who used different VTN strategies  (color, and b/w) for learning 

science. 

  
Null Hypothesis 2b.2. There are no statistically significant differences in the pre-

post achievement gain scores on the concept Gagnean cognitive level of an earth science 

exam between groups who used different VTN strategies  (color, and b/w) for learning 

science. 

 
Null Hypothesis 2b.3. There are no statistically significant differences in the pre-

post achievement gain scores on the rule/principle Gagnean cognitive level of an earth 

science exam between groups who used different VTN strategies  (color, and b/w) for 

learning science. 

 
Null Hypothesis 2b.4. There are no statistically significant differences in the pre-

post achievement gain scores on the problem solving Gagnean cognitive level of an earth 

science exam between groups who used different VTN strategies (color, and b/w) for 

learning science. 
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Finding Summary for Specific Research Question 2b.1-2b.4 

Table 4.13 provides the descriptive statistics for the four Gagnean cognitive levels 

with respect to color and black/white VTN groups. The multi-covariate analysis for 

achievement with respect to the four cognitive levels, Table 4.14, indicates a significant 

difference between the color VTN and black/white VTN groups only at the problem 

solving cognitive level (p <  .001). Null hypothesis 2b.4 is rejected. There was a 

statistically significant difference between groups who used the color and black/white 

VTN strategies for learning science. Null hypotheses 2b.1-2b.3 are accepted. There were 

no statistically significant differences between the color VTN and black/white VTN 

groups on the fact (p = .740), concept  (p = .948), and rule/principle (p = .565) cognitive 

level. 

Figure 4.6 shows the graphic plot for the pre-post mean problem solving 

achievement gain between the color and black/white VTN groups. Although males, 

continued from the pre-test level to significantly score higher than females on the 

problem solving cognitive level (p = .004), the post hoc gender analysis from research 

question 2c will provide a broader context of these gender differences with respect to the 

different strategies used for learning science. 
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Table 4.13 

Specific Research Question 2b Descriptive Statistics 

 
 
Cognitive Level                       VTN Levels            Gender 

 
Mean 

 
Std. Deviation 

 
N 

Gain score: fact  Color VTN female 4.3125      1.9568 16 
  male 7.7500      2.3755   8 
  Total 4.4583      2.0637 24 
 B/W VTN female 3.6667      1.1547   3 
  male 3.7500      1.6690   8 
  Total 3.7273      1.4894  11 
 Total female 4.2105      1.8433  19 
  male 4.2500      2.0494  16 
  Total 4.2286      1.9110  35 
Gain score: concept Color VTN female 4.0625      3.6418  16 
  male 4.7500      2.8661    8 
  Total 4.2917      3.3555  24  
 B/W VTN female 4.0000      2.0000    3 
  male 3.1250      2.9490    8 
  Total 3.3636      2.6560   11 
 Total female 4.0526      3.3907   19 
  male 3.9375      2.9319   16 
  Total 4.0000      3.1436   35 
Gain score:  Color VTN female 1.3750      1.4549   16 
rule/principle  male 2.6250      1.0607     8 
  total 1.7917      1.4440   24 
 B/W VTN female 2.6667      1.5275     3 
  male 2.0000        .7559     8 
  total 2.1818        .9816   11 
 Total female 1.5789      1.5024   19 
  male 2.3125        .9465   16 
  Total 1.9143      1.3144   35 
Gain score:  Color VTN female 4.0000      2.0331   16 
problem solving  male 6.6250        .9161     8 
  Total 4.8750      2.1325   24 
 B/W VTN female 1.3333      1.5275     3 
  male 3.0000      1.9272     8 
  Total 2.5455      1.9164   11 
 Total female 3.5789      2.1684   19 
  male 4.8125      2.3726   16 
  Total 4.1429      2.3155   35 
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Table 4.14 

Multi-covariate Analysis in Cognitive Level Achievement between 
Color and Black/White VTN Groups 

 
Source                Dependent 
                            Variable 

  SS  df      MS       F    Sig. Eta2 Observed 
  Powera 

Absscoreb       

             gain score: fact 
             gain score: concept 
             gain score: rule/principle 
             gain score: problem solving 

 
    2.311 
    5.346 
      .728 
    7.509 

 
  4 
  4 
  4 
  4 

 
     2.311 
     5.346 
       .728 
     7.509 

 
    .594 
    .501 
    .459 
  2.475 

 
  .447 
  .484 
  .503 
  .126 

 
 .019 
 .016 
 .015 
 .076 

 
  .116 
  .105 
  .101 
  .331 

Group         
             gain score: fact 
             gain score: concept 
             gain score: rule/principle 
             gain score: problem solving 

 
   3.169 
   2.909 
     .911 
 53.199 

 
  1 
  1 
  1 
  1 

 
     3.169 
     2.909 
       .911 
   53.199 

 
    .814 
    .273 
    .575 
17.532 

 
  .374 
  .605 
  .454 
  .000* 

 
 .026 
 .009 
 .019 
 .369 

 
  .141 
  .080 
  .114 
  .982 

Gender 
             gain score: fact 
             gain score: concept 
             gain score: rule/principle 
             gain score: problem solving 

 
     .437 
 4.564E-02 
     .537 
 28.766 

 
  1 
  1 
  1 
  1 

 
       .437 
4.564E-02 
       .537 
   28.766 

 
    .112 
    .004 
    .339 
  9.480 

 
  .740 
  .948 
  .565 
  .004* 

 
 .004 
 .000 
 .011 
 .240 

 
 .062 
 .050 
 .087 
 .846 

 
Group*Gender 
             gain score: fact 
             gain score: concept 
             gain score: rule/principle 
             gain score: problem solving 

 
 
     . 280 
    4.313 
    5.910 
   1.827 

 
  
  1 
  1 
  1 
  1 

 
 
       .280 
     4.313 
     5.910 
     1.827 

 
 
    .072 
    .404 
  3.728 
    .602 

 
 
  .790 
  .530 
  .063 
  .444 

 
 
 .002 
 .013 
 .111 
 .020 

 
 
.058 
.094 
.464 
.117 

 
Error     gain score: fact 
             gain score: concept 
             gain score: rule/principle 
             gain score: problem solving 

 
116.793 
319.967 
  47.564 
  91.032 

 
 30 
 30 
 30 
 30 

 
     3.893 
   10.666 
     1.585 
     3.034 

 
 

   

 
Total    gain score: fact 
             gain score: concept 
             gain score: rule/principle 
             gain score: problem solving 

 
750.000 
896.000 
187.000 
783.000 

 
 35 
 35 
 35 
 35 

     

a. computed using alpha = .05 
b. abstract reasoning aptitude is the covariate 
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       Figure 4.6.  Pre-post mean problem solving achievement gain  
                          on Part 1 of the AGI/NSTA National Earth Science Exam  

              between groups who used the color and black/white VTN  
              strategies for learning science. 
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Specific Research Question 2c.1-2c.4 

 Are there differences in the pre-post achievement gain scores on the four Gagnean 

cognitive levels (fact, concept, rule/principle, problem solving) of an earth science exam 

between groups who used different VTN strategies (color, b/w) for learning science and 

those who utilized a writing strategy for learning science? 

 
Null Hypothesis 2c.1. There are no statistically significant differences in the pre-

post achievement gain scores on the fact Gagnean cognitive of an earth science exam 

between groups who utilized different (color, b/w) VTN strategies for learning science 

and those who utilized a writing strategy for learning science. 

Null Hypothesis 2c.2. There are no statistically significant differences in the pre-

post achievement gain scores on the concept Gagnean cognitive of an earth science exam 

between groups who utilized different (color, b/w) VTN strategies for learning science 

and those who utilized a writing strategy for learning science. 

 
Null Hypothesis 2c.3. There are no statistically significant differences in the pre-

post achievement gain scores on the rule/principle Gagnean cognitive of an earth science 

exam between groups who utilized different (color, b/w) VTN strategies for learning 

science and those who utilized a writing strategy for learning science. 

Null Hypothesis 2c.4. There are no statistically significant differences in the pre-

post achievement gain scores on the problem solving Gagnean cognitive of an earth 

science exam between groups who utilized different (color, b/w) VTN strategies for 

learning science and those who utilized a writing strategy for learning science. 
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Finding Summary for Specific Research Question 2c.1-2c.4 

 The findings summarized from this research question were distinguished with 

respect to group and gender effects.  

 
            Summary of Group Effects for Specific Research Question 2c.1-2c.4 

Table 4.15 provides the descriptive statistics for all four Gagnean cognitive levels 

with respect to color, black/white, and writing strategy groups. The multi-covariate 

analysis for achievement with respect to the four cognitive levels on Table 4.16 indicates 

a significant group effect at the problem solving level only (p < .001).  Null hypotheses 

2c.1-2c.3 are accepted. There were no statistically significant differences between the 

groups on the fact  (p = .426), concept (p = .633), rule/principle (p = .230) Gagnean 

cognitive achievement levels.  Null hypothesis 2c.4 is rejected.  There was a statistically 

significant group effect on the problem solving Gagnean cognitive achievement level  

(p < .001). Pairwise comparisons were performed to determine between which group 

there was a significant effect. Two significant effects are revealed in Table 4.17.  
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Table 4.15 

Specific Research Question 2c Descriptive Statistics 

 
 
Cognitive Level                       VTN Levels            Gender 

 
Mean 

 
Std. Deviation 

 
N 

Gain score: fact  Color VTN female 4.3125      1.9568 16 
  male 4.7500      2.3755   8 
  Total 4.4583      2.0637 24 
 B/W VTN female 3.6667      1.1547   3 
  male 3.7500      1.6690   8 
  Total 3.7276      1.4894  11 
 Writing female 4.4000      1.9567  15 
  male 4.8333      1.7224    6 
  Total 4.5238      1.8606  21 
 Total female 4.2971      1.8673  34 
  male 4.4091      1.9735  22 
  Total 4.3393      1.8808  56 
Gain score: concept Color female 4.0625      3.6418  16 
  male 4.7500      2.8661    8 
  Total 4.2917      3.3555  24 
 B/W VTN female 4.0000      2.0000    3 
  male 3.1250      2.9790    8 
  Total 3.3636      2.6560  11 
 Writing female 4.0667      3.5146  15 
  male 3.0000      3.8987    6 
  total 3.7619      3.5624  21 
 Total female 4.0588      3.3929  34 
  male 3.6818      3.1530  22 
  total 3.9107      3.2768  56 
Gain score: Color VTN female 1.3750      1.4549  16 
rule/principle  male 2.6250      1.0607    8 
  Total 1.7917      1.4440  24 
 B/W VTN female 2.6667      1.5275    3 
  male 2.0000        .7559    8 
  Total 2.1818        .9816  11 
 Writing female 1.2000      1.5675  15 
  male 1.3333      1.6330    6 
  Total 1.2381      1.5461  21 
 Total female 1.4118      1.5199 34 
  male 2.0455      1.2141 22 
  Total 1.6607      1.4305 56 
Gain score: Color VTN female 4.0000      2.0331 16 
problem solving  male 6.6250        .9161   8 
  Total 4.8750      2.1328 24 
 B/W VTN female 1.3333      1.5275   3 
  male 3.0000      1.9272   8 
  Total 2.5455      1.9164    11 
 Writing female 1.8667      2.6150 15 
  male 1.6667      2.9439   6 
  Total 1.8095      2.6358 21 
 Total female 2.8235      2.4921 34 
  male 3.99545      2.8532 22 
  Total 3.2679      2.6760 56 
 



 135

 

Table 4.16 

                 Multi-covariate Analysis in Cognitive Level Achievement between 
                  Groups who utilized Different Strategies for Learning Science 
 
Source                Dependent 
                            Variable 

      SS  df      MS       F    Sig. Eta2 Observed 
  Powera 

Absscoreb       

             gain score: fact 
             gain score: concept 
             gain score: rule/principle 
             gain score: problem solving 

 
       7.099 
       2.861 
       3.582 
       7.080 

 
  1 
  1 
  1 
  1 

 
   7.099 
   2.861 
   3.582 
   7.080 

 
    1.928 
      .245 
    1.898 
    1.505 

 
  .171 
  .623 
  .175 
  .226  

 
  .038 
  .005 
  .037 
  .030 

  
   .275 
   .077 
   .272 
   .225 

Group         
             gain score: fact 
             gain score: concept 
             gain score: rule/principle 
             gain score: problem solving 

    
      6.388 
    10.768 
      5.722 
  113.545  

 
  2 
  2 
  2 
  2 

 
   3.194 
   5.384 
   2.861 
 56.772 

 
      .867 
      .462 
    1.517 
  12.067 

 
  .426 
  .633 
  .230     
  .000*  

 
  .034 
  .018 
  .058 
  .330 

 
   .191 
   .121 
   .307 
   .993 

Gender 
             gain score: fact 
             gain score: concept 
             gain score: rule/principle 
             gain score: problem solving 

 
      1.773 
      2.347 
        .974 
    21.650 

 
  1 
  1 
  1 
  1 

 
    1.773 
    2.347 
      .974 
   21.650 

 
      .482 
      .201 
      .561 
    4.602 

 
  .491 
  .656 
  .476 
  .037* 

 
   .010 
   .004 
   .010 
   .086 

 
   .104 
   .072 
   .109 
   .557 

Group*Gender 
             gain score: fact 
             gain score: concept 
             gain score: rule/principle 
             gain score: problem solving 

 
        .644 
      9.375 
      6.360 
    15.413 

 
  2 
  2 
  2 
  2 

 
       .322 
      4.602 
      3.180 
      7.707 

 
      .087 
      .402 
    1.685 
    1.638 

 
  .916 
  .617 
  .196 
  .205 

 
  .004 
  .016 
  .064 
  .063 
 

 
   .063 
   .111 
   .338 
   .329 

Error     gain score: fact 
             gain score: concept 
             gain score: rule/principle 
             gain score: problem solving 

 
  180.439 
  571.384 
    92.443 
  230.528 

 
 49 
 49 
 49 
 49 

   
      3.682 
    11.661 
      1.887 
      4.705 

    

Total    gain score: fact 
             gain score: concept 
             gain score: rule/principle 
             gain score: problem solving 

1249.000 
1447.000 
  267.000 
  991.000 

 56 
 56 
 56 
 56 

     

a. computed using alpha = .05, 
b. abstract reasoning aptitude is the covariate 
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Table 4.17 
 
            Pairwise Comparisons on the Four Gagnean Cognitive Achievement Level 
   Groups who utilized Different Strategies for Learning Science 
 
 
 
 
Dependent Variable 

 
 
 
(I) groups            (J) groups 

 
     
    Mean 
Difference 
       (I-J) 

 
 
 
    Std.    
  Error 

 
 
 
   Sig.a 

gain score: fact Color VTNs       B/W VTNs 
                            Writing 

     .725 
    -.333 

  .774 
  .648 

1.000 
1.000 

 B/W VTNs         Color VTNs 
                            Writing 

    -.725 
  -1.058 

  .774 
  .805 

1.000 
  .585 

 Writing               Color VTNs 
                            B/W VTNs 

      .333 
    1.058 

  .648 
  .805 

1.000 
  .585 

gain score: concept Color VTNs       B/W VTNs 
                            Writing 

      .906 
    1.030 

1.378 
1.152 

1.000 
1.000 

 B/W VTNs         Color VTNs 
                            Writing 

    -.906 
     .124 

1.378 
1.433 

1.000 
1.000 

 Writing               Color VTNs 
                            B/W VTNs 

  -1.030 
    -.124 

1.152 
1.433 

1.000 
1.000 

gain score: rule/principle Color VTNs       B/W VTNs 
                            Writing 

    -.403 
     .577 

  .554 
  .463 

1.000 
  .705 

 B/W VTNs         Color VTNs 
                            Writing 

     .403 
     .960 

  .554 
  .576 

1.000 
  .306 

 Writing               Color VTNs 
                            B/W VTNs 

   -.557 
   -.960 

  .463 
  .576 

  .705 
  .306 

gain score: problem solving Color VTNs       B/W VTNs 
                           Writing 

  3.048* 
  3.298* 

  .875 
  .732 

 . 003* 
  .000* 

 B/W VTNs        Color VTNs 
                           Writing 

 -3.048* 
    .250 

  .875 
  .910 

  .003* 
1.000 

 Writing               Color VTNs 
                           B/W VTNs 

-3.298* 
  -.250 

  .732 
  .910 

  .000* 
1.000 
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Students who used the color VTN strategies for learning science had a significantly 

higher mean gain score on the problem solving criterion test items than those students 

who used the black/white VTN  (p = .003) and the writing strategies (p < .001). 

 
Post-hoc statistical analysis of problem solving achievement group effects 

A series of post-hoc statistical tests was performed to answer additional questions 

that emerged after examining the descriptive statistics and the graphic plot (Figure 4.7) 

for the pre-post mean problem solving achievement gain between the color VTN, 

black/white VTN, and the writing (control) groups: 

•  Was the level of significance with respect to problem solving achievement 

                 for those students who utilized the color VTN strategies for learning     

                science still present when comparing male and female groups separately? 

•  Are there differences in the pre-post mean problem solving achievement  

                gain for the students with high, medium, and low abstract reasoning  

                aptitude?  

•  Are the differences in the pre-post mean problem solving achievement 

               gain between male and female groups who used the color VTN strategies 

               for learning science? 
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        Figure 4.7.  Pre-post mean problem solving achievement gain on 
                           Part 1 of the AGI/NSTA Earth Science Exam between  
                           groups who used different strategies for learning science. 
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Findings of the Post-hoc Analysis of Problem Solving Achievement  

for Male Groups 

 Table 4.18 provides the descriptive statistics for the problem solving cognitive 

level between male groups who utilized different strategies for learning science. The 

analysis of covariance for problem solving achievement on Table 4.19 indicates a 

significant group effect (p = .001). Pairwise comparisons were performed to determine 

between which group was there a significant effect.  Two significant findings are 

revealed in Table 4.20. Male students who utilized the color VTN strategies had a 

significantly higher mean gain score on the problem solving criterion test items than the 

male students who used the black/white VTN strategies (p = .006) and the writing 

strategy (p = .003) for learning science. 

 

Table 4.18 

Descriptive Statistics for Problem Solving Cognitive Level between 
Males Groups who utilized Different Strategies for Learning Science 

 
 
 
   Males groups    Mean 

Std. 
Deviation 

 
N 

  Color VTNs 6.6250 .9161 8 
  B/W  VTNs 3.0006 1.9272 8 
  Writing 1.6667 2.9439 6 
  Total 3.9545 2.8532       22 
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Table 4.19 

 Analysis of Covariance in Problem Solving Achievement between Male Groups 
                who utilized Different Strategies for Learning Science 
 
   Source     SS      df       MS      F      Sig.      Eta2  Observed 

 Powera 
Absscoreb     5.461       1    5.431    1.401     .252    .072     .202 
Group   76.099       2  38.049    9.815     .001*    .522     .962 
Error   69.777      18    3.877     
Total 515.000      22      
a. Computed using alpha = .05 
b. Abstract reasoning aptitude is the covariate 
 
 
 

Table 4.20 

Pairwise Comparisons between Male Groups who 
Utilized Different Strategies for Learning Science 

 
 
 
(I) Groups                        (J) Groups  
                 

 
     Mean 
Difference 
     (I-J) 

 
   Std. 
  Error 

 
 Sig.* 

Color VTN                   B/W VTN 
                                     Writing 

    3.546* 
    4.483* 

     .987 
   1.137 

   .006* 
   .003* 

 B/W VTN                   Color VTN 
                                     Writing 

  -3.546* 
     .937 

     .987 
  1.115 

   .006* 
 1.000 

Writing                        Color VTN 
                                     B/W VTN 

  -4.483* 
    -.937 

  1.137 
  1.115 

   .003* 
 1.000 

* The mean differences is significant at the .05 level. 
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Findings of the Post-hoc Analysis of Problem Solving for Female Groups 

 The female, black/white VTN group was excluded from the analysis 

of covariance test because the number of subjects in this group was very small (n=3) 

as compared to the color VTN group (n=16) and writing group (n=15). Table 4.21 

tabulates the descriptive pre-post mean problem solving achievement gain between these 

female groups. The analysis of covariance, Table 4.22, indicates that the female students 

who used the color VTN strategies had a significantly higher mean gain score on the 

problem solving criterion test items than females who utilized the writing strategy for 

learning science (p = .025). 

 
Table 4.21 

Descriptive Statistics of Problem Solving Achievement between 
Females who utilized the Color and Writing Strategy for Learning Science 

 
 
     Strategy          Mean 

Std. 
Deviation 

 
N 

  Color VTNs 4.0000 2.0331 16 
  Writing 1.8667 2.6150 15 
  Total 2.9677 2.5362        31 

 

                    
Table 4.22 

Analysis of Covariance in Problem Solving Achievement between Females who 
utilized the Color VTN and Writing Strategy for Learning Science 

 
   Source     SS      df       MS      F      Sig.      Eta2  Observed 

 Powera 
Absscoreb     2.025       1    2.025     .364     .551     .013     .090 
Group   31.249       1  31.249   5.619     .025*     .167     .629 
Error 155.709     28    5.561     
Total 466.000     31      
a. Computed using alpha = .05 
b. Abstract reasoning aptitude is the covariate 
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Findings of the Post-hoc Analysis of Problem Solving Achievement  

and Abstract Reasoning Aptitude 

 
Table 4.23 characterizes the abstract reasoning aptitude of each student with 

respect to the type of strategy the gender groups used for learning science. An analysis 

of covariance was performed comparing the pre-post mean achievement gain at the 

problem solving level for students who used different strategies for learning science in 

the low, the medium, and the high abstract reasoning aptitude range.  

 
Low Abstract Reasoning Aptitude Group 

 The analysis of covariance for problem solving achievement, Table 4.24, 

indicates no significant differences for students with low abstract reasoning aptitude 

between the color VTN, black/white VTN, and writing strategy groups (p = .395).  

 
Medium Abstract Reasoning Aptitude Group 

The analysis of covariance for problem solving achievement, Table 4.25, indicates no 

significant differences for students with medium abstract reasoning between the color 

VTN, the black/white VTN, and the writing strategy groups (p = .628). 
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Table 4.23 

Descriptive Statistics for Pre-Post Problem Solving Achievement Gain 
and Abstract Reasoning Aptitude 

 
Groups                                       Gender               Abstract 
                                                                                Reasoning Level 

Mean Std. Deviation N 

Color VTN  female low 3.0000   1.4142   2 
  medium 2.0000   1.0000   3 
  high 4.7273   1.9540 11 
  Total 4.0000   2.0331 16 
  male low 6.5000     .7071   2 
  medium 7.0000            .   1 
  high 6.6000  1.1402   5 
  Total 6.6250    .9161   8 
 Total low 4.7500  2.2174   4 
  medium 3.2500  2.6300   4 
  high 5.3125  1.9225  16 
  Total 4.8750  2.1328  24 
B/W VTN  female low   .0000               .      1 
  medium 3.0000           .    1 
  high 1.0000           .    1 
  Total 1.3333  1.5275    3 
  male low 3.0000           .    1 
  medium 3.5000  1.2910    4 
  high 2.3333  3.0551    3 
  Total 3.0000  1.9272        8 
 Total low 1.5000  2.1213    2 
  medium 3.4000  1.1402    5 
  high 2.0000  2.5820    4 
  Total 2.5455  1.9164   11 
Writing  female low 2.0000           .        1 
  medium 2.1667  1.7224     6 
  high 1.6250  3.3780     8 
  Total 1.8667  2.6150   15 
  male low 1.3333  4.1633     3 
  high 2.0000  2.0000     3 
  Total 1.6667  2.9439     6 
 Total low 1.5000  3.4157     4 
  medium 2.1667  1.7224     6 
  high 1.7273  2.9695   11 
  Total 1.8095  2.6385   21 
Total  female low 2.0000  1.6330    4 
  medium 2.2000  1.3984   10 
  high 3.3000  2.9753   20 
  Total 2.8265  2.4921   34 
  male low 3.3333  3.6697     6 
  medium 4.2000  1.9235     5 
  high 4.1818  2.9264   11 
  Total 3.9545  2.8532   22 
 Total low 2.8000  2.9740   10 
  medium 2.8667  1.8074   15 
  high 3.6129  2.9403   31 
  Total 3.2679  2.6730   56 
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Table 4.24 

Analysis of Covariance in Problem Solving Achievement between Students with Low 
Abstract Reasoning Aptitude who used Different Strategies for Learning Science 
  
Source                     SS  df      MS       F    Sig. Eta2 Observed 

  Powera 
Absscoreb      2.71   1    2.79    .329   .591  .062   .076 
Group    19.119   2    9.559  1.126   .395  .310   .157 
Gender      5.047   1    5.047    .594   .476  .106   .097 
Error    42.459   5    8.492     
Total   158.000 10      
a. computed using alpha = .05, 
b. abstract reasoning aptitude is the covariate 
    

Table 4.25 

Analysis of Covariance in Problem Solving Achievement between Students with Medium 
Abstract Reasoning Aptitude who used Different Strategies for Learning Science 

 
Source                     SS  df      MS       F    Sig. Eta2 Observed 

  Powera 
Absscoreb      .265   1     .265    .090   .770  .009    .059 
Group     2.868   2    1.434    .488   .628  .089    .109 
Gender   10.804   1  10.804  3.674   .084  .269    .410 
Error   29.407 10    2.941     
Total  169.000 15      
a. computed using alpha = .05, 
b. abstract reasoning aptitude is the covariate 
 

 
High Abstract Reasoning Aptitude Group 

The analysis of covariance for problem solving achievement on Table 4.26 

indicates a significant group effect (p = .002). Pairwise comparisons, Table 4.27, were 

performed to determine between which group there was a significant effect. Two 

significant findings were found. Students with high abstract reasoning aptitude who used 

the color VTN strategies had a significantly higher mean gain score on the problem 

solving criterion test items than similar students who used the black/white VTN strategies 

(p =  .010) and the writing strategy for learning science (p = .001). 
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Table 4.26 

Analysis of Covariance in Problem Solving Achievement between Students with High 
Abstract Reasoning Aptitude who used Different Strategies for Learning Science 

 
Source                     SS  df      MS       F    Sig. Eta2 Observed 

  Powera 
Absscoreb   13.393   1 13.393    2.496 .126 .088   .331 
Group   88.696   2 44.348    8.264 .002* .389   .939 
Gender     9.432   1   9.432   1.758 .196 .063   .248 
Error 139.525 26   5.366     
Total  664.000 31      
a. computed using alpha = .05, 
b. abstract reasoning aptitude is the covariate 
             

 

Table 4.27 

Pairwise Comparisons for Problem Solving Achievement between Students with High 
Abstract Reasoning Aptitude who used Different Strategies for Learning Science 

 

(I) groups      (J) groups 
Mean  

Difference  
(I-J) 

Std. Error 

 
 
 
 

          Sig. * 

Color VTNs      B/W VTNs 3.763* 1.358 .010* 
             Writing        3.311* .919 .001* 

B/W VTNs        Color VTNs      -3.763* 1.358 .010* 
             Writing        -.452 1.423           .753 

 Writing             Color VTNs       -3.311* .919 .001* 
                    B/W VTNs          .452 1.423           .753 

*  The mean difference is significant at the .05 level. 
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Summary of Gender Effects for Specific Research Questions 2c.1-2c.4 

 At the pre-test level males scored significantly higher on the problem solving 

criterion test items than females (p = .015, Appendix  M).  Is this gender effect present at 

the pre-post problem solving mean gain level? The multi-covariate analysis in cognitive 

level achievement between the color VTN, the black/white VTN, and the writing strategy 

groups, Table 4.16, indicates a significant gender effect at the problem solving level  

(p = .037). However, examination of the mean pre-post achievement gain at the problem 

solving cognitive level, Table 4.28, indicates that females who utilized the color VTN 

strategies achieved a higher mean problem solving gain score than the male black/white 

VTN and the male writing group. Is this significant? That is, did the utilization of the 

color VTN strategies for those females enhance their problem solving achievement, thus 

"shortening the shadow" (Parker, Rennie, & Fraser, 1996) between male and female 

science achievement? 

 

Table 4.28 

Descriptive Statistics of Pre-post Problem Solving Achievement Gain for Students 
using Different Strategies for Learning Science 

 
 
Cognitive Level                       VTN Levels            Gender 

 
Mean 

 
Std. Deviation 

 
N 

Gain score: Color VTN female 4.0000      2.0331 16 
problem solving  male 6.6250        .9161   8 
  Total 4.8750      2.1328 24 
 B/W VTN female 1.3333      1.5275   3 
  male 3.0000      1.9272   8 
  Total 2.5455      1.9164    11 
 Writing female 1.8667      2.6150 15 
  male 1.6667      2.9439   6 
  Total 1.8095      2.6358 21 
 Total female 2.8235      2.4921 34 
  male 3.99545      2.8532 22 
  Total 3.2679      2.6760 56 
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 The analysis of covariance was performed comparing the mean pre-post problem 

solving achievement gain of students with high abstract reasoning aptitude: females who 

used the color VTN strategy and the collective males subjects from the black/white VTN 

and the writing strategy group.  The analysis of covariance on Table 4.30, indicates that 

female students with high abstract reasoning aptitude who utilized the color VTN 

strategies for learning science had a significantly higher mean gain score on the problem 

solving criterion test items than males students with high abstract reasoning aptitude who 

utilized the black/white VTN and the writing strategy for learning science (p = .021).  

  

Table 4.29 

Descriptive Statistics of Pre-post Problem Solving Achievement Gain for Female 
Color VTN, Male B/W VTN and Male Writing High Abstract Reasoning Groups 

 

  
Gender 

  
Mean 

 Std. 
Deviation 

   
  N 

female 
male 
Total 

4.7273 
2.1667 
3.8235 

  1.9540 
  2.3166 
  2.0779 

  11 
    6 
  17 

 

Table 4.30 

Analysis of Covariance in Problem Solving Achievement between Female Color 
VTN and Male B/W VTN and Writing Groups with High Abstract Reasoning Aptitude 

 
Source                     SS  df      MS       F    

Sig. 
Eta2 Observed 

  Powera 
Absscoreb   20.330   1    20.330   6.370  .024*  .313    .651 
Gender   21.506   1    21.506   6.738  .021*  .325    .675 
Error   44.685   1     3.192      
Total  339.000 14      
a. computed using alpha = .05, 
b. abstract reasoning aptitude is the covariate 
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Although the abstract reasoning aptitude was used as a covariate in this analysis, a 

significant difference in abstract reasoning was found between the female color VTN 

group and the collective male black/white VTN and writing strategy group (p = .024). No 

significant gender differences were found when comparing the pre-post mean problem 

solving achievement gain between the color VTN, black/white VTN, and writing strategy 

groups for students with the low (p = .476) medium (p = .084), and high (p = .196) 

abstract reasoning aptitude level.  

Are the differences in the pre-post problem solving achievement gain between the 

male and female students who used the color VTN strategies for learning science 

significant? Table 4.31 provides the descriptive statistics of the pre-post problem solving 

achievement gain for male and female groups who used the color VTN strategies for 

learning science. The analysis of covariance on Table 4.32, indicates that male students 

who used the color VTN strategies for learning science scored significantly higher on the 

mean gain score on the problem solving criterion test items than the females who used 

the color VTN strategies for learning science (p = .001). 

 

Table 4.31 

Descriptive Statistics of Pre-post Problem Solving Achievement Gain for Male and 
Female Groups who used the Color VTN Strategies for Learning Science 

 

  
Gender 

  
Mean 

 Std. 
Deviation 

   
   N 

female 
male 
Total 

4.0588 
6.8750 
4.9600 

   1.9834 
     .9910 
   2.1695 

  17 
    8 
  25 
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Table 4.32 

Analysis of Covariance in Problem Solving Achievement between Male and Female 
Groups who used the Color VTN Strategies for Learning Science 

 
 
Source               

       
    SS 

  
 df 

      
   MS 

       
     F 

   
Sig. 

 
   Eta2 

Observed 
  Powera 

Absscoreb    4.754    1    4.754   1.608  .218   .068     .228 
Gender   44.502    1  44.502  15.048  .001*   .406     .960 
Error   65.062  22    2.957     
Total  728.000  25      
a. computed using alpha = .05, 
b. abstract reasoning aptitude is the covariate 

 
 

 

 Main Research Question  # 2   

What factors are involved when a student chooses, prefers, constructs, and  

utilizes a visual thinking network (VTN) strategy for learning science?  

 
 Specific Research Question 3a 

 
 Is the choice of a VTN strategy (color or black/white) related to abstract 

reasoning aptitude? 

 
Null Hypothesis 3a. There is no statistically significant relationship between 

abstract reasoning aptitude and choice of VTN strategy. 

 
Finding Summary for Specific Research Question 3a 

 Table 5.33 tabulated the frequency of low, medium, and high abstract reasoning 

aptitude with respect to their choice of VTN strategy. The data described in the Chi 

Square Tests, Table 4.34, is inconclusive since an insufficient number of frequencies 

were identified in three of the cells. Null hypothesis 3a is neither accepted nor rejected. 
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Table 4.33 

Crosstabulation of Abstract Reasoning Aptitude and VTN Strategy 

 
  VTN Strategy 

Abstract Reasoning Aptitude     
   Total   low medium high 

 B/W VTN    2     5      5     12 
 Color VTN    4     4    15     23 
                Total    6     9     20     35 

 
 

Table 4.34 
 

Chi Square Tests for Abstract Reasoning Aptitude and VTN Strategy 
 

   
 
   Value 

 
 
      df 

Asymptotic 
Significance 
   (2-sided) 

   Pearson Chi Square 
   Likelihood Ratio 
   Linear-by-Linear Association 
   N of Valid Cases 

 2.575a 
 2.507 
   .685 
      35 

       2 
       2 
       1 

   .276 
   .286 
   .408 
 

  a. 3 cells (50.0%) have expected count less than 5. The minimum expected count is 2.06 
 
 
 
 Specific Research Question 3b 

 Is the choice of a VTN strategy (color or black/white) related to spatial 

relations aptitude? 

 
Null Hypothesis 3b. There is no statistically significant relationship between 

spatial relations aptitude and choice of VTN strategy. 

Finding Summary for Specific Research Question 3b 

 Table 4.35 tabulated the frequency of low, medium, and high spatial relation 

aptitude with respect to their choice of VTN strategy. The data described in the Chi 
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Square Tests, Table 4.36, is inconclusive since an insufficient number of frequencies 

were identified in three of the cells. Null hypothesis 3b is neither accepted nor rejected. 

 

Table 4.35 

Crosstabulation of Spatial Relations Aptitude and VTN Strategy 
 
 
  VTN Strategy 

Abstract Reasoning Aptitude     
   Total   low medium high 

 B/W VTN     6     3    3     12 
 Color VTN    14     2    7     23 
                Total     20     5   10     35 

 
 

Table 4.36 
 

Chi Square Tests for Spatial Relations Aptitude and VTN Strategy 
   

 
   Value 

 
 
      df 

Asymptotic 
Significance 
   (2-sided) 

   Pearson Chi Square 
   Likelihood Ratio 
   Linear-by-Linear Association 
   N of Valid Cases 

 1.712a 
 1.622 
   .029 
      35 

       2 
       2 
       1 

   .425 
   .444 
   .864 
 

a. 3 cells (50.0%) have expected count less than 5. The minimum expected count is 
1.71 

 
 

Specific Research Question 4 
 

Does gender influence the choice of networking strategy (color or black/white)? 
 

 
Null Hypothesis 4. There is no statistically significant relationship between 

gender and choice of networking strategy (color or black/white). 

Finding Summary for Specific Research Question 4 

Table 4.37 tabulated the frequency of network strategy choice with respect to 

gender.  Females utilized the color VTN strategies forty-six (46%) of the time, while 

males utilized the color VTN strategies twenty percent (20%) of the time. The data 
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described in the Chi Square Tests, Table 4.38, indicates that the choice of networking 

strategy is significantly related to gender. Females significantly used more color VTN 

strategies for learning science, while males used more of the black/white VTN strategies 

for learning science (p = .012).  Null hypothesis 3b is rejected. 

 

Table 4.37 
 

Crosstabulation of Gender and Choice of VTN Strategy 

 
VTN 
Choice 

      Gender  
Female Male  Total 

B/W VTN 
      Total % 

   3 
      9% 

   9 
      26% 

  12 

Color VTN 
      Total % 

  16 
     46% 

   7 
      20% 

  23 

        Total   19 
     54% 

  16 
      46% 

  35 
     100% 

 
 

Table 4.38 
 

Chi Square Tests for Gender and Choice of VTN Strategy 
 

   
 
   Value 

 
 
  df 

Asymptotic 
Significance 
   (2-sided) 

   Exact 
Significance 
  (2-sided) 

     Exact 
Significance 
  (1-sided) 

   Pearson Chi Square 
   Likelihood Ratio 
   Fisher's Exact Test 
 
   Linear-by-Linear  
         Association 
   N of Valid Cases 

 6.311a 
 6.500 
    
 
 6.131 
 
      35 

   1 
   1 
       
 
   1  

     .012 
     .011 
 
 
     .013 

 
 
     .030 

    
 
   .015 

a. 0 cells (0.0%) have expected count less than 5. The minimum expected is 5.4 
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Specific Research Question 5a 

 
 To what extent do students interchange different levels of the visual thinking 

networks (VTNs) during  twelve weeks of utilizing these strategies for learning science? 

 
Finding Summary for Specific Research Question 5a 

 During the course of twelve weeks students in the experimental group had the 

choice of using and or changing to any of the four networking levels as they constructed 

three networks on the topics of Earth and Space, Atmosphere, and Earth’s History: 

 

 

 

 

 

  

Appendix C: Part One-Six shows a representative sample of each of these four 

types of VTN levels constructed by different students. Table 4.39 tabulated the frequency 

of students interchanging the different VTN levels during twelve weeks. The box below 

describes the summary of the percentage frequency for students interchanging the VTN 

levels from Table 4.39. 

 

 

  

 

• VTN Level 1 = Network of conceptual labels in black/white.  

• VTN Level 2 = Network of conceptual labels in color. 

• VTN Level 3 = Network of conceptual labels in black/white with symbolic 
                                                and or pictorial images. 

• VTN Level 4 = Network of conceptual labels in color with symbolic  
                                                and or pictorial images. 
 

 
Summary of percentage frequency for students interchanging VTN levels 
 
• 40% did not change networking levels during the twelve weeks. 
• 40% changed networking levels once during the twelve weeks. 
• 17% changed networking levels twice during the twelve weeks. 
• 3% changed networking levels three times during the twelve weeks. 
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Table 4.39  
 

                      Frequency of students interchanging different levels of VTN strategies during twelve weeks. 
 
 
 
 
Subject 

     
 
         Earth and Space VTN 

         
       
            Atmosphere VTN 

    
 
          Earth's History VTN 

  
  Percent of time student used 
  different VTN levels during the   
  twelve weeks 
 

 
W1 

 
W2 

 
W3 

 
W4 

 
W5 

 
W6 

 
W7 

 
W8 

 
 W9 

 
W10 

 
W11 

 
W12 

VTN 
   1 

VTN 
   2 

VTN    
   3 

VTN 
  4 

    1   2 *   2   2   2    2   2   2   2    2    2    2   2      0%  100%     0%     0% 
    2   1   1   1   1    4   4   4  4    2    2    2   2    33%   33%     0%   33% 
    3   4   4   4   4    4   4   4  4    4    1    1   1    25%     0%     0%   75% 
    4   4   4    4   4    4   4   4   4    4    4    4   4      0%     0%     0% 100% 
    5   4   2   2   2    2   2   2  2    2    2    2   2      0%   93%     0%     7% 
    6   3   4   4   4    3   3    3  3    1     1    1   1    33%     0%   33%   33% 
    7   1   1   4   4    1   4   4  4    1    4    4    4    33%     0%     0%   67% 
    8   2   2   1   1    1   1   1  1    1    1    1    1    83%   17%     0%     0% 
    9   4   4   2   2    2   2   2  2    2    1    1   1    25%   58%     0%   17% 
  10   1   1   1   1    1   1   1  1    1    1    1   1  100%     0%     0%     0% 
  11   2   4   4   4    4    2   2  2    2    2    2   2      0%    75%     0%   25% 
  12   4   4   4   4    4   4   4  4    4    4    4   4      0%      0%     0% 100% 
  13   3   3   3   3     3   3   3  3    3    3    3   3              0%      0% 100%      0% 
  14   2   2   2   2    2   2   2  2    2    2    2   2      0%  100%     0%     0% 
  15   4   4   4   4    4   4   4  4    4    4    4   4      0%      0%     0% 100%  
  16   1   3   3   3    1   3   3  3     1    1    1    1    50%      0%   50%   0% 
  18   1   1   1   1    1   1   1  1     1    2    2   2    75%    25%     0%   0% 
  19   4   2   2   2    2   2   2  2    2    2    2   2      0%    92%      0%   8% 



 
 
 
 
 
 
                                                                                           Table 4.65 continued 
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  21   1   2   4   4    1   1   4  4    1    1    4           4    42%      8%     0%  50% 
  22   2   2   2   2    2    2   2  2    2    2    2   2      0 100%      0%    0% 
  23   1   1   2   2    2   2   2   2   2    2    2   2    17%   84%     0%    0% 
  24  4   4   4   4    4   4   4  4    4    1    1   1     25%     0%     0%  75% 
  25   2   2   2   2    2   2   2  2   2    2    2   2      0% 100%      0%    0% 
  26   3   2    2   2    4   4   2  2   4    1    1   1    25%   42%     8%   25% 
  27   4   4   4   4    4   4   4  4    4    4    4   4      0%     0%     0% 100% 
  28   4   4   4   4    1   1   1  1   1    1    1   1    67%     0%     0%   33% 
  29   1   1   1   1    2   1   1  1   1    2    1   1    83%   17%     0%       0% 
  30   2   2   2   2    1   1   1  1   1    1    1   1     67%   33%     0%     0% 
  31   4   4   4   4    3   3    3  3   3    3    3   3      0%     0%   58%   42% 
  32   2   3   3   3    4   4   3  3    3    3    3   3      0%     8%   75%   16% 
  33   2   2   2   2    2   2   2  2   2    2    2   2      0%  100%     0%     0% 
  34   2   1   2   2    4   4   4  4   4    4    4   4      8%    25%     0%   67% 
  35    2    2    2    2    2    2    2    2    2    2    2    2     0%  100%     0%     0% 
  36    4    4    4    4    4    4    4    4    4    4    4    4     0%      0%     0%  100% 
  38    2    2    2    2    2    2    2    2    2    2     2    2     0%  100%     0%      0% 
     
       * VTN level code:  

               1 = VTN in black/white 
                       2 =  VTN in color 
                          3 =  VTN in black/white with symbolic images/form 
             4 =  VTN in color with symbolic images/form 
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The box below summarizes the percentage of time each of the VTN levels 

were used during the twelve weeks.  Both network levels of color, level 2 (network of 

conceptual labels in color and level 4 (VTN in color with symbolic and or pictorial 

images) were used more than the networks of black/white. VTN level 3 (black/white 

symbolic and or pictorial images) was used the least amount of time (10%). 

 

 

 

 

It is interesting to note that two male students (# 7, # 16) from the experimental 

group had a very specific method of constructing their networks. Each began their earth 

science networks by first using the lowest VTN level 1, the network of conceptual labels 

in black and white. Within a week or two student # 7 switched to the highest VTN level, 

4, the network of color with symbolic/pictorial images, while the other student switched 

to VTN level 3, the black/white network with symbolic/pictorial images. When asked 

why they constructed the networks in this manner student # 7 responded: “I prefer 

working with black and white first, then I like to take my time adding the images and 

color.”  Student # 16 said: 

  I always start my working VTN with the lowest level because 
                          I want to organize my thoughts into different branches and see 
                          how everything is structured, then I switch to VTN 3 and give 
                          it meaning, like the different branches using different shapes. 
 

    Summary of VTN levels used during twelve weeks 
 

•   VTN level 1 was used 23% of the time 
•  VTN level 2 was used 37% of the time 
•  VTN level 3 was used 10% of the time 
•  VTN level 4 was used 30% of the time. 
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The findings from the next four specific research question (5b-5e) examined more 

closely the changes in the final networks submitted for each of the three earth science 

topics as to what factors may contribute to students changing VTN levels.   

Specific Research Question 5b 

What VTN levels do students choose for the final three earth science topics and 

what is their rationale for changing levels? 

 
Finding Summary for Specific Research Question 5b 

Table 4.41 tabulates the choice of VTN levels used for each student in the 

experimental group who constructed final networks for the three earth science topics and 

provided a rationale if they changed network levels. The table below, 4.40, summarizes 

that data.  Sixty-three percent (63%) of the experimental group did not change VTN 

levels, while thirty-seven percent (37%) changed their VTN levels. Appendix E: Part 

One-Three displays one set of the final earth science topic networks constructed by a 

male student who did not change VTN levels. 

 
Table 4.40 

        Summary of Experimental Group and Change in VTN Levels 

 
Type of Experimental 
          Group 

 
Number   
    of  
Students 

 
% of Experimental 
         Group 

 
       Characteristics of Group 

 
 
No change in VTN Level 

      
 
    22 

       
 
           63% 

• 20.0% stayed at VTN level 4 
•   5.7% stayed at VTN level 3 
• 31.5% stayed at VTN level 2 
•   5.7% stayed at VTN level 1 

 
 Change in VTN level 

     
    13 

            
          37% 

• 25.7% changed to a lower VTN level 
•   5.7% changed to an upper Color VTN level 
•   5.7% had no preference for a VTN level 

                           Total     35          100%          100% 
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Table  4.41 
 
        Choice of VTN levels used in the final three earth science topics and students  
                                        rationale for changing network levels. 
 
 
 
Subject 

 
 
Gender 

 Choice of VTN levels* 
• Earth and Space 
• Atmosphere 
• Earth's History 

 
 
Rationale for Changing VTN network levels 

 1    F         2,  2,  2 no change in network levels 
 2   M         1,  4,  2 Probably I wanted to get to the next level, since I 

already did level one. Maybe understand it more 
using the way I did it using colors. 
 

 3   F         4,  4,  1 I didn't have a lot of time to color, it like I did with 
the other VTNs. 

 4   F         4,  4,  4 no change in network levels 
 5   F         2,  2,  2 no change in network levels 
 6   F         4,  3,  1 Not enough time to color in 2nd & 3rd VTN. 
 7   M         4,  4,  4 no change in network levels 
 8   M         1,  1,  1 no change in network levels 
 9   F         2,  2,  1 I didn't have enough time to color. 
10   M         1,  1,  1 no change in network levels 
11   F         4,  2,  2 It depends on the words.  Sometimes the words 

are harder to describe with pictures.  How can you 
draw wind.  If I can visualize it I'll draw it, if I 
can then I'll just use the words.  When working on 
the first VTN (earth and space), when I saw the 
words I said yeah, I'll do this.. this…(points to 
events and objects) and this. But in the 2nd VTN 
(atmosphere) I couldn't visualize things. 

12   F         4,  4,  4 no change in network levels 
13   M         3,  3,  3 no change in network levels 
14   F         2,  2,  2 no change in network levels 
15   F         4,  4,  4 no change in network levels 
16   M         3,  3,  1 I was really busy and had no time for images. 
18   M         1,  1,  2 I wanted to use color. 
19   F         2,  2,  2 no change in network levels 
21   F         4,  4,  4 no change in network levels 
22   F         2,  2,  2 no change in network levels 
23   M         2,  2,  2 no change in network levels 
24   F         4,  4,  1 Since this was my last VTN I wanted to try 

something else and I wanted to see if it was 
different in anyway.  I thought that style # 1 was 
easier. It was less work, but if I had to look at my 
VTN later to study from I would use VTN # 4. It 
would work better for me. 

25   F         2,  2,  2 no change in network levels 
26   M         2,  2,  1 I thought that with so few words to link, shapes 

and color were not necessary because grouping 
could be picked out since there was only two. 
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27   M         4,  4,  4 no change in VTN levels 
28   M         4,  1,  1 I switched to black and white to simply things and 

maybe that would changed things.  I also 
switched to test the organizational differences 
between each type. Some just looked better than 
others, but it didn't change my outlook on them 
at all. 

29   M         1,  1,  1 no change in network levels 
30   F         2,  1,  1 Before when I was doing the colors,  I don't 

know, the colors just make me nervous for 
some reason.  I just thought it didn't look as good 
as plain.  I like B/W it's more final and I was in a 
subtle mood. 

31   F         4,  3,  3 Not enough time to use color for the last two 
VTNs. 

32   M         3,  3,  3 no change in network levels 
33   F         2,  2,  2 no change in network levels 
34   F         2,  4,  4 I like images, I just didn't think about them in the 

first VTN (earth an space). But in the 2nd VTN 
(atmosphere) there were words I could easily put 
some images in so I wanted to try it, like clouds, I 
drew clouds an for the earth I drew the earth.   

35   M         2,  2,  2 no change in network levels 
36   M         4,  4,  4 no change in network levels 
38   M         2,  2,  2 no change in network levels 
* VTN Level Code:    

  1 = VTN in black/white 
                       2 =  VTN in color 
                          3 =  VTN in black/white with symbolic images/form 
             4 =  VTN in color with symbolic images/form 
            
 
 

Table 4.42 examines more closely the 63% of the experimental group who did not 

change network levels by gender. The ratio of male (50%) to female (50%) students not 

changing level 2 and level 4 (color with symbolic and or pictorial images). Twenty 

percent (20%) of the experimental group stayed at the highest VTN level (4).  When they 

reached this level they were consistent and did not switch.        

Table 4.43 tabulates how many students changed to an upper and or to a lower 

VTN levels by gender. More females (61.5%) changed VTN levels than males (38.5%). 

Time was a contributing factor for 62.5% of the female population who did change VTN 
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levels. According to these students they “did not have enough time to color” the 

networks.  

 
Table 4.42 

 
                  Distribution of Students by Gender who did Not Change VTN Levels 
 
                              Level of VTN 
Gender Number     %  VTN 1 VTN 2 VTN 3 VTN 4 Total 
Female    11   50.0%       0      7      0       4   11 
Male    11   50.0 %       2      4               2       3   11 
                                      Total       2    11      2       7   22  
                                Percentage       9%    50%      9%     32% 100% 
 
 
 
     Table 4.43 
 
              Distribution of Students by Gender who Changed VTN Levels 
 
                        Level of  VTN change 
Gender Number   %  Number that 

Changed VTN  
 to upper levels 

   Number that    
  Changed  VTN 
   to lower levels 

       No  
Preference 

Female     8  61.5%     1 - [ 2,4,4] 2 - [4,4,1]*   1* - [4,3,1] 
    1 - [4,3,3]*  
    1 - [4,2,2]*  
    1 - [2,2,1]*  
    1 - [2,1,1]  
Male     5  38.5%    1 - [1,2,2] 1 - [4,1,1]    1 - [1,4,2] 
    1 - [3,3,1]*  
    1 - [2,2,1]  
* time factor for VTN level change 
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Although time was a major factor contributing to students changing their networks to a 

lower level, Table 4.40 revealed other reasons why students changed their networking 

levels. The box below is a summary of other reasons students changed their networking 

levels.   

 

h 

 

 

 

 

 

 

 

 

 

 

    
Specific Research Question 5c 

 Is there a relationship between gender and those students who changed VTN 

levels and those who did not change VTN levels? 

 

Findings Summary for Specific Research Question 5c 
 

 Table 4.44 is a tabulation of gender and groups who changed VTN levels 

               Summary of rationale statements for Changing VTN levels 
 
• 14.3%   did not have enough time to add color or images to networks. 
•   5.7%   wanted to use color. 
•   5.7%   the context of the words did not lend itself to color or imagery. 
•   2.8%   wanted to add images to the color network. 
•   2.8%   changed from a color to b/w networks because “the colors just make 
                       me nervous for some reason. I like black and white, it more final 
                       and I was in a subtle mood” (student # 30, female). 
•   5.7%   change for other reasons: 

• I switched to b/w to simplify things. I also switched to test the 
the organizational differences between each type of network. 

                              Some just looked better than others, but it didn’t change my  
                             outlook on them at all” (student # 28, male). 

• Since this was my last VTN I wanted to try something else.. 
I thought that style # 1 was easier.  It was less work, but if 
I had to look at my VTN later to study from I would use  
VTN # 4. It would work better for me (student # 24, female). 
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and those who did not change VTN levels .  The data described in the Chi Square tests, 

Table 4.45, indicates that no relationship was found between gender and groups who 

changed or did not change VTN levels (p = .228). 

 

                                                      Table 4.44 

                          Crossstabulation summary between Gender and Groups 
                                who Changed and did not Change VTN Levels 

 
 
           Group 

         Gender  
Total Female Male 

  
no VTN level change 
 
 change in VTN levels 
 
                         Total 

   
   11 
     
    8 
   
   19 

   
   12 
      
     4 
    
   16 

  
  23 
  
  12 
  
 35 

 
 
 
                                                      Table 4.45 

 
                             Chi Square Tests between Gender and Groups who 
                                Changed and did not Change VTN Levels 
   
 
 
          Tests 

  
 
   Value 

 
 
  df 

Asymptotic 
Significance 
   (2-sided) 

   Exact 
Significance 
  (2-sided) 

     Exact 
Significance 
  (1-sided) 

   Pearson Chi Square 
   Likelihood Ratio 
   Fisher's Exact Test 
 
   Linear-by-Linear  
         Association 
   N of Valid Cases 

 1.128a 
 1.145 
    
 
 1.096 
 
      35 

   1 
   1 
       
 
   1  

     .288 
     .481 
 
 
     .285 

 
 
     .476 

    
 
   .242 

a. 0 cells (0.0%) have expected count less than 5.  The minimum expected is 5.49 
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Specific Research Question 5d 

 Is there a relationship between the type of VTN submitted (color or black/white) 

and those who changed VTN levels and those who did not change VTN level? 

 
Findings Summary for Research Question 5d 

 Since there was a small number of frequencies for each of the VTN levels 

distributed between groups who changed VTN levels and those who did not change 

levels, the data was collapsed using color and black/white VTN categories. Table 4.46 

tabulated the type of VTN submitted to those groups who changed VTN levels and those 

who did not change VTN levels. The data described in the Chi Square tests, Table 4.47, 

indicates that no relationship was found between the type of VTN and groups who 

changed or did not change VTN levels (p = .346). 

 
 
                                                        Table 4.46 

  Crosstabulation of VTN Types and Groups who Changed 
  VTN levels and Groups who did not Change VTN Levels 
 

 
   
 
     VTN Type 

                        Group  
 
    Total 

No Change in 
VTN Level 

  Change in VTN 
         Level 

  Color VTN 
  B/W VTN 
            Total 

        17 
          6 
        22 

            8 
            5 
          13 

        24 
        11 
        35 
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                                                Table 4.47 

 
                      Chi Square Tests between VTN Types and Groups who 
                             Changed and did not Change VTN Levels 
 
   
 
 
          Tests 

  
 
   Value 

 
 
  df 

Asymptotic 
Significance 
   (2-sided) 

   Exact 
Significance 
  (2-sided) 

     Exact 
Significance 
  (1-sided) 

   Pearson Chi Square 
   Likelihood Ratio 
   Fisher's Exact Test 
 
   Linear-by-Linear  
         Association 
   N of Valid Cases 

   .888a 
   .871 
    
 
    .863 
 
      35 

   1 
   1 
       
 
   1  

     .346 
     .576 
 
 
     .351 

 
 
     .451 

    
 
   .285 

b. 1 cells (25.0%) have expected count less than 5.  The minimum expected is 3.77 
 
 

 
 Specific Research Question 5e 

 What meaningful depiction decisions are made in the construction of the final 

set of visual thinking networks (VTNs) for the three earth science topics? 

 
Finding Summary for Specific Research Question 5e 

 Appendix N is a detailed table showing the comparison of meaningful depiction 

decisions that were constructed in the final set of VTNs about earth in space, the 

atmosphere, and earth’s history.  The experimental group provided this data during a 

short interview. They were asked to explain why they chose certain colors and created 

particular symbolic elements.  The box below summarized these meaningful depiction 

decisions.  Two major types of meaningful depiction decisions categories emerged with 

respect to the use of color. Twenty percent (20%) of the experimental group used color as 

an attribute for distinguishing similar earth science concepts into different categories, “by 
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using color it is a way of organizing myself… I use color for certain areas.” “I choose 

color to group things.” Seventeen percent (17%) of the experimental group used the color 

as an attentional discriminator, a device to “get one’s attention” or “helping me out in 

thinking, remembering, and associating each color.”    

 

 

 

 

 

 
 
 
 
 
 
                   table insert 4.74 meaningful dep decicison 

 

A secondary level of depiction decisions was found with respect to the nature of 

the VTN organization on paper.  Visual inspection of the networks revealed that female 

VTNs were more symmetrical in organization while the male VTNs were more 

asymmetrical in organization. Appendix C, (Four Levels of VTNs Constructed During 

the Inquiry). Part Two, Four, and Five were VTNs created by females, while Part One, 

Three, and Six were VTNs created by males. 

 
 
 
 
 
 

 

Summary of Meaningful Depiction Decisions 
 
• 20% used color to help distinguish different conceptual categories, grouping of   
               related concepts. 
• 17% used color as an attribute, an attentional device for association. 
• 9%   said that shapes and color had a meaning, but did not articulate that meaning. 
• 9%   chose color and shapes for “no particular reason”. 
• 6%   used the black/white to focus the linking words. 
• 3%   said  the color and images in VTN 4 would help them study. 
• 3%   said the images make the VTN more interesting. 
• 3%   said color was important but did not expand upon this. 
• 3%   said they “liked colors”. 
• 3%   used black/white and image because they gave the VTN meaning. 
• 3%   used literal images for meaning making. 
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Specific Research Question 6a 

 What are students’ preferences in choosing a VTN strategy? 
 
 

Finding Summary for Specific Research Question 6a 
 

 Appendix O is detailed table comparing the most frequently used VTN to the 

most preferred VTN.  This data was provided by the experimental group during a short 

interview. They were asked to identify which one of the four VTN levels (1-4) they 

preferred by looking at four networks that were drawn by an eleventh grader from 

another school. The topic for these networks was the changing earth’s environment (see 

Appendix D: Part One-Four. Table 4.48 tabulates the preferred choice of VTN with 

respect to gender. Below in the box is a summary of the preference for networks of color 

and black and white. 

 
   Percentage of Preference for Color and Black/White Visual Thinking Networks 
 

 77 % of males and females preferred the networks of color (level 2 & 4). 
 

 53% of females preferred the highest level network #4 - networks of color & symbolic forms. 
 56% of males preferred the highest level network #4 - networks of color & symbolic forms. 

 
 23 % Males and females preferred the black and white networks.

 
 

Seventy-seven percent (77%), of the experimental group, both males and females, 

preferred networks of color.  Is this significant?  The Chi-Square test statistic, Table 4.49, 

indicated a significant preference for networks of color (p = .001). These VTNs represent 

level 2 (color),  and level 4 (color with symbolic-pictorial images). 
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                                                 Table 4.48 
 
 Crosstabulation for Preferred Choice of VTNs by Gender 

 
 
     Preferred VTN  Level 

        Gender  
 Female   Male Total 

                                       1 
 
      % within preferred VTN 
 
      % within gender 

      2 
     
   50.0% 
 
   10.5% 

     2 
  
 50.0% 
 
 12.5% 

     4 
 
 100.0% 
 
   11.4% 

                                      2 
 
      % within preferred VTN 
 
      % within gender 

      6 
 
    75.0% 
 
    31.6% 

    2 
 
  25.0% 
 
  12.5% 

     8 
 
 100.0% 
 
   22.9% 

                                      3 
 
      % within preferred VTN 
 
      % within gender 

      1 
 
    52.6% 
 
    52.6% 

    3 
 
  47.4% 
 
  56.3% 

     4 
 
 100.0% 
  
  54.3%  

                                      4 
 
       % within preferred VTN 
 
       % within gender 

    10 
 
    54.3% 
 
    52.6% 

    9 
 
 47.4% 
 
 56.3% 

  19 
 
 100.0% 
 
   54.3% 

Total 
 
       % within preferred VTN 
        

     19 
 
    54.3% 

  10 
 
  45.7% 

  35 
 
100.0% 

 
 

    Table 4.49 

  Chi-Square Test for VTN Preference 

  VTN Type Observed N 
 

Expected N   Test Statistic VTN Preference 

Color VTN 
B/W VTN 
                   Total

   27 
     8 
   35 

 17.5 
 17.5 

Chi-squarea 
df 
Asymptotic Sig. 

 10.314 
          1 
     .001 

0 cells have expected frequencies less than 5. The minimum expected cell frequency is 
17.5. 
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 The box below summarized the rationale for the experimental group preferring 

one VTN level over another level.  Three major categories emerged for preference for the 

networks of color.  It is important to note that two of these categories, color as an 

attentional device and color as a conceptual grouping strategy, were replicated when the 

experimental group was asked to explain why they utilized color and images in their final 

networks (Specific Research Question 5a). Twenty-three percent (23%) of the 

experimental group said the higher network level, 4 (color and symbolic/pictorial images) 

was “easier to read and helps in comprehension.”  Twenty-three percent (23%) said  that 

“color helps to make the parts stand out, show how they relate to each other”, while 

twenty percent (20%) said that the “color attracts or catches your attention.”  

One major category emerged for preference towards the black/white networks, 

fourteen percent (14%) said the “black/white networks were neater, more organized”,  

and “gets right to the point”. 

 

 

 
 
 
 
 
 
 
 
 
 
 
     
 

            Summary of Rationale Preference for Different VTN levels 
 
• 23%  VTN level 4 was easier to read, helped in understanding, comprehension. 
• 23%  VTN level 2 & 4 distinguished different categories, sorting, relating concepts 
                     to one another. 
• 20%  The color in VTN 2 & 4 is an attentional device, “attracts, catches one attention”. 
• 11%  VTN level 2 (only color) was easier to read without the shapes. 
•    6%  Images were confusing, liked color only. 
• 14%   Black/white networks (VTN 1 & 3) were neater, more organized, gets to the point. 
•   6%   Liked shapes and not color  
•   3%   Color was confusing. 
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Specific Research Question 6b 

 
 Is there a relationship between those students who had the same VTN preference 

and most frequently utilized VTN level for learning science to those students who had a 

different VTN preference and most frequently utilized VTN level by gender? 

 
Finding Summary for Specific Research Question 6b 

 Table 4.50 tabulated the preferred VTN and most frequently utilized VTN level 

by gender.  Sixty-three percent (63%) of the females preferred the same VTN level 

as they utilized the VTN level for learning science.  Seventy-five percent (75%) of the 

males preferred a different VTN level other than the one they utilized for learning 

science. The Chi-square tests on Table 4.51 indicates that females had a more significant 

relationship between the networking strategy they utilized for learning science and the 

the preferred VTN strategy (p = .024). 

         Table 4.50 

 Summary of Preferred and most Frequently Utilized VTN level by Gender 

Percentage preferred and most frequently 
             submitted final VTN  
                                    

        Gender  
  Total  Female    Male 

           Same 
 
                         % within preferred & mfsfvtn 
 
                         % within gender 
      

      12 
     
   75.0%* 
 
   63.2% 

     4 
  
 25.0% 
 
 25.0% 

     16 
 
 100.0% 
 
   45.7% 

           Different 
 
                         % within preferred & mfsfvtn 
 
                         % within gender 

        7 
 
    36.8% 
 
    36.8% 

    12 
 
  63.2% 
 
  75.0% 

     19 
 
 100.0% 
 
   54.3% 

Total 
 
                        % within preferred & mfsfvtn 
 

     19 
 
    54.3% 

  10 
 
  45.7% 

  35 
 
100.0% 
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Table  4.51 

Chi-Square Tests between Preferred and most Frequently Utilized VTN by Gender 

 
 
          Tests 

  
 
   Value 

 
 
  df 

Asymptotic 
Significance 
   (2-sided) 

   Exact 
Significance 
  (2-sided) 

     Exact 
Significance 
  (1-sided) 

   Pearson Chi Square 
   Likelihood Ratio 
   Fisher's Exact Test 
 
   Linear-by-Linear  
         Association 
   N of Valid Cases 

   5.096a 
   5.260 
    
 
   4.950 
 
      35 

   1 
   1 
       
 
   1  

     .024 
     .055 
 
 
     .026 

 
 
     .041 

    
 
   .027 

a. 0 cells (0.0%) have expected count less than 5.  The minimum expected is 7.31 
 
 

Detailed Findings from the Interview-Based Design 

 
Main Research Question # 3 

To what extent are there differences in the properties of a verbal discourse           

sequence between a subset set of students who utilized different strategies for learning 

science when solving a problem involving time and planetary motion?   

Specific Research Question 7a 

 To what extent are there differences in the progression of information3 generated 

when students are solving a problem involving time and planetary motion? 

Finding Summary for Research Question 7a 

 The progression density coefficient (Ds) measures the rate at which new 

information is being introduced. Appendix E, Part Four: Progression Density Transcript 

Analysis, is a sample analysis for the items needed to calculate the progression density 

coefficient.  This coefficient also indicates to what extent students revisit previously 

                                                 
3 The progression of information is the degree of recursive thought and cross references uttered in a   
   narrative sequence during the think-out-loud problem solving interview. 



 171

stated concepts in their verbal discourse. Thus, the progression density coefficient (Ds) 

assesses a property of knowledge inter-relatedness. The lower the Ds value the less 

progressive elaboration of ideas and greater connectedness within the sequential 

discourse. 

Table 4.52 summarizes the progression density coefficient with respect to abstract 

reasoning aptitude and type of strategy utilized for learning science.  Students who used 

the color VTN strategies for learning science had the lowest mean progression density 

coefficient. This means as they added new information in their think-out-loud verbal 

discourse they also went back and revisited previously stated concepts.  Thus their earth 

science knowledge they recalled from memory was more interrelated than the knowledge 

recalled from the students who utilized black/white VTN and the writing strategy for 

learning science.  Was this significant?   

Table 4.53 tabulates the descriptive statistics between the color VTN, black/white, 

and writing strategy groups. The analysis of covariance, Table 4.54, indicates two 

significant effects: at the group (p = .012) and at the gender (p = .043) level.  Figure 4.8 is 

the graphic plot for this data. Pairwise comparisons were performed to determine 

between which group there was a significant effect.  Table 4.55 indicates that the 

knowledge recalled during the think out loud problem solving interview by students who 

used color VTN strategies for learning science was significantly more interrelated than 

the earth science knowledge recalled by those students who utilized the writing strategy 

for learning science (p = .009). 
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Table 4.52 

    Summary of Abstract Reasoning Percentile and Progression Density between 
                          Groups Using Different Strategies for Learning Science 
 

 
Group 

 
Subject 

Abstract 
Reasoning
Percentile 

    Mean 
Progression 
   Density 

Color 
VTNs

 
DD 

   
  99 (H) 

   
   .73 

 SG   97 (H)    .65 
 AK   97 (H)  1.19 
 BA   95 (H)    .77 
 RR   95 (H)    .74 
 KO   90 (H)  1.13 
 SL   90 (H)    .77 
 ED   90 (H)    .60 
 SG   90 (H)    .65 
 GL   90 (H)    .62 

 BK   75 (M)    .86 
 CR   50 (L)    .67 
 SH   60 (L)    .97 
 JW   60 (L)    .89 
        Mean      .824 
Black and 
White VTNs

 
BP 

   
  90 (H) 

 
 1.02 

 DL   90 (H)  1.20 
 MM   95 (H)    .84 
 PG   85 (M)  1.10 
 BZ   80 (M)    .85 
 RE   65 (L)    .90 
 CK   70 (L)  1.15 
 CT   70 (L)  1.39 
        Mean    1.06 
Control EP   95 (H)  1.38 
 KP   99 (H)  1.03 
 AL   95 (H)  1.29 
 TS   95 (H)  1.36 
 SR   90 (H)  1.33 
 TB   90 (H)  1.40 
 MM   90 (H)    .92 
 EDM   85 (H)  1.20 
 RF   75 (M)    .77 
 EK   75 (M)  1.16 
 EM   75 (M)    .64 
 LR   70 (M)  1.03 
 JG   60 (L)    .75 
 MS   40 (L)  1.40 
 NB   10  (L)    .67 
        Mean    1.08 
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                                                    Table 4.53 

           Specific Research Question 7a Descriptive Statistics 

 
Group                     Gender 

 
    Mean 

      Std. 
 Deviation 

 
  N 

Color VTN             female 
                               male 
                               Total 

   .7856 
   .8940 
   .8243 

      .1558 
      .2051 
      .1771 

   9 
   5 
  14 

B/W VTN              female 
                                male 
                               Total 

   .8700 
  1.1183 
  1.0563  

 4.243E-02 
      .1808 
      .1919 

   2 
   6 
   8  

Control                   female 
                               male 
                               Total 

  1.0310 
  1.2040 
  1.0887 

      .2817 
      .2660 
      .2799 

  10 
    5 
  15 

Total                      female 
                               male 
                               Total 

    .9105 
  1.0750 
    .9816 

      .2456 
      .2412 
      .2542 

  21 
  16 
  37 

 

                                                     Table 4.54 

Analysis of Variance for Progression Density between Groups who utilized 
                       Strategies for Learning Science 
 
Source       SS      df      MS       F    Sig. Eta2 Observed 

Powera 
Group     .506      2   .253   5.115    .012*  .248   .784 
Gender     .220      1    .220   4.443    .043*  .125   .533 
Group*Gender 2.080E-02      2  1.040E-02       .210    .811  .013   .080 
Error    1.532    31 4.943E-02     
Total 37.978    37      
a. computed using alpha = .05 
 
 
                                                    Table 4.55 

 Pairwise Comparison of the Mean Progression Density between  
             Groups who utilized Different Strategies for Learning Science 
 
 
 
 
         Test 

 
 
 
(I) groups            (J) groups 

 
     
    Mean 
Difference 
    (I-J) 

 
 
 
    Std.    
  Error 

 
 
 
   
Sig.a 

Tukey HSD Color VTNs       B/W VTNs 
                           Writing 

   -.2320 
  -.2644* 

  .099 
  .083 

.063 

.009* 
 B/W VTNs         Color VTNs 

                            Writing 
    .2320    
 -3.2417E-02 

  .099 
  .097 

.063 

.941 
 Writing               Color VTNs 

                            B/W VTNs 
   .2644* 
  3.242E-02 

  .083 
  .097 

.009* 

.941 
*The mean difference is significant at the .05 level. 
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Figure 4.8.  Mean progression density ( )sD  between groups who utilized 
                   different strategies for learning science. A lower progression 
                   density value indicates less progressive elaboration of ideas 
                   in a narrative and more recursive and cross-related thought. 
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Several post-hoc tests were performed. First to compare the progression density  

of students with high abstract reasoning aptitude who utilized different strategies for 

learning science, since the findings from the Experimental Design of this inquiry found 

significant differences at the problem solving cognitive level for those high abstract 

reasoners who utilized the color VTN strategies. Secondly, since females had a 

significantly lower progression density than males, indicating that the earth science 

knowledge recalled by females was more interrelated, a series of post-hoc tests were 

performed to examine more closely this gender effect.  It is important to note that the 

female students who utilized the color VTN strategies for learning science have the 

lowest mean progression density (.7856).  

 
Post-hoc Analysis of  Progression Density-Students of High  

Abstract Reasoning Aptitude  

Table 4.56 tabulated the descriptive statistics. The analysis of variance, Table 

4.57, indicated a significant group effect (p = .001). Figure 4.8 is the graphic plot for this 

data. Pairwise comparisons were performed to determine between which group there was 

a significant effect.  Table 4.58 indicates two significant effects.  The earth science 

knowledge recalled during a think out loud problem solving interview by students who 

used color VTN strategies for learning science was significantly more interrelated than 

the earth science knowledge recalled by similar students who used the black/white VTN 

strategies (p = .050) and the writing strategy (p < .001) for learning science.  
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                                                     Table 4.56 
 
           Descriptive Statistics of Progression Density between Students of 
                  High Abstract Reasoning Aptitude who utilized Different 
                                     Strategies for Learning Science 

 
 
Group                     Gender 

 
    Mean 

      Std. 
 Deviation 

 
  N 

Color VTN             female 
                                male 
                               Total 

     .7914 
     .8700 
     .8150 

     .1745 
     .2835 
     .1990 

  7 
  3 
 10  

B/W VTN              female 
                               male 
                               Total 

     .8400 
   1.1067 
   1.0400 

            . 
  9.018E-02 
      .1523 

   1 
   3 
   4 

Writing                  female 
                               male 
                               Total 

   1.2080 
   1.2900 
   1.2388 

      .2176 
  9.000E-02 
      .1766 

   5 
   3 
   8 

Total                      female 
                               male 
                               Total 

     .9554 
   1.0889 
   1.0100 

      .2728 
      .2396 
      .2625 

 13 
   9 
 22 

 

    

     Table 4.57 
 
Analysis of Variance for Progression Density between High Abstract Reasoning    
              Aptitude Groups who utilized Strategies for Learning Science 
 
Source       SS      df      MS       F    Sig. Eta2 Observed 

Powera 
Group    .765        2    .382    8.779    .001*   .566    .984 
Gender 5.695E-02         1 5.695E-02 619.225    .203   .088    .240 
Error    .587       18 3.263E-02   11.716    
Total 23.889       22      1.745    
a. computed using alpha = .05 
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Figure 4.9.  Post Hoc comparison of mean progression density ( )sD  
                   between students of high abstract reasoning aptitude who 
                   used different strategies for learning science. 
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    Table 4.58 
 
  Pairwise Comparison of the Mean Progression Density between  
             High Abstract Reasoning Aptitude Groups who utilized  
                     Different Strategies for Learning Science 
 
 
 
 
         Test 

 
 
 
(I) groups            (J) groups 

 
     
    Mean 
Difference 
    (I-J) 

 
 
 
    Std.    
  Error 

 
 
 
   
Sig.a 

         LSD Color VTNs       B/W VTNs 
                           Writng 

  -.2250* 
  -.4238* 

  .107 
  .086 

.050* 

.000* 
 B/W VTNs         Color VTNs 

                            Writng 
   .2250* 
  -.1987 

  .107 
  .111 

.050* 

.089 
 Writing               Color VTNs 

                            B/W VTNs 
   .4238* 
   .1987 

  .086 
  .111 

.000* 

.089 
*The mean difference is significant at the .05 level. 
 

 
Post-hoc Analysis of Progression Density for Gender Groups 

 Two post-hoc tests were performed. First to compare the mean progression 

density between male and female groups who used the color VTN strategies. 

Second, to compare the mean progression density between the female color VTN group 

and the male black/white VTN and male writing strategy. Although the females who used 

the color VTN strategies for learning science had a lower mean progression density 

(.7856) than the male color VTN group (.8940), Table 4.59 indicated no significant 

differences in the mean progression density (p = .290) between these groups. It is 

important to note that the observed power was very low (.175) in this analysis. The 

sample size of the males (n = 5) was smaller than the females (n = 9). This was because 

when the subset of students where chosen in October to solve the pre VTN instruction 

think-out-loud problem solving interviews about time and planetary motion, the VTN 

levels they would choose for learning science was an unknown factor. When the post 
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VTN instruction think-out-loud problem solving interviews were conducted in May, the 

same group of students was used in the interviews, although there was an unequal 

of male and female students in the different VTN levels. 

 

Table 4.59 

Analysis of Variance for Progression Density between Male and Female 
Color VTN groups 

 
Source       SS      df      MS       F    Sig. Eta2 Observed 

Powera 
Gender 3.780E-02       1 3.780E-02   1.225   .290    .093   .175 
Error       .370     12  3.085E-02     
Total     9.920     14      
a. computed using alpha = .05 
 
 
 

Table 4.60 tabulated the descriptive statistics between the female color VTN 

group and the collective male black/white VTN and male writing strategy group.  

The analysis of variance, Table 4.61, indicated a very significant gender effect (p < .001).  

The earth science knowledge recalled during a think out loud problem solving interview 

by female students who used color VTN strategies for learning science was significantly 

more interrelated than the earth science knowledge recalled by the male groups who used 

the black/white VTN and writing strategy for learning science.  
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Table 4.60 

                           Descriptive Statistics of Mean Progression Density between 
                          Female Color VTN and Male B/W VTN and Control Groups 
 
 

 
Group                     Gender 

 
    Mean 

      Std. 
 Deviation 

 
  N 

Color VTN             female 
B/W VTN &           male   
 Control 
                               Total 

     .7856 
   1.1573 
      
      9900 

     .1588 
     .2160 
      
     .2668 

  9 
 11 
  
 20  

 

 

Table 4.61 
 

Analysis of Variance for Progression Density between Female Color VTN and Male 
B/W VTN and Writing Group 

 
Source       SS      df      MS       F    Sig. Eta2 Observed 

Powera 
Gender     .684         1     .684    18.423     .000* .506    .982 
Error     .688       18 3.712E-02     
Total 20.984       20      
a. computed using alpha = .05 
 
 
 

Specific Research Question 7b 

 
 To what extent are there differences in the linear, network, knowledge action 

verbs, and different kinds of knowledge action verbs in generated when students are 

solving a problem about time and planetary motion?      

Overview of Findings for Specific Research Question 7b 
 
Think out loud problem solving interview transcripts from the color VTN, 

black/white VTN, and writing strategy groups were transformed using the flow map 

analysis procedure as described in Chapter 3 in order to collect data on the linear, 

network, knowledge action verbs in network linkages, and different kinds of  knowledge 



 181

action verbs in network linkages.  A sample flow map analysis is provided on Appendix 

E: Part Five.  Table 4.62 summarized the four discourse properties from Research 

Question 7b, and the progression density property from Research Question 7a.  Are the 

mean differences in the linear, network, network knowledge action verb linkages, and 

different kinds of network knowledge action verb linkages between the groups who 

utilized different strategies for learning science significant? A separate analysis is 

presented for each of these four discourse properties 

 

Finding Summary for Specific Research Question 7b: Linear Linkages 

 Table 4.63 tabulated the descriptive statistics for the linear linkages variable 

between color VTN, black/white VTN, and the control groups. The analysis of variance, 

Table 4.64, indicated two significant effects: a group effect (p < .001) and a gender effect   

(p = .010). Figure 4.10 is the graphic plot for this data.  

Pairwise comparisons were performed to determine between which group there 

was a significant effect.  Table 4.65 indicated two significant effects. Students who used 

the color VTN strategies for learning science significantly generated more earth science 

knowledge (linear linkages) during the think out loud problem solving interview than 

those students who used the black/white VTN strategy (p = .021) and the writing strategy 

(p < .001).  
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Table  4.62    

Summary of dimensional properties characterized from the problem solving clinical interview transcripts 
 
 
Group 

 
Subject 

Abstract 
Reasoning
Percentile 

  
Progression 
Density 
 
 

Number    
    of 
Linear 
Linkages 

Number of 
Conceptually 
Correct 
Linear 
Linkages 

Number    
     of 
Network 
Linkages 

Number of Different 
Kinds of Knowledge  
Action Verbs used in 
Network Linkages 

Total Number of 
Knowledge of Action 
Verbs Linkages used 
in Network Linkages 

Color 
VTNs 

 
Shaw 

   
  90 (H) 

 
   .77 

   
104  

 
  103 

   
  166 

        
          7 

         
        31 

 Rebe   95 (H)    .74 104    102   138         10         29 
 Donn   99 (H)    .73  77    77   128                 6         15 

 Brit   75 (M)    .86  73      69   138           8         28 
 Kath   50 (L)    .67  96      95   151         10         17 
 Scot   60 (L)    .97  62    62     86          15         24 
 Just   60 (L)    .89  70      70   118           9         21 
        Mean       .804   83.71   82.57    132.14             9.29         23.57 
Black and 
White VTNs 

 
Bran 

   
  90 (H) 

 
 1.02 

   
  46 

    
   46 

    
   79 

       
         8 

        
       12 

 Marr   95 (H)    .84   72      68  109          8        24 
 Pete   85 (M)  1.10   47      47    87          5          9 
 Bria   80 (M)    .85   51      49    56          4        11 
 Ryan   65 (L)    .90   93    93  132          7        11 
 Cely   70 (L)  1.39   44      42    99          7        24 
        Mean    1.07   58.83    57.50     93.67            6.50         15.17 
Control Evin   95 (H)  1.38   25      24    32          4          6 
 Taci   95 (H)  1.36   66    66   120         11        28 
 Rebf   75 (M)    .77   54      52    66           6        12 
 Eric   75 (M)    .64   60    60    46           2          4 
 Jon   60 (L)    .75   37      32    58 [56]           2          4 
 Noel   10  (L)    .67   26      14    33 [28]           8          13[8] 
 Mich   40 (L)  1.40   38    38    34           2          2 
        Mean     1.08    43.71    40.86    56.29           5.00       9.14 
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Table 4.63 

 
                         Descriptive Statistics of Linear Linkages between 
                 Groups who utilized Different Strategies for Learning Science 
 

 
Group                     Gender 

 
    Mean 

      Std. 
 Deviation 

 
  N 

Color VTN             female 
                                male 
                               Total 

    87.50 
    78.67 
    83.71 

     14.89 
     22.30 
     17.29 

  4 
  3 
  7 

B/W VTN              female 
                               male 
                               Total 

    82.50 
    47.00 
    58.83 

     14.85 
       2.94 
     19.63 

  2 
  4 
  6 

Control                   female 
                               male 
                               Total 

    51.50 
    33.33 
    43.71 

     17.69 
       7.23 
     16.38 

  4 
  3 
  7 

Total                      female 
                               male 
                               Total 

    72.10 
    52.40 
    62.25 

     22.82 
     21.12 
     24.09 

 10 
 10 
 20  

 

  

 

Table 4.64 
 

Analysis of Variance for Linear Linkages between Groups who utilized 
Different Strategies for Learning Science 

 
Source       SS      df      MS       F    Sig.    Eta2 Observed 

Powera 
Group   5600.160       2   2800.080    12.840    .000*     .616   .989 
Gender   1840.550       1   1840.550      8.440    .010*     .345   .779 
Error   3489.140     16     218.071     
Total 88531.000     20      
a. computed using alpha = .05 
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  Figure 4.10. Mean number of linear linkages generated in a post VTN  
                                instruction think out loud problem solving interview between 

                    students who utilized different strategies for learning science. 
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Table 4.65 
 
                       Pairwise Comparison of Linear Linkages between Groups 
                          that utilized Different Strategies for Learning Science 
 
 
 
 
         Test 

 
 
 
(I) groups            (J) groups 

 
     
    Mean 
Difference 
    (I-J) 

 
 
 
    Std.    
  Error 

 
 
 
   
Sig.a 

        Tukey HSD Color VTNs       B/W VTNs 
                            Control 

    24.88* 
    40.00* 

 8.216 
 7.893 

.021* 

.000* 
 B/W VTNs         Color VTNs 

                            Control 
  -24.88* 
   15.12 

 8.216 
 8.216 

.021* 

.189 
 Control                Color VTNs 

                            B/W VTNs 
  -40.00* 
  -15.12 

 7.893 
 8.216 

.000* 

.189 
* The mean difference is significant at the .05 level. 
 
 
 

Post-hoc analysis of Gender Effect for Linear Linkages 

 Since females significantly generated more earth science knowledge than males 

during the post VTN instruction think-out-loud problem solving interview (p = .010), this 

gender effect was examined more closely. It is important to note that females who used 

the color VTN strategies for learning science generated more earth science knowledge 

during the think out loud problem solving interview than any other gender group. Table 

4.66 indicates no significant difference in the mean number of linear linkages between 

male and females groups who used the color VTNs for learning science (p = .553). 

 

 

 

 

 



 186

 

 

Table 4.66 
 

Post- hoc Analysis of Variance for Linear Linkages between Male and 
Female Groups who utilized the Color VTNs for Learning Science 

 
Source       SS      df      MS       F    Sig.    Eta2 Observed 

Powera 
Gender      133.762       1     133.762      .403    .553     .075   .082 
Error    1659.667       5     331.933     
Total  50850.000       7      
a. computed using alpha = .05 
 
 

Is there a significant difference in the mean number linear linkages between the 

female color VTN group and the collective males who utilized the black/white VTN and 

the writing strategy group.  Table 4.67 tabulated the descriptive statistics between these 

two groups. The analysis of variance, Table 4.68, indicates a very significant gender 

effect.  Females who used the color VTN strategies for learning science did generate 

more earth science knowledge during the think-out-loud problem solving interview than 

the males who used the black/white VTN and writing strategy (p < .001). 

 

    Table 4.67 
 
           Descriptive Statistics for Linear Linkages between Female  
                         Color VTN and Male B/W VTN and Control Groups 

 

 
Group                     Gender 

 
    Mean 

      Std. 
 Deviation 

 
  N 

Color VTN             female 
B/W VTN &           male   
 Writing  
                               Total 

   87.50 
   40.33 
 
   59.20 

     14.89 
       9.20 
 
     26.72 

  4 
  6 
  
 10 
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       Table 4.68 
 

Analysis of Covariance for Linear Linkages between Female Color VTN and Male 
B/W VTN and Control Groups 

 
Source       SS      df      MS       F    Sig. Eta2 Observed 

Powera 
Gender   5339.267     1   5339.267     39.247   .000*  .831   1.000 
Error   1088.333     8    136.042     
Total 41474.000   10      
a. computed using alpha = .05 
 
 
 
 

Finding Summary Specific Research Question 7b: Network Linkages 
 
 Table 4.69 tabulated the descriptive statistics of the mean number of network 

linkages between groups who used different strategies for learning science The analysis 

of variance, Table 4.70, indicates two significant effects: a group effect (p < .001) and a 

gender effect  (p = .038). Figure 4.11 is the graphic plot for this data.  

Pairwise comparisons were performed to determine between which group there 

was a significant effect.  Table 4.71 indicates two significant effects. Students who used 

the color VTN strategies for learning science significantly generated more interrelated 

earth science knowledge (network linkages) during the think out loud problem solving 

interview than those students who used the black/white VTN strategy (p = .044) and the 

writing strategy (p < .001).  
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       Table 4.69 

                  Descriptive Statistics of Network Linkages between Groups  
                      that utilized Different Strategies for Learning Science 

 
 
Group                     Gender 

 
    Mean 

      Std. 
 Deviation 

 
  N 

Color VTN             female 
                                male 
                               Total 

      138.75 
      123.33 
      132.14 

       9.43 
      40.27 
      25.55 

  4 
  3 
  7 

B/W VTN              female 
                               male 
                               Total 

      120.80 
        80.25 
        93.67 

      16.26 
      18.14 
      26.12 

  2 
  4 
  6 

Control                   female 
                               male 
                               Total 

        67.50 
        41.33 
        56.29 

      36.93 
      14.47 
      30.78 

  4 
  3 
  7 

Total                      female 
                               male 
                               Total 

      106.60 
        81.50 
        94.05 

      41.17 
      40.48 
      41.77 

 10 
 10 
 20  

 

  

 

       Table 4.70 
 

               Analysis of Variance for Network Linkages between Groups that utilized       
                                      Different Strategies for Learning Science 
 
Source       SS      df      MS       F    Sig.    Eta2 Observed 

Powera 
Group   20354.964       2  10177.482   15.370 .000*     .274    .571 
Gender     3493.928       1    3493.928     5.277 .038*     .048    .095 
Error      9270.00     14      662.167     
Total  210061.00     20      
a. computed using alpha = .05 
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             Figure 4.11.  Mean number of network linkages generated in a post 
                                  VTN instruction think out-loud problem solving interview 
                                  between students who utilized different strategies for 
                                  learning science. 
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                                                                       Table 4.71 
 

                Pairwise Comparison of Network Linkages between Groups  
                   who utilized Different Strategies for Learning Science 
 
 
 
 
         Test 

 
 
 
(I) groups            (J) groups 

 
     
    Mean 
Difference 
    (I-J) 

 
 
 
    Std.    
  Error 

 
 
 
   
Sig.a 

        Tukey HSD Color VTNs       B/W VTNs 
                            Control 

    38.48* 
    75.86* 

 14.316 
 13.755 

.044* 

.000* 
 B/W VTNs         Color VTNs 

                            Control 
  -38.48* 
    37.38 

 14.316 
 14.316 

.044* 

.051 
 Control                Color VTNs 

                            B/W VTNs 
  -75.86* 
  -37.38 

 13.755 
 14.316 

.000* 

.051 
a. The mean difference is significant at the .05 level. 
 
 

Post-hoc analysis of Network Linkages for Students with  

Low Abstract Reasoning  and Low Spatial Relations Aptitude 

 Several unexpected findings emerged when comparing the mean network linkages 

generated from students with low abstract reasoning and spatial relations aptitude 

who utilized different strategies for learning science. Table 4.72 tabulated the descriptive 

statistics of the network linkages for these students who utilized different strategies for 

learning science. The analysis of variance, Table 4.73, indicates a significant group effect 

(p =.023). Figure 4.12 is the graphic plot of this data.  

Pairwise comparisons were performed to determine between which group there 

was a significant effect.  Table 4.74 indicates two significant effects. Students with low 

abstract reasoning and spatial relations aptitude, who used the color VTNs for learning 

science significantly generated more interrelated earth science knowledge during the 

think-out-loud problem solving interviews than students who utilized the writing strategy 

(p = .029). Students with low abstract reasoning and spatial relations aptitude who used 

the black/white VTN strategies for learning science significantly generated more 
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interrelated earth science knowledge during the think out loud problem solving 

interviews than students who utilized the writing strategy (p = .049).   

 

Table 4.72 
 

     Descriptive Statistics for Network Linkages for Students with 
    Low Abstract Reasoning and Spatial Relations Aptitude who  

utilized Different Strategies for Learning Science 
 
 
Group             

 
    Mean 

      Std. 
 Deviation 

 
  N 

Color VTN      
B/W VTN 
Writing  
        Total        

   118.33 
   115.50 
     41.67 
     88.88 

   32.50 
   23.33 
   14.15 
   44.34 

  3 
  2 
  3 
  8 

 

Table 4.73 
 

Analysis of Variance for Network Linkages for Students with Low Abstract Reasoning 
and Spatial Relations Aptitude who utilized Different Strategies for Learning Science 

 
Source       SS      df      MS       F    Sig. Eta2 Observed 

Powera 
Group 10707.042       2    5353.521      8.754    .023* .778   .774 
Error  3057.833       5      611.567     
Total 76955.000       8      
a. computed using alpha = .05 

 
 
Table 4.74 
 

Pairwise Comparison of Network Linkage from Students with Low Abstract Reasoning       
and Spatial Relations Aptitude who utilized Different Strategies for Learning Science 
  
 
 
 
         Test 

 
 
 
(I) groups            (J) groups 

 
     
    Mean 
Difference 
    (I-J) 

 
 
 
    Std.    
  Error 

 
 
 
   
Sig.a 

        Tukey HSD Color VTNs       B/W VTNs 
                            Writing 

     2.83 
   76.67* 

22.575 
20.192 

.991 

.029* 
 B/W VTNs         Color VTNs 

                            Writing 
   -2.83 
   73.83* 

22.575 
22.575 

.991 

.049* 
 Writing               Color VTNs 

                            B/W VTNs 
  -76.67* 
  -73.83* 

20.192 
22.575 

.029* 

.049* 
a. The mean difference is significant at the .05 level. 
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Figure 4.12.  Mean number of network linkages generated in a post 

                                 VTN instruction think out loud problem solving interview 
                                 between students with low abstract reasoning aptitude who 
                                 utilized different strategies for learning science. 
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Post- hoc analysis of Gender Effect for Network Linkages 

Since females significantly generated more earth inter-related science knowledge 

than males during the post VTN instruction think out loud problem solving interview  

(p = .038), this gender effect was examined more closely. It is important to note that 

females who used the color VTN strategies for learning science generated more 

interrelated earth science knowledge during the think-out-loud problem solving interview 

than any other gender group. Table 4.75 indicates no significant differences in the mean 

number of network linkages between male and females groups who used color VTN 

strategies for learning science (p = .480). 

                                              
Table 4.75 
 

Post- hoc Analysis of Variance for Network Linkages between Male and 
Female Groups who utilized the Color VTN Strategies for Learning Science 

Source       SS      
df 

     MS       F    Sig.    Eta2 Observed 
Powera 

Gender       407.440  1   407.440    .580    .480    .104    .096 
Error     3509.417  5   701.883     
Total 126149.000  7      
a. computed using alpha = .05 
 
 
 

Is there a significant difference in the mean number network linkages between the 

female color VTN group and the collective males who utilized the black/white VTN and 

the writing strategy group?  Table 4.76 tabulated the descriptive statistics between these 

two groups. The analysis of variance, Table 4.77, indicates a very significant gender 

effect. Females who used the color VTN strategies for learning science did generate more 

interrelated earth science knowledge during the think out loud problem solving interview 

than collective the males who used the black/white VTN and the writing strategy  

(p = .001). 
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Table 4.76 
 

      Descriptive Statistics for Network Linkages between Female 
   Color VTN and Male B/W VTN and Writing Groups 

 
 
Group                     Gender 

 
    Mean 

      Std. 
 Deviation 

 
  N 

Color VTN             female 
B/W VTN &           male   
 Writing  
                               Total 

  138.75 
    61.00 
 
    92.10 

     9.43 
   27.29 
  
   45.34 

  4 
  6 
  
 10 

 

 

Table 4.77 
 

Analysis of Variance for Network Linkages between Female Color VTN and Male 
B/W VTN and Writing Groups 

 
Source       SS      

df 
     MS       F    Sig. Eta2 Observed 

Powera 
Gender    14508.150  1  14508.150    29.084    .001*   .784     .997 
Error      3990.750  8      498.844     
Total  103323.000 10      
a. computed using alpha = .05 
 
 
 

Finding Summary for Specific Research Questions 7b:  
 

Number of Knowledge Action Verbs in Network Linkages 
 
 

 Table 4.78 tabulated the descriptive statistics for the knowledge action verbs used 

in networks linkages between color VTN, black/white VTN, and the control groups. The 

analysis of variance, Table 4.79, indicates a significant group effect (p = .009).  Figure 

4.13 is the graphic plot for this data. Pairwise comparisons were performed to determine 

between which group there was a significant effect.  Table 4.80 indicates that students 

who used the color VTN strategies for learning science generated interrelated earth 

science knowledge that significantly used a greater number of action verbs to describe 
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planetary events and objects during the think-out-loud problem solving interview than 

those students who used the writing strategy (p = .024).  

 

Table 4.78 
 

     Descriptive Statistics of Knowledge Action Verb used in Network Linkages 
     between Groups who utilized Different Strategies for Learning Science 

 
 
Group                     Gender 

 
    Mean 

      Std. 
 Deviation 

 
  N 

Color VTN             female 
                                male 
                               Total 

    25.33 
    22.25 
    23.57 

     7.27 
     5.13 
     6.19 

  4 
  3 
  7 

B/W VTN              female 
                               male 
                               Total 

    17.50 
    14.00 
    15.17 

     9.19 
     6.78 
     6.19 

  2 
  4 
  6 

Control                   female 
                               male 
                               Total 

    13.00 
      4.00 
     9.14 

   10.52 
     2.00 
     8.93 

  4 
  3 
  7 

Total                      female 
                               male 
                               Total 

    17.60 
    14.40 
    16.00 

     9.11 
     9.90 
     9.40 

 10 
 10 
 20  

 

                                                          

Table 4.79 
 

Analysis of Variance for Knowledge Action Verb Linkages between 
Groups who utilized Different Strategies for Learning Science 

 
Source       SS      df      MS       F    Sig.    Eta2 Observed 

Powera 
Group   729.453       2  364.726    6.489    .009*   .448    .842 
Gender     46.058       1    46.058      .819    .379   .049    .136 
Error   899.347     16    56.209     
Total 6800.000     20      
a. computed using alpha = .05 
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                                                     Table 4.80 
 

                   Pairwise Comparison of Knowledge Action Verb Linkages 
between Groups who utilized Different Strategies for Learning Science 

 
 
 
 
         Test 

 
 
 
(I) groups            (J) groups 

 
     
    Mean 
Difference 
    (I-J) 

 
 
 
    Std.    
  Error 

 
 
 
  Sig. 
 

        Tukey HSD Color VTNs       B/W VTNs 
                           Writing 

     8.40 
   14.43* 

 4.171 
 4.007 

.171 

.006* 
 B/W VTNs         Color VTNs 

                            Writing 
   -8.40 
    6.02 

 4.171 
 4.171 

.141 

.343 
 Writing               Color VTNs 

                            B/W VTNs 
  -14.43 
   -6.02 

 4.007 
 4.171 

.006* 

.343 
*  The mean difference is significant at the .05 level. 
 

 
 

 
 
 
 
 

 

 

 

 
 
 
 
 
 
 
 
 
    Figure 4.13.  Mean number of knowledge action verb in network linkages  
                         generated during a post VTN instruction think out loud problem  
                         solving interview between groups who utilized different  
                         strategies for learning science. 
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Finding Summary for Specific Research Questions 7b:  

Different Types of Knowledge Action Verbs used in Network Linkages 

Table 4.81 tabulated the descriptive statistics of different types of knowledge 

action verbs used in network linkages. Table 4.82 illustrates the different types of 

knowledge action verbs generated by students with low abstract reasoning aptitude. The 

analysis of variance, Table 4.83, indicates a significant group effect (p = .041).  Figure 

4.14 is the graphic plot for this data. Pairwise comparisons were performed to determine 

between which group there was a significant effect.  Table 4.84 indicates that students 

who used the color VTNs for learning science, significantly used a greater number of 

different types of knowledge action verbs to describe planetary events and objects during 

the think-out-loud problem solving interview than students who used the writing strategy  

(p = .033).                     

Table 4.81 
 

Descriptive Statistics of Different Types of Knowledge  
Action Verbs used in Network Linkages between Groups  

who used Different Strategies for Learning Science 
 
 
Group                     Gender 

 
    Mean 

      Std. 
 Deviation 

 
  N 

Color VTN             female 
                                male 
                               Total 

  10.33 
    8.50 
    9.29 

    1.91 
    4.16 
    2.93 

  4 
  3 
  7 

B/W VTN              female 
                               male 
                               Total 

    7.50 
    6.00 
    6.50 

      .71 
    1.83 
    1.64 

  2 
  4 
  6 

Control                   female 
                               male 
                               Total 

    6.75 
    2.75 
    5.00 

     3.77 
     1.15 
     3.15 

  4 
  3 
  7 

Total                      female 
                               male 
                               Total 

    8.19 
    6.30 
    7.24 

     2.59 
     3.89 
     3.28 

 10 
 10 
 20  

                                                              

 



 

 

198

Table  4.82     
 

                 Types of  Knowledge Action Verbs generated during the Think out loud Problem Solving Interview  
                                         by Students with Low Abstract Reasoning and Spatial Relations Aptitude 
 
  Dimensional 
    Properties 

       
                       Color Networking Strategy 

 
      Black/White Networking     
                    Strategy 

  
                            Writing Strategy 

   
Kath [50/30]* 

 
Scot [60/60] 

 
Just [60/60/]* 

 
Ryan [65/45]* 

  
Cely  [70/75]* 

   
Jon [60/55]* 

 
Noel [10/60]* 

  
Mich [40/35]* 
 

 
 
 
Types Knowledge 
Action Verbs Used 
in 
Network Linkages 

revolves (5) 
changes  
rotates (2) 
causes  
take down  
back around  (2) 
equals (2) 
hits  
faces  
turns  

affect 
dividing 
experiencing (3) 
determine 
pointing 
receiving (2) 
regulates (2) 
repeats 
passes (4) 
moves to 
beginning (2) 
revolves around 
goes back 
sends (2) 
hitting 

hitting (8) 
pinpoint  
comes back (3) 
revolve (2) 
around (2) 
drop off  
starts  
rises (2) 
affects  

grew (2) 
orbits (3) 
stops (2) 
dies  
goes around  
fly around  
measure  

mark off  
measure (2) 
facing toward 
(6) 
turning away (2) 
goes up  
goes down (10 
changes (2) 

orbits around (2) 
change (2) 

rotates (4) 
rotates around 
(3) 
revolves (3) 
causes 
goes around 
hits (2) 
shines (2) 
starts  

repeats (2) 
drops  

Number of different 
Kinds Knowledge 
Action Verbs used in 
Network Linkages 

 
         10 

 
      15 

 
        9 

 
        7 

 
        7 

 
           2 

 
   8 

 
   2 

Total Number of  
Knowledge action 
Verbs used in the 
Network Linkages 

  
        17 

 
      24 

 
      21 

 
      11 

 
      24 

 
          4 

 
 178]** 

 
  3 

* The number inside these brackets indicates abstract reasoning and spatial relation aptitude. 
**The number inside these brackets indicates the total number of conceptually accurate linkages used. 
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                                                       Table 4.83 
 

Analysis of Variance for Different Types of Knowledge Action Verbs used in Network 
Linkages between Groups who used Different Strategies for Learning Science 

 
Source       SS      df      MS       F    Sig.    Eta2 Observed 

Powera 
Group    64.776      2     32.388    3.934    .041*    .330   .621 
Gender      7.204      1       7.204      .875    .363    .052   .142 
Error   131.724    16       8.233     
Total 1171.000    20      
a. computed using alpha = .05 

 
 
 
 
 

       Table 4.84 
 

   Pairwise Comparison of Different Types of Knowledge Action Verbs used in 
           Network Linkages between Groups who used Different Strategies 
                                        for Learning Science 
 
 
 
 
         Test 

 
 
 
(I) groups            (J) groups 

 
     
    Mean 
Difference 
    (I-J) * 

 
 
 
    Std.    
  Error 

 
 
 
 Sig. 

        Tukey HSD Color VTNs       B/W VTNs 
                           Writing 

    2.79 
    4.29* 

 1.596 
 1.534 

 .220 
 .033* 

 B/W VTNs         Color VTNs 
                           Writing 

  -2.79 
   1.50 

 1.596 
 1.596 

 .220 
 .624 

 Writing               Color VTNs 
                            B/W VTNs 

  -4.29* 
  -1.50 

 1.534 
 1.596 

 .033 
 .624 

* The mean difference is significant at the .05 level. 
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           Figure 4.14.  Mean number of different kinds of knowledge action verbs 
                                used in network linkages generated during in a post VTN  
                                instruction think out loud problem solving interview between  
                                students who utilized different strategies for learning science. 
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Main Research Question # 4 

 

 To what extent are there differences in the conceptual understanding of time,  

planetary motion, and seasons between a subset of students who used different strategies 

for learning science? 

 
 Of the twenty students who were chosen to solve the post VTN instruction 

think-out-loud problems, a smaller subset of students, (N=8), was selected to provide a 

more in depth view of the clinical interview analysis for this last section of the interview 

based design.  All students with low abstract reasoning (AR) and spatial relations (SR) 

aptitude were selected. Table 4.85 describes which type of strategy these students used to 

learn earth science for the seven months before the post VTN instruction clinical 

interviews. 

    Table 4.85 

      Descriptive Statistics for In Depth Clinical Interview Analysis 
 

Learning 
Strategy 

Problem 
Solver 

  AR/SR 
 Aptitude 

Total
  N 

  
Color VTN 

  JW    60/60    
   3   CR    50/50 

  SH    60/60 
 
B/W VTN 

  RE    65/45  
   2   CT    70/75 

 
Writing 

  JG    60/55  
   3   NB    60/10 

  MS    40/35 
 

 As described in chapter three, students were asked solve four think-out-loud 

problems: (1) How long is a year on planet Wooz? (2) Are there seasons on planet Wooz? 

(3) If yes how many? (4) When would these seasons occur? 
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 Specific Research Question 8a 

 What are the conceptions used by students when solving several problems about 

time, planetary motion, and seasons? 

 
Finding Summary for Specific Research Question 8a 

 To answer this question, the requisite earth science knowledge needed to solve the 

four problems was catalogued into a conceptual profile inventory. Nine conceptual 

propositions were identified with respect to time, planetary motion, and seasons as 

described in chapter three before the students were presented the four problems to solve.  

Eight interview transcripts were re-analyzed into personal conceptual profile inventories 

(Appendix F) by identifying to what extent the nine conceptual propositions were present 

as being: strongly evident (#); weakly evident (~); an alternative framework as presented 

(<>); conceptual evidence presented in the form of an image or symbolic representation 

(^); the conceptual proposition was denied (-); or no conceptual evidence was found (0). 

Table 4.86 is a compilation of the eight personal conceptual profile inventories. 

As students were thinking-out-loud to solve the four problems about time, and 

planetary motion, they had the opportunity to use paper and pencil to either help explain 

their solutions or answer additional probing questions from the researcher. These 

symbolic representations appear in Appendix G. Two interesting findings were found. 

Students who used the color VTN strategies for learning science strongly held more 

conceptually accurate propositions about time, planetary motion, and seasons, than 

students who used the black/white VTN and writing strategy for learning 
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Table 4.86 
 
Composite Conceptual Profile Inventory about Time, Planetary Motion, and 

Seasons from Students with Low Abstract Reasoning and Spatial Relations Aptitude 
 
      Color VTN B/W VTN    Writing Strategy 

 
Conceptual Evidence 

  
JW 
[60/ 
 60] 

 
 CR 
[50/ 
 30] 

  
SH 
[60/ 
  60] 

 
 RE 
[65/ 
 45] 

   
CT 
[70/ 
 75] 

   
JG 
[60/ 
55] 

 
NB 
[60/ 
 10] 

 
MS 
[40/ 
 35] 

1.0 Time 
 
1.1  A year is the amount of time it takes a planet  
       to go around it's star. 

 
(1) 

 
(1),
^ 

 
^ 

 
  0 

 
  (1) 

 
  (1) 

 
 0 

 
  (1) 
 

1.2  A year can be determined by the reoccurrence   
      of  a season marked by highest, lowest, and 
      median of daylight,  the reoccurrence  
      angle of the sun's rays hitting the planet ( star's 
      altitude),or the total amount of daylight in all 
      the seasons. 

 
 
0 
 

 
 
(1) 

 
 
(2),
^ 

 
 
 0 

 
 
^ 

 
     
   0 

 
 
  0 

 
 
 (1) 

2.0 Planetary Motion 
 
2.1  Revolution is the movement of a planet in an    
        elliptical orbit around it's sun. 

 
 
(1) 

 
 
(2),
^ 

 
 
1 

 
 
  0 

 
  
 (0) 
 
 

 
    
  0 

 
 
<1> 

 
  
0 

2.2   One revolution is one year. 
 

(1) (1) (1),
^ 

  0   0   (1)   0 (1) 

2.3  A planet simultaneously revolves around it's 
      star as it rotates on it's axis. 

 
(1) 

 
(1) 

 
0 

 
  0 

  
(1) 

 
    0 

 
<1> 

 
 0 

2.4  Changes occur in the angle at which the sun's  
         rays strike a planet as it revolves about it's  
         sun.  

 
(2) 
 

 
(1) 

 
(1),
^ 

 
  0 

  
(1) 

 
    0 

 
<1> 

 
 0 

3.0 Seasons 
3.1  The amount of daylight on the planet changes 
       with respect to seasons. 

 
 (1) 
 
 
 

 
(1) 
 
 

 
(2) 

 
 (1) 
 

 
  0 

 
  (1) 

 
 0 

 
 ~ 

3.2    The changing position of a planet relative to  
         it's sun and the tilt of the planet's axis is  
         necessary for a changing season. 

 
(1), 
 ^ 

 
(3),
^ 

 
(3),
^ 

 
~ 

 
<1> 

 
   0 

 
 ~ 

 
 0 

3.3   The beginning of a season can be marked by 
        a specific time that the angle of the sun's rays 
        are either farthest north, farthest south, or at 
        the equator on a planet. 

 
 0 
 
 

 
 0 

 
1 

 
0 

 
   0 

 
   0 

 
 0 

 
 0 

     Total  Number of Conceptually Accurate          
            Propositions Strongly Held 

 9 14 16 1 4 3 0 3 

     Total Number of Conceptually Accurate 
        Propositions represented by Symbolic 
             Images 

 
  1 

 
 3 

 
  5 

 
 0 

 
0 

 
 0 

 
  0 

 
0 

* Numbers inside brackets below students name [ar/sr] = abstract reasoning and spatial relations percentile aptitude. 
 
Numbers inside the parentheses indicates the number of times the conceptual proposition is strongly evident; (~) the 
proposition was weakly evident; (<>) an alternative framework was used; (^) evidence in the form of an image or 
symbol drawn; (-) the conception was denied; (0) indicates no explicit evidence found. 
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science did.  Students who used the color VTN strategies for learning science generated 

more conceptually accurate propositions in the form of symbolic representations Are 

these differences in the number of conceptually accurate propositions and the number of 

conceptually accurate propositions in the form of symbolic representations significant? 

 Table 4.87 tabulated the descriptive statistics for conceptual evidence in the form 

of verbal propositions. The analysis of variance, Table 4.88, indicates a significant group 

effect (p = .008).  

Pairwise comparisons were performed to determine between which group there 

was a significant effect. Table 4.89 indicates two significant effects. Students who used 

the color VTN strategies for learning science significantly generated more accurate 

conceptions about time, planetary motion, and seasons during the think-out-loud problem 

solving interview than those students who used the black/white VTN strategy (p = .018) 

and the writing strategy (p = .010). Figure 4.14 is the graphic plot for this data.  

     
 

    Table 4.87 

    Descriptive Statistics for Research Questions 8a: 
         Conceptual Evidence in the Form of Verbal Propositions 

 
 
Group             

 
    Mean 

      Std. 
 Deviation 

 
  N 

Color VTN      
B/W VTN 
Writing  
        Total        

   13.000 
     2.500 
     2.000 
     6.250  

  3.6056 
  2.1213 
  1.7321 
  6.0415 

  3 
  2 
  3 
  8 
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Table 4.88 
 

Analysis of Variance for Conceptual Evidence from Students with Low Abstract 
Reasoning and Spatial Relations Aptitude who utilized Different Strategies 

for Learning Science 
 
Source       SS      df      MS       F    Sig. Eta2 Observed 

Powera 
Group  219.000       2   109.500   15.000    .008*   .857    .943 
Error    36.000       5       7.300     
Total  598.000       8      
b. computed using alpha = .05 
 

 
 
 
Table 4.89 

Pairwise Comparison of Conceptual Evidence for Students with Low Abstract 
Reasoning and Spatial Relations Aptitude who utilized Different Strategies 

for Learning Science 
       
 
 
 
         Test 

 
 
 
(I) groups            (J) groups 

 
     
    Mean 
Difference 
    (I-J) * 

 
 
 
    Std.    
  Error 

 
 
 
  Sig. 
 

        Tukey HSD Color VTNs       B/W VTNs 
                           Writing 

  10.5000* 
  11.0000* 

 2.466 
 2.206 

.018* 

.010* 
 B/W VTNs         Color VTNs 

                            Writing 
 -10.5000* 
       .5000 

 2.466 
 2.466 

.018* 

.978 
 Writing               Color VTNs 

                            B/W VTNs 
 -11.0000* 
     -.5000 

 2.206 
 2.466 

.010* 

.978 
*  The mean difference is significant at the .05 level. 
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     Figure 4.15.  Mean number of conceptually accurate propositions about  
                           time, planetary motion, and seasons held by students with  
                           low abstract reasoning and spatial relation aptitude who  
                           used different strategies for learning science. 
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Table 4.90 tabulated the descriptive statistics for conceptual evidence in the form 

of symbolic representations. The analysis of variance, Table 4.131 indicates a significant 

group effect (p = .050).  

Pairwise comparisons were performed to determine between which group there 

was a significant effect. Table 4.92 indicates two significant effects. Students who used 

the color VTN strategies for learning science significantly generated more accurate 

conceptions in the form of symbolic representations about time, planetary motion, and 

seasons during the think-out-loud problem solving interview than those students who 

used the black/white VTN strategy (p = .048) and the writing strategy (p = .034). Figure 

4.15 is the graphic plot for this data.  

 

       Table 4.90 

  Descriptive Statistics for Research Questions 8a: 
            Conceptual Evidence in the Form of Symbolic Representations 

 
 
Group             

 
    Mean 

      Std. 
 Deviation 

 
  N 

Color VTN      
B/W VTN 
Writing  
        Total        

  3.0000 
    .0000 
    .0000 
  1.1250 

  2.0000 
    .0000 
    .0000 
  1.8851 

  3 
  2 
  3 
  8 
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Table 4.91 
 

Analysis of Variance for Symbolic Representation Conceptual Evidence from Students 
with Low Abstract Reasoning and Spatial Relations Aptitude who utilized Different 

Strategies for Learning Science 
 
Source       SS      df      MS       F    Sig. Eta2 Observed 

Powera 
Group   16.875       2    8.438    5.273   .050*   .678    .555 
Error     8.000       5    1.600     
Total   35.000       8      
a. computed using alpha = .05 
 

 
 
 
Table 4.92 

Pairwise Comparison of Conceptual Evidence for Students with Low Abstract Reasoning 
and Spatial Relations Aptitude who utilized Different Strategies 

for Learning Science 
       
 
 
 
         Test 

 
 
 
(I) groups            (J) groups 

 
     
    Mean 
Difference 
    (I-J) * 

 
 
 
    Std.    
  Error 

 
 
 
  Sig. 
 

        LSD Color VTNs       B/W VTNs 
                           Writing 

   3.0000* 
   3.0000* 

  1.155 
  1.033 

 .048* 
 .034* 

 B/W VTNs         Color VTNs 
                            Writing 

 -3.0000* 
     .0000 

  1.155 
  1.155 

 .048* 
1.000 

 Writing               Color VTNs 
                            B/W VTNs 

 -3.0000* 
    .0000 

  1.033 
  1.155 

 .037* 
1.000 

*  The mean difference is significant at the .05 level. 
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Figure 4.16.  Mean number of conceptually accurate propositions about time,  
                       planetary motion, and seasons generated in the form of symbolic  
                       representations by students with low abstract reasoning and  
                       spatial relation aptitude who used different strategies for 
                       learning science. 
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Specific Research Question 8b 

 To what extent are students, who used different strategies for learning science, 

successful at solving four problems involving time and planetary motion? 

 
Finding Summary for Research Question 8b 

 To answer this question each of the eight interview transcripts were re-analyzed  

in order to identify two key elements in their responses: the method(s) they used to solve 

each of the four problems and the justification or causal/principled arguments they 

provided as to why they would use such a method.  

 A successful solution to each problem required that a method presented needed to 

be appropriate in order to collect the data and that the justification or causal/principled 

argument stated not only needed to support the method but was also needed to be 

scientifically accurate. A partial success in problem solving meant that either the strategy 

was not appropriate to collect the data to solve the problem, and/or the justification or 

causal/principled argument presented was not scientifically accurate or that the argument 

did not support the use of the particular strategy. An unsuccessful solution meant that  

either a strategy and argument were not provided or the argument and method were not 

scientifically accurate. 

Table 4.93 summarizes the degree of success students had with solving these four 

problems. Students, who used the color VTN strategies for learning science, were more 

successful in problem solving (33%) than students who used the black/white VTN 

strategy (12%) and the writing strategy (8%). This result was expected in the light of the 

findings from the previous research question (8a). Since students who used the color 

VTN strategies for learning science significantly generated more accurate requisite  
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Table 4.93 

Summary of Successful Think-Out-Loud Problem Solving for 
Students with Low Abstract Reasoning and Spatial Relations Aptitude 

 

 
Group 

          Problem             Student Summary 
  1  2a 2b 2c Successful Partially 

Successful 
    Un- 
Successful 

Color VTN  [ab/sr]*  
     JW     [60/60]   ~   ~  ~  -     0    3     1 
     SH     [60/60]   ~   +  +  -     2    1     1 
     CR     [50/30]   ~   +  +  -     2    1     1 
B/W VTN  
     RE    [65/45]    -   ~   -   -     0    1    3 
     CT    [70/75]    ~   ~   +   -     1    2    1 
Writing Strategy      
     NB    [10/60]    -   -   -   -     0    0    4 
     JG     [60/55]    -   ~   -   ~     0    2    2 
     MS    [40/35]    ~   +   -   -     1    1    2 
    
   (+) = successful problem solving 
   (~) = partial success in problem solving 
   (-)  = unsuccessful in problem solving    
 
 
Degree of Success 

 
   Color VTN 

 
  Black/White   VTN 

 
 Writing Strategy 

 
 Successful 

 
      33% 

 
      12% 

 
          8 % 

 
Partially Successful 

 
     42% 

 
      38% 

 
        16 % 

 
 Unsuccessful 

 
     25% 

 
      50% 

 
        66% 

                      Problems to Solve 
(1)   How long is a year on planet Wooz? 
(2a)  Are there seasons on planet Wooz? 
(2b)  If yes, how many seasons would planet Wooz have? 
(2c)  When would the seasons occur? 

 
         * Abstract reasoning and spatial relations aptitude 
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conceptual knowledge about time, planetary motion, and seasons it would then be 

expected that these students to use this knowledge in problem solving. Tables 4.94- 

4.97 compiled the methods and arguments the solvers provided for each problem.  

The degree of success in solving these four problems depended upon 

developing an understanding of the interrelationship between time, the orbital position of 

the planet, relative to the planet’s sun, and the direction of the tilt of the planet’s axis with 

respect to the causal event of seasons.  A brief narrative is provided describing the 

conceptual understanding each student held as they solve these problems.  

 
Color VTN Strategy Problem Solvers 

 JW:  Although JW’s method of looking for a “spot… a landmark on Milo” is 

faulty because sunspots are not permanent markers, they change in a cyclic pattern; he 

does have an understanding that a “year is how long it takes a planet to revolve around 

whatever it’s revolving around” and that one needs to look for something to “come back 

again”.  When asked what would cause seasons? JW responded “the angle of insolation, 

the angle Milo is hitting Wooz”.  Although JS did not use this knowledge of the angle of 

the sun in relation to when solving how long is a year, he did relate the changes in the  

planet’s position on the orbit to seasons: “then what point Wooz is in its revolution and 

rotation.. most for revolution would effect the seasons”.   

 SH: SH solved two of the four problems. Interestingly he was the only solver who 

started with a symbolic representation of what the planet would look like on an elliptical 

orbit denoted with an axis point in different directions and different seasons marked: 
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Table 4.94   
 

 Strategies and Principled Arguments used in solving Problem 1: 
                  How long is a year on planet Wooz? 
 

    Solver       Methods Used Justification: Causal/Principled Arguments 
                               Color VTN Strategy 
             
             JW 

1.  Pinpoint a spot where the sun's hitting 
     like directly [3-3.1], like a little     
     landmark on Milo[21]. 
2.   Use some kind of telescope [26]. 
3.   You need to see it at all times [27.2] 
4.   You need record the day [27.5]

1. You will see how long it takes for it to go from that spot and    
    then come back [3.1]. How long it takes Milo to go from that 
    point and then come back [9.2]. A year is how long it takes 
    the planet to revolve around whatever it's revolving around 
    [13.4]. 
                                                                [partially successful]       

            
           SH 

1.  I need to find out the seasons first. 
     [58].  
2. I’d go up to the N. Pole  or S Pole[61.2-   
    63] 
3. I'd time how long it takes a day to pass 
    [63.3]. 
4. I'd start out at the beginning of the light    
    period [63.5] 

 
1. I know that if, once a season is repeated, you can , you know 
    how long a year is [57-.1] 
 
4. For  the period of light and dark to pass because that's where   
    it's the most drastic. Once it goes past the dark period and    
    heads to the beginning of the light period, I'd know how long  
    the year was.  It (a year) is one revolution around the sun.  
    [ 67- 69.1] 
 
                                                   [partially successful] 

            
           CR 

 
1. Have to know the seasons first 
     [5.2-.6] 
2. For a full revolution… you can easily  
    break up the number of seasons by the   
    number of days it took for [208 - 210.1] 
3. Take the temperature everyday [59] 

1. Because of out tilt we know different seasons,  so to find out 
     how long a year is, you're going to have to know the seasons 
     first [5.2-.6] 
 
3. When it (temperature) comes back around to that time, like   
     temperature again, you can say maybe it a year [59.1] 
 
2. A year  would be the total number of days in a season. Like  
    first if you had season one equals like 100 days; season 2 = 
    50; season 3 equaled 100 again: you would have 250 day 
    year [103.3-105]. Each season would be a part of that year   
    [117]. 
 
    The orbit around the sun is causing a year [123.1]. 
                                                              [partially successful]

                                Black/White VTN Strategy 
             
           RE 

1a.  measure the mountain ranges [3.8] 
1b. They'd (crew) have like special like 
      rulers [7.1] 
1c. You would wait two years and see 
      how many inches or whatever the 
      mountain ranges grew [13.5]. 
2. See how many times it orbited Milo 
    [21.1] 

1. Like the Earth, I think Wooz is getting bigger, I guess, 
         I don’t know [5.2]. 
1c.  Say it grew four inches, then we would know that it takes 
       two inches, it grow two inches a year, or I don’t know 
       [13.6-13.10]. 
 
2. If it orbits and then it just stoops, then that’s probably a 

year.  And then it just stops and then it orbits again 
[23-23.1]. It goes like this then stop, and then again 
stop.  And this one year. This is two years [33-33.3]. 
  
                                                  [unsuccessful] 

            
           CT 

1.  Mark off a position on the planet [1.1 
2. Go North and take temperatures [9.3, 
     11.1] 
3. you could do it based on the seasons 
    [42.1] 
 
4. You'd mainly use the suntracker [46.2] 

1.     When it was facing directly toward the star  then you  
could figure how long a day was and see how long it takes 
to go from light back to all the way through dark and 
light. [3.4-5.1] 

2.     Because if the axis is 33 degrees and it would be tilted 
[9.3, and that would show you which side's facing 
towards the star, which means, like that one, would have 
the higher temperatures [11.1-11.2]./ Then you could see 
how long it takes to get back to the same temperature 
because it would steadily decrease or whatever after 
it's tilt turns away, faces away from the star [11.4-11.8 

        As it rotates around, there's a revolution around the star,  
then, it's the warm side or the side facing towards the 
start would begin to turn away when it's revolving [13.1-3 
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3.     Because like it was fall at a certain time, like you have 
        specific data for one date, like 44 degree angle of the sun, 
        because the temperatures can change [46.2]… for the 
        star to make a full circle,.. the altitude of the start in the    
        sky  to go, change and come all the way to the same      
        position [52.1]. 
                                                           [partially successful]

                                   Writing Strategy 
                 
               NB 

1. You need to know how long it takes 
    for it to revolve around Wooz or a timer   
    or something like that [23.2]. 
2. Wherever they go -- maybe to the top 
   [24.1-24.2]. 
3. When it starts repeating itself [26].

1. I don't know [24] 
 
 
 
 
3. I don't know [28.1].                              [unsuccessful]          

                 
               JG 

no method given but gives an explanation 
of how long a year would be using the 
data from question 2c.

When the it [shadow] comes back to where you started, then  
that would be a full year because then you did one complete 
revolution around it [59.1]                       [unsuccessful]

                 
               MS 

1.  You have to stay for a very long time 
    to tell the cycle [5]. 
2.  I need something to keep track of 
    how many days until… the sun… 
3.  need observations of the altitude of 
     the sun, location 
4.  We have to say there for 2 or 3 times 
     and see if that cycle repeats itself      
     [23.3]. 
5.  We need a suntracker, paper and pen 
     [ 25.1, 27] 
6.  Look out for any cycles [33]. 
7. Look to see if there's full moons and    
    every certain amount of days you'd    
    have  to check to see if a full or half    
    moon. [39] 

1. Because a cycle -- a year could be a couple of days or a 
     thousand days [5.1]. 
2.  How high it is everyday if it gets higher at noon, which is 
     usually the highest and how it is at noon everyday [21] and 
      see if there is a cycle [23]. 
     Once it starts over again, like it's here <image drawn>, here, 
     here,… and going and goes down. Then it goes up that's a 
      cycle and that repeats. [23.1] 
4.  If it repeats again, I guess you call it a year [23.4] 
 
6.  Because that would be helpful in everything [33.3]  
7.  Like we have our cycle that and that could tell us months 
     of divisions of the year [39.1] 
                                                                 [partially successful] 
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                              That’s about twenty-three and a half… so thirty- 
three would be …. I’m trying to figure out how long 
…if the axis difference might effect seasons [5-11.2]. 

 
SH’s method of determining a year was based upon “finding out the seasons first… if I 

know that, once a season repeated, you can know how long a year is”. His initial method 

was correct in finding seasons and looking for the repeat in the seasons, his initial 

argument of using the period of light and dark was not fully developed in the beginning 

of his interview. As the interview progressed he went back and revisited this idea 

recalling these events with changes in light a label: “winter solstice or different season 

solstices” . SH did not relate the winter solstice to the longest amount of light, rather he 

said.. “it is something about light” and would tell, “how many seasons there are”.  SH 

was the only solver to correctly say that “I can’t use temperature difference (to determine 

seasons) because it can vary by local weather conditions and stuff”.  He expressed a very 

confident understanding about seasons by saying, “I know there are seasons because 

there’s an axis. Otherwise, there would be just one regulated climate. The axis and the 

period of the orbit is the cause of seasons”. Knowing that there is a ten degree difference 

in the tilt of axis of planet Wooz, SH corrected understood the differential relationship 

between the change in degree tilt and a planet receiving more light energy and that the 

increase in the tilt of the axis causes more energy, light to a given area and not more 

seasons: 

  I know the ten degree differences has to make 
  the seasons more drastic, more different from 
                        season to season.  It sends more light to different 
                        spots at different times [101-103]. 
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      Table 4.95 
 

 Strategies and Principled Arguments used in solving Problem 2a: 
                  Are there seasons on planet Wooz? 
 

    Solver       Methods Used Justification: Causal/Principled Arguments 
                               Color VTN Strategy 
            
                 JW 

1. see like maybe changes in the planet, 
     like weather changes [35.1] 
 
2. keep records of the temperatures 
    everyday [41.2]. 
 

1. Because if it has an atmosphere, angle of insolation, climate 
    similar to Earth, like you could kind of tell that like the Earth 
     has seasons [67.3-.4] 
 
    Maybe changes in the planet, like weather changes [35.1] 
    If there's a cold period or like a warm period or extreme 
    warm periods and then like extreme cold periods and like in 
    between periods, kind of like transitional  [35.3] 
 
2. How intense the heat from Milo is hitting planet Wooz    
    [42.5]. ..the angle of insolation, the angle Milo is hitting 
   Wooz [43.2-43.3]. 
 
3.  Like if it's hitting like directly, like right in the middle, 
     then obviously that spot's going to be warmer than some    
     place north or south of where that point it [47]. Up here is  
     going to be colder than here [57.1 
                                                        [partially successful] 

           
                 SH 

 
answered in Justification of  Problem 1. 
 
 
 
 
 
 
 
 
 
 
 
 
  

I can't depend on weather, because it could be too slight to tell 
[27.1-29].  It (season) depends on what's pointing at the axis of 
the planet. [33]. Because you would be receiving less light if  
you're at an unfavorable, angel [37]. 
 
The axis and the period of orbit is the cause of season [43.3-45] 
 
I know there are season because there's an axis. Otherwise 
there would just be one regulated climate [95.2-97]. 
 
I can't use temperature difference or anything because that 
can vary by local weather conditions and stuff [104.1 
                                                                      [successful]  

            
                CR 

 
answered in Justification of Problem 1 
 
 
 
 
 
 
 
 
 
 
 
 
 

There will be differences in temperatures because it depends  
on how far, if the orbit is perfect, sphere kind of [37]. It 
(temperature) will change because of the tilt, one side is 
facing Milo more. So it might cause more of like heat, like in 
the summer and then other times it will be tilted away, so it 
would be cooler [30.2-41]. 
 
It was like 50 degree there, then day two around 55 then it 
just goes down the list, and say it come back like on day 100, 
it goes up to like 80, you will notice that this would be more 
like fall-ish, more than summer.  So you  would know that 
there's definitely been like a temperature, not only a 
temperature change, but a season. [61-65] 
 
It could probably show like differences if it occurs, like the 
reading on one season  could be different from another [162] 
                                                                         [successful] 

                              Black/White VTN Strategy 
             
                RE 

1a. Put the crew in a capsule and send 
them off Wooz [61]. 
1b. they are going to file everything 
that goes on around Wooz, like trees, 
the snow and bugs that die [63.2] 
1c. Then they are going to film again. 
Then I'm going to send one man out and 
have him film too. [65.1-65.3]

1. We'd actually be able to tell from the periods of light and 
  darkness. [51.1] 
 
1b.  This could be like autumn, spring, summer, fall [65.4] 
 
.. like one half of Wooz would be like summer and one will be 
like winter because of it’ll be on a tilt [106-7] 
                                                               [partially successful] 
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                      Table 4.95 continued 
            
                 CT 

 
1. You have to take temperatures from 
like place on the bottom of the planet 
and like the top of the planet and then 
compare the temperature. [19.4] 
 
2.  Keep recording temperatures [19.7] 

 
1.     A season would be when the other one starts to gain 

more again [19.8] 
If the temperature were equal in like the bottom or the  

         top, it would be equal because of the tilt. It would be 
        facing like the whole planet would be facing the sun. 
                                                 [partial successful] 

                                   Writing Strategy 
                 
               NB 

 
1. yeah [32] 
 
 
 
 
 
 
2. look for sunlight [40] 
 

1a You'd now that because when it rotates around the sun, 
 the sun will hit it at different parts [30.1] 
 1b. Because if it rotates around Milo, like Milo rotates around 
it, or whatever is rotating around it. The sun is over here. 
It's like going to shine on you, but this thing's moving around 
so it's always going to shine on a different part [34-38.2]. 
 
2a. I don't know [48]. 
2b. Like that it was hitting in one place, but it wasn't hitting 
in another [52]/ 
2c.  The cause of a season is the rotating around the earth [62]. 
                                                 [unsuccessful] 

                 
               JG 

 
1. if there is vegetation [25] 
 

"what season it would be at different location" [17]. 
A different spot on the planet like here where some places, June 
would be summer and some places June would be winter.  
Because of where the sun's … where it's maximum  about of…. 
I forgot what the word it is [21-21.2] 
 
1.no justification why this strategy is used, I can't think of 
anything [24]                                        [partially successful]

                
               MS 

1.  Check temperature, the insolation 
[45, 47] 
 
2..  You have to be there for a long time 
[55.4] 
3.  Look for changes in weather, like 
rain, snow, dry, sunlight. [57] 
4.  Record the annual  rainfall throughout 
the year [61]. 
5. Check out temperature [61]. 
6. See if it snows or rains [61.3] 
7.  need a ruler and thermometer 

I know their seasons would be different than ours definitely 
because their angle.  I am not sure whether or not it would be 
bigger, longer, each season, or each season would be shorter 
[43-43.1] 
1. How much sunlight would affect the temperature [51,53] 
If it's been hot for a certain amount of time and then suddenly.. 
gradually you get a drop in temperature, not just drop of one 
day but for 40 days or something that would probably tell 
you a season, but you would be able to tell that within one 
cycle of the seasons[55-55.4] 
3.  Sometime you'll have a lot for a certain amount of days. 
4.  Once the rainy season slows down, it'll shift to another and 
be dry or long. [63] 
    But there has to be  trends, if there only patterns you'd be 
able to tell [65]                                       [successful] 
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CR: CR solved two of the four problems successfully. Her method of finding 

how long a year in relation to the seasons was correct, but utilizing temperature data 

alone was inaccurate.  CR understood that the planetary motion around the sun results in 

a year, “the orbit around the sun is causing a year.. so for a full revolution you can easily 

break up the number of seasons by the number of days it took”.  CR correctly expressed 

the relationship between the changes in temperature due to the differences of the heating 

of the planet as a result of the direction of the tilt of the planet: 

  There will be differences in temperatures because it depends 
  on how far, if the orbit is a perfect kind of sphere. It will  
  change because of the tilt, one side is facing Milo more 
                        [302-41]. 
 

 When solving the problem of how many seasons are on planet Wooz, CR 

continues to revisit the conception of “axis is different” as a way of contributing 

to the differential heating on the planet, but she incorrectly brings the notion of 

distance between the planet and the sun as being related to seasons: “if it’s a 

shorter distance you might have three… it depends on distance”. 

 
Black/White VTN Strategy Problem Solvers 

 RE: RE solved only one problem partially.  She indicated no understanding of 

time relative to planetary motion by offering a method of measuring mountain heights as 

as way of determining how long is a year on Wooz.  Her inventions of the planet stopping 

and starting had not scientific basis. RE’s fails to develop an argument for looking for 

“period of light and darkness” to determine if there are seasons on Wooz.  Later in her 

argument she adds the idea of the planet’s tilt, but does not explain why summer and  
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     Table 4.96 
 

 Strategies and Principled Arguments used in solving Problem 2b: 
            If yes, How many seasons would planet Wooz have?  
 

    Solver       Methods Used Justification: Causal/Principled Arguments 
                               Color VTN Strategy 
             
             JW 

1.  You'd want to be in the hottest 
     place or coldest place [83.2]. 
 
2.  You'd want to be somewhere in 
      the middle, like NY [83.3-.4] 
 
 

1. You can get the seasons from wherever on the planet 
    [79.5]. 
 
Because the climate is similar to Earth, and once everywhere 
on Earth has season, so you can kind of make a connection 
between Wooz and Earth that way.  The sun would 
affect it.  The Earth has seasons and that Wooz is similar 
to Earth, you would kind of almost conclude that you would 
like use it as evidence [87-91.2]           [partially successful]       

           
            SH 

 
[SH strategy is drawing a picture of 
the planet with a 33 degree axis and 
diving the planet ] 
 
…. that’s about 23 and a half, and 33 
would be about [5-5.1] 
 
 
 
 
2. figure out the winter solstice or 
     different season solstices

[SH drawing] I’m trying to figure if the axis difference might 
effect the seasons [13] 
Four [53].  If it has a climate similar to Earth, I'm assuming it 
has four seasons [61]  
 
I know the ten degree approximate ten degree difference has 
to make the seasons more drastic, more different from season 
to season [101.1-.3]. It sends more light to different spots 
at different times.  It sends more energy because only 
certain areas can receive it [103.1-.2]      
                                                                        [successful]     
 2.  You get the most light the longest period of light 
                                                                                                 

            
            CR 

 
initial CR  makes comparison to 
Earth, therefore uses prior knowledge of 
Earth) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.  You would look for the stars, or if 
you know what seems simpler, at a certain 
time [212.2] 

There are probably going to be like 3 or 4 because it has the 
same climate and atmosphere similar to Earth, so it's probably 
going to have like the same kind of seasons, if any [7.2-.4] 
 
A season is the different times on the planet where the sun's 
temperature changes, things grow [85.1-.2].  If it get colder in 
winter and hotter in summer, and like mediocre fall and spring  
It 's like that so, it (seasons) depends on temperature [85.4-87] 
 
It (seasons)  depends like on Earth and the sun. If  it's the same 
you can have four, but if it's a shorter distance you might have 
three. I don't know how far  that's away from each other. If it's 
the same you can have four, but if it's a shorter distance you 
might have three.  It depends on distance [89.2-91.1] 
 
The orbit around the sun, depends on like how the axis is 
different [123.1-125.1]. If it's like facing more… Wooz  would 
be facing that way, I guess it hit like the lower part ( makes 
a drawing) It would hit ( the heat or rays from Milo)it like that 
again, but at a different angle , so I guess it would be like 
springtime. [131.-145]. 
                                                                        [successful] 
2. no justification provided                                             
                                                               

                                Black/White VTN Strategy 
           RE 1. There's going to be five [69] no justification provided                              [unsuccessful]

            
           CT 

 
1.  Track the altitude of the star in the sky 
during the day 

If you were in fall,  and the sun only went up to 45 degrees,    
        then you would know that the other side is having spring,   
        and their sun is higher. [34.2] 
         You could tell two seasons, when the star appears to be  
the same altitude in both hemispheres [36.3]   [successful]         

                                      Writing Strategy 
                NB no method given no justification provided                             [unsuccessful]

                JG no method given no justification provided                             [unsuccessful]

                MS no method given no justification provided                             [unsuccessful]
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winter would be different, her response was, ‘like one half of Wooz would be like 

summer and one will be like winter because it’ll be on a tilt”. RE provided a limited  

definition of a season, “different period throughout the Wooz year, when temperatures 

drop and new harbingers arrive like new seasons.” 

 CT: CT successfully solved one of the four problems. Although his use of the 

suntracker, to collect data on the sun’s altitude was correct in determining the length of a 

year and the number of seasons, his argument was faulty when he explained a year by the 

re-occurrence of the “same temperature”, rather than the same altitude. His introduction 

of the change in the direction of the tilt of the planet’s axis towards or away from the star 

is accurate but no connection was developed to the change in the angle of the sun’s 

altitude throughout the year and or seasons. CT continues to use temperature data as a 

method of determining the presence of seasons as to the “gaining more temperature”. 

CT’s definition of a season was limited; “a season is a time when a specific part of the 

planet is facing Milo”. He does not relate the change in the direction of the planet’s axis 

towards or away from Milo as contributing to seasonal differences.  

 
Writing Strategy Problem Solvers 

NB: NB was the least successful of all the problem solvers. She did not solve or 

partially solve any of the four problems. NB was unable to provide any argument for 

using a timer to determine how long is year on planet Wooz and why she would 

“look for sunlight” when figuring out if there were seasons onWooz.  She continually 

held onto an incorrect understanding with respect to rotation and revolution and the cause 

of seasons. For NB Wooz “rotates around the sun” and this “rotating is the cause of a 

season” rather than the revolution of the planet around Milo. 
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 Table 4.97 
 

 Strategies and Principled Arguments used in solving Problem 2c: 
                        When would the seasons occur?  
 

    Solver       Methods Used Justification: Causal/Principled Arguments 
                                    Color VTN  
            
             JW 

 
no method given 

1. During the winter it remains like, almost a constant 
    temperature, and then in the spring it starts to rise up and 
    then back to the summer again [39.3-39.5] 
 
2. When they are like constant, the seasons, when they start 
     to tail of for rise up, that would be like another season [42.1-
42.2]                                                        [unsuccessful] 

          SH no method given no justification provided                         [unsuccessful]

          CR no method given no justification provided                         [unsuccessful]

                                   Black/White  
          RE 1. When it get warmer and the tress 

come out [86.1-86.4] 
2. By the animals [94] 

1. If it gets warmer and the trees are still here then 
     the bugs come in [86.5]. 
                                                                 [unsuccessful 

          CT no method given A season is a time when a specific part of the planet is 
 facing Milo [24]                                      [unsuccessful]  

                                     Writing  
           NB no method given no justification provided                          [unsuccessful]

            
            JG 

1.  take and record temperatures [29] 
 
2a.  measure like if they [crew] had like a 
      stick, then they could measure how    
      much of a shadow it has to see if the  
     sun's directly above it [33] 
2b. very two months collect length data   
     [ 47,49]. 
 
 

1.  none 
 
2. When the shadow changes you know that the seasons     
    changing, because that's when the sun's changing, um rays 
    directly above on the planet [35.1-35.3]….  
 
If there is no shadow they you would know that would be 
summer because then the sun's directly above it [51.1] 
When the shadow's the longest then that would probably mean 
that it's winter [53, 77].. when it's at the shortest or if there 
is no shadow then that's the summer [77].. and in between 
would be like spring and fall [77.1] 
 
The farther  away the sun is to that point, then that's the longest 
shadow [79.1], because you are below the ray [81] 
                                                                [partially successful] 

           MS no method given no justification provided                         [unsuccessful]
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JG:  JG partially solved two of the four problems.  Although JG knew that “a year 

would be how long it takes to completely orbit around the star”, he offer no strategy to 

find how long is a year on Wooz. Later in his interview, he provided an explanation of 

when year occur, by using the same gnomon (shadow) he used to determine when 

seasons would occur. His argument is scientifically inaccurate. One complete cycle of a 

shadow results from one rotation not a revolution.  JG provided a very limited definition 

of a season, as being “just a phase that the planet goes through, other than location”. He 

has an understanding that different locations on the planet may have different seasons, 

but does not use  “location” in this method as what to do at these different locations on 

the planet. JG continually is searching for precise words to describe events. When asked 

what would cause some places to have different seasons, he does not recall the concept of 

angle of the sun’s rays or insolation. His response was, “because of where the sun’s … 

where it’s maximum about of… I forgot what the word it… I can’t think of anything.”   

MS: MS was the only student in the writing strategy group to successfully solve 

one problem. He also partially solved another problem. When solving how long is a year 

on Wooz, MB provided an accurate method, looking for a cycle by using the suntracker 

instrument for “observations of the altitude of the sun” and that “you have to stay for a 

very long time to tell the cycle”.  His arguments or justification as to why you need 

to collect this data was not developed. The altitude measurements needed to be taken at 

the same time of each day. MB also suggested looking at another cycle, “to see if there’s 

full moons and every certain amount of days you’d have to check to see if a full or half 

moon”.  His argument for using this method is again not developed further as to how this 

“cycle could tell us months of divisions of the year”.  If the Wooz rotated at the same rate 
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the moon revolved around the planet, then tracking the cycle of a moon would provide 

how many days in a month, rather than data for how long is a year.  The method of 

“being at the planet for a long period of time, using temperature and insolation” was 

justified by the of the fact that the planet’s axis,” because of the angle” does contribute to 

seasons is accurate and that cycles or patterns occur over a long period of time is 

indicative of seasonal data. 
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                                                           Chapter V      

                             DISCUSSION AND IMPLICATIONS 

 

             Introduction 

 
This inquiry was a journey in search for evidence of the effectiveness of VTN 

strategies in promoting long-term meaningful earth science learning and achievement. 

As the final chapter it begins with a summary of what was found, both expected and 

unexpected. The findings from this inquiry are then used to generate four claims about 

the efficacy of VTN strategies.  These claims, a causal relationship, an interrelationship,  

differential gender effects, and the generalizability of learner characteristics are presented 

and discussed. The interrelationship claim is interpreted from both a cognitive science 

and a neurocognitive science perspective. A neurocognitive model, the encoding 

activation theory of the anterior cingulate (ENACT-AC), offers an explanation for this 

interrelationship claim by identifying specific neural correlates for the cognitive 

processes involved when constructing color VTNs.  The strengths and the limitations of 

this inquiry are also discussed.  Because of this inquiry, exploration into new issues for 

future science educational research is presented. Finally, this inquiry ends with a 

perspective as how these findings and claims implicate instructional practices and 



 225

epistemologically ground a new conceptual edifice towards broadening our definition of 

cognition. 

Overview of Findings 

 
Two paths were traveled on this journey in search for answers, one experimental 

and the other, interview-based. Four major questions were posed at the beginning of this 

inquiry. 

Questions from the Experimental Design 

 Is earth science learning improved as a result of students choosing and 

  utilizing VTN strategies for learning science? 

 What factors are involved when a student chooses, prefers, constructs, 

and utilizes VTN strategies for learning science? 

 
Overview of Findings from the Experimental Design 

 Eighteen hypotheses were generated in the experimental design.  Six were 

confirmed, ten were disproved, and two remain inconclusive. The confirming hypotheses 

significantly indicated that: 

• Earth science learning was improved in the area of problem solving 

achievement for those students who used VTNs (color and black/white).   

• Earth science learning was most improved in the area of problem solving 

achievement for those students who used color VTNs. 

• Earth science learning was most improved in the area of problem solving 

achievement for students with high abstract reasoning aptitude who used 

the color VTNs. 

• Color VTN strategies helped both male and female students in problem 
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solving achievement. 

• Gender influenced the choice of a VTN strategy.  Females used more color 

VTN strategies than males. 

 
As a metacognitive learning strategy, VTN offers a place for students to construct 

meaningful relationships between different earth science concepts.  The expected finding 

in this inquiry was to see significant differences in the “concept” cognitive level of earth 

science knowledge between the experimental and control groups, in addition to seeing 

concept achievement level differences between the color and the black/white VTN 

groups.  The unexpected finding was the presence of significant differences only at the 

problem solving cognitive level.  This transfer of the higher order thinking skill of 

problem solving is explained with the presentation of a new metacognitive learning 

learning theory, the encoding activation theory of the anterior cingulate (ENACT-AC) in 

the claims section of this chapter. Based upon the pilot studies and the literature review 

with respect to gender differences in the form and content of drawings, it was expected to 

find female students choosing more color VTNs than males. 

 
Questions from the Interview-Based Design 

 To what extent are there differences in the properties of a verbal discourse 

sequence between a subset of students who utilized different strategies 

for learning when solving four problems? 

 To what extent are there differences in the conceptual understanding of  

time, planetary motion, and seasons between a subset of students 

who utilized different strategies for learning science? 
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 Overview of the Findings from the Interview-Based Design 

 Five major findings emerged from this design of the inquiry in the area of 

organization of knowledge in memory, problems solving strategy dimensionality, 

conceptual understanding, and gender differences.  

• Significant differences were found in the organization of earth science 

knowledge in recall from memory between a subset of students who used the 

color VTN strategies for learning science and a subset of students who used 

the other strategies for learning science. 

• The earth science knowledge recalled by female students during a think-out 

loud problem solving interview was significantly more interrelated than the 

earth science knowledge recalled by male students. 

• Students who used the color VTN strategies significantly generated more 

interrelated knowledge during the think-out-loud problem solving interview 

than students who used the black/white and writing strategies. 

• Females significantly generated more earth science knowledge during a 

think-out-loud problem solving interview than males. 

• Significant differences were found in the conceptual understanding of time, 

planetary motion, and seasons between a subset of students with low abstract 

reasoning and spatial relations aptitude, who used the color VTN strategies 

for learning science and a subset of similar students who used other strategies 

for learning science. 

 
 Two unexpected results emerged from this interview-based design. First, not only 

was female earth science knowledge significantly more interrelated than male 
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knowledge, but as females used the color VTNs for learning science, their knowledge 

became more interrelated.  Second, was the degree to which the findings in this 

interview-based design complemented one another. By doing so a broad multi-

dimensional perspective comes into focus identifying specific aspects of students’ 

thinking that were influenced by using VTNs for learning science. This degree of 

complementarity is explained further in the strengths of the inquiry section of this 

chapter. 

 
     Claims 
 
 
 The general research question that drove this inquiry asked, to what extent does 

the choice and utilization of visual thinking networks promote long-term meaningful 

learning and achievement? Four overarching claims emerge from this inquiry.  First, the 

identification of a causal relationship derived from the experimental design; second, the 

identification of an interrelationship derived from the interview-based design. The third 

claim, the differential gender effects and the fourth claim, the generalizability on learner 

characteristics were derived from both designs. Each claim is further elaborated. 

 
Identification of a Causal Relationship 

 The findings from the experimental design as presented in Chapter Four 

significantly establish a causal relationship.  Earth science learning, in the area of 

problem solving achievement, was significantly improved for those students who used 

the VTNs (black/white and color) strategies for learning science (p = .005).  

 Although significance was found in terms of problem solving achievement, what 

does this mean in terms of classroom practice?  Table 5.1 summarizes the percentage  
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Table 5.1 
 

Percentage Gain in Problem Solving Achievement 
 
 
            
 
        Group 
 
 

Percentage Gain     
 
   =     mean gain 
          total score  
    

 
 
  Male 

     
 
  Female 

  
            
 Experimental    
 

 
4.143  =      26% 
  16 
 

 
4.813 =  30% 
  16 

 
3.579 = 22% 
  16 

         
 Control 

 
1.810  =      11% 
  16 
 
 

 
1.667 =  10% 
  16 

 
1.867 = 12% 
  16  

  Strategy  
     Group        

   
     % Gain 

   
   Male 

 
   Female 

 
        Color VTN   
 

 
     4.8  =  30% 
     16 

 
 6.6  =  41% 
 16 

 
4.0 = 25% 
16 

 
        B/W VTN 
                     
                     

 
     2.5   =  16% 
     16 

 
 3.0  =  19% 
 16 

 
1.3 =  8% 
16 

 
       Writing 
 

 
     1.8    =  11% 
     16 
 

 
1.7   =  11% 
16 

 
1.9 =  12% 
16 
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gain in problem solving achievement in terms of total possible score on the problem 

solving area of the AGI/NSTA Earth Science Exam. The experimental group  

had a twenty-six percentage (26%) achievement gain while the control group had a 

twelve percentage 12% gain.  This doubling effect indicates how strong the significant 

effect was.  

 Closer examination of the Table 5.1 summarizes the percentage of achievement 

gain in problem solving with respect to groups who used different strategies for learning 

science. The percentage gain in problem solving achievement was the highest (30%) for 

those students who used the color VTN strategies for learning science.  Therefore, using 

VTN strategies for learning science produces greater gains than the writing strategy. 

 
Identification of an Interrelationship 

 The findings from the interview-based design as presented in Chapter Four 

establish an interrelationship between learners of high and low abstract reasoning 

aptitude who are metacognitively engaged in the construction of color VTNs to specific 

positive changes in their knowledge base as identified in Figure 5.1. These changes 

influenced their long-term meaningful learning and achievement in the cognitive domain 

of earth science problem solving. Two interpretations for these changes are presented. 

First, from a cognitive science perspective and second, through the lens of current 

neurocognitive science. The double arrow-headed line in Figure 5.1 between the learner 

and the positive changes in their knowledge base indicates there may be some dynamic(s) 

within the learner that enables him/her to elaborate these connections by using color in 

the VTNs. 
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      Figure 5.1.  An inter-relationship is derived from this study linking the process 

             of constructing Color VTNs to changes in the learners’ knowledge  
             base during problem solving that result in long-term meaningful                   
             learning and achievement. 
 
 
 
 

 

 

Metacognitive 
   Process of  
Constructing 
   COLOR  
Visual Thinking 
   Networks       

  Changes in the learners’ knowledge  
      base during problem solving: 
 
• Organization of earth science 

knowledge recalled from memory: 
knowledge is more interrelated. 

 
• Robust dimensionality in 

      verbal discourse: 
 
More knowledge is recalled. 
 
More knowledge action verbs and      
different types of knowledge action 
verbs are used to describe events 
and objects. 

 
• Extensive conceptual evidence and 

understanding of scientific events 
and objects that express accurate 
relationships in the form of verbal 
propositions and symbolic 
representations.   

  

 LONG TERM 
MEANINGFUL 
    LEARNING        
         AND 
ACHIEVEMENT 
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This relational claim opens new doors of exploration that will be discussed in the 

section on future research.  

Analysis of the findings that support this claim of interrelationship reveal two 

levels of cognitive processing occurred for those students who constructed the color 

VTNs for learning science.  First, on a more fundamental level, the use of color in the 

VTN acted as attentional device for discriminating or categorizing knowledge. A 

cognitive science interpretation further elaborates this level of processing. Second on a 

deeper, more complex, or higher level of processing, color coding may act as a 

mechanism to reactivate large numbers of distributed neural networks during the 

reconstruction of knowledge from memory. This latter level of processing will be 

elaborated from the perspective of current neurocognitive science. The important and 

common element between these two levels is that they are both involved in enhancing 

conceptual recall and in the reconstruction of memory.  

A Cognitive Science Interpretation 

The cognitive differences found in the learner’s knowledge base during problem 

solving between students who use color VTNs, black/white VTNs and the writing group 

may be attributed to differences in encoding dimensions.  

All three groups, color VTN, black/white VTN, and the control group first 

experienced some form of verbal encoding when being presented with the list of concepts 

(Appendix I).  Both the color and the black/white VTN groups then experienced a second 

level of encoding being visual, because of constructing the visual thinking networks. 
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Although the black/white VTN group experienced some form of visual encoding, it was 

not nearly as distinctive as when students used colors.   

At a very fundamental level, the more attributes one use to code scientific events 

and objects the more likely they can be reconstructed. The richness in the number of 

color attributes used in the VTNs to codify phenomena was elaborated twice during the 

interview-based design.   

First, when the experimental group was asked to explain why they made certain 

meaningful depiction decisions, such as the use of color and images, during the 

construction of the VTNs (Research Question 5e) students said (the number inside the 

bracket refers to the student number in the data table): 

      Colors are definitely helping me out in thinking, remembering, 
 and associating each color [2]…. The color gives it clarity in each 
 section, it help me [9]…..Color helps me read it better and things  
            stand out more [14]… Color attracts my attention more. I always  
            use color in other school projects. By using color, it is a way of  
            organizing myself. I use certain colors for certain areas [19]…Color  
            makes it easier to decipher [23]….I made each group a different color  
            [23]…. The color groups things into categories and I can understand 
            how everything connects [25]….Colors were used to distinguish  
            between certain categories [27]…..I choose colors to group things 
            [33].. Using color, definitely was important [38]. 
 
 
Secondly, when the experimental group was asked (Research Question 6a) to select 

which VTN level (level 1 - black/white VTN, level 2 - color VTN, level 3 - black/white 

VTN with symbolic images; or level 4 - color VTNs with symbolic images), seventy 

seven percent (77%) of the experimental group preferred the networks of color (level 2 & 

4);  while twenty-three percent (23%) preferred network of black/white (level 1 & 3). 

This preference choice was very significant (p = .001).  More importantly was the 

student’s rationale for preferring visual thinking networks of color:  
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It catches your attention more [11]… Cause like the colors, your eyes 
go everywhere, you notice more of the shapes and words better [12].. It  
catches your eye more because it has color [13]. It attracts more of my  
attention because the pictures were in color [19]…The color catches my  
eye quicker [22]...The color helps to distinguish between different categories 
[26].. It's bright and it attracts your attention [38]. 

 
  
 Thus color can be used to enhance discriminability of encoding information and 

aid its reconstruction during recall, as well as having a beneficial value of iconic 

representations to enhance abstract semantic content (Bruner, 1964). 

 Craik and Lockhart (1972) argued that the way we process information is 

responsible for the persistence in memory.  The more deeply we process information, that 

is, the more we elaborate meaning with associations, images, and stories the more likely 

we will remember that information. Thus the color VTN students experienced a greater 

depth of processing by the nature of the elaborate construction of the networks.  If the 

task of creating the networks were as students said, ‘harder than writing’, then more 

resources were being used by the student for this encoding process. Therefore, the 

encoding is going to be deeper and richer, and it will be easier to recall.  

The recent cognitive network theory of Kintsch (1998) supports this dimension of  

depth of encoding.  The VTN strategy may require great depth of information processing, 

that is, use more abstract reasoning, mobilizing conceptual knowledge more deeply, and 

for a greater extent of time than the writing tasks that utilize procedural knowledge. The 

writing strategy may not necessarily challenge the student to reorganize information in 

memory and differentiate networks of knowledge into more clearly delineated domains as 

during the construction of visual thinking networks.  
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According to Kintsch (1998) networks are a good model for representing 

knowledge, and each node are propositions with linkages surrounding the propositions. 

For Kintsch meaning is constructed in working memory by nodes being assembled 

accordingly to contextual demands. Procedural knowledge and various potential factors 

then further augment these nodes. The use of color in VTNs thus would create additional 

markers to the nodes, and make them more discriminable, and more of them retrievable 

from memory. A deeper processing can take place in working memory in a more 

complex and challenging demand on the individual by requiring students to go beyond 

the simple semantic representation involved during the typical procedural ways of 

dealing with knowledge as we write. By constructing VTNs, encoding is then enhanced 

since earth science knowledge is represented more deeply in terms of conceptual 

structures and contextual organization.  

 
A Neurocognitive Science Interpretation: A New Perspective on Model Building 

 In 1977, Novak argued in his book, A Theory of Education, that, “any attempt to 

advance a theory of education, must be firmly based in constructivism” (p. 23). That 

historical perspective gave rise to a “complete theory of education should eventually 

include a synthesis of neurobiological and cognitive scientific principles in addition to 

philosophical and cultural context” (Anderson, 1992, p. 1039). Edelman echoes this 

theme again in that “we must incorporate biology into our theory of knowledge and 

language” (1989, p. 239). The empirical findings and theoretical models as presented in  

Chapter Two from neurobiology and neurocognitive science, provide a foundation that 

explicitly constrains educational theory building. The findings from this inquiry implicate 
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a new metacognitive learning theory, the encoding activation theory of the anterior 

cingulate (ENACT-AC). 

 
ENACT-AC: The Encoding Activation Theory of the Anterior Cingulate 

 
What might account for the significant positive changes in the nature of the 

learner’s knowledge base as identified in Figure 5.1? Color as knowledge in the brain, is 

more than an anatomical marker found in the association visual cortex V4, that is, 

maintained through the regions of prefrontal cortex. Color, as knowledge in the brain is 

an integral, cross-modal, associative component within the widely distributed neuronal 

memory networks of the cortex. These color associations are defined by the neural 

relationships activated in the cortical networks during three stages: the perceptual stage, 

the attentional stage (encoding) and the retrieval stage of working memory.   

 The anterior cingulate has been hypothesized as an executive attention system 

(Posner and Raichle, 1994).  This system helps to ensure that the processing in other 

brain regions is most efficient.  Directing attention to color, activates many of the early 

visual cortices, V4, (Corbetta et al, 1991; Corbetta, Shulman, Miezin, & Petersen, 1995).  

The encoding of knowledge is most likely to be stable and recalled if it is given 

undivided attention and if this attention is directed to its meaning (Rugg, 1998; 

Brewer, Zhao, Desmond, Glover, & Gabrieli, 1998; Wagner, Schacter, Rotte, Koustaal, 

Dale, & et al 1998).   

The encoding activation theory of the anterior cingulate, ENACT-AC (Figure 5.2) 

is offered by this researcher as a model to explain the interrelationships found  

 



                                           Figure 5.2. The encoding activation theory of the anterior cingulate (ENACT-AC). 
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between the construction of color VTNs and the enhancement  of the learner’s knowledge 

base as shown in Figure 5.1. This model, Figure 5.2, incorporates much of the empirical 

neurocognitive findings described in Chapter Two. Memory is conceived of as a 

distributed property of the cortical system, organized in the form of networks of 

interconnected cortical neurons that are formed by association (Fuster, 1997). The 

question remains as to what happens to the collection of the distributed neural ensembles 

in the learner’s cortex when they metacognitively construct visual thinking networks of 

color? 

 In Figure 5.2, each anatomically distributed form of knowledge (for example,  

V4-form and form with color, V3-location, V5-motion; word and verb meanings; and 

spatial and object features in working memory) contain nested groups of neuron 

ensembles.  As explained in Chapter Two, these ensembles display all the known patterns 

of connectivity: feedforward, feedback, lateral, parallel, convergent and divergent. The 

collective ensembles of networks contain a very large number of co-associations that 

have the potential of being triggered and are considered a distinct property of the entire 

cerebral cortex. The activation of the anterior cingulate (AC) can occur from a top-down 

and a bottom-up (see insert) direction.  

Top-down activation: The reflective, metacognitive process of constructing a visual 

thinking network in color activates the anterior cingulate (active neuron darkened in the 

AC) by the learner selectively attending to particular color attributes that they have 

meaningfully depicted for the representation of scientific events and objects. This 

selective attention to color results in the triggering of other co-associated ensembles 

throughout the cortex (solid black arrowhead lines) thus activating other distributed 
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ensembles (darkened portion of the ensemble). The encoding of new knowledge, the  

formation of memory, becomes enhanced because a greater number of co-associations are  

formed between the highly interconnected distributed forms of knowledge (purple 

arrowhead lines) at the temporal cortices for verbs and word meaning; at the perceptual 

cortices (V4, V3, and V5); and at the working memory buffers for spatial and object 

features.   

At this deeper or higher level of processing, the collective network ensembles 

become strengthened and more stable, thus allowing for a greater ideational fluency or 

movement around the neural network. This ability to move around and activate 

the co-associated ensembles enables a more efficient retrieval of knowledge from 

memory. This retrieval or reconstruction of knowledge now involves a greater number of 

neural ensembles due to the reactivation of those early perceptual down stream visual 

cortical networks such as color, form, motion, and spatial relations, which were originally 

elaborated during the perception of events and objects. The ability to move forward and 

back in the collective ensembles by co-association provides for a greater depth in 

knowledge building. This explains why students who used the color VTN strategies for 

learning earth science had very specific positive and significant changes in their 

knowledge base. They recalled more knowledge. Their knowledge was more interrelated. 

These students used more and different types of knowledge action verbs to describe 

scientific events and objects. They were able to provide evidence of their conceptual 

knowledge in the form of verbal propositions and symbolic representations more than 

students who used the black/white VTN and writing strategies for learning science were.  
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Bottom-up activation (insert): Neural structures in the limbic system can also activate 

the anterior cingulate and other distributed forms of knowledge in the frontal, temporal, 

and posterior lobes as a result of the learner’s emotional valence or connection to the 

choice of a particular color. This subcortical mediation of emotion becomes a 

representation of that experience within a set of collective ensembles. These distributed 

ensembles can then be referenced during memory reconstruction. 

The plausibility of this ENACT-AC model also can be supported by the work of 

LaBerge (2000) and Damasio (1994b).  In the ENACT-AC model (Figure 5.2) 

the purple arrowhead lines show the distributed ensembles that are co-associated with 

color being the major discriminator.  This is very likely and follows LaBerge’s  

triangular-circuit theory of attention (2000), where he proposes a place in the 

posterior temporal lobe that selectively carries attentional signals back and forth from 

the frontal cortex to color cortical networks (V4).  In the ENACT-AC model, selective 

attention to color enhances those associated ensembles to be reactivated during memory 

reconstruction. The very close proximity of the nested neural ensembles for the semantic 

markers, the verb and word meanings, to the posterior cortices of color and form with 

color, (see V4 on Figure 5.2) can account for important findings. Students, who used the 

color VTN strategies, generated earth science knowledge that significantly used a greater 

number and different types of knowledge action verbs to describe planetary object and 

events during the think-out-loud problem solving interview than students who used the 

black/white VTN and the writing strategy.  

Damasio strongly argued that decision-making processes involved in the frontal 

cortex of anterior cingulate is very linked to and influenced by the limbic system.  
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He goes on to state that the emotional valence associated with an experience is an 

important part of one’s cognition logic, and is not just something ancillary to it (1994b). 

This representation of experience as another set of ensembles is presented in the ENACT-

AC model as the “bottom-up” of activation of the anterior cingulate by the limbic system.  

Again, the findings from the qualitative design provide support for this argument. During 

a short interview, the experimental group was asked to explain why they made 

meaningful depiction decisions, such as color, in the construction of the VTNs. These 

statements indicate an emotional tone to the decision of using color in their VTNs: 

 
     I like a lot of colors [5]…I used orange because that was the cake  
     I had last with my grandmother [6]…Colors have a meaning to me   
     [4,15]….Sleet was dangerous so I put it in red [27]…. For warm  
     air I thought like red, that was the color that came to mind [34]…  
     The color gives you more of an idea of what is going on and it gives  
     me an ideas of how it works, a feeling that …that is that! [36] 
 

 
Only one student expressed a negative emotional valence toward color,  “I don’t use 

color because I feel it doesn’t do much for me… it’s just like more work for color”  

[32]. 

Transfer of the Higher Order Thinking Skill Problem Solving 

The positive and significant changes in the color VTN learners’ knowledge base 

indicate the transfer of the higher order thinking skill, problem solving.  The ENACT-AC 

model also offers an explanation.  

One of the most important findings from the current neurocognitive research, as 

explained in the literature review and incorporated in the ENACT-AC model (see Figure 

5.2, purple arrowhead lines) indicates that the streams that carry the distributed 

knowledge of color, shape, location, and motion from the occipital lobe are maintained in 
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the frontal lobe (Courtney, Ungerleider, Keil, & Haxby, 1996; Friedman & Goldman-

Rakic, 1994; Smith, Jonides, & Koeppe, 1996; Wilson, Schalaidhe, & Goldman-Rakic, 

1993). The frontal lobe region is the site of multiple working memory ensembles, and is 

involved in the cognitive processes of planning, organizing, and decision making. These 

processes are used during problem solving. The working memory sites are also inter-

connected to the temporal cortices where verb and word meanings meditate (see Figure 

5.2, purple arrowhead lines).  

In order to solve a problem successfully students had to translate the words in 

order to represent the problem in working memory. The creation of an invention, a 

strategy, then had to be devised so that the conceptual knowledge can be used in a series 

of steps. Thus decisions had to be made as what to do next with this conceptual 

knowledge. This process of invention was more extensive and elaborate for those 

students who used the color VTN strategies for learning science.  A greater number of co-

associations were formed between the occipital and temporal forms of distributed 

knowledge that connect to the frontal lobe as a result of the anterior cingulate selectively 

attending to color during the construction of the visual thinking networks (see Figure 5.2 

black arrowhead lines). The ability to move around and re-activate the strengthened 

collective ensembles was enhanced when the color VTN learner was reconstructing 

knowledge in working memory during problem solving.   

 The analysis of the think-out-loud interviews supported this claim. During the 

invention process, the color VTN group (a subset of low abstract reasoning and spatial 

relation aptitude students) significantly used more accurate conceptual evidence of time, 
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planetary motion, and seasons, in the form of verbal and symbolic representations than 

students who used the black/white VTN and writing strategies for learning science. 

 
Differential Gender Effects  

 Four differential gender effects were observed with respect to problem solving 

achievement, organization of knowledge in memory, problem solving dimensionality, 

and VTN representation of earth science knowledge in relation to using the color VTN 

strategies for learning science. 

Gender Effect of Problem Solving Achievement 

At the pre-test level, the gender groups were not equal on the problem solving 

cognitive level of achievement. Males scored significantly higher on the problem solving 

criterion test items than females (p = .037). At the post-test level, the utilization of color 

VTN strategies helped both male and females move up the problem solving achievement 

ladder but from different perspectives. A review of the data presented in Chapter Four 

explains this differential gender effect (Table 5.2).    

When male students used the color VTN strategies for learning science they 

moved higher up the science achievement ladder.  They scored significantly higher on the 

pre-post problem solving criterion test items than males students who used the 

black/white VTN strategy (p = .006) and the writing strategy (p = .003).   

Female students who used the color VTN strategies for learning science 

scored significantly higher on the pre-post problem solving criterion test items than 

females who used the writing strategy for learning science (p = .025). Male students who 

used the color VTN strategies for learning science, scored significantly higher on the pre-
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post problem solving criterion test items than the females students who used the color 

VTN strategies (p = .001) 

 
Table 5.2 

Descriptive Statistics of Pre-post Problem Solving Achievement Gain for  
        Students using Different Strategies for Learning Science 

 
 
Cognitive Level                       VTN Levels            Gender 

 
Mean 

 
Std. Deviation 

 
N 

Gain score: Color VTN female 4.0000      2.0331 16 
problem solving  male 6.6250        .9161   8 
  Total 4.8750      2.1328 24 
 B/W VTN female 1.3333      1.5275   3 
  male 3.0000      1.9272   8 
  Total 2.5455      1.9164    11 
 Writing female 1.8667      2.6150 15 
  male 1.6667      2.9439   6 
  Total 1.8095      2.6358 21 
 Total female 2.8235      2.4921 34 
  male 3.99545      2.8532 22 
  Total 3.2679      2.6760 56 
  

 The female students of high abstract reasoning aptitude who used the color VTN 

strategies had a significantly higher mean gain scores on the problem solving criterion 

test items than similar males who used the black/white VTN strategies and the writing 

strategies for learning science (p = .021). 

 A review of the literature on gender differences with respect to problem solving 

does indicate that females do out perform males on problem solving tasks such as 

perceptual speed, manual precision, relational tasks, and mathematical calculations.  

Males on the other hand, out perform females on other problem solving tasks that are 

spatial in nature, such as mathematical reasoning, mental rotation, perception of the 

horizontal (Halpern, 1992; Kimura, 1992; Feingold, 1996). 

Part I of the AGI/NSTA Earth Science Exam consisted of sixteen problem solving 

questions.  Did the sixteen problem solving questions assessed favor male problem 



 245

solving ability? No analysis has been found to date identifying the type of problem 

solving questions addressed with respect to gender strengths in the AGI/NSTA National 

Earth Science Exam. Only one study, (Barba, 1990), categorized all the questions used in 

Part I and II of the exam into four different cognitive levels: fact, concept, rule/principle, 

and problem solving. Recognizing this raises a very important cautionary note that was 

recently identified by Rosén (1995). She argues that there is a gender bias favoring a 

male advantage with respect to the methodology used in assessing differential gender 

abilities. 

Organization of Knowledge in Memory 

The progression density coefficient and the number of knowledge network 

linkages were measures that determined the extent of knowledge inter-relatedness in a 

verbal discourse sequence, the think-out-loud problem-solving interview. Table 5.2 

summarized the data that were presented in Chapter Four with respect to gender groups at 

large, and the color VTN gender groups. 

 

Table 5.3 

                     Summary of Gender Differences in Organization of Knowledge in Memory 

    
   Group 

    Mean 
Progression 
  Density 

Mean Number of     
Knowledge Network 
        Linkages  

      Female 
      Male 

    .9105 * 
 1.0750 

       106.60* 
         81.50 

Color VTN 
      Female 
      Male 

   
   .7850 
   .8940 

  
       138.75 
       123.33 

   level of 
significance 

     
   .043 

  
             .038 
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Female’s earth science knowledge was significantly more inter-related than that 

of males. The lower progression density for females meant that as they added new 

information in their verbal discourse sequence, they also went back and revisited 

previously stated concepts. Their verbal problem solving discourse was highly recursive. 

Females significantly generated more knowledge network linkages than males during the 

think-out-loud problem-solving interview. When females in the experimental group used 

the color attributes in constructing the VTN strategies their earth science knowledge 

became even more relational, more recursive than the male color VTN group. The female 

VTN group had the lowest mean progression density and generated more knowledge 

network or inter-related linkages than males who used color the VTNs for learning 

science.  Further investigation is needed to look at socio-cultural influences on the 

construction of knowledge when using VTNs for learning science. 

 
VTN Representation of Earth Science Knowledge 

 One of the most interesting findings from this study indicates that gender 

influenced the choice of a VTN strategy. Females used significantly more color VTN 

strategies, while males utilized predominately black/white VTN strategies (p = .01).  

Other studies support this finding from the perspective of females having a larger color 

vocabulary (Greene & Gynther, 1995). Tuman found that “female drawings incorporated 

a greater variety of color, used more harmonious color combinations, while boys used 

less color, tended to use color locally, and tended to used contrasting color combinations 

in their drawings” (1998, p. 140). The samples of networks in Appendix C (Part One, 

Two, Three, and Five) demonstrate these different ways male and female use color in 

their VTNs. 
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 Although an in depth discriminant analysis of the VTN drawings was not 

conducted as part of this study, visual inspection of the VTNs did show another distinct 

difference in the organization of the earth science knowledge on paper. Female VTNs 

were more symmetrical, balanced in organization, while male VTNs were less 

symmetrical (see Appendix C). This difference in symmetry is documented in Tuman’s 

research analyzing children’s drawings (1998).  

 
Generalizability on Learner Characteristics 

 What type of student benefits from constructing color VTN strategies for learning 

earth science?  The final claim offered in this inquiry argues that the transfer of the higher 

order thinking skill, problem solving, was evident for the population sample of upper 

middle class, 9th grade earth science students characterized with both high and low 

abstract reasoning aptitude. The experimental findings of this inquiry provided evidence 

of problem solving transfer for high abstract reasoning aptitude students. High abstract 

reasoning aptitude students who used the color VTN strategies for learning science had a 

significantly higher mean score on the problem solving criterion test items than high 

abstract reasoning students who used the black/white VTN strategies (p = .010) and the 

writing strategy for learning science (p = .001).  

The interview-based findings provide evidence for the transfer of the higher order 

thinking skill, problem solving, for students with low abstract reasoning and spatial 

relations aptitude.  Students with low abstract reasoning and spatial relation aptitude who 

used the color VTN strategies for learning science significantly generated: 

 More interrelated earth science knowledge during the think-out-loud problem 

solving interviews than students who used the writing strategy (p = .029). 
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 More conceptual evidence of time, planetary motion, than those similar 

students who used the black/white VTN strategy (p = .018) and the writing 

strategy (p =  .010) for learning science.  

 More accurate conceptual evidence in the form of symbolic representations 

about time, planetary motion, and seasons during the think-out-loud problem 

solving interview than those students who used the black/white VTN strategy 

(p = .048) and the writing strategy (p = .034). 

Although concept mapping (CM) is the most widely researched knowledge 

representation strategy, few studies claimed the efficacy of CM for “high ability 

students” (Pankratius, 1990). Rather the opposite was found (Schmid & Telaro, 1990; 

Stevnsold & Wilson, 1990). Stensvold and Wilson however, suggested that “a longer-

term study might allow high verbal ability students to integrate concept mapping into 

their learning styles” (p. 479). This consideration of a “longer-term study” was one of the 

main parameters considered in the planning the design to test the efficacy of these 

VTN strategies. A meta-analysis study of nineteen concept mapping studies indicated that 

the length of time of students used concept mapping varied from .2 to 22 weeks (Horton, 

et al., 1993).  For this inquiry, students constructed the VTN strategies over a five-month, 

a twenty-two week period. 
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         Strengths of the Inquiry 
 
 

Much strength characterizes this inquiry by providing a unique research 

perspective when investigating classroom learning and achievement. First, this inquiry 

was situated in a natural classroom setting and data is collected over a long period of 

time, eleven months. Second, this inquiry combines both an experimental and an 

interview-based methodology. There is an important degree of relationship between the 

experimental and the interview-based findings. The major finding from the experimental 

design regarding the improvement of problem solving achievement gives extra credibility 

to the observed significant dimensionality in the learner’s knowledge base when problem 

solving. The networking analysis from the flow maps complements the achievement test 

score findings, that is, if you have generated more knowledge (linear linkages) that means 

you have more information recalled from memory. 

The complexity of the data, that is the multi-nature of probing into different 

aspects of thinking by using a diverse number of variables (progression density, linear 

linkages, network linkages, and number/type of knowledge action verbs in network 

linkages) provides a coherent view of specific changes in the learners’ thinking that 

mediate problem solving achievement.  

Finally, there is the presence of consistent coherency or reinforcement between 

the different interview-based findings. The networking analysis from the flow maps and 

the progression density calculations complemented one another. Since network linkages 

and progression density are both measures of knowledge inter-relatedness, it was 

expected to find that students who used the color VTN strategy for learning science 

would also use more network knowledge linkages as they solved the interview problem 
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involving time and planetary motion. Both are measures of knowledge of inter-

relatedness that represent different methods of transforming the same clinical interview 

data source. Students who used the color VTNs for learning science significantly had a 

lower progression density.  This means as they were generating new ideas in problem 

solving they went back and revisited previously recalled knowledge.  Students who used 

the color VTNs for learning science significantly generated more network or inter-related 

linkages. Significant gender differences were found with respect to knowledge inter-

relatedness were found using the progression density and the networking analysis 

measures. Both transformations of the data indicated that females generated more inter-

related earth science knowledge than males. 

The finding that students with low abstract reasoning aptitude who used the color 

VTNs significantly held more conceptually accurate propositions about time, planetary 

motion, and seasons than students who used the black/white and writing strategies 

supports the networking and progression density analysis findings.   

 
      Limitations of the Study 

  
The methods of this inquiry are subject to at least four limitations: 

1. Attrition rate of original sample size. Four students were eliminated from the 

original study. At the beginning the beginning of the study, September 1996, the total 

size of the population was sixty (N = 60; experimental, n = 39; control n= 21). During the 

course of academic year the sample size decreased to fifty-six (N = 56; experimental, 

 n = 35; control, n = 21). One student changed earth science classes. Three students were 

absent when the post-test exam was administered. 
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2. Sample size of population for the inquiry. During the design phase of this 

inquiry an estimated power analysis of fifty six percent (56%) to eighty percent (80%) 

with a medium size effect was calculated for a 5 (VTN levels) x 3 (abstract reasoning 

aptitude levels) x 2 (gender) MANOVA analysis was using a sample size of N = 120.  

Due to the constraints in getting administrative approval with the New York City Board 

of Education to conduct this inquiry, a 9th grade earth science suburban population was 

chosen for this study. The original sample size of the population was sixty (N = 60).   

As a result of this limitation in sample size, the intended large main effect MANOVA 

factorial statistic for the study had to be replaced with a smaller, 2 (group) x 2 (gender) 

ANOVA and MANOVA analyses.  This reduction from the estimated sample size needed 

of one hundred and twenty (N = 120) to the actual population size of fifty-six (N = 56) 

could account for the low observed power analysis in the findings of the following of the 

research question: 

• Research question 1c: Are there differences in the pre-post  

achievement gain scores on an earth science exam between groups who used different 

(color, b/w) VTN strategies for learning science and a group that utilized a writing 

strategy for learning science? Statistical significance was found only between the 

color and writing strategy group (p = .014), although the graphic plot (Figure 4.4) and the 

descriptive statistics below (Table 5.4) show an equivalent mean pre-post gain score of 

the b/w VTN and the writing strategy group. Because the sample size of the b/w VTN 

group was smaller, n = 11, the power was decreased. As a result, the level of significance 

for achievement between the color and b/w VTN group was p = .074.  However, if a 

separate ANCOVA was computed comparing only the color and b/w VTN group, a 
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statistical significance in the mean pre-post gain achievement score for the color VTN 

group was found (p = .002). 

 
                                                               Table 5.4 

           Summary of Descriptive Statistics for Research Question 1c 

 
   Group 

 
   Mean 

 Standard 
Deviation 

  
 N 

Color VTN   15.4167    4.7541  24 
B/W  VTN   11.8182    4.0943  11 
Writing   11.3333    5.0033  21 

 

3. Since the experimental students were not assigned to color and black/white 

VTN groups the role of student choice effected the sample size when comparing different  

groups. This choice in strategy factor accounted for the small “n” when comparing 

different learning strategy and gender groups. 

4. Lack of precise measurement of time on task. Both the experimental and 

control groups were given the same three sets of topical earth science conceptual labels to 

use in either the VTN strategies or the writing projects (see Appendix H). No accurate 

measurements was recorded as to how much time each student actually spent on 

constructing the VTNs as compared to the time spent by the control group creating the 

writing stories. Time was a major factor reported by the experimental group as they 

explained why they changed VTN levels. It was reported by some of these experimental 

students that adding the relational aspect of color to the VTN required more time.  One 

way to compensate for this lack of precise measurement on time on task was to provide 

both the experimental and control groups with an equal amount of help sessions. During 

the course of twenty-two weeks every control and experimental student was required to 

visit the researcher each time they were constructing a new VTN or creating a new 
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writing stories. Therefore, each student met with the researcher during help sessions three 

times over the course of a five-month period. 

 
   Implications for Science Education Research 

 
 The claims generated from this inquiry provoke additional questions 

relevant to the construction and utilization of color VTN strategies for representing 

meaningful earth science knowledge. Research issues emerged from this study in these 

categories: a new experimental design, gender differences, social construction of 

knowledge, emotional cognition, color V4 deficit functioning, computer VTN rendering, 

comparative analysis of color visual thinking networking to concept mapping, and color 

VTN strategies and other science domains. 

 
A New Experimental Design 

 Since an interrelationship was found between positive changes in the learners’ 

knowledge base and using color VTNs, the next and important question to ask is there a 

causal relationship between using color VTNs and achievement?  To answer this question 

a new study needs to be conducted, one in which students are randomly assigned to two 

groups for learning science.  One, the color VTN group and the other the black/white 

VTN group.  Findings from this study can now test the efficacy of color VTNs enhancing 

long-term achievement and learning. 
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Gender Differences 

The findings from this inquiry indicated that females significantly chose to use 

more color VTN strategies for learning science than males (p = .01). When females used 

the color VTN strategies the earth science knowledge recalled during problem solving 

became more interrelated than males who used the black/white and writing strategies  

(p < .001). The use of color in visual thinking networks promoted the encoding and the 

reconstruction of earth science knowledge in memory. This resulted in the transfer of the 

higher order thinking skill of problem solving. In this light, are there gender differences 

in a cognitive developmental trend for problem solving relative to the use of color in the 

visual thinking networks? A longitudinal study comparing the choice and utilization of 

visual thinking strategies to problem solving achievement tested at the 4th, 9th, and 11th 

grade level would provide this important developmental perspective. 

 
Social construction of knowledge 

 Although the interpretations of the findings and the claims derived from this 

inquiry with respect to the use of color in the construction of the VTNs were made from a 

neurocognitive perspective, a larger question emerges whether the color construction,  

that is the sensibility towards using color, is socially constructed. Would the results of 

learning and achievement be the same or different, if you have one subset of students 

experience a whole year in color studies with their visual art teacher (observing, 

inquiring, and using color) while another set of students do not have these set of 

experiences?   
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Emotional Cognition 

 The ENACT-AC theory proposes a second pathway of activating the 

the anterior cingulate by way of the limbic structures. It is then important to explore, 

elaborate, and understand the relationship of color choice, emotional valence, and the 

decision making categorizations for the science conceptual labels. The clinical interview 

data presented in Chapter Four, functions as preliminary data indicating that more 

probing is needed to understand the preference for certain color choices.  

 
Color V4 Deficit Functioning 

 The ENACT-AC theory presented in this chapter proposes two pathways for the 

activation of the anterior cingulate, the top-down, and the bottom-up (Figure 5.2). Both of 

these pathways involved the triggering of the co-associated ensembles of the color V4 

cortices that are in close proximity to the semantic markers of noun and verb mediation. 

This raises an interesting question for people who can not see their visual world in color. 

Would these people with achromatopsia show a deficit or perhaps compensate in some 

other way for not using color as knowledge in the brain?  Would they develop other ways 

of representing, such as using the dorsal or “where” pathway for the ensembles involved 

in location (V3) and motion (V5)? 

 
Second Generation VTN: Computer Rendering and Intelligent Tutoring 

Several important comments were provided by males students regarding the 

construction of their VTNs. During one of the interview sessions, Steve, a student who 

used the color VTN strategy, was asked what would he do if he could take the two 

dimensional paper VTN to another level?  Steve responded he would “give it movement 
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and a three dimensional perspective.” He continued to say “it was as if the concepts 

wanted to move back and forth and around.” Farrokh (1997) has proposed a model for 

three-dimensional concept mapping.   

When the experimental group began constructing their first VTN on Earth and 

Space Science, David submitted a computer generated VTN.  He argued that it took too 

much time to draw the symbols, to add color by hand, and that the computer made it 

faster in addition to it being easier to change any part of his VTN. Unfortunately, due to 

the necessity of preserving the methodology of this inquiry design, no new variables such 

as computer generated VTNs were submitted in the learner’s portfolio. Interestingly, 

from then on David switched from constructing the highest level of a VTN using color 

and symbolic images to the lowest VTN level, the network of black/white conceptual 

labels for his remaining two VTN topics. 

 These important comments need to be considered in the development of a 

second generation of VTN strategies. VTN software design would incorporate, 3-D 

modeling, movement of conceptual labels, images and symbols, in addition to and the 

incorporation of an intelligent tutoring component.   

An intelligent tutoring component could address one of the most important and 

yet most difficult aspects of constructing a visual thinking network, the ability of students 

to express and articulate the relationship between scientific objects and events. This is the 

crux and the heart of learning and understanding scientific concepts (National Research 

Council, 1996). Students struggled with the ability to identify a verb or a verb phrase to 

explain the connection to other events and or objects in their VTN. These verbs needed to 

be placed in a VTN on the arrowhead linking lines connecting conceptual labels. This 
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aspect became exceedingly apparent during the help sessions, as students presented their 

VTN in progress. Often students faced difficulties such as where to begin, how to express 

the verbal relationship between concepts, or they would identify an incorrect verbal 

relationship between concept labels. The presence of an intelligent tutor component to the 

software design would enable students to modify or change their existing verb linkages as 

a result of the interaction with the “tutor”. The use of a computer generated VTN 

heuristic raises additional questions.  Would the results of this inquiry be replicated if 

students used computer generated VTNs instead of hand drawn VTNs?  Would the 

ensembles pathways in the brain be activated if the senses were activated via computer 

interaction? Would males choose to use the computer software more than females?  

These questions need exploration. 

 
Comparative Analysis of Color VTN to Concept Mapping 
 
 The visual thinking networks of conceptual labels in black and white most closely 

resemble concept maps (see Appendix C, Part Six). Two claims put forth by concept 

mapping researchers are (1) “concept mapping does however, appear to move students 

slowly toward meaningful learning” (Heinze-Fry & Novak, 1990, p. 471) and (2) concept 

mapping was a helpful strategy for improving knowledge achievement and problem 

solving performance (Novak, Gowin & Johnsen 1983). Further research is needed to 

compare problem solving achievement between a large population of randomly assigned 

students to two groups, a concept mapping strategy group and a color VTN strategy 

group. 
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VTN Strategies and other Science Domains 
 
  Not only does this inquiry need to be replicated, but the use of color VTN 

strategies for student knowledge representation needs to be tested in other science 

educational domains.  Improved achievement was more evident in concept mapping 

research studies that used biology as the content focus and less evident in the chemical 

and physical science studies (Horton, et al., 1993). 

 
Implications for Instructional Practices 

 
Two very broad issues are brought to bear on the educational significance of this 

inquiry.  First, the findings generated and the derived claims provide us with a new 

understanding of science knowledge building. Second, we are compelled to look at a 

the ways females express their thinking. 

Knowledge Building 

The convergent findings from neurocognitive science indicate that our physical 

body and the dynamic activity of our brain, rather than the external world, provide the 

ground reference for our constructions of reality. The brain generates these constructs 

that are used as categorizing discrete forms of knowledge from our senses. The role of the 

senses is involved in concept formation since perception and cognition are now viewed as 

a continuous and co-extensive process. Reconstruction of knowledge from memory 

involves the reactivation of the original cortical sense representations that were formed 

when the perceiver was sensing an object or an event. The greater diversity in primary 

sense representations such as multi-modal tasks can enhance learning by strengthening 

the internal connections between the distributed forms of knowledge in the brain.  
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It becomes crucial for science education, in addition to other educational domains, 

that classroom learning experiences utilize auditory, visual, and tactile tasks for the 

learner’s acquisition, representation and assessment of knowledge.  This multi-modal or 

contextual rich learning forges a new view of knowledge mastery.  In order to achieve 

this, there must be a renewed effort in professional development for in-service teachers 

and instruction for pre-service teachers. This effort needs to actively engage students and 

teachers in developing a broader understanding of the nature of the learner, from the 

perspective of the role of their senses in concept formation and in the reconstruction of 

distributed knowledge from memory. 

Lemke (1998) argued for the “teaching of all the languages of science: words, 

symbols, images, and actions” (p. 1). Multiple ways of thinking about science concept 

formation allows for the transformation in the forms we encourage students to use in 

order to represent what they have come to know (Eisner, 1994).  Meaning making has 

been described as a “fundamental adaptation of the human species and the driving force 

underlying all forms of conceptual change” (Mintzes, 1999, p. 1). The color attributes 

used in the construction of the VTNs are not added for artistic reasons alone, rather they 

provide another dimension in decision making, reflective and conceptual thinking as the 

learners make their knowledge explicit in a highly meaningful and idiosyncratic manner.  

Based on the claims as presented in this chapter, it is especially important that students, 

especially females, be given access to a variety of materials and tools so they can 

represent and build their science knowledge meaningfully using the relational aspects of 

color. 
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In The National Science Standards (1996) the National Research Council has 

called for the integration of theory to practice by the promotion of a “minds on” (p. 20) 

approach to learning science. To this end, the development of higher order thinking 

skills and the need to teach thinking skills has become a major driving force in the current 

science educational reform movement. The claims presented and discussed in this chapter 

indicate that the higher order thinking skill of problem solving is improved for male and 

female students as a result of using color VTN strategies for learning science. The recent 

neurocognitive findings about the brain’s organization and processing and ENACT- AC 

theory conceptually ground VTN as an exemplar in this direction of science educational 

reform.  

The claims put forth in this chapter as derived from the ENACT-AC model and 

supported by the current findings from neurocognitive science calls for a renewed look at 

Sheffler’s philosophical essay “In Praise of the Cognitive Emotions” (1991). For 

Sheffler, emotion has a role in cognition, “in the service of critical inquiry” (p. 4). The 

interpretative role of emotion in cognition as viewed from this inquiry and argued by 

Damasio (1994b) necessitates a seat in our classrooms. This seat saves the space for an 

approach to teaching and learning that incorporates creative expressions for 

metacognition, decision making, and conceptual thinking in a variety of classroom 

contexts.  

 
Relational Thinking 

 One of the unexpected findings generated from this inquiry provides the 

educational arena with yet another lens to view the way that females express their 

thinking. Two different methods of transforming the clinical interview data, the 
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progression density analysis and the flow mapping analysis, resulted in these same 

findings: 

 Female earth science knowledge was significantly more inter-related than male 

earth science knowledge.  

 When females added the attribute of color to their VTNs their earth science 

knowledge became more inter-related. 

Carol Gilligan (1982) brought to psychological theory the necessity for creating a space 

for women’s relational way of thinking, the “connections they make reveal the world that 

they see and in which they act” (p. 2).  As the “weaver of those networks of relationships 

on which she in turn relies” (p. 17) a voice was acknowledged when characterizing moral 

development. That voice was no less significant than the male approach of formulating 

rules and making abstractions, just different. 

 Putting the causal interpretation aside as to explain the presence of this relational 

way of thinking about knowledge, what does the presence of this mode of thinking about 

knowledge mean in terms of classroom practices? This relational way of thinking about 

the world needs to be acknowledged, given new spaces in our classroom so that it can be 

seen and heard. Educators must pause, reflect upon, and re-evaluate methods of 

assessment. If educators are not looking for or measuring relational thinking then the 

tools from which we assess learning and achievement are not valid for females. More 

exploration is needed to understand this dynamic way of thinking about the world. 
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Summary 

 
 Long-term meaningful learning is important goal in education. The findings of 

this inquiry indicate the importance of using color in visual thinking networking, a new 

knowledge representation strategy. The use of color in these visual thinking networks 

promotes the encoding and reconstruction of earth science knowledge in memory. 

Therefore, the transfer of the higher-order-thinking skill of problem solving occurs. The 

findings of this inquiry also epistemologically encourage a broader definition of 

cognition. 

Languis and Miller (1992) argued that “before substantial change can occur in  

education, the wide gap between neurocognitive science and classroom practice must 

be closed” (p.493).  This inquiry not only begins to close this gap, but offers two new 

bridges: visual thinking networking, a metacognitive learning strategy for the 

representation of science knowledge, and the ENACT-AC theory. Both of these bridges 

integrate neurocognitive science to the educational domain of metacognitive learning. 

The ENACT-AC model represents a new dimension in building a learning theory that is 

explicitly constrained by current neurobiology and neurocognitive science.  

 The new understanding of the role of the visual cortex in cognitive processing 

has strong implications for broadening the science education research agenda with 

respect to research questions, methodology, and foci. The claims generated from this 

chapter provide insight into the importance of providing student choice when integrating 

multiple ways of thinking about science concept formation. Visual thinking networking 

strategies encourages learners to choose meaningful color and symbolic visualizations to 

the scientific concepts, processes, and experiences into a coherent whole. In doing so, we 
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a encourage a broadened epistemological view of color as knowledge. This view supports 

Eisner’s arguments for “a transformation of the ways in which we teach, the curriculum 

resources we employ, and the form we allow students to use in order to represent what 

they have come to know” (1994a, p. 87).  

 The capacity to utilize and incorporate our conceived images into our educational 

milieu demands a more central rather than a peripheral role. Greene stated that 

“imagination, the capacity to seek out alternatives and to look at things as if they could 

be otherwise, is overlooked in the language of school change” (1994). The call for 

emancipating an imaginative education as advocated by Sloan (1983) is given a new 

charge from this inquiry. This research may help to recover what Greene described as the 

“lost capacity,” by providing new ways to release students’ imagination through learning 

science. 
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Appendix A:  Part One 

 
  

Individual variability in VTNs types created by ninth grade students  
 
during 1987-1993 in the content domain of the physical sciences.
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Network of conceptual labels in black/white 
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Network of conceptual labels in color 
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Network of conceptual labels with black/white symbolic or pictorial images 
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Network of conceptual labels with color symbolic or pictorial images 
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Appendix A: Part Two 
 

Open ended clinical interview after video taping a high school chemistry student  
constructed a VTN on chemical kinetics. 
 
 
Partial sequence of an opened ended clinical interview after video taping 
Peter, a high school chemistry student constructing a Visual Thinking Network on 
chemical kinetics, April 5, 1995 (I = interviewer, P = Peter). 
 
I: Why did you use two color here [pointing to reactants on the network]? 
 
P: I chose these colors because they were opposites.  You know, a lot of chemistry 

involves different things.  I used this shape to show what chemistry is made up of, 
unpredictable reactions... a lot of reactions can be spontaneous and some can be 
totally predicted... The curvy part would be disorder, and the straight lines, you just 
represent the more predictable part of chemistry. 

 
I: Tell me why you choose this symbol for element, and why you incorporated that 

symbol in the world compound, and then you also added, shape.  What is that 
about? 

 
P: Elements are just, simple structures, one thing.  So I decided to make a shape that 

was simple, just like that.  And for compounds, I put that shape plus, like a square, 
sort of around it, to show it more complex.  To show it had more pieces than just a 
simple elements.  It was elements together. 

 
I: and this had an interesting shape here.  (points) 
 
P: Potential energy. 
 
I: Can you explain, potential energy?  Explain the shape and why you used two colors 

inside of there. 
 
P: uhm.  Well, I used the yellow color, cause that is what I have been using for 

potential energy.  and the green color, was part of the, you know, the subgroup, the 
endothermic. and I was all relating it to that one color.  So I used those two colors 
and on the outside, I did a sort of half of it is a black you know, uh a outline of ½ a 
rectangle and the other ½ half is kind of, you know, gigjag...to complete the 
rectangle.  Which showed that it was energy, but it was also, it was potential 
energy, it was not yet released but it could be.  To kind of show it had the potential 
to be, you know, released. 

 
I: And up here you used the same, shape, but you added a different color.  You added 

orange. 
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P: yeah. 
 
I: Explain why orange was a part of this potential energy?  So this shared, his, 

potential energy was being shared by what? 
 
P: endothermic and exothermic. 
 
I: And you distinguished between endo, and exothermic by....? 
 
P: Red and green... I mean orange and green colors. 
 
I: I was wondering if you could say more about what your understanding of chemical 

kinetics was before you started this networking process, like a week ago, and 
whatever your understanding was about it then, how you got that understanding, 
you were told it or read it, or whatever and what you understandings is now.. so 
what was your understanding before?  How did you get that understanding? 

 
P: Well I didn’t have an understanding.  I didn’t know what the words meant, before.  

I didn’t know. 
 
I: This is something that you had been, that you studied in school, right? 
 
P: yeah. 
 
I: And you just had a test on it. 
 
P: yeah. 
 
I: So you had already been, you read something, and did you have a lab about it? 
 
P: Not on chemical kinetics 
 
I: But had it been presented, had there been a lecture by the teacher in the class 
 
P: yeah. 
 
I: Did you take any notes? 
 
P: Yeah, I think so. 
 
I: So you took notes, there was a lecture, you read about it, you had a test about it, and 

you didn’t have understanding of what it was? 
 
P: UH hugh.  Now I understand what it means.  I understand how it relates to 

everything, reaction rates. 
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I: Can you articulate, now how is it you understand? 
 
P: I understand by, cause I know what the relationship to reaction rates, to, you know, 

how it fit in with chemistry.  I mean..I did know what the definition was before.  I 
didn’t know anything about it.  And now I do, you know. 

I: What have you learned now about yourself as a learner and a thinker? 
 
P: I learned how I can.. uh, and how I can put my thoughts, sort of down on paper, you 

know.  That way, put shapes down that I think relate in my mind to .. to key words 
and you know.  Like in, related things better in my mind, I think. 

 
I: So what about, your thinking? 
 
P: I think I can, I think it’s changed because I relate things more now.  I put things 

together and I see that, when you, when you like.. I just, I don’t know, I kind of 
just...I understand how to, you know..things kind of work in your head when you 
put things down and you see the different shapes that you make things, and you see 
why you do that and you can think about it, and what the reasons for it were, you 
know. 

 
I: So the shapes, do what for you then? 
 
P: They put sort of what of what I’m thinking down on paper, sort of.  Like what, I 

think that means to me or what it looks in my head to me. 
 

I think that I think in, a lot of my thinking is.. is kind of in my brain.  I associate 
thinking, you know, with certain things, with stuff like shapes and colors, and uh, 
symbols.  I just don’t think in black and white, I think in color and shapes, in may 
different things, you know.  I think that is why this works. Like when I write these 
symbols down they mean something to me, they might not mean anything to 
somebody else, but to me that’s what the symbol means and that is what I can 
associate it with.  
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Appendix A: Part Three 
 

Clinical Interview Protocol about an event involving time and planetary motion. 
 
You are a Mission Specialist NASA.  As a crew member, you are preparing for your first 
voyage that will travel on the space shuttle to the Epsolon Galaxy and land on planet 
Wooz.  Here are some facts that NASA has already collected from data about the planet 
from a satellite probe: 
 

1. Size of planet Wooz was like Venus, has a climate similar to Earth. 
2. The tilt of the axis of planet Wooz was 33. 
3. The planet orbits a yellow dwarf star, Milo. 
4. Wooz is about 100 million miles from Milo. 
5. Planet Wooz has a magnetic field. 
6. Photographs indicate a mountainous environment.  Some of the photos 

show changing length of shadow’s cast by the mountains. 
 
Your mission is to solve six problems in two phases. 
 
Phase I of your mission [Pre-network strategy instruction clinical Interview]: 
 

1. Since planet Wooz experiences periods of light and darkness, you are to 
solve the problem of how long is a day? 

 
2. In what direction does planet Wooz move? 

 
Phase II of your mission [Post-network strategy instruction clinical interview]: 
 

3. Since you found out in Phase I of your mission the length of a day, how 
long is a year? 

 
4. Are there seasons on the planet?  If so, how many?  When do they occur? 

 
To prepare for this Mission, you must decide: 
 

1. What scientific instruments would you bring so the tasks can be solved? 
 

2. What types of observations would you need to collect on the planet for 
each of those tasks? 
 

3. What is your plan on how you will use those instruments to make the 
necessary observations to solve those problems? 
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Appendix A - Part Four:   Partial transcript sequence of the pilot clinical interview 
 
(S= subject, I = Interviewer) 
…. 
 
35.      S:   Well, I’d start with day of the planet. 
 
36. I:  OK. How long is a day?  How would you go about figuring that out?  How  
                 long is a Wooz day? 
 
37.1 S:  I remember… 
37.2      but what is it.. 
37.3      is the axis 33 degrees? 
 
37. I:  The axis is tilted 33 degrees, right. 
 
39.1 S:  33 degrees. 
39.2      So earth is 23.5 degrees 
39.3      Wow.. 
39.4       I can’t remember… 
39.5      God! 
39.6      Hum… 
39.7      I’d count the… hum….. 
39.8      if we have hours of daylight on the planet. 
 
49. I:   How would you do that? 
 
50. S:  I think that the star… 
50.1 what was that a dwarf star? 
50.2 I think, I would consider that a sun for the planet. 
 
51. I:   Good, so the planet has a sun. 
 
51. S:  Yes.. and hum… 
51.2 I would count… 
51.3 I would like stay there and count how many hours there of sun and of 

darkness.. 
51.4 I’d add them up. 
 
52. I:    How would you do that?  How would you count them? 
 
53. S:    I’d…. I don’t know. 
53.1 I guess I would just sit there and wait for it to turn dark. 
 
54.       I:    How would you know who long that count is? 
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Appendix A. Part Five:   
 
Conceptual Profile Inventory about Time, Planetary Motion, and Seasons 
 
 
1.0 Time 
 
1.1  A year is the amount of time it takes a planet to go around it's star. 
 
1.2  A year can be determined by the reoccurrence of a season marked by the 
       highest, lowest, and median total amount of daylight and or by the reoccurrence of  
       the star's altitude (the angle of the sun's rays hitting the planet). 
 
2.0 Planetary Motion 
 
2.1  Revolution is the movement of a planet in an elliptical orbit around it's star. 
 
2.2 One revolution is one year. 
 
2.3 A planet simultaneously revolves around it's star as it rotates on it's axis. 
 
2.4  Changes occur in the angle of insolation (incoming solar radiation) striking 
        the planet as it revolves around it's sun.  
 
 
3.0 Seasons 
 
3.1  The amount of daylight on the planet changes with respect to seasons. 
 
3.2  The changing position of a planet relative to it's sun and the tilt of the planet's 
       axis are necessary for a changing season. 
 
3.3  The beginning of a season can be marked by a specific time, that the angle of the   
       sun's rays are either the farthest north, farthest south, or at the equator on a planet.  
 
 
        



299 
 

     Appendix B 
 
 
       FOUR LEVELS OF STUDENT CHOICE IN VTN CONSTRUCTION 
 
 
  Part One:     Network of conceptual labels in black/white 
 
  Part Two:    Network of conceptual labels in color 
 
  Part Three:  Network of conceptual labels with black/white symbolic or 
                                            pictorial images 
 
  Part Four:    Network of conceptual labels with color symbolic or 
             pictorial images 
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Appendix B: Part One. Network of conceptual labels in black/white  
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Appendix B: Part Two.   Network of conceptual labels in color  
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Appendix B: Part Three. Network of conceptual labels with black/white symbolic images 
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Appendix B: Part Four. Network of conceptual labels with color symbolic images 
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                            Appendix C 
 
 

FOUR LEVELS OF VTNS CONSTRUCTED DURING THE INQUIRY 
 

 
   Part One.   Level 4 VTN constructed by a female. 
 
   Part Two.   Level 4 VTN constructed by a female. 
 
   Part Three. Level 4 VTN constructed by a male. 
 
   Part Four.   Level 3 VTN constructed by a male. 
 
   Part Five.   Level 2 VTN constructed by a female. 
 
   Part Six.     Level 1 VTN constructed by a male. 
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  Appendix C Part Two.  Level 4 VTN constructed by a female. 
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Appendix C:  Part One. Level 4 VTN Constructed by a Female. 



307 
 

Appendix C:  Part Three. Level 4 VTN constructed by a male. 
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Appendix C.  Part Four:  Level 3 VTN constructed by a male. 
 

 



309 
 

Appendix C: Part Five. Level 2 VTN Constructed by a Female 
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Appendix C. Part Six.  Level 1 VTN constructed by a male. 
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    Appendix D 
 
   Preference for VTN Levels 
 
 
  Part One: Level 1 VTN Preference 
 
  Part Two: Level 2 VTN Preference 
 
  Part Three: Level 3 VTN Preference 
 
  Part Four: Level 4 VTN Preference 
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Part One:  Level 1 VTN Preference  
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Part Two: Level 2 VTN Preference 
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Part Three:  Level 3 VTN Preference 
 
 
 



 315

Part Four:  Level 4 VTN Preference  
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           Appendix E 
 
    RECORDS OF SCOTT 
 
 
            Part One:    First VTN on Earth and Space  
 
  Part Two:    Second VTN on the Atmosphere 
 
 Part Three:  Third VTN on Earth’s History  
 
  Part Four:    Progression Density Transcript Analysis  
 
 Part Five:     Flow MapTranscript Analysis 
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Part One:  First Constructed VTN on Earth and Space  
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 Part Two:  Second constructed VTN on the Atmosphere 
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Part Three:  Third VTN on Earth’s History 
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                              Appendix F 
 
 
 Personal Conceptual Profile Inventories of Low Abstract Reasoning 
           and Spatial Relation Aptitude Students 
 
 
        Part One:    Katherine, female Color VTN student 
 
        Part Two:   Justine, male Color VTN student 
 
        Part Three: Scott, Color VTN student  
 
                   Part Four:   Ryan,  female B/W VTN student  
 
        Part Five:   Celyn, male B/W VTN student 
   
                   Part Six:     Noel, female Writing Strategy student  
 
        Part Seven:  Jon,  male Writing Strategy student 
 
        Part Eight:   Michael, male Writing Strategy student 
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Appendix F: Part One. Personal Conceptual Inventory from a male who constructed 
                                        color VTNs for learning science                              
                    
 
                     PERSONAL CONCEPTUAL INVENTORY: Scot, Group: color VTN [ AR 60/  SR, 60 ]* 
 
 
                                     Conception                                                                   Paragraph in Clinical Interview________ 
1.0 Time 
 
1.1  A year is the amount of time it takes a    ^ (1) 
       planet to go around it's star. 
________________________________________________________________________________________________ 
 
1.2  A year can be determined by the reoccurrence  
       of a season marked by the highest, lowest, and  
       median total amount of daylight and or by the   ^, 57, 63-77, (3) 
       reoccurrence of the star's altitude (the angle of  
      the sun's rays hitting the planet). 
________________________________________________________________________________________________ 
2.0 Planetary Motion 
 
2.1  Revolution is the movement of a planet in an    ^ (1) 
       elliptical orbit around it's sun . 
________________________________________________________________________________________________ 
 
2.2 One revolution is one year.    ^, 79 (2) 
________________________________________________________________________________________________ 
2.3 A planet simultaneously revolves around it's 
      sun as it rotates on it's axis.    0 
________________________________________________________________________________________________ 
2.4  Changes occur in the angle of insolation  
       (incoming solar radiation) striking    3.7, ^ (2) 
       the planet as it revolves around it's sun.  
________________________________________________________________________________________________ 
3.0 Seasons 
 
3.1  The amount of daylight on the planet    37, 103 (2) 
       changes with respect to seasons. 
________________________________________________________________________________________________ 
3.2  The changing position of a planet relative  
       to it's sun and the tilt of the planet's    ^, 11.1-11.2, 33.1, 95 (4) 
       axis are necessary for a changing season. 
________________________________________________________________________________________________ 
3.3  The beginning of a season can be marked  
       by a specific time, that the angle of the   
       sun's rays are either the farthest north (highest),   106-108 (1) 
       farthest (lowest) south, or at the equator on a planet, 
       or changes in daylight after the equinox. 
________________________________________________________________________________________________ 
  * [abstract reasoning aptitude/spatial relation aptitude] 
 
Numbers inside the parentheses indicates the number of time the conceptual proposition is strongly evident; (~) the 
proposition was weakly evident; (<>) an alternative framework was used; (^) evidence in the form of an image or 
symbol drawn; (-) the conception was denied; (0) indicates no explicit evidence found. 
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Appendix F: Part Two. Personal Conceptual Inventory from a female who constructed 
                                        color VTNs for learning science                              
                    
 
                     PERSONAL CONCEPTUAL INVENTORY: Kath, Group, color VTN [ AR, 50  /  SR, 30 ]* 
 
 
                                     Conception                                                                   Paragraph in Clinical Interview________ 
1.0 Time 
 
1.1  A year is the amount of time it takes a    3, ^ (2) 
       planet to go around it's star. 
________________________________________________________________________________________________ 
 
1.2  A year can be determined by the reoccurrence  
       of a season marked by the highest, lowest, and  
       median total amount of daylight and or by the   111-117 (1) 
       reoccurrence of the star's altitude (the angle of  
      the sun's rays hitting the planet). 
________________________________________________________________________________________________ 
2.0 Planetary Motion 
 
2.1  Revolution is the movement of a planet in an    ^, 17, 21 (3) 
       elliptical orbit around it's sun . 
________________________________________________________________________________________________ 
 
2.2 One revolution is one year.    193 (1) 
________________________________________________________________________________________________ 
2.3 A planet simultaneously revolves around it's 
      sun as it rotates on it's axis.    ~ 19.1, 190.1 (1) 
________________________________________________________________________________________________ 
2.4  Changes occur in the angle of insolation  
       (incoming solar radiation) striking    140 (1) 
       the planet as it revolves around it's sun.  
________________________________________________________________________________________________ 
3.0 Seasons 
 
3.1  The amount of daylight on the planet    151 (1) 
       changes with respect to seasons. 
________________________________________________________________________________________________ 
3.2  The changing position of a planet relative  
       to it's sun and the tilt of the planet's    2, 5.2, 41, 23.2 ^ (4) 
       axis are necessary for a changing season. 
________________________________________________________________________________________________ 
3.3  The beginning of a season can be marked  
       by a specific time, that the angle of the   
       sun's rays are either the farthest north (highest),   0 
       farthest (lowest) south, or at the equator on a planet, 
       or changes in daylight after the equinox. 
________________________________________________________________________________________________ 
  * [abstract reasoning aptitude/spatial relation aptitude] 
 
Numbers inside the parentheses indicates the number of time the conceptual proposition is strongly evident; (~) the 
proposition was weakly evident; (<>) an alternative framework was used; (^) evidence in the form of an image or 
symbol drawn; (-) the conception was denied; (0) indicates no explicit evidence found. 
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Appendix F: Part Three. Personal Conceptual Inventory from a male who constructed 
                                        color VTNs for learning science                              
                    
 
                     PERSONAL CONCEPTUAL INVENTORY:  Just,  Group: color VTN, [  AR 60/  SR,60  ]* 
 
 
                                     Conception                                                                   Paragraph in Clinical Interview________ 
1.0 Time 
 
1.1  A year is the amount of time it takes a    13.4 (1) 
       planet to go around it's star. 
________________________________________________________________________________________________ 
 
1.2  A year can be determined by the reoccurrence  
       of a season marked by the highest, lowest, and  
       median total amount of daylight and or by the `  0 
       reoccurrence of the star's altitude (the angle of  
      the sun's rays hitting the planet). 
________________________________________________________________________________________________ 
2.0 Planetary Motion 
 
2.1  Revolution is the movement of a planet in an    29 (1) 
       elliptical orbit around it's sun . 
________________________________________________________________________________________________ 
 
2.2 One revolution is one year.    13.4 (1) 
________________________________________________________________________________________________ 
2.3 A planet simultaneously revolves around it’s 
      sun as it rotates on it's axis.    61.2-61.4 (1) 
________________________________________________________________________________________________ 
2.4  Changes occur in the angle of insolation  
       (incoming solar radiation) striking    ^43.1 (2) 
       the planet as it revolves around it's sun.  
________________________________________________________________________________________________ 
3.0 Seasons 
 
3.1  The amount of daylight on the planet    75 (1) 
       changes with respect to seasons. 
________________________________________________________________________________________________ 
3.2  The changing position of a planet relative  
       to it's sun and the tilt of the planet's    77, ^ (2) 
       axis are necessary for a changing season. 
________________________________________________________________________________________________ 
3.3  The beginning of a season can be marked  
       by a specific time, that the angle of the   
       sun's rays are either the farthest north (highest),   0 
       farthest (lowest) south, or at the equator on a planet, 
       or changes in daylight after the equinox. 
________________________________________________________________________________________________ 
  * [abstract reasoning aptitude/spatial relation aptitude] 
 
Numbers inside the parentheses indicates the number of time the conceptual proposition is strongly evident; (~) the 
proposition was weakly evident; (<>) an alternative framework was used; (^) evidence in the form of an image or 
symbol drawn; (-) the conception was denied; (0) indicates no explicit evidence found. 
 



339 
 

Appendix F: Part Four. Personal Conceptual Inventory from a female who constructed 
                                        black/white VTNs for learning science                              
                    
 
                     PERSONAL CONCEPTUAL INVENTORY:  Ryan, Group, black/white VTN [  AR, 65 /  SR, 45   ]* 
 
 
                                     Conception                                                                   Paragraph in Clinical Interview________ 
1.0 Time 
 
1.1  A year is the amount of time it takes a    0 
       planet to go around it's star. 
________________________________________________________________________________________________ 
 
1.2  A year can be determined by the reoccurrence  
       of a season marked by the highest, lowest, and  
       median total amount of daylight and or by the   0 
       reoccurrence of the star's altitude (the angle of  
      the sun's rays hitting the planet). 
________________________________________________________________________________________________ 
2.0 Planetary Motion 
 
2.1  Revolution is the movement of a planet in an    0 
       elliptical orbit around it's sun . 
________________________________________________________________________________________________ 
 
2.2 One revolution is one year.    0 
________________________________________________________________________________________________ 
2.3 A planet simultaneously revolves around it's 
      sun as it rotates on it's axis.    0 
________________________________________________________________________________________________ 
2.4  Changes occur in the angle of insolation  
       (incoming solar radiation) striking    0 
       the planet as it revolves around it's sun.  
________________________________________________________________________________________________ 
3.0 Seasons 
 
3.1  The amount of daylight on the planet    51.1 (1) 
       changes with respect to seasons. 
________________________________________________________________________________________________ 
3.2  The changing position of a planet relative  
       to it's sun and the tilt of the planet's    ~ 106 
       axis are necessary for a changing season. 
________________________________________________________________________________________________ 
3.3  The beginning of a season can be marked  
       by a specific time, that the angle of the   
       sun's rays are either the farthest north (highest),   0    
       farthest (lowest) south, or at the equator on a planet, 
       or changes in daylight after the equinox. 
________________________________________________________________________________________________ 
  * [abstract reasoning aptitude/spatial relation aptitude] 
 
Numbers inside the parentheses indicates the number of time the conceptual proposition is strongly evident; (~) the 
proposition was weakly evident; (<>) an alternative framework was used; (^) evidence in the form of an image or 
symbol drawn; (-) the conception was denied; (0) indicates no explicit evidence found. 
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Appendix F: Part Five. Personal Conceptual Inventory from a male who constructed 
                                        black/white VTNs for learning science                              
                    
 
                     PERSONAL CONCEPTUAL INVENTORY: Cely, Group, black/white VTN  [ AR, 70 / SR, 75 ]* 
 
 
                                     Conception                                                                   Paragraph in Clinical Interview________ 
1.0 Time 
 
1.1  A year is the amount of time it takes a    44.2 (1) 
       planet to go around it's star. 
________________________________________________________________________________________________ 
 
1.2  A year can be determined by the reoccurrence  
       of a season marked by the highest, lowest, and  
       median total amount of daylight and or by the   ~44.1 (includes temperature, ^ (1) 
       reoccurrence of the star's altitude (the angle of  
      the sun's rays hitting the planet). 
________________________________________________________________________________________________ 
2.0 Planetary Motion 
 
2.1  Revolution is the movement of a planet in an    0 
       elliptical orbit around it's sun . 
________________________________________________________________________________________________ 
 
2.2 One revolution is one year.    0 
________________________________________________________________________________________________ 
2.3 A planet simultaneously revolves around it's 
      sun as it rotates on it's axis.    13.2 
________________________________________________________________________________________________ 
2.4  Changes occur in the angle of insolation  
       (incoming solar radiation) striking    32.2    
       the planet as it revolves around it's sun.  
________________________________________________________________________________________________ 
3.0 Seasons 
 
3.1  The amount of daylight on the planet    0 
       changes with respect to seasons. 
________________________________________________________________________________________________ 
3.2  The changing position of a planet relative  
       to it's sun and the tilt of the planet's    0 
       axis are necessary for a changing season. 
________________________________________________________________________________________________ 
3.3  The beginning of a season can be marked  
       by a specific time, that the angle of the   
       sun's rays are either the farthest north (highest),   0  
       farthest (lowest) south, or at the equator on a planet, 
       or changes in daylight after the equinox. 
________________________________________________________________________________________________ 
  * [abstract reasoning aptitude/spatial relation aptitude] 
 
Numbers inside the parentheses indicates the number of time the conceptual proposition is strongly evident; (~) the 
proposition was weakly evident; (<>) an alternative framework was used; (^) evidence in the form of an image or 
symbol drawn; (-) the conception was denied; (0) indicates no explicit evidence found. 
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Appendix F: Part Six. Personal Conceptual Inventory from a female who constructed 
                                        writing strategies for learning science                              
                    
 
                     PERSONAL CONCEPTUAL INVENTORY: Noel, Group: writing, [ AR 10 /  SR, 60  ]* 
 
 
                                     Conception                                                                   Paragraph in Clinical Interview________ 
1.0 Time 
 
1.1  A year is the amount of time it takes a    3,5,30,34 <4> 
       planet to go around it's star. 
________________________________________________________________________________________________ 
 
1.2  A year can be determined by the reoccurrence  
       of a season marked by the highest, lowest, and  
       median total amount of daylight and or by the   0 
       reoccurrence of the star's altitude (the angle of  
      the sun's rays hitting the planet). 
________________________________________________________________________________________________ 
2.0 Planetary Motion 
        
2.1  Revolution is the movement of a planet in an    7 <1> can not distinguish between rotation 
       elliptical orbit around it's sun .               and revolution 
________________________________________________________________________________________________ 
 
2.2 One revolution is one year.    0 
________________________________________________________________________________________________ 
2.3 A planet simultaneously revolves around it's 
      sun as it rotates on it's axis.    13 <1> 
________________________________________________________________________________________________ 
2.4  Changes occur in the angle of insolation  
       (incoming solar radiation) striking    30.1 <1> 
       the planet as it revolves around it's sun.  
________________________________________________________________________________________________ 
3.0 Seasons 
 
3.1  The amount of daylight on the planet  
       changes with respect to seasons.    0 
________________________________________________________________________________________________ 
3.2  The changing position of a planet relative  
       to it's sun and the tilt of the planet's    38.2 ~, no tilt 
       axis are necessary for a changing season. 
________________________________________________________________________________________________ 
3.3  The beginning of a season can be marked  
       by a specific time, that the angle of the   
       sun's rays are either the farthest north (highest),   0 
       farthest (lowest) south, or at the equator on a planet, 
       or changes in daylight after the equinox. 
________________________________________________________________________________________________ 
  * [abstract reasoning aptitude/spatial relation aptitude] 
 
Numbers inside the parentheses indicates the number of time the conceptual proposition is strongly evident; (~) the 
proposition was weakly evident; (<>) an alternative framework was used; (^) evidence in the form of an image or 
symbol drawn; (-) the conception was denied; (0) indicates no explicit evidence found. 
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Appendix F: Part Seven. Personal Conceptual Inventory from a male who constructed 
                                        writing strategies for learning science                              
                    
 
                     PERSONAL CONCEPTUAL INVENTORY:  Jon,  Group: writing, [ AR, 60  / SR, 55 ]* 
 
 
                                     Conception                                                                   Paragraph in Clinical Interview________ 
1.0 Time 
 
1.1  A year is the amount of time it takes a    1.1(1) 
       planet to go around it's star. 
________________________________________________________________________________________________ 
 
1.2  A year can be determined by the reoccurrence    
       of a season marked by the highest, lowest, and   0 
       median total amount of daylight and or by the  
       reoccurrence of the star's altitude (the angle of  
      the sun's rays hitting the planet). 
________________________________________________________________________________________________ 
2.0 Planetary Motion 
 
2.1  Revolution is the movement of a planet in an    0 
       elliptical orbit around it's sun . 
________________________________________________________________________________________________ 
 
2.2 One revolution is one year.    59.1 (1) 
________________________________________________________________________________________________ 
2.3 A planet simultaneously revolves around it's 
      sun as it rotates on it's axis.    0 
________________________________________________________________________________________________ 
2.4  Changes occur in the angle of insolation  
       (incoming solar radiation) striking 
       the planet as it revolves around it's sun.    0 
________________________________________________________________________________________________ 
3.0 Seasons 
 
3.1  The amount of daylight on the planet    35.3 (1) 
       changes with respect to seasons. 
________________________________________________________________________________________________ 
3.2  The changing position of a planet relative  
       to it's sun and the tilt of the planet's 
       axis are necessary for a changing season.   0 
________________________________________________________________________________________________ 
3.3  The beginning of a season can be marked  
       by a specific time, that the angle of the   
       sun's rays are either the farthest north (highest),   0 
       farthest (lowest) south, or at the equator on a planet, 
       or changes in daylight after the equinox. 
________________________________________________________________________________________________ 
  * [abstract reasoning aptitude/spatial relation aptitude] 
 
Numbers inside the parentheses indicates the number of time the conceptual proposition is strongly evident; (~) the 
proposition was weakly evident; (<>) an alternative framework was used; (^) evidence in the form of an image or 
symbol drawn; (-) the conception was denied; (0) indicates no explicit evidence found. 
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Appendix F: Part Eight. Personal Conceptual Inventory from a male who constructed 
                                        writing strategies for learning science                              
                    
 
                     PERSONAL CONCEPTUAL INVENTORY:  Mitch,  Group: writing, [ AR, 40  / SR, 35 ]* 
 
 
                                     Conception                                                                   Paragraph in Clinical Interview________ 
1.0 Time 
 
1.1  A year is the amount of time it takes a    17.1(1) 
       planet to go around it's star. 
________________________________________________________________________________________________ 
 
1.2  A year can be determined by the reoccurrence    
       of a season marked by the highest, lowest, and   23.1 
       median total amount of daylight and or by the  
       reoccurrence of the star's altitude (the angle of  
      the sun's rays hitting the planet). 
________________________________________________________________________________________________ 
2.0 Planetary Motion 
 
2.1  Revolution is the movement of a planet in an    0 
       elliptical orbit around it's sun . 
________________________________________________________________________________________________ 
 
2.2 One revolution is one year.    13.1 (1) 
________________________________________________________________________________________________ 
2.3 A planet simultaneously revolves around it's 
      sun as it rotates on it's axis.    0 
________________________________________________________________________________________________ 
2.4  Changes occur in the angle of insolation  
       (incoming solar radiation) striking 
       the planet as it revolves around it's sun.    0 
________________________________________________________________________________________________ 
3.0 Seasons 
 
3.1  The amount of daylight on the planet    43-43.1~ 
       changes with respect to seasons. 
________________________________________________________________________________________________ 
3.2  The changing position of a planet relative  
       to it's sun and the tilt of the planet's 
       axis are necessary for a changing season.   0 
________________________________________________________________________________________________ 
3.3  The beginning of a season can be marked  
       by a specific time, that the angle of the   
       sun's rays are either the farthest north (highest),   0 
       farthest (lowest) south, or at the equator on a planet, 
       or changes in daylight after the equinox. 
________________________________________________________________________________________________ 
  * [abstract reasoning aptitude/spatial relation aptitude] 
 
Numbers inside the parentheses indicates the number of time the conceptual proposition is strongly evident; (~) the 
proposition was weakly evident; (<>) an alternative framework was used; (^) evidence in the form of an image or 
symbol drawn; (-) the conception was denied; (0) indicates no explicit evidence found. 
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Appendix G      
 
 

Problem Solving Conceptual Evidence in the Form of Symbolic Representation  
                      

 
Part One:    Symbolic Representation drawn by a female color VTN student 
 
Part Two:   Symbolic Representation drawn by a male color VTN student  
  
Part Three: Symbolic Representation drawn by a male color VTN student 
 
Part Four:   Symbolic Representation drawn by a female b/w VTN student 
      
Part Five:   Symbolic Representation drawn by a male b/w VTN student  
          
Part Six:     Symbolic Representation drawn by a female writing strategy student 
 
Part Seven: Symbolic Representation drawn by a male writing strategy student                                
 
Part Eight:  Symbolic Representation drawn by a male writing strategy student   
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Appendix G: Part One 
 
Problem solving symbolic representation drawn by a female color VTN strategy student. 
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Appendix G: Part Two: 
 
Problem solving representation drawn by a male color VTN strategy student. 
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Appendix G: Part Three 
 
Problem solving symbolic representation drawn by a male color VTN strategy student. 
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Appendix G: Part Four 
 
Problem solving symbolic representation drawn by a female B/W VTN strategy student. 
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Appendix G: Part Five 
 
Problem solving symbolic representation drawn by a male b/w VTN strategy student. 
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Appendix G. Part Six 
 
Problem solving symbolic representation drawn by a female writing strategy student. 
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Appendix G: Part Seven   
 
Problem solving symbolic representation drawn by a male writing strategy student. 
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Appendix G: Part Eight 
 
Problem solving symbolic representation drawn by a male writing strategy student. 
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                                          Appendix H 
 
 
GUIDELINES FOR VTN CONSTRUCTION AND WRITING PROJECTS 

 
 

Part One: VTN Guidelines 
 

Part Two: Writing Project Guidelines 
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Appendix H: Part One, VTN Guidelines 
 
 As described in our workshop, a visual thinking network (VTN) is a vehicle or 
strategy for meaningful learning whereby you describe your understanding of a 
particular topic.  A network is created by connecting (linking) one concept to 
another.  You can choose and change to any of the four types of VTNs: 
 

 VTN Level 1 – A network of conceptual labels in black/white. 
 VTN Level 2 – A network of conceptual labels in color. 
 VTN Level 3 – A network of conceptual labels with black/white symbolic or 

                                pictorial images. 
 VTN Level 4 – A network of conceptual labels with color symbolic or 

                               pictorial images. 
 
You will be creating three VTN sets over the next several months, one for each 
major topic you will be studying: (1) Earth and Space Science, (2) The Atmosphere , 
and (3) Oceans, Solid Earth, and Earth’s History.  
 
Characteristics of a Good VTN 
 
Since VTNs are an indivdual’s representation of their meaning making, different 
people construct different VTNs on the dame topic. Here are some general 
characteristics to all well-constructed VTNs.  
 

1. A VTN is created around one focal or centering point.  This focal point  
      need not be “centered” in the middle of the page. The placement is up to  
      you and what meaning you are constructing with it’s placement in the  
      VTN. 
 
2. Several main branches emerge from the centering point that describe 

main ideas.  Sub-branches are created from these main branches. 
 

3.  The unit of knowledge construction is the concept.  These concepts are  
usually nouns, a single idea about an object or event,  that you generated 
either from a brainstorming session or the chart you created from the 
resources you have been working with.  Each concept is enclosed is some 
form or shape. 
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4.  Each concept is connected to another.  This relationship is formed by  
placing linking words on the top of an arrowheaded line.  These linking 
words are usually verb, verb phrases, adverbs or prepositions, and 
prepositonal phrases.  Each concept appears only once in the VTN. 
Eventually each lesson plan you create will focus upon having your 
students developing and understanding on a small number of concepts. 

 
      5.  The direction of the arrow to and from a concept describes the nature of  

    the relationship you are expressing. 
 
6. Different types of links can be used to express different relationships 

such as a hierarchy, chain, and cluster. (Refer to handout making 
connections that describe these three different types of relationships. 

 
7.   The use of color is encouraged to help facilitate the encoding of  

            knowledge into memory.  Color may be used to distinguish different 
            evels of concepts or ideas you are trying to express. 
 

8. The use of symbolic representations, images, or metaphors are 
encouraged to show the multiple ways of expressing concept formation. 

 
9.    Crosslinks are used to show relationships between concepts in different 
      parts of the network.  Crosslinks are created in a particular color to  
      distinguish them from arrowheaded linking lines.  Cross links are bi- 
      directional arrows.   

 
 
Constructing  your VTN 
 
1. Be patient…. this is a new strategy you are learning how to use.  One in which you 

are being asked to think about thinking.  There is not “right” way to construct a 
VTN.. Remember this network will show your understanding and development of 
different earth science topics. 

 
2. Materials you need: 
• a concept list 
• 11 x 17 paper 
• pencils and colored pencils 
• index cards and scissors 
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3.  Start with your concept list.  It has been helpful for some people to put these 
     concepts on smaller pieces of paper (cut-outs of concept labels) so you can move  
     them around on the large piece of paper. 
 
4.   Look at your concept labels.. 

 Do any of these concept labels act as a focal point? 
 Do any of these concept labels act as main branches? 

 
  5. One way to begin to is to group related concepts.  These groups of concepts 

share a similar relationship.  As you are moving these concept labels around ask 
yourself:  
 

 What is the criteria, the decision, that was made for a concept label 
to be a member of this group?  
 
 Write down this criteria.  This criteria may become and other concept label. 

 
6. What type of network link (hierarchy, chain, or cluster) can you use to express 

the nature of the relationship between these grouped concepts? 
 
7. Networking is a process and you may develop several “working VTNs”  until you 

have the one that expresses your understanding of the concepts in the topic. 
For example you may choose one concept label as the focal point of your first 
VTN draft then change to a different focal point as you begin working through 
the nature of the relationships you want to express.  (SEE EXAMPLES) 

 
8. Can you identify one focal point?  Place this concept label on your large piece of 

paper and enclose it with some shape and color. 
 
9. What concepts do you want to branch from this point?   
 
10a. What relationship do you want to express connect the focal point to the main  
       branches?  Write the linking word on the top of the arrowheaded line.   
 
     b. What is the direction of the relationship?   What concept is the arrowhead  
         line pointing to? 
 
11. Continue to link all the concept labels you have on your list. 
 
12. When finished ask yourself:  
 

 Does this VTN show my understanding of the topic? 
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Appendix H: Part Two, Writing Project Guidelines 
 
What is a Science Writing Project? 
  

Scientific concepts are usually nouns that describe events and objects in our 
environment.  One way to show you understanding of how these events and objects 
are related to one another is to give a voice to the scientific concepts.  There are 
many ways to give a voice to a particular set of concepts: writing a play,  a short 
story, free verse poems, a rhyming poem, writing a commercial  or a script for a 
cartoon or a web site script. 
 
Examples of student writing projects: 
 

 The article in you packet, The adventures of Miss Glucie  (Schmit & Freeman, 
1975 in the American Biology Teacher Vol. 37 (4): 226-230) is an example how 
tenth grade biology students gave a voice to certain biological topic about 
metabolism by having the events and objects become characters using four acts 
to describe the four metabolic processes. 

 
 Here is an example of a rhyming poem.  The words in bold print are the 

scientific concepts that needed to be used. 
 

A Voice for Physical Science 
 
  Just before reality began 
  The Universe was in short span. 
  Enter the Big Bang with all its strength, 
  To make Space long in length. 
  First come elements, then come gases, 
  And then come materials for all the masses. 
  All swirl into some shape or form,  
  And at the end of the primeval storm..  
   WE HAVE A SOLAR SYSTEM. 
 
 
Materials you need 

• Concept List 
• Index cards 
• scissors 
• pencil 
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Suggestions for Your Writing Project 
 
1. Start with your concept list.  It has been helpful for some people to put these 
     concepts on smaller pieces of paper (cut-outs of concept labels) so you can move  
     them around on the large piece of paper 
 
2. Next  you need to decide what form of writing project you will use.  A good  
     starting point is to look at the list of concepts. You may want to ask yourself the   
     following questions: 
 

 Can these concepts be used a play characters? 
 Can these concepts be used in poem.. short story.. or commercial? 

 
3. Group the concepts on the basis that they share a similar relationship. Some 

concepts are more related to others.  As you are moving the concepts around 
ask yourself, what criteria am I using to place this concept into this group? 
The answer to this question may help you to decide how many different 
sequences you may want to use in the writing project. 

 
4. Remember the voice you create is your meaningful understanding of the  
      relationship between the different concepts. 
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Appendix I 
 
            CONCEPTS USED FOR LEARNING SCIENCE IN THE VTNS  
                                     AND WRITING STRATEGIES 
 
 
       Part One:    Concepts used in first VTN and writing project 
                                                 Topic: Earth and Space Science  
 
       Part Two:    Concepts used in the second VTN and writing 
                                                 project Topic:  Atmosphere 
 
       Part Three:  Concepts used in the final VTN and writing 
                                                 project Topic:  Oceans, Solid Earth, and Earth’s 
                                                 History  
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Appendix H  Part One: 
 
Concepts used in first VTN and writing project Topic: Earth & Space Science 
 
 

earth  

sun  

moon  

day  

star  

motion  

winter solstice  

apparent 
motion 

Hertzprung-
Russel  

summer 
solstice  

suntracker 

stars  

elliptical orbit  

Doppler effect  

summer 

terrestial 
motions  

celestial objects  

eclipse  

revolution  

moon phases  

main sequence  

angle of sun’s 
altitude 
(elevation) 

fall equinox  

Diagram  

Foucault 
pendulum  

kinetic energy  

shadow length  

gravitation  

Big bang 
theory  

spring  

daily motion  

tides  

seasons  

universe  

solar energy  

solar system  

moon  

surface 
temperature 

planets  

potential 
energy  

Coriolis effect  

Andromeda 
galaxy  

inner planets  

fall 

winter  

time 

rotation 

polaris  

Milky way 
galaxy  

apparent 
motion  

geocentric 
model  

heliocentric 
model  

length of 
daylight  

N & S 
hemisphere  

eccentricity  

spring equinox  

sunrise  

sunset  

outer planets  

focus (of an 
ellipse) 

time 

axis 

velocity 

planet period 

23 ½ degree tilt 

parallelism of 
earth axis 

latitude
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Appendix H  Part Two: 
 
Concepts used in second VTN and writing project Topic: Atmosphere 
 
 
absolute humidity 
absorption 
adiabatic temperature 
change 
air masses 
air temperature 
angle of insolation 
anticyclones 
atmosphere 
atmospheric variables 
changes of phase 
climate 
climate factors 
cloud 
cold air 
cold fronts 
condensation 
conduction 
convection 
convection cells 
cyclones 

day length 
dewpoint temperature 
duration of insolation 
greenhouse effect 
high air pressure 
earth 
energy transfer 
evaporation 
frontal boundaries 
fronts 
heat 
heat energy 
high pressure systems 
humidity 
isobars 
insolation 
isolines 
latent heat 
low air pressure 
low pressure systems 
occulded fronts 

planetary wind 
precipitation 
radiation 
relative humidity 
reflection 
seasons 
stationary front 
station model 
sublimation 
temperature 
terrestial radiation 
water vapor 
warm fronts 
warm air 
wavelengths 
weather 
weather changes 
wind 
wind changes 
wind direction 
wind speed 
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Appendix I  Part Three: 
 
Concepts used in second VTN and writing project Topic:  
          Oceans, Solid Earth & Earth’s History 
 
 
oceans 
surface currents 
ocean currents 
bedrock 
density differences 
oceanic resources 
tsunami 
continental slopes 
ocean floors 
continental margin 
ocean basins 
erosin 
deposition 
costal processes 
magnetic reversals 
Coriolis effect 
oceanic plates 
convection hot spots 
specific heat 
salinity 
mid ocean ridges 
continental shelf 
extinction 
solid earth 

magnetic strips 
plate movements 
plate tectonics 
volcanoes 
rifting 
subduction 
faulting 
crust 
sea floor spreading 
crustal plates 
glaciation 
mineral 
rock 
luster 
streak 
sedimentary 
igneous 
metamorphic 
crystal size 
cooling time 
silicate 
decay product ratio 
index fossil 
tetrahedron 

Bowen Series 
network 
earth history 
classification 
cleavage 
origin 
banding 
texture 
instrusion 
fossil fuel 
extrusive igneous 
instrusive igneous rock 
Law of superposition 
correlation 
folding 
evolution 
relative age 
absolute age 
Precambian 
Paleozoic 
Mesozoic 
Cenozoic 
half life
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                                                 Appendix J 
 
SAMPLES OF WRITING STRATEGIES CREATED BY A FEMALE STUDENT 
                                    IN THE CONTROL GROUP
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Appendix J. Part One:  Writing Project on Earth and Space Science. 
 
   The Adventures of Sally and Sam 
 
Scene one:  Sam and Sally are camping out in Sally’s backyard. 
 
Sam: Look at all the stars.  There are so many. 
Sally:  Yeah they are so pretty.  Oh my, what is that glowing thing falling from the 

sky? 
(A glowing rock falls from the sky and lands right next to Sally and Sam’s tent.  

They pick it up.) 
Sam: What is this? 
Sally: I don’t know but it is really dusty.  (They proceed to rub the rock and 

suddenly a large man appears.) 
Sam: Who are you? 
Man: I am Universe Man.  I am here to take you on a tour of the universe.  Ready 

to go? 
Sally: Go where? 
Man: We are going to explore your solar system, which is in the Milky Way Galaxy.  

Lets get on the space ship. 
 
Scene Two:  On the moon 
 
Man: We have just landed on the moon.  I will give you 5 minutes to explore your 

surroundings before my little tour.  Look at the Earth!  I think its trying to 
tell you something! 

Earth: (Breaks into song and dance) “Winter, Spring, Summer or Fall.  These are 
the things that we call, The seasons – yes they are.  Cause I revolve “round 
the sun!” 

Sally: What are the seasons?  And what does it mean to revolve around the sun? 
Man: The seasons along with everything else is a part of time.  When the earth 

makes 1 revolution around the sun it has completed a year.  The earth’s orbit 
around the sun is slightly elliptical. 

Sally: We learned about this in school.  Aren’t there two foci of an ellipse? 
Man: Yes!  During this process, because of the Earth’s tilt on its axis, seasons 

form. 
Sam: Is there only 1 season going on at a time? 
Man: No, The seasons differ depending on your position on the earth.  Because of 

this the north and south hemispheres don’t have the same season at the 
same time. 

Sally: What is the difference between rotation and revolution? 
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Man: You know what a revolution is so now on to rotations.  The rotation of the 
earth is when the earth makes a complete turn on its axis.  This makes a day.  
And causes the sunrise and sunset. 

Sam: Does the sun really rise and set? 
Man: No, the sun stays still but the rotation of the earth makes it appear as if it 

does.  This is a Daily motion. 
Sally: How do you know that the earth is moving and not the sun? 
Man: The Foucault Pendulum is a device that swings back and fourth proving that 

the earth’s apparent motion around the sun. 
It.... 
Sam: Oh yeah, We saw that at the Museum. 
Man: Also, the Coriolis Effect proves that the earth rotates.  They used to think 

that the earth stayed still and was the center of the solar system.  This 
inaccurate model is called Geocentric Model.  The model we use today is 
known as the Heliocentric Model where the sun is located in the center of 
the universe.  Do you know the length of daylight is? 

Sally: 12 hours right? 
Man: No it is only 12 hours during the fall equinox and the spring equinox which is 

only 2 days out of the whole year.  Do you know what the longest day of the 
year in the Northern Hemisphere is? 

Sam: Its the Summer Solstice.  The shortest day of the year is known as the 
winter Solstice. 

Man: That is correct!  Its because of the angle of the suns altitude. 
Sally: How do we determine that? 
Man: You can determine this by using a suntracker.  Also do you notice that your 

shadow length changes?  This is because at different times of the day and 
year the altitude changes.  This causes your shadow length to change. 

Sam: What else does the sun’s altitude do? 
Man: This effects the surface temperature of the earth.  When the angle of the 

sun’s altitude is higher, it is warmer.  If there was no sun we would all die 
because there would be no heat or solar energy. 

Sally: Aren’t there two different kinds of energy? 
Man: Yes!  They are Kinetic Energy which is energy in motion and Potential Energy 

which is stored energy.  (As they are talking Sam begins to float away) 
Sam: Why am I floating? 
Man: Because the gravitation on the moon is much less than on the earth.  

Gravitation is what holds you down. 
Sally: Tell us about the moon! 
Man: OK!  Do you notice that the moon look different on different nights? 
Sam: Yeah. 
Man: These shapes are the moons phases.  These moon phases are caused by the 

moon’s motion around the earth which is another revolution.  When the moon 
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goes directly in front of the sun it causes a lunar eclipse.  Where you can’t 
see the sun. 

Sally: I heard that the moon effects the tides. 
Man: You guys are so smart! 
Sam: Its almost time for bed.  We got to get going. 
 
Scene Three:  Back on the Spaceship 
 
Sally: What is that? 
Man: That is our neighboring galaxy Andromeda.  See that star over there? 
Sam: Yeah, isn’t that Polaris? 
Man: Right again!  Polaris is a main sequence star.  Do you know what the HR- 

Diagram is? 
Sally: No what is it? 
Man: This shows the brightness and temperature of stars. 
Sam: Look at all those planets! 
Man: The orbit of those planets also have eccentricity as well as the earth.  Do 

you know what planets are Inner Planets and Which are Outer Planets? 
SallY: Mercury, Venus, Earth and Mars are all inner planets. 
Sam: All the other planets are called outer planets. 
Man: Do you know what the Celestial Objects are? 
Sally: They consist of planets, the sun, the moon and the stars. 
Sam: How did all this start? 
Man: There are many theories including one called the Big Bang Theory. 
 
Scene Four:  Back at Sally’s House 
 
Man: Well I hope you enjoyed your tour. 
Sally and Sam: We did! 
Sam: Thank you Universe Man.  It was nice meeting you. 
Sally: Come again! 
Man: I will!  Goodbye! 
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Appendix J. Part Two:  Writing Project on the Atmosphere 
 

Star Wars Adventure (Part II) 
 
 Han Solo, Chewbacca the Wookie, Princess Leia, and Luke Skywalker all piled onto their 
ship, the Millenium Falcon, where C3PO and R2D2 were waiting for them.  They greeted each 
other and got ready for take off.  They left their planet, Tatoonie, and headed toward Earth.  Their 
second voyage had begun. 
 
 As they entered the Earth’s atmosphere they prepared for landing.  They noticed the 
atmospheric variables were different from when they were there months before.  The air 
temperature had decreased causing low air pressure.  As they descended to the ground, Hans 
explained that they needed to stick with a buddy.  “Lando warned me of the planetary winds that 
would be coming from the southwest at this time,” explained Han.  As they stepped off the ship, 
they felt the strong wind speed.  C3PO, who was supposed too be with his buddy, R2D2, started 
to blow away into the cold air.  The wind direction was bringing him toward the northeast.  
Chewbacca struggled against the wind as he saved C3PO from blowing away. 
 
 For a full weather update, Han took out his portable television.  He turned on the weather 
channel.  An unclear voice was mumbling about the weather changes occurring in the Tri-state 
area.  “The predicted cold front will be bringing a large amount of precipitation resulting in the 
rising movement of the warmer air mass.”  A large map of the United States appeared on the 
small television screen.  “What are those lined?” asked C3PO.  “Those are isobars.  They connect 
points of equal air pressure on a map.” answered Luke.  “Well then what are isolines?”  asked 
Princess Leia.  “They are also lines found on a map, but instead they connect points of equal field 
value,” explained Han.  “You can say goodbye to warm air because the warm front has passed 
and the temperature has dropped.  The wind changes are great and the wind is stronger than ever.  
There is a cyclone approaching west of Florida...” the weather man explained.  “We better be on 
our way then,” Han said.  “I thought an anticyclone was coming?” questioned C3PO.  “No, that’s 
when a high pressure system of air moves out from the center, this is a cyclone, when a low 
pressure system moves in,” replied Han. 
 
“Beep Beep Beep,” asked R2D2.  “What R2D2 is trying to ask is what those white fluffy things 
in the sky are?  said C3PO.  “Oh, those are clouds.  Clouds form when the air reaches its 
dewpoint temperature.  They are made up of tiny drops of water vapor.  The water found on the 
earth’s surface is evaporated into the air where it becomes a cloud.  Condensation forms in the 
cloud.  When the cloud gets filled up it rains.  The rain then is absorbed into the ground,” 
explained Luke. 
 
“Its already getting dark,” said Leia.  “Yes, this is because the day length is shorter.  Insolation is 
radiation from the sun that warms the earth,” said Luke.  “I thought that was latent heat,” said 
C3P).  “No, latent heat is energy absorbed or released by a substance during a change in phase.  
This is an energy transfer.” said Han.  “Doesn’t conduction have to do with that also?” asked 
Leia.  “Yes, and so does convection.  Conduction happens between solids.  It is the transfer of 
heat energy from atom to atom.  Convection is the transfer of heat energy in a fluid.  The motion 
of this is what you might know as convection cells,"”explained Han, "“the angle of insolation is 
at its least today.  The duration of insolation was shorter today because of the Green House effect.  
The Green House effect is the process that warms the atmosphere and reduces heat loss by 
terrestrial radiation from the earth’s surface.” 
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“There are 4 seasons and many different climates.  The climate factors change all the time.  With 
this special technology I have here I can measure the wavelengths of the ocean.  You can see the 
reflection of the waves as they change direction as they hit that distant ship.  Do you see the frost 
on the rocks over there?  That’s called sublimation.  This is when a solid changes into a gas or a 
gas turns directly into a solid without a liquid phase in between.  Lets check out the weather 
channel again,”  Han said.  “The high air pressure will be changing the frontal boundaries.  We 
expect a stationary front tomorrow and possibly an occluded front on Thursday.  Both fronts are 
expected to pass by Saturday,” the weather man explained.  A station model appeared on the 
screen.  “The humidity is high,” said the weather man, “the relative humidity is .50 and the 
absolute humidity is 44 cm2.”  “What is an adiabatic temperature change?”  Asked C3PO.  “This 
is a change in temperature that occurs without heat being added or removed. 
 
We better get going if we’re going to make it back to Tatoonie on time,” said Han.  “That was a 
great trip,” said Luke.  Everybody agreed with him.  They all got back in the ship and headed 
back to Tatoonie. 
 
The End. 
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Appendix J.  Part Three:  Writing Project on Ocean, Solid Earth, and Earth’s History 
 
 

-Hello class!  Today we are going to learn about rocks and minerals!  Who can tell me 
what a mineral is?  Uhm..Ed!  Do you know what a mineral is? 

-Yes, a mineral is a naturally occurring, inorganic, crystalline solid with a composition 
that can be expressed by a chemical symbol or formula! 
 -Ed, are you reading the answer right off your packet? That’s not good!  Now, can 
anyone else tell me what a rock is, without reading it off your packets?  Taryn! 
 -It’s a hard thing. 
 -Yes, but to be more specific, rocks are naturally formed, solid material that makes up the 
Earth’s crust. 
 -Look who’s cheating off the packet now!!! 
 -Ed!!  Go to Mr. Kaishan right now!!  Class pay attention!  Can anyone tell me how we 
can identify minerals?  Jon Greechan! 
 -Uh, one’s dark and one is transparent. 
 -That can be a difference, the colors of certain rocks and minerals.  Other differences are 
luster, or the shininess, if it looks like metal it’s metallic, if it doesn’t, it’s non-metallic.  Another 
difference is streak.  When you scratch a mineral against a piece of porcelain, and it leaves a 
mark, that’s a streak, and different kinds of minerals are known to have dark streaks like Galena, 
or light streaks, like Sulfur for example.  Another one is hardness, or how different materials 
scratch it or not.  If it scratches glass, it is harder that 3.5, and so on.  And last but not least 
cleavage, can anyone tell me what that is?  Oh, Sari nice of you to join our class fifteen minutes 
into the period...Umh, Jessica. 
 -Isn’t cleavage the way a mineral fractures or parts? 
 -Yes, that’s very good!  Mica for example slits into sheets.  Mainly because of the ways 
it’s silicate atoms are arranged.  Mica’s silicates are arranged in planes, so it easily splits into 
sheets.  Olivine is made up of independent tetrahedrons, it doesn’t split in specific directions.  
Now let’s talk about rocks.  Can anyone tell me about them?  Sari wake-up!  Yes, James. 

- Can I go to the nurse? 
 - Yes.  Mike? 

- Can I go to the bathroom? 
- Yes.  Erica? 
- Can I go to the bathroom after Mike? 
- Yes.  Anyone else?  Ok, now, can anyone tell me about the three different types of  

rock? 
- There is sedimentary rock.  It is made up of sediments, that come from the weathering 

and erosion of rocks.  These sediments undergo deposition, and are buried, compacted and 
cemented together to form sedimentary rocks. 

- Very good, Julie! 
- Wait I’m not done!  There is also metamorphic rock, which is formed by the 

metamorphism of igneous rocks and sedimentary rocks, when they undergo high pressure and 
heat.  You can tell metamorphic rocks from the others because they show banding, have layering, 
and sometimes their layers are bent in wavy lines.  There are also igneous rocks, these can be 
extrusive, volcanic, or intrusive, plutonic.  Extrusive igneous rocks usually cooled down fast, 
when the magma exploded into the air.  Because of that they may look glassy, or have really 
small crystals.  Intrusive igneous rocks, are made from the slow cooling of lava underneath the 
Earth’s bedrock.  It usually has large crystals, like granite, because it had a lot of cooling time. 

- Rrrrrrrrrrrrrrrrrrrrrrrrrrriiiiiiiiiiiiiiiiiiiiiiiiiiiinnnnnnnnnnngggggggggggggggg! 
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    Appendix K 
 
   SAMPLE ITEMS FROM INSTRUMENTS 
 
 
  Part One: DAT Abstract Reasoning and Spatial Relations 
    Aptitude Sample Items 
 
 
  Part Two: AGI/NSTA Earth Science Exam 
    Sample Items from Part I 
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Appendix K: Part One. DAT Abstract Reasoning and Spatial Relations Aptitude 
                                         Sample Items 
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Appendix K: Part Two. AGI/NSTA Earth Science Exam, Items from Part I 
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          Appendix L 
 
  ENHANCED PROCEDURAL DESCRIPTION 
 
 
When and How VTNs and Writing Strategies are used in Classroom Instruction 
                                                   during the Inquiry 
 
 
According to Flow Chart, Figure 3.1 (Eleven Procedures for the Inquiry Design), 
the entire population (N = 60) of students were randomly assigned into three classes 
with the same earth science instructor according to gender, age and achievement. 
One class was the control group (n = 21) and two classes were the experimental 
group (n = 20 and n = 18). 
 
The earth science curriculum was organized under three main topics: 
 
 I.  Earth and Earth in Space (September – November) 
          II.      The Atmosphere and Surfaces Processes (December – March) 
 III. Solid Earth and Earth’s History (April – May) 
 

 From September to May each of the three classes received the same earth 
science instruction (lecture and laboratory) from one teacher. 
 

 During the months from September to October, the Pre-Test (AGI/NSTA 1988 
National Earth Science Exam-Form A), the Spatial Relations and Abstract 
Reasoning tests were administered. 
 

 Students were not informed until the end of November whether they belonged to 
the experimental (Visual Thinking Network) or control (Writing Strategy) group. 
 

 In class workshop were provided for each group in December to explain the 
guidelines for VTN construction and Writing Strategy development (Appendix H). 
 

 At the conclusion of each unit students were provided with a set of selected 
concepts (Appendix I) to use in the construction of the VTNs and in the  
development of writing strategies. During the next three week period all students 
participated in scheduled “help sessions” that would follow the progress and  
answer questions about the newly developed network or writing strategy. At the 
conclusion of the three weeks each student submitted a final network or writing 
strategy for their portfolio assessment. 
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    Appendix M 
 
          t-TEST ON THE EARTH SCIENCE KNOWLEDGE AT 
                               PRE-TEST LEVEL BY GENDER 
 
   
 
 
   Gender Statistics for the t-test on Earth Science Knowledge at the Pre-Test Level 
  

    Group 
 
    N 

 
    Mean 

     Std. 
 Deviation 

   Std. Error 
      Mean 

Pre-Test Female   33     25.0000    5.2202        .9087 
Male   23     29.7391    7.6647      1.5982 

 
 
  
 
    t-Test on Earth Science Knowledge at the Pre-Test by Gender 
  

                                    t -test for Equality of Means 
     
         t 

       
      df 

      Sig. 
 (2-tailed) 

 Mean 
Difference 

 Std. Error 
 Difference 

Pre-Test         
    Equal Variances assumed 
    Equal Variances not assumed 

    
     -2.756 
     -2.578 

    
    54 
    35.042 

      
     .008* 
     .014 

    
   -4.7391 
   -4.7391 

 
1.7197 
1.8385 

   
 



                                                                                                                                    376 

                                                      (continued) 
 

Appendix N 
    

     COMPARISON OF MEANINGFUL DEPICTION DECISIONS CONSTRUCTED 
          IN THE FINAL SET OF VTNS FOR THREE EARTH SCIENCE TOPICS 
 
 
 
Subject 

 
 
Gender 

Choice of VTN levels 
• Earth & Space 
• Atmosphere 
• Earth's History 

 
 
       Meaningful depiction decisions constructed  
                in the Visual Thinking Networks            
                               

     1    F         2,  2,  2 none provided 
     2    M         1,  4,  2 Remember if I made red for atmosphere, I can remember I 

used red and the things, the variables.  The colors are 
definitely helping me out in thinking, remembering and 
associating each color.  Cause I remember I used variables 
as red and I remember I used fronts, air masses what ever 
that color is, so I can associate.  When I was taking the 
test, I sort of remembered how I linked them together 
more than when I was working with the B/W VTN. 
 

     3    F         4,  4,  1 I just choose these colors no particular reason. I made the 
major links different so you can see it more than these 
thin lines.  It shows more,  this is where one group starts. I 
would use # 4 to help me study, the color and shapes help 
me. 
 

    4    F         4,  4,  4 The triangular shapes and color have a meaning to me. 
The shape for the cold front makes me think about wind 
and some of them don't really have any significance.  The 
choice of color on my second one was more random than 
my first in which the color fit the thing.. like the earth the 
water is blue, flowers pink.  There were too many words 
on the second one, I'd like to do a weekly VTN with a small 
pocket of words. 
 

    5    F         2,  2,  2 It's colorful and easier than # 4. I like a lot of colors 
 

    6    F         4,  3,  1 Use of literal images for meaning making.(a)For 
convention currents I used a cake with swirls on top 
because my grandmother used to bake with convectionary 
surgar and I used orange because that was the cake I last 
had.  (b) I used the front of a shirt to show that air 
masses interface at regions called fronts. 
 

    7    M         4,  4,  4 audio tape damaged 
    8    M         1,  1,  1 I started using color on the first draft of VTN #1 (earth and 

space) but I changed to black and white because it did not 
look at good. 

    9    F         2,  2,  1 The color gives it clarity in each section, it helps me.  The 
2nd VTN uses divergent & convergent structure: I wanted 
to separate them (cyclone & anticylone) yet keep them 
together. 

  10   M         1,  1,  1 none provided 
  11   F         4,  2,  2 none provided 
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  12   F         4,  4,  4 I just pick the word that is going next and I just think of 
some way I can represent it.  I draw like this all the time, 
if I'm bored I'm just like drawing.  I just get paper and draw. 
If I have color pencils I'll use them.   

  13   M         3,  3,  3 I'll use more images in the 3rd.  I like the way # 1 looked 
even though it was more cramped together.  The images 
make it more interesting than the other ones.

  14   F         2,  2,  2 Using color helps me read it better and things stand out 
more. 

  15   F         4,  4,  4 I began the draft of VTN#1 just using colors then I wanted 
to add shapes and images so I made all my VTNs on the 
4th level. The colors have meanings to the words. 

  16   M         3,  3,  1 I always start my working VTN with the lowest level 
because I want to organize my thoughts into the different 
branches and see how everything is structured, then I switch 
to VTN 3 and give it meaning, like the different branches 
using different shapes.   

  18   M         1,  1,  2 audio tape damaged 
  19   F         2,  2,  2 I always like using color it attracts my attention more. I 

always use color in other school projects.  By using color it 
is a way of organizing myself.  I use certain color for 
certain areas.  If I'm talking about the sky I will use blue, 
a forest I will use green. I was think about using pictures 
but I thought it would take up more room.  But I thought 
#2 was easier to understand.  I started the first VTN on the 
4th level, but I changed my mind… I also thought it would 
be like a lot of time consuming and it wouldn't  really make 
a difference.  At the beginning working on the VTN I was 
really frustrated and confused, but when you sit down and 
look at your notes, it's gets easier to make the connections 
between the words.  I would have never thought that I 
could do this.  I guess I can!  I guess on my finals, Regents, 
I am going to use these to study from them. I'll pick the 
things that I got wrong and I'll be able to study from them. 
I’ll use my notes, but it is a good way to study.  It cuts 
down a lot of like going through your papers to looking at 
the VTN. 

  21   F         4,  4,  4 none provided 
  22   F         2,  2,  2 If I was creative enough I would do #4, but I'm not creative 

enough, I can't think like that, like drawing the shapes. 
I don't have patience for making the shapes match. 
Sometimes I think of shapes in my mind, like with fronts, 
I see the triangles on that line. But usually I don't think in 
shapes.  

  23   M         2,  2,  2 The color makes it easier to decipher. I thought green 
would look a little more different than blue. In my 1st VTN 
since the Big Bang caused the Universe, I put it (big bang) 
in red because that was a key element.  I don't know why 
I didn't put the universe in red, oh I put in green.  
Everything in red and green where just important and 
everything else was just factors of it. 
 
 
 



 
 
                                                          
 

378

 24   F         4,  4,  1 I needed less images in the 2nd VTN because 
I made each group a different color. So instead of   
the pictures I used color.  I wanted to try something 
different in my  2nd VTN and not use the color in my 
linking lines. 

 25   F         2,  2,  2 The colors groups things into categories and I can 
understand how everything connects.  I use the squares 
to makes things neater. 

 26   M         2,  2,  1 The shapes have no particular meaning in VTN#2. 
Color was used to distinguish between different categories. 
 

 27   M         4,  4,  4 Most of the images I have I my head but sometimes I 
wouldn't  draw them just to make sure check exactly what 
the definition says it is-- was I thinking right? If I was 
totally off I wouldn't put it. If it was close to it, I would put 
what I was thinking.. even if it was off by a little.  It was 
what my mind was thinking at the time.  The choice of 
color usually has to do with it, but some things don't.  Sleet 
I thought was dangerous so I put it as red.  

 28   M         4,  1,  1 I used color on the first one to look better, it 
was more organized.  Every level went out to a 
different color so you know which levels when to 
what.  The focal point was white and every that 
went out of that was yellow.. and everything that 
went out of yellow was blue.. everything that went 
out of blue was red, then green.. then yellow with 
a different kind of pattern.  I used different shapes 
because I didn't want to have a square and a 
rectangle next to each other - that would be kind of 
confusing. 

 29   M         1,  1,  1 none provided 
 30   F         2,  1,  1 I wanted to concentrate better without colors what the 

whole VTN was about.  What ever mood I'm in I'll enclose 
the word with a shape, like for the 2nd VTN I was in a 
"spiky" mood. 

 31   F         4,  3,  3  
There is no specific reason why the shapes goes with the 
certain thing.  But the triangles show the biggest topic and 
the squares show smaller topics and the circles are the sub 
topics.  

 32   M         3,  3,    
I don't use color because I feel it doesn't do much for me. 
Besides the fact it makes the VTN look nicer, it doesn't 
really help me think of these any better.  But the images 
are important. When I started working on the draft of the 
2nd VTN I wanted to do something different, so I started 
using color, but then I decided that it didn't really make a 
difference whether it was in color or b/w.  It's just like more 
work for color.  Color and b/w doesn't really do much of a 
difference as I said before, with B/W you focus more on the 
linking words.  So I choose B/W cause I didn't feel color 
was any better than B/W.  
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 33   F         2,  2,  2 I choose colors to group things. 
 34   F         2,  4,  4 With warm air and heat and stuff like that I wasn't going to 

do anything, but I thought warm air I thought like red, that 
was the color that came to mind. I tried to do heat with 
red with swiggley things coming off.  Seasons  
didn't come to me until I started doing the network. 
Some of the images came to me and some didn't. 
I just did them as I went on.  In my first VTN I 
like using a lot of color.  So the first things was the 
universe so I put it in the middle.  Since I think 
the universe includes everything, that is why I 
used all the colors in the universe-- like bright colors.  I 
went kind of like in order .  I tried to make everything kind 
of match.  Purple and pinks, then I went out into the blues 
and greens, then yellows and the oranges.  I tried to make 
them color coordinate.  I tried stars I think of a yellow 
bright star. In the 2nd VTN, I tried, but it didn't really work 
out, you see warm fronts, I tried red and those colors, then I 
tried to down and I had a different order in my colored 
pencils, I tried to get cold air kind of bluish, but it didn't 
work out that way. Season I kind of did orange.  I thought 
of autumn and that is a seasony kind of color.  I always try 
to make the words and the color match in someway.  In my 
last VTN I tried to make more images. 

 35   M         2,  2,  2 audio tape damaged 
 36   M         4,  4,  4 The color gives you more of an idea of what is going on 

and it gives me an idea of how it works, a feeling that is 
that (points to two links).  It shows which ones are different.   
In my 1st VTN I choose that shape of infinity, because  the 
universe is sort of infinite.  I choose that shape, the 
lightening bolt,  for energy because you can see that energy 
as what is going on here, it is not sort of an empty thing.  It, 
energy, transfers  like the atmosphere, the air, the cold air, 
the warm air.. there is energy transfer, like the cold and the 
warm coming together.  There is energy transfer all over, 
like tornadoes and stuff like that.   I made the design of the 
occluded front, using red in the middle and blue outside to 
show how it works in the little picture. This one, VTN 4, is 
much more helpful.  Because you can see like weather, sun, 
and it gives me a little more idea of what I mean.  There are 
a few different meaning.  Energy transfer is just you an idea 
of how it works.  I wanted to make the cross links different 
so I used a larger banding. I pick random colors for links 
when I couldn't find certain shapes for or pictures.  I just 
picked a random color that sort of separated that from that. 
The design I choose for the links show a sense of fullness. 
If you had just a small arrow I mean… you can tell here it's 
coming from here and going to here, so it makes it's easier 
to recognize the direction of the relationship.  

 38   M         2,  2,  2 Using color, definitely was important. 
Code:  1 = VTN in black/white 
           2 =  VTN in color 
           3 =  VTN in black/white with symbolic images/form 
           4 =  VTN in color with symbolic images/form 
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Appendix O 
 

           
         COMPARISON OF THE EXPERIMENTAL GROUP MOST FREQUENTLY      
           UTILIZED VTN FOR LEARNING SCIENCE THEIR PREFERENCE FOR  
                                               A VTN STRATEGY 
 
 
Subject 

 
Gender 

   Most 
frequently 
  utilized     
   VTN* 

 
Preferred  
  VTN* 

 
            Rationale for Preference 

    1     F     2, c    2, c Cross links are in color and it is easier for me to see. 
Using the pictures are too confusing to me. I would spend 
more time looking at the drawings then learning. VTN # 1 
is too boring, no color. 

    2     M     5    4, c I like the drawing of the pictures, I can get more out of it. I 
can understand it better. This VTN uses good colors, like 
lightening he used yellow. 

    3     F     4, c    4, c I like the color, shapes and pictures. These things help me 
understand it better. 

   4     F     4, c    1, bw It is easier to understand and read. Easy to look at and see 
where everything goes. The colors here is confusing me.  
This one (#1) is plain and simple and helps me. 

   5     F     2, c    2, c Because it has a lot of art, it look bright. 
   6     F     5    4, c It explains it better with the pictures. 
   7     M     4, c    4, c Didn't like # 2 because linking lines did not touch the 

concept label; in # 3 the outline is B/W and so are the 
words and you can get mixed up sometimes; # 4 is easier to 
read and I would use it to study with. 

   8    M     1, bw    3, bw Showing the shapes for the topics gives you a better idea of 
what is going on in the VTN.  The black/white VTN looks 
more neater than those with colors. 

   9    F     2, c    3, bw they are all hard to read(the handwriting); in # 3 some of 
the picture go with what the word is saying, like planet 
motion, cycles, seasons are clear. I don't like the 
color in 4, its too jumbled up! 

  10    M     1, bw    1, bw It doesn't have any of this garbage, like all these images 
takes away from the meaning, like what he is trying to say. 
I don't see the actual words and meaning. In #1 the only 
thing you  can look at are the words and you get straight to 
the point. 

  11    F     2, c    4, c I like the way it visually shows the events.  It just catches 
your attention more.   

  12    F     4, c    4, c It is easier to read. Cause like the colors, your eyes go 
like everywhere, it's not like blocked like all black.  You 
notice more of the shapes and words better.  In #1 you 
are just looking at words, if look at the images and it will 
help better.  
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  13    M     3, bw    4, c  3 & 4 are really the same, but 4 catches your eye more 
because it has color.  It is also better than these because 
when you look at Space you can actually see the Space, it 
gets drilled in your mind more, you understand it better.  If 
you look here (# 1) you have to look and picture it in your 
mind and think about it more, but these (#4) actually tells 
you.  VTN 4 gives you a better comprehension of what 
they are trying to get across.  It doesn't have to be in 
color, but it is the more detailed. 
 
 

  14    F     2, c    2, c The color makes it look nicer, makes everything stand out 
clearer, and it is easier to read because it is not bunched up 
with different shapes.  I can't follow 3 & 4 because of the  
shapes. 

  15    F     4, c    4, c Everything stands out and is sorted by color.   
  16    M     3, bw    4, c He seems to have separated each areas of the VTN with 

different colors, so it stands out more- the different parts 
and how they relate to each other.  The cross links are clear 
because they are in a different color than the rest of them. 
The way the color is used in #4 is better than VTN 2 

  18    M     1, bw    3, bw It's cool, I like the shapes it makes it look better! I really 
don't like color. 

  19    F     2, c    4, c It's pretty good, it explains a lot, I would have made the 
pictures a little neater.  I like the pictures. It attracts more 
of my attention because of the pictures and the colors.

  21    F     4, c    4, c interview tape damaged 
  22    F     2, c    4, c It more colorful, it's flashy!  Pictures that match the words. 

The color catches my eye quicker.  If I had to choose one 
for learning I would probably choose #4.  The black, I don't 
like to use just pencil or the marker.  I try to use color. 
Using all black makes it boring.  

  23    M     2, c    1, bw It looks the neatest, more organized. #3 & 4 is all weird, it's 
got a bunch of pictures and confusing to me. 

  24    F     4, c    4, c The colors and the pictures makes everything easier to 
remember.  I like the grouping with the different colors 
and how he drew space it would click in my head easier to 
remember.  Actually there is more to remember but it's 
easier.  You have to remember the words and what pictures 
go with it, if I saw a volcano over here and mountains 
just the picture would make me remember.  The pictures 
would remind me of something else, other pictures in my  
head and then I think of the words after it.  

  25    F     2, c    2, c 3 & 4 are really confusing.  VTN 2 is clear to read.  The 
colors help to group things into different sections. 

 26    M     2, c    4, c It has nice shapes.  The shapes help explain the stuff. The 
color helps to distinguish between different categories. 

 27    M     4, c    4, c The pictures and the coloring give you what they are 
thinking and the idea, exactly what the word may mean if 
you are not sure. 

 28    M     1, bw    2, c It is a lot easier to read instead of a bunch of single colored 
jarbbel.  It is divided much more visually oriented matter. 
Visual orientation of the color choice. 

 29    M     1, bw    2, c They used the same shape and used different colors for 
grouping.  I like VTN#1, but the color is better in #2. 
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In VTN# 4  I don't like all of those different shapes. 
 30    F     1, bw    1, bw It helps me look at the point and not look at all these other 

colors, cause it makes my thinking going straight to the 
pictures instead of what the words are saying.  See like 
frame of reference and time, I would like at the clock and 
the frame and not even think about the words.  The black 
and white makes it more clear-- something like dead 
centered.  

 31    F     3, bw    2, c It is easier to understand, like the colors separate the things. 
It is not like jumbled with the pictures. 
 

 32    M     3, c    4, c I like the one with color and shapes the best. It is the most 
visible.  You can get a feel, like you know what the 
centering point is here.  It is not a visible as the other two. 
When he breaks up the different groups he breaks them up 
kind of like in color.  Like the one with cycles is olive 
grayish, and this pinkish (frame of reference), here is more 
yellow and here is red and here is more orange. So you 
have like a feel for different groups, like how it is broken 
up.  I like the shapes more than just plain.  The shapes make 
it look nicer.  Some of these shapes are pretty creative, like 
planet motion, events, and cycles. These are shapes that I 
would take into account.  It looks very well put together. 
The color on the cross links are a lot more visible. In the  
B/W VTN I can't really find the cross links as easily.   I 
think with color and shapes you don't really pay as much 
attention to the linking words, like you are more focusing 
on the shapes and colors. Here in #1 you pay attention to 
the words cause that is mostly what the thing is.  I that this 
would think this would probably be positive if you are 
learning.  But if you are making it look nice use color and 
shapes.  So looking at the linking lines for me is important. 

 33    F     2, c    2, c It's plain and not overdone and easily read. 
 34    F     4, c    4, c VTN 3 has a lot of shapes and is kind of bold, but it doesn't 

have any color and I like color. 
 35    M     2, c    3, bw The shapes make it more realistic. 
 36    M     4, c    4, c You can see what is what and tell.  You can see how they 

are linked.  It makes a big difference to color it, it gives you 
the sense of what is going on.  Color gives it  a little more 
perspective.   

38    M     2, c    4, c It's interesting. It's colorful, there are pictures to describe  
the words.  It look different than most of the other ones. 
It's bright and it attracts your attention. 

* VTN Code   1 = VTN in black/white 
                     2 =  VTN in color 
                        3 =  VTN in black/white with symbolic images/form 
                     4 =  VTN in color with symbolic images/form 
                        5 =  no frequently utilized VTN-changed final product level twice 
                        c = color network; bw = black/white network 
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                                                Appendix P 
 
     INFORMED CONSENT
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Informed Consent Form to Participate in an Educational Research Study 
 

THE INFLUENCE OF VISUAL THINKING NETWORKING PROMOTING 
LONG TERM MEANINGFUL LEARNING AND ACHIEVEMENT FOR 

9TH-GRADE EARTH SCIENCE STUDENTS 
 
Purpose of Study:  Promoting student’s long term meaningful conceptual understanding 
is a natural goal in science education.  Visual thinking networking (VTN) are broadly 
conceptualized learning strategies that students choose for representing and organizing 
their earth science learning.  VTN encourage learners to integrate multiple ways of 
thinking that inform concept formation by using color and symbolic visualizations in a 
spatial form.  The purpose of this study is to investigate the effectiveness of these spatial 
learning strategies influencing student's thinking that mediate learning and achievement. 
 
Procedures: 
 
1. In the beginning of the academic year of 1996, each student will be given as a class: 

a).  The 1988 National Earth Science Exam (Form A) 
b).  Spatial Relations (SR) Test (Form T) 
c).  Abstract Reasoning (AR) test (Form S) 
 

2. A subset of students (24) will be selected from the scores on the SR and AR test will 
be given a fifteen minute interview session about time and planetary motion. 

 
3. During the third month of instruction, the researcher will teach to two of the four 

classes from one earth science teacher, how to use visual networking as a strategy for 
organizing and representing earth science learning.  These students will create 
networks for the remaining topic areas in earth science.  The researcher continues to 
provide assistance in networking throughout the course instruction. 

 
4. Twelve of the networking students will be video taped while constructing a network.  

A ten minute interview session will follow the video taping. 
 
5. Four months after the networking students have using this strategy, the original subset 

of 24 students will be given another fifteen minute interview session about time and 
planetary motion. 

 
6. At the end of the academic year in all students will be given as a class: 

a).  The 1988 National Earth Science Exam (Form B) 
b).  Spatial Relations (SR) Test (Form T) 
c).  Abstract Reasoning (AR) Test (Form S) 
 

Safeguards:  The privacy and confidentially of each student will be protected.  Students 
answers will be kept confidential.  Only first names and coded numbers will be used.  I 
am not interested in comparing individual responses, only group responses will be 
examined. 



385 
 

 
Benefits:  Results from this study will inform and enhance the teaching and learning 
practices across the curriculum and grades throughout the school district.  Teachers will 
have the knowledge of VTN strategies that will empower students by encouraging them 
to take charge of their own conceptual understanding.  These learning strategies will 
provide students with the life long skill of learning how to learn. 
 
Additional Questions:  Additional questions regarding your son/daughter’s participation, 
or this study may be directed to Palma J. Longo or Professor O.R. Anderson, Dissertation 
Sponsor. 
 
Approval:  This study has met with the approval of the Science Supervisor, the Principal, 
and the Superintendent of the school district.  This study will in no way interfere with the 
teaching of the New York State Earth Science Curriculum. 
 
 
______________________________ 
Palma J. Longo, Researcher 
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Informed Consent Form to Participate in an Educational Research Study 
 

THE INFLUENCE OF VISUAL THINKING NETWORKING PROMOTING 
LONG TERM MEANINGFUL LEARNING AND ACHIEVEMENT FOR 

9TH-GRADE EARTH SCIENCE STUDENTS 
 
This is to certify that my son/daughter, ____________________________________ has 
my consent to participate in an educational study, as an authorized part of the Science 
Education Program at Teachers College, Columbia University. 
 
The investigation and my son’s/daughter’s participation in the investigation has been 
defined and fully explained to me and my son/daughter, by Palma J. Longo.  I understand 
her explanation. 
 
I have been given an opportunity to ask whatever questions I may have had, and all such 
questions and inquiries have been answered to my satisfaction. 
 
I understand that any data or answers to questions will remain confidential, and only 
group data will be reported.  I give my permission for the interview sessions to be tape 
recorded.  I understand that the purpose of the tape recording is to assure that what is said 
is represented accurately in the research process. 
 
I further understand that I am free to withdraw my consent and terminate my 
son’s/daughter’s participation in the study at any time.  The withdrawing in no way 
would affect his/her Earth Science grade. 
 
 
_________________  _____________________________________ 
(date)    (parental/guardian signature) 
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