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ABSTRACT 

The overall survey of the present status of science education reveals that learners 

come to formal science instruction with a diverse set of alternative conceptions or 

misconceptions that are resistant to extinction by traditional teaching strategies. 

The early discovery theory suggested when students see the difference between 

their preconceptions and the physical reality they would automatically alter their 

conceptions. However, it has been repeatedly reported that even if students recognize a 

conflict between their expectations and the data, they will often try to explain the data 

away. 

Constructivism, takes the point of view that individuals actively construct the 

knowledge they possess, and that knowledge is not discovered, but constructed. A variety 

of more or less divergent forms of constructivism have developed—the most controversial 

one being radical constructivism. According to this view, since the concepts in students' 

minds are different from those in teacher's mind, concepts cannot by transferred from 

teachers' mind to students' mind by means of words. Knowledge is constructed by 

abstraction from personal experience. This view is now being seriously criticized by 

some science educators. Furthermore, some instructivists doubt the assumption that 

discovery learning is always meaningful. 

The most obvious drawback to the discovery approach and many forms of the 

constructivist approach is the amount of time they require. It is suggested that these 

approaches need to be empowered by technology through the Inventive Model. 

This model, developed by the author, is a constructivist approach based on the 

research findings indicating that many forms of constructivism, different models of 
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conceptual change, and also different innovative teaching practices are more 

complementary rather than contradictory. The aim is to show that constructivism could 

be empowered by integrating it into some innovative-instructivistic strategies invented by 

dedicated teachers, and by utilizing the many advantages of technology. This model 

answers also the need for a theoretical framework for educational software development. 

In this project, two versions of interactive multimedia programs were developed 

and compared quantitatively and qualitatively with the conventional physics instruction. 

The first version was based on a radical constructive approach and the second was based 

on the Inventive Model. The Force Concept Inventory (FCI) and a physics knowledge 

test made by the author, and the Cognitive Styles Analysis (CSA) were used to evaluate 

the effectiveness of the three teaching methods. 

The results showed that using a three-hour computer program was as effective as 

16 hours of conventional physics teaching, and that the instruction based on the Inventive 

Model was more effective in conceptual learning than the instruction based on a Radical 

Constructivist model. Regarding the difference between these two methods, it was 

concluded that using advance organizers and corrective feedback in constructivist 

teaching results in significant positive effects. 

Systematic investigation of students' misconceptions in fields of science other 

than physics, integration of technology into the school curriculum, development of more 

sophisticated simulations and Micorocomputer Based Laboratory (MBL), evaluation of 

the computer's effect in other conceptual change models, customization of the instruction 

based on students' cognitive styles and prior knowledge, and the use of tele-collaboration 

tools, are suggested for future studies. 
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INTRODUCTION 

In this dissertation the author introduces the "Inventive Model" as a theoretical 

base for science instruction and for software development in science education. The 

Inventive Model is a constructivistic approach to conceptual change. This model is 

presented as a response to the urgent need for a theoretical framework for software 

development in the area of conceptual understanding in science and mathematics. 

Repeated reports of the International Association for Evaluation of Educational 

Achievement (TEA) and of the International Assessment of Educational Progress (IAEP) 

indicate that North American students often lag well behind the top performing countries 

and even below the international average (Stedman 1997). These reports also indicate 

that the poor performance is not a simple matter of selection bias or course sequencing, 

but it reflects real deficiencies in curricular focus and conception of knowledge and 

schooling. The Inventive Model is based on the theoretical works of the pioneers in the 

field as well as the recent innovative/effective practices in science instruction. Some 

components of the model have been tested successfully in the past (Dekkers, Thijs, 1998; 

Dykstra, Boyle, and Monarch, 1992). However, the effectiveness of the whole model 

needs to be tested. 

The overall survey of the present status of science education implies that learners 

come to formal science instruction with a diverse set of alternative conceptions or 

misconceptions about natural objects and events. These misconceptions are tenacious and 

resistant to extinction by conventional teaching strategies. Some other observations imply 

that teachers often subscribe to the same misconceptions as their students (Rezaei and 

Katz, 1998). On the other hand learners' prior knowledge interacts with knowledge 
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presented in formal instruction, resulting in a diverse set of unintended learning 

outcomes. 

As noted by Mestre (1993) textbook publishers and textbook writers largely 

ignore cognitive research findings and continue to clone new textbooks from best-selling 

existing textbooks or "improve" existing textbooks by adding color, changing the type 

size, or making similar cosmetic changes. Market considerations, more than learning 

considerations, drive the commercial publishing establishment. He reports that high 

school science instruction is severely lacking in terms of teachers' knov/ledge of students' 

thinking and of constructivist epistemology, and that transmittalist-style instruction 

predominates in high school science instruction. The same is true about educational 

software development in the area of science and math. 

Regarding serious limitations of the traditional science instruction, science 

textbooks, and current educational software in science, more valid instructional resources 

based on the recent findings of cognitive science are needed. 

Even though the need to address the conceptions held by students prior to 

instruction has repeatedly been pointed out, such preconceptions rarely have been 

analyzed in a systematic way. Workers in the field usually present a list of such 

conceptions without any attempt to explain the underlying structures (Glynn, Yeany, and 

Britton, 1991). Research shows that instructional approaches that facilitate conceptual 

change are more effective than other approaches that disregard students' cognitive 

structure (Mazur, 1997). However, teachers rarely construct their instruction on a valid 

measure of students' misconceptions. 

Early discovery theory (Bruner, 1960) suggested that direct experience is the most 

influential element in changing student conceptions. It claimed that when students see 
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the difference between their preconceptions and the physical reality they would 

automatically alter their conception. This theory assumed that the conceptual structure of 

science is based on generalizations from data obtained in hands-on activities. However, 

it has been repeatedly reported (Grayson and McDermott, 1996; Neressian, 1989) that 

even if students recognize a conflict between their expectations and the data, they will 

often try to explain the data away or ignore it, much as scientists often do in such cases. 

Therefore, their underlying incorrect belief is retained or even reinforced. 

Frustration, is the main outcome of the instructional approaches that ignore 

students' misconceptions. Lack of interest and perhaps lack of a good background in 

science, has caused a great decline in North American students' enrollment in science 

related fields at the undergraduate and especially graduate levels (Halpern, 1992). That is 

why new approaches to science instruction are emerging in science education. 

For conceptual change in science, some educators (e.g., Hestenes, Wells, and 

Swackhamer, 1992) warn against any piecemeal approach directed at each misconception 

separately. They believe that misconceptions can be successfully overcome when 

something better is available to replace them. However, Posner, Strike, Hewson, and 

Gertzog (1982) concluded that change in students' conceptions is a gradual and 

piecemeal affair. According to Posner et al., conceptual change is rarely characterized by 

a flash of insight in which old ideas fall away and are replaced by new visions. Dekkers 

and Thijs (1998) also concluded from an inspection of transcripts of student discussions 

in the science classroom that there were no dramatic moments of conversion. To address 

this issue this project provides the researcher the opportunity to analyze students' log 

files and/or to answer this question that whether meaningful learning requires gradual 
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challenge of student conceptions or provides a sudden insight into the scientific 

conceptions. 

Generally, cognitive teaching theories can be divided into two groups: 

constructivism and instructivism. According to constructivism, knowledge is constructed 

by humans. Knowledge is not a set of facts, concepts, or laws waiting to be discovered. 

Constructivism is based on the notion that humans are constructors of their own 

knowledge, rather than reproducers of someone else's knowledge. Instructivist 

approaches, on the other hand, taike exception to the assumption that discovery learning 

or the inquiry approach is always meaningful, since a discovery learning process may 

result in rote learning of the findings. They also reject the idea that concepts cannot be 

transferred by means of words. In a meaningful instructivist approach, the subject content 

is usually presented to students by the teacher in written or spoken form for incorporation 

into their existing knowledge. The job of the teacher is to select, organize, and present 

knowledge in such a way that students see its relevance. 

Science education research shows that instruction based on only one of these 

approaches may not lead to meaningful learning (Dekkers and Thijs 1998; Shabo, 1997). 

Both have their limitations and advantages. Assimilation theories and successful 

attempts in the field of conceptual change suggest that these two approaches are more 

complementary than contradictory (Harris and Alexander, 1998; Newman, 1993; Novak, 

1984). After 30 years of dominance of the inquiry approach in the area of science 

education, and current constructivist reform, educators are starting to suggest the 

integration of the constructivism and the instructivism (Harris and Alexander, 1998; 

Shabo, 1997). According to these reports, the American tendency toward fads, and 

overemphasis on child-centered activities is a main factor of the failure of the current 
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reform in science education. In fact one of the challenges to construetivist reform is an 

"either/or" view of teaching and learning (Harris and Alexander, 1998; Prawat, 1995; 

Solomon, 1994). 

The Inventive Model integrates two major cognitive theories (constructivism and 

instructivism) with recent research findings in science education and instructional 

software design. On the other hand, theories of attitude change in social psychology 

provide a three-dimensional model (cognitive, behavioral, and affective) which also 

supports such integration. A balance between these three dimensions or a balance 

between, conceptual learning, student's motivation, and learning by doing is suggested in 

this view. Therefore, these approaches could be, and the author believes should be, 

integrated into a more comprehensive and more flexible approach. The search for the 

best way of teaching usually overlooks the individual differences. According to the 

Inventive Model, depending on various factors, (e.g., the cognitive style of the learner, 

the learner's preconceptions, and the level of complexity of the concept to be learned), 

different teaching techniques and sometimes different teaching strategies should be used. 

It might be argued that integration of instructionism and constructionism, which 

stem from two theories that don't agree on the fundamentals of learning, is not easy if 

even possible. However, recently, some educators report that constructed vs instructed 

knowledge, teacher-directed vs student-directed learning, understanding vs. rule 

following, and discovery vs. meaningful learning are all false dichotomies (Airasian and 

Walsh, 1997; Cunningham and Hall, 1998; Harris and Alexander, 1998). As was 

mentioned earlier, the three dimensions of learning are highly interrelated. The more we 

know the more self-confidence we have and therefore, the more we will be able to make 

decisions and solve problems. 
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Regarding the time limitations, many constructivist and inquiry approaches, need 

to be empowered by computers. Computers play a critical role in the Inventive Model. 

According to many educators, implementing good computer-based diagnostic models to 

probe students' misconceptions needs substantial time and highly sophisticated 

computers and software. While it may be true that more sophisticated diagnostic tools are 

needed in order to fulfill the ideal Inventive Model, the author intends to show that even 

with the currently accessible functionality of computers, the Inventive Model works 

effectively. Although developing software based on this model requires much time and 

effort, a properly designed program would be easy to use by teachers and/or students, and 

save valuable class time. 

The Inventive Model builds on previous works on conceptual change and tries to 

overcome their limitations. The model is comprised of four phases (Figure 3.2, p. 105). 

The First phase starts with a systematic analysis of student preconceptions. Based on 

students' answers to the questions in this part, students are later branched to different sets 

of practices in the third or the final phase. In phase 2, advance organizers or other 

cognitive strategies such as concept maps and/or analogies, are used to activate the 

students' prior knowledge and bridge it to the new concepts to be learned. Both in the 

second phase and in the last phase, students' acceptable concepts are reinforced in a 

guided discovery manner. In the Inventive Model, selecting between assimilation 

(conceptual growth, conceptual refinement, context expansion) and accommodation 

(conceptual change, conceptual replacement) depends on students' prior knowledge and 

their cognitive styles. Direct instruction may also be used in this phase and in the fourth 

phase if necessary. The third phase includes different activities such as having students 

test their preconceptions through hands-on activities or computer based simulations; 
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compare their preconceptions with the natural phenomena and related scientific theories 

and identify any conflicts between their misconceptions and the scientific theories; 

become dissatisfied with their misconceptions through a multiple problem-solving 

situation and feel the need for a new concept; or, explore plausible alternatives by 

themselves or as suggested by the teacher, and choose the more convincing one. In the 

fourth phase, the teacher shows the advantages of the conceptions currently accepted by 

the science community through a multiple problem-solving situation. The teacher may 

also help students to summarize what they have learned. 

Unfortunately, students' personal theories (misconceptions) work quite well in 

their everyday life (Glynn, Yeany, and Britton, 1991). Therefore, it is the teacher or the 

computer, which, under controlled conditions is able to demonstrate to the students the 

shortcomings of their beliefs. The basic rationale of the Inventive Model is the belief that 

conceptual change does not occur simply because students see a conflict between their 

preconceptions and the scientific realities; rather, students, after testing their 

preconceptions, will gradually realize the advantages of scientific explanations. This will 

happen only if the teacher/technology supplies the required cognitive tools, and provides 

explanations of the advantages of the scientific conceptions through a variety of 

demonstrations. The second key factor in the Inventive Model is multiple problem 

solving (multi-perspective presentation). It should be emphasized here that 

generalizations based on a single experiment might be misleading. However, 

considerable time is required to probe students' conceptions and to present new concepts 

from different perspectives via a variety of demonstrations. Using a CAJ program based 

on the Inventive Model is a practical and realistic way to achieve this goal. 
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Unlike some other constructivist approaches, in this model, laboratory work 

should be directed explicitly tov/ards conceptual instruction. Hands-on activities, and 

computer based experiments should be used with the explicit purpose of exposing areas 

of conflict with preconceptions. "Computer labs can assist them in the construction of the 

conceptual framework of a science, and real labs can reinforce this by demonstrating to 

what extent the representation matches real phenomena" (Neressian, 1989, p. 180). 

Regarding the advantages and limitations of discovery method and our later detailed 

discussions in this regard, use of instructional technology, especially simulations, and 

microcomputer-based labs (MBL) is almost inevitable in this model. 

There is also some evidence indicating that cognitive style might be a factor in 

selecting the most effective instructional strategy (Riding, 1997). It is possible that for 

some cognitive styles or for some specific concepts the Inventive Model would be more 

useful than other approaches. Riding and Cheema (1991) surveyed the various labels 

used by psychologists for different cognitive styles. After reviewing the descriptions, 

correlations, methods of assessment and effect on behavior, concluded that they may be 

grouped into two principal cognitive styles; the Wholist -Analytic and the Verbal-

Imagery dimensions. It could be predicted for example, that Verbalizers would benefit 

more from the Inventive Model than the Imagers. 

Hypermedia/multimedia software development tools, such as Authorware, offer a 

unique opportunity for science instruction (Berger, Belzer, and Voss, 1994). For example, 

role of cognitive style and "students' epistemology" (Mintzes, Wandersee, and Novak, 

1998) in learning and other instructional diversities could be evaluated using the 

technology based instruction. Such instructional diversity is very difficult to achieve in a 

classroom setting where the entire class is engaged in the same activity. An integral part 
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of instructional technology is the automatic logging of student's actions. Combined with 

hypermedia techniques they provide important tools for testing teaching models and for 

understanding the cognitive processes underlying the learning. 

Regarding the limitations of the traditional science teaching, and the many 

advantages of computer assisted instruction, conceptual science instruction, is proposed 

to be empowered by this model via computer. The effectiveness of computers in science 

teaching is well-documented (Berger, Belzer, and Voss, 1994). Qualitative and 

quantitative evaluation of the Inventive Model in a computer-based environment is the 

main goal of this project. 

Two versions of an interactive multimedia program have been developed to be 

compared with the conventional physics instruction. The first version is based on a 

radical constructivist approach. No direct teaching is used in the first version. The second 

version is based on the Inventive Model. This version is a three dimensional model 

similar to the attitude change models in social psychology and is based on the integration 

of constructivism and instructivism, with innovative teaching practices developed by 

dedicated teachers in science education. Force Concept Inventory (Hestens, 199.5) and a 

knowledge test made by the author were used to evaluate the effectiveness of the 

software. A qualitative analysis of students' interaction with the program was also 

proposed using students' log files. 
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CHAPTER 2 

REVIEW OF THE LITERATURE 

Chapter 2 is divided into three parts. Part 1 has ten sections and starts with an 

introduction to students' misconceptions (alternative conception) in science. Cognitive 

learning theories which are related to the evolution of the author's Inventive Model 

including Piaget, Bruner, Ausubel, and Novak's theories are introduced in sections 2, and 

3. In section 4 advance organizers are introduced. In sections 5 and 6 radical 

constructivism and social constructivism are discussed respectively and then in section 7 

some criticisms of radical constructivism are presented. In section 8 Novak's human 

constructivism is introduced. In section 9 and 10, some conceptual change models are 

discussed and in section 10 an integrative model is proposed. The focus in this part is on 

constructivism and the conceptual change models emerging from cognitive science. 

In part 2, research findings in the area of computer assisted instruction are 

considered with a focus on limitations of the available educational softv/are in the area of 

science education. This part has four sections. In the first section early meta-analytical 

studies in the area of CAI are discussed. In the second section the science-specific CAI 

studies are presented. The third section introduces a paradigm shift in the area of CAI 

research. The fourth section presents the most promising CAI research activities. 

Finally, the importance and the nature of the Cognitive Styles Analysis; the 

instrument used in this project to evaluate students' cognitive style, is discussed in part 3. 
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Part 1- Cognitive approaches to conceptual change 

Students' Misconceptions 

The earlier failure of science education to provide the majority of students with an 

in-depth understanding of science concepts is now well documented (Baker and Piburn 

1997; Kruger, Palacio, and Summers, 1992; Lochhead, 1983; Mintzes, Wandersee, and 

Novak, 1998; Steen, 1987; Trowbridge and Bybee, 1990). These reports indicate that a 

very small fraction of learners are engaged in predominantly meaningful learning 

(Mintzes, Wandersee, and Novak, 1998, p. 26). Many researchers report that students' 

misconceptions are one of the most critical factors against meaningful learning (Dykstra, 

Boyle, and Monarch, 1992). 

Misconception is the term commonly used to describe an unaccepted 

interpretation of a concept illustrated in the statement in which the concept is embedded 

(Novak and Gowin, 1984). According to Novak and Gowin (1984), the expressed 

meaning is not, however, a misconception to the person who holds it, but a functional 

meaning. Wandersee, Mintzes, and Novak (1994) list 37 additional terms used by 

researchers to refer to what the students think before instruction including, naive 

conceptions, preconceptions, intuitions, mini theories, personal theories, commonsense 

concepts. Some educators believe that the term "misconception" is inappropriate for 

referring to what they call "alternative conceptions" because it ignores the rational basis 

of those conceptions (Dykstra, et al. 1992). The use of alternative conception instead of 

misconception also has its root in relativism-versus-objectivism controversy in the 

philosophy of science. It could be argued however, that if they are simply "alternative" 

concepts, why do they need to be changed. Furthermore, students' preconceptions are not 
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coherent enough to form an alternative theory. Therefore, in this dissertation, the term 

'misconception' is used because it indicates that something needs to be changed. 

Research findings consistently show that misconceptions are deeply seated and 

likely to remain after instruction, or even to resurface some weeks after students have 

displayed some initial understanding immediately following instruction (Halloun, and 

Hestenes, 1985). It should be noted that students often display "understanding" in 

standardized science tests, in the teacher-made tests, thereby giving teachers a false sense 

of their students' true understanding (Mestre, 1994). These tests which usually do not 

force students to apply the concepts covered in class to a wide range of situations, will 

continue to show that students understand the material covered in class. More 

interestingly, students are able to solve conventional problems without understanding the 

underlying conceptions or without being able to correctly apply the concepts to real 

situations (Halloun and Hestenes, 1987; Trowbridge and McDermott, 1980). This is 

possible because they memorize particular problem solutions through "mindless plug-

and-chug" activities (Hetenes, 1998, p. 466), and the current criterion of success in most 

science classes is performance, not understanding. Indeed, only certain types of questions 

can probe for the ability to resolve concepts from one another and to apply them to real 

situations. 

Students' preconceptions rarely have been analyzed in a systematic way. Workers 

in the field usually present a list of misconceptions without any attempt to explain the 

underlying structures (Dykstra, et al. 1992). However, the results of a few studies which 

systematically analyzed students' misconceptions, indicate that students have very similar 

and predictable misconceptions in a particular topic (Trowbridge and McDermott, 1980, 

1981). Some of these studies have found that students who had studied the subject for a 
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short time and those who had studied the subject for several years shared similar 

misconceptions (McDermott, 1984). McDermott reported that results of studies based 

solely on students' initial responses might be different from those obtained when the 

student has the opportunity to consider alternatives. She also noted that after a series of 

hands-on activities some students might reach correct conclusions about objects by 

starting from a false premise. Teachers and educational software developers should be 

aware of these findings when designing the instruction and/or the evaluation. 

Boyle and Maloney (1991) found that students' misconceptions are so powerful 

that even if they had their textbooks open in front of them, only a few would be able to 

solve conceptual problems. They also found that students ignored the effects of their own 

actions or changes made to a system when the outcome conflicted with strongly held 

preconceptions. Other researchers in the field have reached the same conclusion. For 

example, Halloun and Hestenes (1985, p. 1059) concluded that "As a rule, students held 

firm to mistaken beliefs even when confronted with phenomena that contradicted those 

beliefs. When a contradiction was recognized or pointed out, they tended at first not to 

question their own beliefs, but to argue that the observed instance was governed by some 

other law or principle." Neressian (1989, p. 180) also concluded that " if students 

recognize a conflict between their expectations and the data, they will often try to explain 

the data away, much as scientists often do in such cases." Therefore, it seems that 

conceptual change is not an easy task for teachers in the ordinary classroom settings. 

It should be noted, however, that not all misconceptions are equally resistant to 

change. For example, Thijs (1992) concluded that five-weeks of constructivist teaching in 

physics was effective in changing student ideas toward scientifically correct conceptions 

in regard to "forces in rest situation". However, it was less effective in regard to "forces 
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on moving objects". Therefore, it could be proposed that different misconceptions require 

different teaching strategies. More importantly, misconceptions are not limited to 

students. They are also very common among teachers (Mestre, 1994). For example, after 

a comprehensive study on 159 science teachers' misconceptions, Krugeir, Palacio, and 

Summers (1992, p. 344) concluded that " virtually none of the primary school teachers 

had a correct (in the Newtonian sense) view of the instances involving forces and motion 

with which they were presented". 

Piaget and Burner's theories 

After a period of careful observation of child behavior, Piaget (1971) suggested 

that cognitive functioning involves two complementary processes of assimilation and 

accommodation. Assimilation is a shaping process in which new experiences are received 

through existing knowledge structures, while accommodation is reshaping the existing 

knowledge structures to accept the new experience. The process of achieving equilibrium 

or balance between personal constructions and new experiences, results in a cognitive 

structure that is more integrated and more abstract. This new construct accepts more ideas 

and is more differentiated or contains more sub-structures. He also proposed some 

developmental stages based on this learning theory. This viewpoint, formed the bases of 

constructivism. However, according to some critics (Mintzes, Wanersee, and No'vak, 

1998) Ausubel's assimilation theory seemed to be more powerful and more parsimonious 

in explaining learning, learner success, and learner failures. They contend that their data 

did not support the "developmental stages" suggested by Piaget. 

Unlike Piaget, Bruner (1960) suggested that scientific knowledge could be taught 

in some form to any child at any stage of development. This inquiry or discovery 
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approach to teaching and learning was proposed separately by two very prominent 

theorists, Joseph Schwab, and Jerome S. Bruner (Matthews, 1994). Some advocates 

claimed that, for about 30 years (1960-1990) "all of modern science curriculum 

developments stress teaching science as inquiry" (Sund and Trowbridge, 1967, p. 22). 

Bruner's main contribution was to replace behavioral approaches with cognitive 

ones. Furthermore, he shifted the subject of learning theories from animals to human 

being. He also stressed the importance of "structure" and the existence of a "fundamental 

knowledge" for learning. Discovery learning aimed to promote thinking and reasoning 

skills and independent research. However, as noted by Matthews (1994) the theoretical 

promise of inquiry teaching was not always fulfilled. One extensive review of the 

American inquiry-based programs and curricula of the 1960s concluded that; "In spite of 

new curricula, better trained teachers, and improved facilities and equipment, the 

optimistic expectations for students becoming inquirers have seldom been fulfilled" 

(Welch et. al, 1981, p. 33). 

Bruner's theory, known as the "discovery approach", dominated the whole 

educational system particularly in the field of research and curriculum development from 

the 1960s to the early 1990s. However, 30 years after this reform in science and 

mathematics education, researchers concluded that there is an acute need to improve 

teaching and learning in science and mathematics (Kruger, Palacio, and Summers, 1992; 

Lochhead, 1983; National Research Council, 1989; National Science Foundation, 1989; 

Steen, 1987; Trowbridge and Bybee 1990;). This shows that the discovery approach (the 

dominant teaching method in this period) either has not been actually implemented or has 

not been successful where implemented. 
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Theoretically, the discovery approach or direct experience is effective because 

students do their own scientific processes. "In 1960s, it was assumed that if the structure 

of the discipline were taught with an emphasis on inquiry students would not only learn 

the content and inquiry skills but would use and apply them to everyday life and to the 

problem solving" (Yager and Tamir, 1993, p. 638). The similarities between the inquiry 

approach and some radical constructivist approaches are discussed later. Some limitations 

of the discovery approach are summarized here. 

The most obvious drawback to the discovery learning approach is the amount of 

time the discovery process requires (Bowd, Mcdougall, and Yewchun, 1994, p. 138). 

Some educators (e.g. McDermott, 1984; Mestre, 1994; Mintzes, Wanersee, and Novak 

1998), therefore, have suggested reducing the number of topics in school curriculum in 

order to make the discovery approach more effective based on "less is more" principle. 

However, international studies conducted by IEP and IIAP show that the number and 

appropriateness of curriculum topics to which students are exposed has been proven to 

have powerful effects on students' achievement in science (Caillods, Duert, and Lewin, 

1997). 

On the other hand, regarding the amount and complexity of information and the 

development of new concepts and new fields of knowledge and the realities of 

"information overload" through the "information technology" this solution does not seem 

to be practical. It is particularly important to note that science education is not limited to 

school teaching. For example, in distance-learning programs, almost all of the student's 

learning takes place away from the host institution. Generally speaking, today a large 

amount of information is delivered out of school system through the information 
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technology. However, if the educational system can build new models of meaningful 

teaching and learning, there will be less need to reduce the amount of information that 

students receive. 

Skinner (1968) raises the question of how a teacher can arrange lessons so that 

every student can make discoveries. In other words, the quickest students in a class are 

likely to find solutions first; while the other students would simply copy the leaders. 

Therefore, less capable students may feel discouraged and lose interest. It is also 

important to consider this limitation in constructivist approaches. 

Also interpersonal problems may arise as a result. That is why some teachers have 

reported that discovery approach has been boring for some students (Thijs, 1992). After 

all, one cannot be sure that the students who usually answer the teacher's questions first, 

really understand the question and the answer or whether they just guess the answer. As 

already mentioned, answering the teachers' questions based on hands-on activities and 

even solving the related problems does not show that they have understood the concepts. 

Of course, the teacher can probe further to see if it has been understood or if it has been 

just memorized. The question is how can the teacher manage to probe all answers to a 

particular question at the same time. Later in this dissertation, the author will discuss how 

these limitations could be resolved, by using networked minds-on activities based on the 

Inventive Model. 

Another problem is that discovery learning is not appropriate for all students. 

Some students don't have patience to frustratingly try different approaches to solving a 

problem without receiving any feedback from the teacher. Other students are not 

sufficiently motivated to function well in a relatively unstructured situation (Bowd, 
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Mcdougall, andYewchuk, 1994). According to Hamachek (as cited in Bowd, Mcdougall, 

and Yewchun, 1994), students who are highly anxious or compulsive thrive in more 

teacher-directed classes. Furthermore, students may lack the prerequisite skills or self-

confidence to make discoveries on their own. This is in harmony with repeated findings 

that indicate that a learner controlled program is less effective than a computer-controlled 

program in computer assisted instruction (Mc Neil, 1991; Niemiec, Sikorski, Walberg, 

1996). Therefore, sometimes, a more active role on the teacher's part is necessary. 

A more important problem is that, because in the discovery method most of the 

time is allocated for the discovery processes, there is usually no time for teachers to 

summarize the lesson or to have students to do so. Therefore, students usually receive the 

correct answer (which is not always a complete one) from their classmates. As a result in 

this kind of teaching, students often not only don't discover anything but also may 

receive incomplete information from their classmate instead of well-organized and more 

complete, and more reliable answers from the teacher. This is not, however, to denounce 

the importance of students' discussion and collaboration. 

The discovery approach or the inquiry method is useful as a valid and 

comprehensive, evaluation of students' misconceptions. It is also very useful to show the 

students how their preconceptions are in conflict with scientific realities. However, this is 

only one step towards meaningful learning. Before this, the teacher should introduce the 

objectives of the lesson, so that students know what they are expected to focus on. The 

other step is to bridge the content to be learned to students' prior knowledge, and later, a 

conceptual change model will be needed. 
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Ausubel and Neo-Ausubelian Theories 

Ausubel (Ausubel, 1968; Ausubel and Robinson, 1969) developed a theory of 

meaningful reception learning called subsumption theory. His main idea is concerned 

with how a person's prior knowledge and its organization (constructs) determine learning. 

He has been a serious critic of discovery learning. He believes that students usually do 

not know what is important and that many students lack the intrinsic motivation to 

undertake and complete schoolwork. He also doubts Burner's assumption that discovery 

learning is always meaningful. 

According to the meaningful learning theory, knowledge is constructed by 

humans. Knowledge is not a set of facts, concepts, or laws waiting to be discovered. 

Similar to the Gestalt theory, Ausubel observed that humans have internal knowledge 

structures that guide perception, understanding, and action. Furthermore, according to 

Ausubel (1967) rotely and meaningfully learned materials are presented and organized 

quite differently in the student's cognitive structure, and hence conform to different 

principles of learning and retention. This idea that new knowledge is processed based on 

prior knowledge before it is saved in the long term memory was later supported by other 

educators (Mintzes, Wanersee, and Novak, 1998). 

For these reasons, in Ausubelian classroom learning the balance between 

reception and discovery learning tends to be weighted on the reception side. 

"In reception learning, the subject content is presented to students by the teacher 

in written or spoken form for incorporation into their existing store of knowledge. The 

job of the teacher is to select, organize, and present knowledge in such a way that 

students see its relevance. Teachers outline problems and describe methods of solving 



20 

them; there is no discovery required. Even elementary-school students can reap the 

benefits of reception learning if the material is presented in narrative form" (Bowd, 

Mcdougall, and Yewchuk, 1994, p. 139). 

Ausubel repeatedly points out that reception learning techniques such as lectures 

could be meaningful (Ausubel, Novak, and Hanesian, 1978). Other educators (e.g. 

Mintzes, Wanersee, and Novak 1998) have supported the idea that reception learning 

could be meaningful. 

Ausubel's theory also has its own limitations. The first problem is his focus on 

verbal learning and ignoring the importance of problem solving, especially in his early 

studies. According to Ausubel (1967, p. 21) "although the development of problem-

solving ability as an end itself is a legitimate objective of education, it is less central an 

objective than is the learning of subject matter." He assumed that the ability to solve 

problems calls for such traits as flexibility, resourcefulness, originality, and problem 

sensitivity. He thinks that these traits are less generously distributed in the population of 

learners than is the ability to understand and retain verbally presented ideas, and they are 

also less teachable. He concludes that "relatively few good problem-solvers can be 

trained in comparison with the number of persons who can acquire a meaningful grasp of 

various subject-matter fields" Ausubel (1967, p. 21). It should be noted that problem 

solving in the Ausubelian sense is real, unlike those mentioned above where students 

memorize to solve a problem without understanding the underlying concepts. 

Ausubel tried to show that reception learning need not necessarily involve rote 

learning. However, considering his own research studies (Ausubel, 1960) and some of the 

studies conducted by others in his theoretical framework (Luiten, Ames, and Ackerson 
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1980, Glover, 1990a, 1990b) it is concluded that they are mostly based on memorization 

of the content. In fact with few exceptions (Clark, Bean 1982; Mayer, 1979 a-b, and 

Novakl977, 1984, 1990), Ausubel's theory has been used as a meaningful way of 

learning the content not as a way to help students' problem solving or conceptual change. 

Despite these limitations, Ausubel made two major contributions to the development of 

cognitive psychology: (1) his focus on the importance of prior knowledge and the 

construction of knowledge which led to constructivism, and (2) introducing the advance 

organizer (AO) as a bridge between the prior knowledge and the content to be learned. 

Advance Organizers 

Advance organizers (AOs) are superordinate concepts within which learners can 

subsume the new material and relate it to what they already know. They are important 

because during instruction there is often a chasm, and sometimes a conflict, between 

what is to be taught and what is known by the student (West, Farmer, and Wolff 1991). 

Furthermore, students often have no knowledge about a topic. Organizers are introduced 

in advance of the learning material itself, and are also presented at a higher level of 

abstraction, generality, and inclusiveness (Good and Borphy 1990). Advance organizers 

are not conventional previews or summaries that briefly state the main points in a 

presentation. Instead they constitute a set of ideas that act as a framework to which the 

student can logically anchor subsequent, related learning (Bowd, Mcdougall, Yewchuk, 

1994). Summaries and simple overviews are less effective than organizers because they 

cannot activate students' prior knowledge as much as the advance organizers do. 
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It should be noted that there are several kinds of advance organizers: derivative, 

correlative, superordinate, and combinatorial subsumption. Each of these organizers or a 

combination of them could be used in conceptual change according to the content and 

students' cognitive structure. West, Farmer, Wolff (1991) stated that it is crucial that 

advance organizers be brief, and abstract prose. However, some studies have shown that 

video clips, diagrams, and more importantly concept maps could also be used effectively 

(Bowd, Mcdougall, and Yewchuk 1994, p. 143). 

According to Novak (1984) concept maps are intended to represent meaningful 

relationships between concepts in the form of propositions. Previous studies on text 

illustrations (e.g., Reid and Beveridge, 1986) have indicated that students shown 

illustrations with expository text passages retain more information than students who are 

provided only expository materials. In one case (Willerman and Mac Harg, 1991) using 

concept maps as AO, students were helped by the organization and visual relationships of 

the AO in a way which differed from the assistance provided by only a prose passage or 

an oral explanation. 

It should be noted that there are some limitations in the studies of advance 

organizers. The most important one is that almost all of them ignored the basic 

assumption that advance organizer should be constructed according to the learners' prior 

knowledge and misconceptions. In these studies, there are some pretests to evaluate the 

effectiveness of the advance organizers, however they did not construct the advance 

organizers based on a systematic evaluation of students' preconceptions. Furthermore, as 

was mentioned before, in many advance organizer studies, students were tested at only 

the first two levels of the Bloom's (1965) cognitive domains (i.e., only knowledge, and 
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comprehension rather than higher levels such as application, analysis, synthesis, and 

evaluation). This is the case with Ausubel's own studies. 

Regarding some of these limitations, recent studies have shown a more positive 

effect. Of 37 studies conducted between 1990-1998 for which abstracts were available in 

ERIC and PsycINFO (not including master and doctoral dissertations), 29 showed a 

significant positive effect and the other studies showed a non-significant effect. As 

discussed later in this dissertation, some studies (e.g. Mayer, 1979a, 1979b) used some 

tests in their studies, which evaluated students' learning above the first two levels of the 

cognitive domains. These studies showed that advance organizers help students to apply 

and analyze what they have learned (i.e., problem solving). The important question about 

the effectiveness of AOs is how they help learning. 

Mayer's (1979a) assimilation encoding theory presents a theoretical framework to 

explain the effectiveness of advance organizers. Assimilation encoding theory is a model 

that involves a 3-stage encoding process. Figure 2.1 shows the stages: 

The "a" arrow indicates receiving the information from the outside world. 

The "b" box indicates possessing relevant knowledge in long term memory. 

The "c" arrow represents transferring the anchoring knowledge from long term 

memory (LTM) to the working memory (WM) and actively integrating that 

knowledge with incoming information during learning. 



24 

Short Term 
Memory 

STM 

(a) 
•k 

Working Memory 
WM 

Short Term 
Memory 

STM 

3 

Short Term 
Memory 

STM 

3 

i 

r 

v 

3 

i 

r 

(c) 

Long Term Memory 
LTM 
(b) 

Figure 2.1- An illustration of assimilation encoding theory (From Mayer 1979a). 

Mayer concludes that giving the organizer before learning may result in 

facilitation of the factors (b) and (c) and thus a broader learning outcome. This model 

indicates that the information received by the learner is processed and is linked with the 

prior knowledge before being saved in long term memory. Unlike Ausubel, he believes 

that organizers have their strongest positive effects not on measures of retention, but 

rather on measures of transfer. 

Opposite of Mayer's theory is the retrieval theory that proposes that organizers 

serve as a retrieval aid rather than as a learning aid. This theory predicts that there should 

be no difference in test performance between subjects given an organizer before or after 

learning since both groups have access to the organizer as a retrieval aid during the test. 

Mayer's (1979a) study did not support the retrieval theory. 

Mayer's studies (1979a) like other studies of AOs, failed to follow the basic 

assumption underlying subsumption theory. As it was mentioned before, almost all of 

these studies used a pre-made advance organizer based on a teacher's perspective. They 

did not construct the AO based on students' prior knowledge and/or misconceptions in a 
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systematic manner. Further research is needed to determine which of illustrations, 

images, concept maps, videos , etc., serve as effective AO for individual, subject matters 

and learners. 

According to Mayer (1979a), advance organizers lead to a far transfer of learning 

because they are based on students' prior knowledge. This is not the case with 

instructional objectives. Therefore, instructional objectives like other reviews or outlines, 

may help in organizing the content to be learned. But their role in cognitive structure is 

different from the advance organizer. Since objectives help students to focus on specific 

parts of the content, it is expected that they will help with retention of those specific 

parts. It is possible that for some cognitive styles or for some specific concepts 

instructional objectives would be more useful than advance organizers (Riding ajid 

Smith, 1992). 

Constructivism 

Behaviorism was the dominant learning theory from the turn of the century until 

the 1960s. The realization that something more is needed to explain the rational, and 

logical, cognitive process that occurs between stimuli and responses gave rise to 

cognitive psychology, which in turn has, in large measure provided the theoretical basis 

for constructivist teaching. 

Cognitive psychologists and other educators began to respond to this need by 

designing instructional programs that focus on the construction of knowledge by the 

learner. The constructivist view has now become the leading theoretical position in 

education and a most powerful driving force in science and mathematics education, 
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particularly during the present decade. It is contrasted on the one hand with the 

authoritarian, teacher-dominated, transmission model of science instruction; on the other 

hand, with inquiry methods. 

According to Matthews (1994 , p. 146), constructivism attempts to steer a path 

between teacher-dominated instruction, and student-led discovery learning. The contrast 

with the extreme didacticism is reasonably clear-cut but the contrast with discovery 

learning is less so. He believes that a discovery approach classroom would pass equally 

as a constructivist class. The difference is mainly philosophical rather than practical. 

Therefore, the best way of appreciating the constructivist view of learning is to contrast it 

to its predecessors, the behaviorist and the discovery approaches in teaching and learning. 

However, while the differences between objectivism and constructivism can be clearly 

delineated, such is not the case for the differences between the varying perspectives on 

constructivism. 

The focus of the behaviorist approach is the final manifestation of competence by 

the subject or the learning outcome, not the processes of learning. Constructivism, 

however, takes the point of view that individuals actively construct the knowledge they 

possess. This construction of knowledge is a life-long, effortful process requiring 

significant mental engagement by the learner. Further, the knowledge that we already 

possess affects our ability to learn new knowledge. If new knowledge to be learned 

conflicts with previously constructed knowledge, the new knowledge will not make sense 

and may be constructed in a way that is not useful for long-term recall or for application 

in a variety of situations. In contrast to behaviorism, prior knowledge and sense-making 

are very important in the constructivist view of learning (Mestre, 1994). 
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Quite similar to Ausubel's subsumption theory, constructivism supports the idea 

that "Humans have internal knowledge structures that guide perception, understanding, 

and action. All humans possess networks of meanings that are constantly being revised. 

These meanings, which are the result of past experiences, both physical and social, guide 

the perception of new experiences. That is, we see new things in relation to our present 

knowledge structures. The structures shape the perception, but the perception also feeds 

back and shapes the structure. It is the developing internal knowledge structure that then 

directs behavior" (Zahorik, 1995, p. 13). 

According to some forms of constructivism, knowledge is the result of an 

individual subject's constructive activity, not a commodity that somehow resides outside 

the learner and can be conveyed or instilled by diligent perception or linguistic 

communication. In another words, concepts can not be transferred by means of words. 

The first principle of radical constructivism states that knowledge is not received 

passively, but is instead built up by the learner. The second principle states that the 

function of cognition is adaptive and serves the organization of the experiential world, 

not the discovery of ontological reality (Geelan, 1997). Generally, in constructivism a. 

reality outside is not denied, but it is possible to know about that reality only in a personal 

and subjective way. As it will be discussed later this view-point has caused an 

overemphasis on the relativistic philosophy in some constructivist approaches. 

So many people are developing and applying constructivist theory that it is 

virtually impossible to point to any one as the key person. However, Jean Piaget, Thomas 

Kuhn, L. S. Vygotsky, and Ernst von Glasersfeld (1992) are considered as the most 

important ones. 
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As it is shown in this dissertation the psychological foundations of constructivism 

is mainly based on Piaget's assimilation theory. Bruner's emphasis on independent 

learning and Ausubel's emphasis on the importance of prior knowledge also contributed 

to the evolution of constructivism. Novak (1977) has noticed that textbooks of 

educational psychology usually make no mention of Ausubel's theory (there are some 

exceptions, e.g., Bowd, McdougsJl, and Yewchun, 1994). He thinks that this is because 

Ausubel's theory is difficult to understand. However, it may be because Ausubel was a 

serious critic of the discovery approach. 

Piaget and Bruner both argue that conceptions that children arrive at on their own 

are usually more meaningful than those proposed by others and that students do not need 

to be motivated or rewarded when they seek to make sense of things that puzzle them. 

They learn how to learn as they learn. 

On the other hand, until the second half of the 201 century, the traditional 

description of the nature of science was the one proposed by logical positivists. This view 

was radically challenged through the publication of a book by Thomas Kuhn (1962) titled 

the "The structure of scientific revolutions." According to him, a world-view that is 

shared by a group of scientists is called a paradigm, and it is very much like what is 

referred to as a schema in Gestalt and Piaget's theory. Kuhn believed that scientific 

change requires movement from one paradigm to another. In Kuhn's view, there must be 

a growing awareness of anomaly in order for change to occur, scientists always hate to 

see paradigms go and will fight hard to keep them. Eventually the confusion of 

alternative and increasingly complex explanations makes a paradigm unsatisfactory. 
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Geelan (1997, p. 20) has introduced a two-dimensional scheme to tentatively 

organize the many forms of "constructivism". Firstly, it has an objectivist-relativist axis, 

which can be used to describe an author's stance on the philosophical controversy over 

the existence of an external, ontological reality. Secondly, it has a social-personal axis, 

along which the emphasis put on social interactions versus individual cognition can be 

expressed. This means that an accusation of knowledge relativism in some form of 

constructivism cannot be satisfactorily responded to with a mere reference to social 

constructivism. 

Zahorik (1995) introduced four types of constructivist teaching based on goals 

and order of presentation of the material. (Figure 2.2) 

Order 

Logical 

Psychological 

Goals 

Convergent Divergent 

Application Extension 

Discovery Invention 

Figure2.2. Types and dimensions of constructivist teaching by goals and order of 
presentation. (From Zahorik 1995) 

Goal refers to the outcome the teacher is trying to achieve. It can be either a 

convergent outcome or a divergent outcome. Convergence, as previously defined, refers 

to a focus on predetermined ends, while divergence refers to novel, original outcomes. 

Order refers to the kind of lesson organization the teacher is using. The lesson can be 
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organized in a logical way, in which activities that develop basic learning precede 

activities that promote more advanced learning. Or the lesson can be organized in a 

psychological way, in which activities may contain both basic and advanced learning. A 

psychological structure permits students to acquire knowledge in a way and at a time that 

is meaningful for them. 

According to him two views of students (Active versus Reactive) and two views 

of knowledge (Foundational versus Personal) are also especially important in 

constructivist teaching. These views of students and knowledge represent reference 

points rather than dichotomous positions. Instead of accepting one position to the 

exclusion of the other, most teachers probably support both positions on each variable to 

some extent, but they believe one more than the other. Beliefs are a matter of degree. 

(Figure 2.3) 

Knowledge 

Foundational Personal 

Student 

Reactive 

Active 

Application Extension 

Discovery Invention 

Figure 2.3. Type and dimensions of constructivist teaching by goals and order of 
presentation of the content. 

If one believes that students are mostly reactive and that foundational knowledge 

is more important than personal knowledge, the teacher may prefer application teaching. 
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If one believes the opposite, that students are generally active and that personal 

knowledge is more important than foundational knowledge, then the teacher probably 

will prefer invention teaching. If a teacher believes in active students and foundational 

knowledge, he or she will likely be drawn to discovery teaching. In discovery teaching 

the lesson starts with a use activity, which reflects the view that students can make many 

decisions themselves, but the use activity is structured in such a way that students 

converge on predetermined ends. If one believes in reactive students and personal 

knowledge, he or she will probably prefer extension teaching, which calls for a lesson in 

which preparatory information is acquired before students engage in a use activity is one 

that requires divergence through creative and critical thinking. He argues that one might 

conclude that, because of these beliefs about students and knowledge that underlie each 

type, invention teaching is the most constructivistic, application teaching is the least 

constructivistic, and discovery and extension teaching occupy middle positions v/ith 

regard to constructivism. However, Zahorik (1995) states that "Certainly more 

constructivism may be occurring in invention teaching, where students develop personal 

knowledge on their own, or in extension teaching, where personal knowledge is the 

ultimate goal; but constructivism also is occurring to varying degrees in the other two 

types of teaching. If the focus of application teaching and discovery teaching were not an 

understanding of collective constmctions complete with an emphasis on prior knowledge 

and reflection (and the metacognition it produces), then constructivism may not result-

but that is not the case." (p. 35) Therefore, according to Zahorik even direct teaching 

could be constructive if the learning is meaningful. 
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Although the above classification explains that very different approaches could be 

labeled constmctivist, basically, there are two major traditions of constructivism, 

cognitive or individual, and social constructivism (Matthews, 1994, p. 138). 

Cognitive or individual constructivism, approaches learning and knowing from 

the perspective of the individual.. As opposed to the social constmctivist perspective that 

describes the mind as a distributed entity that extends beyond the bounds of the person 

into the social environment. Cognitive constmctivists describe the mind, in terms of the 

individual, restricting it's domain to the individual's mind. This perspective of learning 

and knowing is rooted in the work of Piaget (1926). He describes learning as the process 

of continually re-inventing an individual's understanding or knowledge to take personal 

experiences into account. The cognitive constmctivist perspective views this "cognitive 

reorganization" as the defining element in the learning process. 

Regarding the differences between Piaget's and von Glasersfeld's constructivism, 

cognitive constructivism itself is divided into Piagetian and radical constructivism. Ernest 

von Glasersfeld (1992) is one of the leading advocates of a radical version of 

constructivism both as a theory of knowledge and as a guide for science education 

(Matthews, 1994). Asked about the differences in the various versions of constructivism 

he said: "A few years ago when the term constmctivism became fashionable and was 

adopted by people who had no intention of changing their epistemologieal orientation, I 

introduced the term "trivial constmctivism". My intent was to distinguish this fashion 

from the 'radical' movement that broke with the tradition of cognitive representation" 

(von Glasersfeld, 1992, p. 170). 
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According to Mintzes, Wandersee, and Novak (1998), although Kelly (1955) 

initially wrote extensively on the subject of personal constructs within the framework of 

personality theory, the most influential of recent constructivist writers has been Ernest 

von Glasersfeld (1989), whose radical form of constructivist epistemology has had a 

substantial impact on thinking, if not practice, in science education. He traces many of his 

views to the eighteen-century Napolitan philosopher Giambattista Vico. One of Vico's 

fundamental ideas is that human beings can know nothing except for the cognitive 

structures that they have put together for themselves. In von Glasersfeld's epistemology 

the ultimate criterion of useful knowledge is its viability. He rejects entirely the notion 

that knowledge can be tested against some external reality and settles instead for a test of 

compatibility. 

At its most extreme, radical constructivism denies all elements of the positivist 

viewpoint. According to Mintzes, Wandersee, and Novak (1998) radical constructivism 

contends that the assumption of a real and objective world is flawed, which, in turn, 

makes all traditional research methodologies based on this assumption flawed, it eschews 

the assumption of causality and denies the applicability of statistical procedures. It rejects 

the validity of the experimental method and the concept of the "subject" of such an 

experiment. Radical constructivism views knowledge as a form of mental representation, 

a construction of the human mind. Reality does not exist separately from the observer, 

"out there" needing only to be discovered (Shapiro, 1994, p. 7). 

In practice, constructivist teaching is best explained by Driver and Oldman (1986) 

as characterized by five steps: 
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1. Orientation, where students are given the opportunity to develop a sense of 

purpose and motivation for learning a topic. 

2. Elicitation, during which students make their current ideas on the topic of the 

lesson clear. 

3. Restructuring of ideas, this is the heart of the constructivist lesson sequence. It 

consists of a number of stages including; (a) Clarification and exchange of ideas during 

which students' meanings and language may be sharpened up by contrast with other, and 

possibly conflicting points of view held by other students or contributed by the teacher, 

(b) Construction of new ideas in the light of the above discussions and demonstrations. 

Students here can see that there are a variety of ways of interpreting phenomena or 

evidence, (c) Evaluation of the new ideas either experimentally or by thinking through 

their implications. Students should try to figure out the best ways of testing the 

alternative ideas. Students may at this stage feel dissatisfied with their existing 

conceptions. 

4. Application of ideas, where students are given the opportunity to use their 

developed ideas in a variety of situations, both familiar and novel. 

5. Review is the final stage in which students are invited to reflect back on how 

their ideas changed by drawing comparisons between their thinking at the start of the 

lesson sequence, and their thinking at the end. 

Social Constructivism 

In contrast with the personal or cognitive constructivism, social constructivism 

locates in the individual-in-social action. The theoretical basis for this position is inspired 
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in large measure by the work of Vygotsky (1978,1986). He put heavy emphasis on two 

areas: social interaction with more knowledgeable others in the zone of proximal 

development, and the role of culturally developed sign systems (i.e., appropriation of 

language as psychological tools for constructing meaning). He devised the notion of the 

"Zone of Proximal Development" to reflect the potential of this difference. Through this 

notion he reached to the concept of a learning environment consisting not only of 

children and learning material and processes, but children, learning material and 

interactive communication. This is in clear contrast with von Glasersfeld's view that 

knowledge cannot simply be transferred by means of words. Vygotsky asserted the 

significance of dialogue as a tool through which individuals collectively, or individually, 

could negotiate conceptual change. In his experiments Vygotsky studied the difference 

between the child's reasoning when working independently contrasted with when 

working with an adult. 

One criticism of Piagetian constructivism is lack of attention to the social or 

cultural bases of learning. The second criticism to disregarding the context within which 

the development of knowledge takes place (Baker and Piburn 1997). Social 

constructivists find Piaget's views sterile. For social constructivists, the Piagetian 

description of the interaction between organism and environment is almost completely 

meaningless. Some researchers into constructivism believe that knowledge not only is 

personally constructed but that it also is socially mediated (Prawt, 1993; Tylor, 1993). 

According to this group, although individuals have to construct their own meaning of 

new phenomenon or idea, the process of constructing meaning always is embedded 

within the social setting of which the individual is a part. 
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As social constructivists Driver, Asoko, Leach, Mortimer, and Scot (1994) present 

a perspective on science learning as a process of enculturation rather than discovery. 

They argue that empirical study of the natural world will not reveal scientific knowledge 

because scientific knowledge is discursive in nature. According to them learning science 

involves both personal and social processes. On the social plane the process involves 

being introduced to the concepts, symbols, and conventions of the scientific community. 

They contend that entering into this community of discourse is not something that 

students discover for themselves any more than they would discover by themselves how 

to speak Esperanto. It is concluded that in social constructivism, the role of teacher, the 

context under which teaching is happen, and the role of peer communication is more 

emphasized than in radical constructivism. 

Criticisms of Radical Constructivism 

The first critique is about the definition of constructivism. According to some 

critics (Baker and Piburn, 1997), there is no simple answer to the question "what is 

constructivism?", there are several answers but not a single answer. However, according 

to Treagust, Duit, and Fraser (1996) the strength of constructivism is its potential for 

informing practice and the variety of ways in which it can be interpreted. Perhaps this is 

why so many different teaching methods claim to be constructivist. 

Another persistent issue facing constructive teaching is what happens when the 

child's constructed meaning differs from the one accepted by scientists or that intended 

by the teacher? How long the teacher should wait seeking harmony between scientific 

and children's conceptions. This concern shows its importance when we note that 
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constructivist teaching warns the teacher against giving any clue to the students to gel: 

close to the solution (e.g. Osborne and Freyberg 1985, p. 90). 

"Do not give any indication to the pupil of your meaning(s) for the word or 

appear to judge the pupil's response in terms of your meaning(s). Do not ask leading 

questions. Do not ask the type of question where it is easy for the pupil to simply agree 

with whatever you say. Do not make any assumptions about the way the pupil is thinking. 

Do not return to earlier questions without verbal identification for the tape. Do not accept 

an answer without exploring the reasoning behind it." 

In social constructivism, however, the role of the teacher is to guide the learner to 

consider new ways of thinking about phenomena and events. According to Shapiro 

(1994, p. 8) this does not mean that we should not, at times, tell students what it is that 

we want them to consider. Driver et al (1994) argue that if knowledge is seen solely as an 

individual process, then this is similar to what has traditionally been identified as 

discovery learning. If however, learners are to be given access to the knowledge systems 

of science, the process of knowledge construction must go beyond personal empirical 

inquiry. Learners need to be given access not only to physical experiences but also to the 

concepts and models of conventional science. Therefore, teacher's intervention is 

essential, both to provide appropriate experiential evidence and to make the cultural tools 

and conventions of the science community available to students. 

Matthews (1994) raises the issue that "constructivism" is nothing more than 

commonsense. He believes that these teaching techniques are not unique to 

constructivism or something new. Much of the best constructivist technique -with its 

emphasis on actively engaging the learner in their own learning and paying attention to 
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the prior beliefs and conceptions of students- is at least as old as Socrates, interrogation. 

Furthermore, the emphasis on prior knowledge, students' autonomy, meta-cognition, and 

teachers as facilitators advocated by constructivists have also been suggested and 

practiced by Ausubel, Bruner, Novak, and Rogers (1969) respectively. 

Murphy (1997) reports that the link between the constructivist philosophy, on one 

hand, and educational practice, on the other, is quite tenuous. He contends that although 

Socrates is not generally associated with constructivist philosophy, were he present 

today, he would likely show an interest in constructivism, no doubt recognizing in it 

some similarities with his own philosophy. Murphy reminds that Socrate's approach led 

to his downfall since the self-doubt that individuals experienced after conversing with 

him finally led the Athenian assembly to vote to put him to death. Will the same happen 

to the constructivists? 

In addition to the above philosophical problems, "constructivist" pedagogy has, 

according to its critics, done little to improve the standard of science education; instead it 

has persistently been "getting in the way of good teaching" (Matthews. 1997, p. 13). It 

has focused on problems where students are expected to "construct" for themselves -

preferably by experimental work - concepts that are difficult or impossible to investigate 

properly in a school laboratory. 

For example, teachers cannot build a nuclear reactor in the classroom, a waste 

disposal in the back yard or even expect that students learn about the main arguments put 

forward by proponents and opponents of nuclear power unless they aim at some very 

"specific content related outcomes" (Illman, 1998). Therefore, if the teacher wants 

democratic decisions on the future of nuclear power to be made by scientifically literate 
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also what scientific arguments they can produce to support their case, it is necessary to 

teach about such concepts - even if it means occasionally using some good old "teacher-

centered" knowledge transmission (Hlman, 1998). 

Other criticism concerns a certain "empiricist" nature of radical constructivism. 

That is the overemphasis of both of them (empiricism and constructivism) on the 

individual. These critics of radical constructivism focus on its neglect of social 

influences, on the inner subjective world of the individual, and on the individual's 

construction processes (Ernest, 1993; O'loughlin, 1992). It should be noted however, that 

von Glasersfeld (1995) acknowledges the importance of the social context of which 

individuals are part when they construct their knowledge, although the social issue is not 

addressed further in his radical costructivism. 

The other criticism is that radical constructivism leads to the denial of the 

existence of a physical outside world. Shapiro (1994, p. 3) believes that constructivism 

challenges the objectivist view that reality exists independently of the observer and can 

be discovered through a series of systematic steps to achieve verifiable facts about real 

world. Constructivism views knowledge as a form of mental representation, a 

construction of the human mind. "Reality does not exist separately from the observer, 

"out there" needing only to be discovered" (p. 7). However, Treagust, Duit, and Fraser 

(1996, p. 7) claim that radical constructivism is consistent with the idea of a real existing 

world outside, all it denies is the possibility of any certain knowledge of that reality. 

This viewpoint has also led to an overemphasis on the relativistic philosophy in 

some STS (Science, Technology, and Society) approaches to science education. For 
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"Science education as a discipline is concerned with the interface between science and 

society." (p. 539). They state that the discipline of science education is concerned with 

the study of the interaction of science and society—i.e., the study of the impact of science 

upon society, as well as the impact of society upon science. 

According to this approach, courses in science should be bounded not by the 

traditional discipline lines, science is no longer a relatively self-contained activity, but is 

being incorporated into politics, morals and economy. Social values and concerns are 

very important and should be discussed in science classroom. This relativistic approach 

casts doubt on the notion that there must be a technical solution for every social problem, 

and warns that developments in science and technology could be used to the detriment of 

society. 

According to some critics (Rezaei and Katz, 1998), it is possible that over

emphasis on scientific relativism could replace scientific objectivism with the naive 

relativism. Historically, science and technology started their major progress in the 

nineteenth century, exactly when science, separated from philosophy. Over-emphasis on 

scientific relativism and discussing philosophical issues in the science classroom could 

lead to a kind of regression to that period. At its extreme, an engineer may build a 

building based on her private interpretations of physical concepts and a physician 

medicating people based on his own personal beliefs. 

Constructivists such as Driver and Oldham (1986) believe that curriculum is not 

seen as a body of knowledge or skills but the program of activities from which such 

knowledge or skills can possibly be acquired or constructed. According to Matthews, 

(1994, p. 145) these comments illustrate a problem with radical constructivism. It uses 
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claims about learning processes and developmental psychology to establish wider 

educational and social positions. "The curriculum, for instance, does not flow from 

learning theory alone. Learning theory may indicate how something should be taught, but 

what and how much should be taught to whom follow from different or additional 

considerations" 

Regarding the similarities of radical constructivism and the discovery approach in 

their emphasis on hands-on activities and students individual autonomy, Matthews (1994) 

attributes the failure of the discovery approach to the following errors in intellectual 

foundations and warns that constructivists are in danger of reviving them. According to 

him: 

1. Concepts do not emerge from sensory experience in the way assumed in 

discovery learning emphasis on hands-on activities. This is the mistaken legacy not only 

of Aristotle, but of Locke, Hume and the British empiricists. In other words, although 

hands-on activities are important especially at elementary levels, however, there is no 

magic in touch. Throwing more science facts and principles at the student is not the 

answer. Increasing the number of students' laboratory activities is not the answer either. 

A trendy emphasis on hands-on will not by itself, increase students' understanding of 

science. What is additionally needed is a minds-on emphasis in the learning science 

(Glynn, Yeany, and Britton, 1991). This is in accordance with recent findings in 

international studies of IEA, and. EEAP indicating that in most countries there is no 

significant correlation between the amount of student conducted experiments and 

students' achievement in science (Cailods, Gottelmann-Duret, and Lewin, 1997). 
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2. Scientific hypotheses are formulated using the conceptual foundations of 

scientific discourses, and these conceptual foundations have to be acquired by instruction 

and participation. As noted by Hegel and repeated by Freire "The "we think" determines 

the "I think" and not the reverse." 

3. There is a qualitative difference between discovery in the sense of formulation 

and even supporting a hypothesis about some matter, and discovery in the sense of 

vindicating such a hypothesis. Therefore, as noted by Dykstra, et al. (1992) children 

praised for "thinking like a scientist" are simply "making noises, which sound scientific". 

It should be noted that this does not mean that history of science does not have anything 

to do with science teaching and learning. 

4. Discovery implies knowledge claims, which in turn imply students having good 

reasons for their beliefs or hypotheses. What constitutes good reasons is an 

epistemological position, which cannot be purely individually generated. It could be "I 

believe it". Subsequently it might be "My mother told me," then " The book says so," 

then "This recently published scientific article says so" and so on with increasing 

epistemological sophistication. What this means is that even individual student's answer 

to teacher's question in a discovery classroom or a personal constructivist one, is learned 

in social interactions. 

Some educators criticize the constructivist assumption that meaningful learning is 

impossible under the traditional direct instruction. According to constructivist view, 

students actively construct their own knowledge whenever they learn something. 

However, according to Treagust, Duit, and Fraser (1996, p. 5) this occurs even in settings 

that are not informed by constructivist ideas, that is, in strictly traditional settings in 
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which learners are assumed to receive knowledge passively. The major difference is that 

constructivist teaching and learning approaches explicitly aim to help students to make 

the constructions that lead to understanding of the scientific or mathematical points of 

view. 

More educators are starting to accept that direct teaching (Instructivist) could be 

meaningful in some cases and therefore, call for the integration of radical constructivism 

with instructivism (Bostock, 1998; Harris and Alexander, 1998; Mintzes, Wandersee, and 

Novak,1998; Shabo, 1998). According to Treagust, Duit, and Fraser (1994) such an 

approach is a delicate balance of students' own activities and guidance by the teacher, or 

by a teacher medium such as can be provided by computers. "From our perspective, it is 

absurd to expect students to be able to construct science and mathematics conceptions 

without any guidance on the basis of their pre-existing conceptions alone" (p. 5). 

They conclude that constructivism assumes that scientific thought is natural. Two 

fundamental problems for the "naturalness of science " position is that science developed 

so late in human history, and that it developed in only one culture despite numerous 

cultures having advanced thought, literature, art, education and commerce. The argument 

of his book is that western science is not natural, it does not automatically unfold as 

children either confront the world, or participate in their culture. They believe that 

scientific understanding and modes of thought require initiation into a scientific tradition, 

an initiation provided by school science teacher. 

Although constructivism has much potential for meaningful learning, how 

realistic is the applicability of constructivism in school system? Constructivism requires 

teachers to play a role as a teacher, as a facilitator, as a learner, as a researcher, and even 
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as a psychologist who is supposed to promote students' sense of autonomy (Confery, 

1991). The process of teaching for conceptual change, discussed later as the most 

difficult part of the constructivist approach, could be added to this list. Demands on a 

constructivist teacher becomes more clear if one notes the fact that students often are 

pleased with their everyday conceptions, and experience no dissatisfaction. Therefore, 

teaching for conceptual change in a constructivist classroom is very difficult. Regarding 

the time limitations, and regarding all these expectations, it's highly unlikely that a 

teacher in a typical class could be able to play all the above roles effectively. That is why 

research shows that teachers who expressed constructivist views in interviews did not 

necessarily implement these principles in classroom situations (Fischler, 1994). 

In another case, Shapiro (1994) reported that, despite research verifying the 

effectiveness of hands-on instruction, many science classes at the elementary level are 

still conducted solely by having students copy notes from the board into a science 

notebook or by reading a textbook chapter and answering questions at the end. Regarding 

all these issues, in this project computer assisted instruction based on the principles of the 

Inventive Model is proposed to increase the applicability of the constructivist approach. 

On the other hand, providing evidence of success of constructivist approaches is 

somewhat difficult (Treagust, Duit, and Fraser, 1996) because the conventional objective 

tests cannot measure students' conceptual understanding and more importantly students' 

attitudes. Nevertheless, research results that allow comparisons indicate that conceptual 

change approaches are mostly superior to traditional approaches where understanding 

science and mathematics is concerned (Baker and Piburn, 1997). 

Finally, most research into students' understanding in science and mathematics 

used interviews or concept maps. Less attention has been paid to conventional test items, 
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whether pencil-and-paper or computer generated, that are likely to be useful for 

classroom teachers, and usually easier to use. A good example is the Force Concept 

Inventory (Hestenes, 1998) for evaluation of students' misconception in physics. As it 

will be discussed later each item of this test is based on several previous research studies 

of students' misconceptions in physics. 

Novak's Human Constructivism 

Ausubel believed that in meaningful learning no discovery is required. However, 

Novak (1977), a so-called neo-Ausubelian, stated that meaningful learning is not to deny 

the value of discovery learning, where the content to be learned (internalized) is selected 

and acquired by the learner. Considering a Piagetian approach, he believes that young 

children need experience with read objects (props) to understand phenomena affecting the 

objects. Novak (1977) believes that meaningful learning is not merely based on lectures 

or printed material or merely based on individual constructivism. He believes in a 

combination, or an integration of lectures, discussion, and laboratory and field works. 

Unlike Piaget (1971), Novak and Gowin (1984) noted that the primary limitation 

for young children is not their "cognitive operational capacity" as indicated in his work, 

but rather the quantity and quality of their relevant knowledge acquired through 

experience and instruction. And unlike Bruner (1960) he believes that knowledge is not 

discovered like gold or oil, but rather is constructed like cars or pyramids. He concludes 

that one reason that school instruction has been so ineffective is that curriculum planners 

rarely sort out the concepts they hope to teach (logical order) and even more rarely do 



46 

they try to search for possible hierarchical relationships among these concepts 

(psychological order). 

Mintzes, Wandersee, and Novak (1998) introduce human constructivism. 

According to them within the constructivist camp are those "radical constructivists" who 

reject entirely the notion that scientific knowledge can be tested against an external 

reality, and "social constructivists" who contend that reality itself is simply a product of 

social negotiation. Human constructivists take a moderate position on the nature of 

science. They advocate a view of science that acknowledges an external and knowable 

world, but depends critically on an intellectually demanding struggle to construct 

heuristically powerful explanations through extended periods of interaction with objects, 

events, and other people. They believe that human beings are meaning-makers; that the 

goal of education is to construct shared meanings and that this goal may be facilitated, 

through the active intervention of well-prepared teachers. 

According to the human constructivism, knowledge is not a simple transcription 

of real world objects or events that can be faithfully communicated either from direct 

observation of nature itself or from one person to another. Instead, knowledge is an 

idiosyncratic, hierarchically recognized framework of interrelated concepts that is "built 

up" by scientists and science students over time. The building of a unique conceptual 

framework is an active process that requires consciously connecting new knowledge to 

existing knowledge and testing it against one's perceptions of real world objects and 

events and the knowledge constructed by others. 

They believe that while experience with what Ausubel called "concrete empirical 

props" and science educators call "hands-on experience" is important, it is also important 
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to carefully clarify the meanings of words and prepositional statements. Therefore, it is 

important that the concepts to be learned be clarified, for example by using advance 

organizers or concept maps. How/ever, they warn that teaching interventions are offered 

not as panaceas and certainly not as "fool proof answers to the difficult questions of 

understanding and conceptual change. They also observed that students' epistemology is 

related to their learning strategy preferences. For example, students who were most 

positivistic in their epistemology, had ideas to favor rote learning approaches, and those 

who were more constructivist tended to favor meaningful learning strategies. 

Conceptual Change Models 

Instructional objectives, corrective feedback, and successive approximation were 

suggested by behaviorists as the first attempts at conceptual change. For many years, 

educators have used objectives prior to the selection of instructional activities because 

they believe that one should know what is to be accomplished before deciding on 

procedures to accomplish it. Instructional objectives have been widely used in 

programmed instruction and recently in computer based instruction. Even in today's 

constructivistic curriculum, instructional objectives are still used at the beginning of each 

lesson (Explorations in Science, 1996). 

However, Novak and Gowin (1984) noted that the cognitive structure of different 

students (both before and after learning activity) is not the same. Therefore, can we plan 

in advance precisely how the learner should behave or think after instruction? Popp 

(1974) also noted that the insistence on instructional objectives limits the freedom of 

teachers to employ their own teaching methods. By the same token, in computer assisted 
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instruction, specifying the objectives may prevent students from further navigation and an 

in-depth understanding or achieving a general impression. Generally speaking, as some 

viewers in the field (Melton, 1978; Kilber and Bassett, 1977, as cited in West, J. A. 

Farmer, and Philip, M. Wolff, 1991) concluded, many instructional objectives that were 

developed in the past were somewhat trivial and too numerous to be practically used in 

instruction. That is why some critics have argued that defining and using objective in 

teaching is not as realistic as it was supposed to be (Popham 1973, p. 46). 

As mentioned earlier, the early discovery approach suggested that direct 

experience was the most influential in changing students' misconceptions. Theoretically, 

when students see the difference between their preconception and the physical realities 

they will automatically alter their preconception. In fact, this approach assumed that the 

conceptual structure of science is based on the generalizations from data obtained in 

hands-on activities. However, it has been repeatedly reported (Grayson, McDermott, 

1996; Neressian, 1989) that even if students recognize a conflict between their 

expectations and the data, they v/ill often try to explain the data away. Therefore, their 

underlying incorrect belief is retained or even reinforced if the teacher does not interfere. 

According to Novak and Gowin (1984) the best method for correcting a 

misconception is to identify one or more missing concepts that, when integrated into the 

individual's conceptual framework, will obliterate the misconception. Therefore, the 

teacher should first evaluate students' pre-conceptions and then by using the appropriate 

organizer try to bridge students' prior knowledge to the content to be learned or to the 

physical realities. This is a good strategy in some cases, however, the problem is that in 

many cases, a word or a term has different meanings in science and in students' 

preconception. Furthermore, sometimes two words are used by students interchangeably, 
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while they are clearly distinct to scientists. Therefore, the process of conceptual change is 

more complicated than what Novak assumes. Research studies in science education 

repeatedly indicate that without some tests that probe for deep conceptual understanding 

or classroom discussions where misconceptions are addressed, the mental engagement 

necessary for students to reconstruct their knowledge will remain absent (Hestenes and 

Wells, 1992). 

Regarding the conceptual changes of scientists in the history of science, some 

educators (e.g., Neressian, 1989; Vosniadou and Brewer, 1987) propose that there should 

be a common cognitive model for conceptual change in science and in learning science. 

Considering the resistance of students' misconceptions mentioned earlier, Clement 

(1982) noted that, for example, pre-Newtonian concepts of mechanics had a strong 

appeal, and scientists were at least as resistant to changes as students are. Therefore, this 

historical analysis of misconceptions could be used in science teaching. The difference is 

that, unlike scientists who had to try many conceptual frameworks, teachers should focus 

only on the relevant concepts. 

Drivers et al. (1994) however, contend that learning science does not involve 

restructuring of ideas. They argue that viewing learning as theory change puts too great 

emphasis on theory-like nature of students' informal idea (misconceptions). They argue 

that students' tacit situated nature distinguishes them from scientific theories. 

According to Harding and Vining (1997) sometimes, the history of discoveries is 

used to try to regain for students the spirit of the early event. This is often unrewarding 

because students become confused by the details of a long historical story. The use of 

inquiry methods to recapture the excitement of the early stages of discovery has similar 
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drawbacks. According to these authors, there seems to be a tradeoff as fields develop. 

The early stages are characterized by confusion, as well as genuine excitement; the later 

stages have a clarity of explanation, but lacks the enthusiasm associated with discovery. 

The excitement of recent science cannot be produced artificially; the topic must be 

genuinely new and uncertain. They conclude that neither a pure historical approach, nor 

an inquiry approach is likely to be suitable, because neither gives the combination of 

clarity and experience. 

Cognitive research focusing on the area of conceptual change is now 20 years old 

(Minstrell, 1986; Posner, Strike, Hewson, and Gertzog, 1982). Hewson (1996) explains 

that the word "change" can be used in different ways. It can be the replacement of one 

idea by another. For example, as in the fairy tale of a frog changing into a prince when 

the princess kisses the frog. In this case, there is only one entity before and a different 

one after the change. Here change means extinction of the former state. He rejects the 

applicability of this first meaning in conceptual change in science. According to him 

there is no sense in which one view has metamorphosed into the other because students 

will remember both the old and the new concepts. The second meaning of the "change" is 

an increase or decrease in amount of something. For example, an increase in one's saving 

account. The third meaning of "change" is something gaining status while something else 

loses status. For example, a new mayor replaces the old one after election. Hewson 

argues that the last explanation for change is best suited for describing learning science 

because it is neither possible nor wise to extinguish students' everyday conception, v/hich 

have proven to be sustainable and viable in explaining everyday phenomena. A similar 

view is expressed by Grandy (1990), who argues that extinguishing preconceptions is a 

misnomer. 
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Hewson's classification is useful in explaining different kinds of change. 

However, such cognitive approaches involve viewing conceptual change mainly as a 

discontinuous passage. Research has shown that conceptual change usually is slow, 

continuous, and gradual much like the metamorphosis change of the frog into the prince 

rather than the sudden replacement of the new mayor with the old one. 

Duit and Confery (1996) distinguish between conceptual growth and conceptual 

change. Conceptual growth refers to enlargement of the conceptual network in such a 

way that one's previous knowledge and its connections, for the most part, remain intact. 

In science, this can refer to the addition of new terminology, definitions, and isolated 

facts that do not disturb one's previous beliefs but only add to the existing knowledge 

base. In Piaget's framework, conceptual growth is like the idea of assimilation and 

conceptual change is like the idea of accommodation. 

Duit and Confery (1996) think that conceptual change refers to cognitive 

restructuring different from what is evidenced in conceptual growth. However, Carey 

(1985) note that conceptual change also involves an underlying continuum that can vary 

from weak to strong restructuring. According to Duit and Confery (1996), whether 

learning something requires conceptual change or conceptual growth is largely a function 

of the preconceptions of the learner. 

Posner, Strike, Hewson, and Gertzog (1982) identified four conditions that are 

common to most cases of conceptual change (termed 'accommodation' by Posner et al.): 

1. There must be dissatisfaction with existing conceptions. 

2. A new conception must be intelligible. 

3. A new conception must initially appear plausible. 

4. A new concept should suggest the possibility of a fruitful research program. 
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Clement (1987) used this model effectively to change students' misconceptions in 

physics. He noted that many students refuse to believe that a table exerts an upward force 

on a book sitting on the table. However, all students agree that a spring exerts a constant 

force on one's hand when one holds it compressed. Clement used a "bridging strategy" to 

help convince students that the book on the table is analogous to the compressed spring. 

He presented the students with an intermediate, bridging example, such as a book resting 

on a flexible board to the book on a springy table. Student, were then more willing to 

believe that the table exerts an upward force on the book. 

The other important finding of Posner et al.'s (1982) research was the conclusion 

that students' conceptual change is a gradual and piecemeal affair. According to Posner et 

al. (1982), conceptual change is rarely characterized by a flash of insight in which old 

ideas fall away and are replaced, by new visions. Thijs (1992) also concluded that 

inspection of the transcripts of students' discussions in science classroom does not show 

dramatic moments of conversion. 

However, in the view of many cognitive scientists, conceptual change results 

from both the gradual and orderly elaboration and refinement of an existing framework as 

well as radical alterations that necessitate the introduction of entirely new super-ordinate 

concepts (Mintzes, Wandersee, and Novak, 1997). 

According to Mintzes, Wandersee, and Novak, (1997) recent studies suggest that 

strong restructuring is characteristic of early phases in the formal classroom learning of a 

new domain. "Over the course of the learning period, however, the incidence of strong 

restructuring declines substantiiilly while the frequencies of gradual elaborative processes 

remain relatively stable" (p. 415). It is concluded that meaningful learning frequently 

requires gradual challenge of students' conceptions in several aspects. 
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Cognitive conflict seems to play an important role in constructivism. The crucial 

point in instruction, however, is whether students really "see" the conflict or whether the 

conceptual change really happens after the conflict. Furthermore, regarding Posner, 

Strike, and Hewson's (1982) study, Shapiro (1994) reports that although useful, several 

concerns make this view problematic because it ignores the importance of the student's 

feelings of inadequacy, frustration, or alienation from the experience. 

Instructivism versus Constructivism 

As discussed earlier, radical constructivism is now being seriously criticized by 

some educators. Instructivist approaches such as those presented by Ausubel, (1967) and 

Novak and Gowin (1984), take exception to the assumption that discovery learning is 

always meaningful, since a discovery learning process may result in rote learning of the 

findings. In a meaningful instructivist approach, the subject content is usually presented 

to students by the teacher in written or spoken form for incorporation into their existing 

knowledge. The teacher's job is to select, organize, and present knowledge in such a way 

that students see its relevance. 

Merrill, Drake, Lacy, and Pratt (1996) contend that instruction involves directing 

students to appropriate learning activities, guiding students to appreciate knowledge; 

helping students rehearse, encode, and process information, monitoring student 

performance, and providing feedback as to the appropriateness of the student's learning 

activities and practice performance. They define the instructional design as the 

technology of creating learning experiences and learning environments, which promote 

these instructional activities. 



According to instructivism, there is a body of knowledge and skill that has been 

developed and archived by generations of scholars. The purpose of instruction is to 

enable students (novices) to acquire this knowledge and skill. Regarding Gagne's (1985) 

theory, they suggest that the acquisition of different types of knowledge and skill require 

different instructional strategies. Criticizing the philosophy of radical constructivism 

Merrill, Drake, Lacy, and Pratt (1996) contend that "too much of the structure of 

educational technology is built upon the sand of relativism, rather than the rock of 

science. When winds of new paradigms blow and the sands of old paradigms shift; then 

the structure of educational technology slides toward the sea of pseudo-science and 

mythology. We stand firm against the shifting sands of new paradigms and "realities". 

We have drawn a line in the sand. We boldly reclaim the technology of instructional 

design that is built upon the rock of instructional science." (p. 7). Noting that educators 

still have a long way to go, they conclude that abandoning the path of scientific method 

and following the uncertain wilderness of philosophical relativism will distract educators 

from their goal and unnecessarily delay this journey. 

Some extreme instructivists (e.g., Jones, 1995), believe that, while anything close 

to "old fashioned teaching" might do better than the new "teacher as facilitator" fad or 

"cooperative learning", or other methods in which little genuine instruction occurs, the 

carefully designed approach of true, direct instruction has been shown to be vastly more 

effective in helping students to learn and to have enhanced self-esteem. 

Others show documents supporting the instructivist approach. For example, 

O'Neill (1988) reviewed 150 studies and concluded that direct instruction is correlated 

with improved learning among primary children from working and middle-class 
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backgrounds. Likewise, a U.S. Department of Education booklet (1987), concludes that 

direct instruction enables students to learn more, especially in conjunction with well-

designed homework assignments. 

Generally, in the instructivist approach it is believed that students cannot be 

expected to construct accumulated scientific knowledge based on practical work or 

undirected discussions. Meta-analysis of studies suggested that conceptual change can be 

promoted by the use of science textbooks provided that students' preconceptions are 

challenged either by text that is refutational or text used in combination with other 

strategies that cause cognitive conflict (Treagust, Duit, and Fraser, 1996). Students are 

often unable to see the differences between their views and the scientific view introduced 

by the teacher. Furthermore, students do not like to play around with ideas- they want to 

know the right (true) answer (Baird and Mitchel 1986). In so doing, they try to maintain 

and develop student confidence. Therefore, knowledge transmission or direct teaching 

could also be viewed as a legitimate and sometimes advisable type of science education. 

However, most critics of "constructivism" have also failed to provide more evidence of 

their claims and positive pedagogical ideas. 

According to some reports (e.g., Harris and Alexander, 1998) in the United States, 

teachers are often faced with literature or educational programs that promote extreme or 

singular answers regarding how to teach students. This tendency toward extremes results 

in the pendulum swing so commonly noted in America. In the Inventive Model, teachers 

need not choose between false dichotomies such as instructivism versus constnictivism or 

teacher-centered versus student-centered approaches. As noted by Cobb (1994), the 

constructivist maxim about learning can be taken to imply that students construct their 
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own ways of knowing in even the most authoritarian instruction situations. This 

interpretation transcends the dichotomy between situations in which students construct 

their own knowledge and those in which it is transmitted to them. 

An Integrative Approach 

Regarding the advantages and the limitations of radical constructivism on the one 

hand, and meaningful instructions based on Ausubel and Novak's theories on the other, 

and with a closer look at Posner et al.'s (1982) approach to conceptual change, an 

integrative approach called the Inventive Model is built by the author. The Inventive 

Model is based on the assumption that three components of learning (cognitive, affective, 

and behavioral) are interrelated, and a change in each dimension will have an effect on 

other dimensions. 

Assimilation theories and successful attempts in the field of conceptual change, 

and also the theories of attitude change in social psychology suggest that constructivistic 

and instructivistic approaches are more complementary than contradictory (Shabo, 1998; 

Harris and Alexander, 1998; Bostock, 1998; Mintzes, Wandersee, and Novak,1998). 

Therefore, these two approaches could be, and the author believes should be, integrated 

into a more comprehensive and more flexible approach. There is no contradiction 

between encouraging individual construction on the one hand, and free discussion of 

accumulated knowledge of the scientific community with peers or with the teacher on the 

other. 

In social psychology, attitude is defined as "an idea charged with emotion which 

predisposes a class of actions to a particular class of social situations." This definition 
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suggests that attitudes have three components: cognitive, affective, and behavioral. There 

is repeated evidence that these components are highly interrelated (Triandis, 1971). On 

the other hand, there is evidence suggesting that the three components should be 

conceptualized and measured independently. Attitudes can be changed in three ways. 

Firstly, by changing the cognitive component (e.g., with receiving more information). 

Secondly, by changing the affective component (e.g., by pleasant or unpleasant 

experiences in the presence of the attitude object), or thirdly, by changing the behavioral 

component (e.g., by forcing a person to behave or practice in a way that is inconsistent 

with his existing attitudes). According to this model, when one of the components 

changes, the others are likely to change. For example, when students try to answer a 

question, their prior knowledge (cognitive), their confidence or fear (affective), and their 

experience (behavior), all affect their final answer. 

Similarly, in educational psychology, there are three main approaches to teaching 

and learning; behavioristic, cognitive, and humanistic. The third approach puts a special 

emphasis on motivation and life-long learning (Rogers and Frieberg, 1969). However, 

each of the three main approaches in educational psychology focuses on only one aspect 

of learning. A more comprehensive approach should consider all the three components 

and their inter-relationship at the same time. 

A balance among these three dimensions, or a balance among conceptual 

learning, student's motivation, and learning by doing, is suggested in this view. The 

purpose is to urge true instructional diversity and flexibility. It is believed that, depending 

on various factors, e.g., the cognitive style of the learner, the learner's preconceptions, 

and the level of complexity of the concept to be learned, different teaching strategies 

should be used. 



The Inventive Model not only builds on previous works on conceptual change, 

but also tries to overcome their limitations. Although some misconceptions are unique to 

certain individuals, others are commonly held by the majority of students. In another 

words, although students' beliefs and thoughts are unique and private, most of their 

concepts are similar and public. Therefore, many concepts could be transferred in a 

meaningful way from the teachers' minds to students' minds. This similarity of students' 

misconceptions makes it possible for the researcher to predict in advance some of the 

misconceptions that, in turn, make the probes more effective. The Inventive Model is 

discussed in details in the next chapter. 

Part 2 - Computer Assisted Instruction 

Early Meta-Analytic Studies 

CAI has been in use for over 30 years. During this period, a great deal of research 

has been done on CAI. As Kulik (1994) noticed, the term CAI has been applied to too 

many different programs, and the term evaluation has also been used in too many 

different ways. However, meta-analyses have demonstrated repeatedly that programs of 

CAI have positive effects on student learning. This conclusion has emerged from too 

many separate meta-analyses to be considered controversial (Clarine 1995; Fletcher 

1989; Fletcher 1992; Kulik, Kulik, and Cohen, 1980; Kulik, 1994; Kulik, Bangert, and 

Williams, 1983; Kulik, Kulik, and Bangert-Drowns, 1985; Kulik, Kulik, and Bangert, 

1984; Kulik, 1980; Kulik, 1986; Liao 1992; McNeil 1991,). 
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Over 1000 studies conducted since 1960s support the contention that CAI is 

effective in promoting student achievement. Here are some of the findings from different 

meta-analyses. 

1. Student performance is highest in science and foreign language, followed by 

mathematics, and last in reading and language arts (Fisher 1983). 

2. CAI appears effective when aimed at specific student body groups, such as high or 

low-achieving students or students with learning difficulties (Fisher 1983). 

3. CAI is most effective when it is fully integrated into the curriculum (Fisher 1983), 

4. Positive effects increase when the proper settings and scheduling are established 

(Fisher 1983). 

5. Students employing interactive video (IV) as supplementary instruction averaged 

significantly higher achievement effects than when IV was used in place of traditional 

forms of instruction (McNeil, 1991). 

6. Mean achievement effect for group IV instruction was slightly greater than in 

individual instruction but the difference was not significant (McNeil, 1991). 

7. The average effect size in the 54 studies was .25. Thus the effect of CAI in a typical 

class was to raise students achievement by about one quarter of standard deviation 

unit. This implies that a typical student in a CAI class was performing at the 60th 

percentile on examinations, whereas the typical control student performed at the 50th 

percentile (Kulik, 1980). 

8. It seems safe to conclude that CAI has at best a small effect on the correlation 

between aptitude and achievement in college courses. This means that computer base 



instruction doesn't seriously reduce the expected correlation (about .5 ) between 

aptitude and achievement in college classrooms (Kulik, Kulik, and Cohen, 1980). 

9. Comparing the effects of CAI on students attitudes towards instruction, attitude 

scores of the CAI group were 0.34 standard deviation higher than the scores of the 

control group; a small but positive effect (Kulik, 1986). 

Roblyer, Castine, and King's (1988) comprehensive review of box score and 

meta-analytic reviews reported the following trends across the 26 earlier review studies: 

1. Nearly all reviews found that CAI provided some benefit over other instructional 

methods. 

2. There was a reduction in the amount of learning time required for CAI, but most of 

the significant findings for time saving were reported for subjects in higher grades. 

Kulik et al. (1985) reported that there was an average time saving of 32 percent for 

the CAI group. 

3. Attitudes were positively affected by CAI; however, the largest average effect size of 

0.62 was for attitude toward computers, with a lower average effect size of 0.22 

reported for attitude toward subjects and school learning. 

4. There were no clear trends indicating whether drill-practice or tutorial CAI was more 

effective at increasing achievement. In the areas of mathematics, reading and 

language, and secondary level education better results were reported for tutorials than 

for drill-practice CAI. Some studies found drill and practice more effective than 

tutorials at the elementary level. Other studies were inconclusive as to which type of 

CAI was more effective. 
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5. Supplemental use of CAI was more effective than total replacement of the classroom 

teacher by CAI. 

6. There was some indication that CAI may be especially effective for use with lower 

ability learners. However, Roblyer et al. (1988) cautioned that the software tested was 

often specifically designed for this group of learners. Thus, finding that CAI was 

especially effective with these learners may have been due to the specific software 

used and not CAI in general. 

7. CAI (drill-practice and tutorial) was more effective at lower grade levels' and 

computer-managed instruction and computer simulations were more effective at 

higher-grade levels. 

8. The magnitude of the effect of CAI in different content areas was not clear. 

Science Specific Studies 

Aiello and Wolfe (1980) conducted a meta-analysis on individualized 

instruction in science (audio tutorial instruction, CAI, personalized system of instruction, 

programmed instruction, and a combination category that included studies that did not fit 

exactly into any of the last four categories). Their results indicated that CAI and 

personalized system of instruction (PSI) were the most effective forms of individualized 

instruction, with overall average effect sizes for achievement of 0.42 for both CAI (n = 

14) and PSI (n = 28). 

Willett et. al. (1983) examined the effects of instructional systems in science 

teaching (audio tutorial computer-linked, contracts for learning, departmentalized 

elementary schools, individualized instruction, mastery learning, media-based instruction, 
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PSI, programmed learning, self-directed study, use of original source papers in the 

teaching of science, and team teaching). They found that CAI produced an overall 

average effect size of 0.13 (n = 14) but that tutorials and drill and practices and CMFs 

(Computer managed Instruction) average effect sizes were only 0.01 (n = 5) and 0.05 (n = 

8) respectively. Computer-Simulated Experimentation (CSE) produced a huge effect size 

of 1.45 (n = 1), heavily biasing the overall average effect size in the positive direction. 

They found that mastery learning and PSI were the most effective instructional systems, 

with average effect sizes of 0.60 (n = 13) and 0.64 (n = 15), respectively. 

Wise and Okey (1983) reported meta-analysis results on CAI's effect on 

achievement in math and science at the elementary and secondary levels in the same year 

that Willett et al. reported their meta-analysis of instructional systems. Wise and Okey 

found a large positive overall average effect of 0.82 (n = 12) for CAI. The difference 

between Wise and Okey's results versus Willett et al.'s results (ES of 0.82 versus 0.13) 

was presumably due to methodological differences or the inclusion of mathematics CAI 

studies by Wise and Okey. 

Kulik et al. (1983, 1984) and Kulik, Kulik and Cohen (1980) performed several 

meta-analyses on the effects of CAI on learning across subject domains. They reported an 

effect size of 0.36 (n = 1) for elementary-level science CAI and average effect sizes of 

0.31 (n = 11) for secondary-level science CAI and 0.15 (n = 44) for college-level hard 

sciences, engineering, mathematics, and agriculture CAI. 

In another study, Roblyer et a 1. (1988) reported results of a meta-analysis of the 

effects of CAI on learning across subject areas. They found an average effect size of 0.44 
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(n = 4) (ES= 0.64; n = 3) when one outliner study was removed from the analysis for 

simulation CAI in science. 

Finally, Wise (1988) conducted a science domain-specific meta-analysis. He was 

able to locate 26 studies from 1982 to 1988, 22 more than Roblyer et al., but still a 

relatively small number of quantitative studies. Wise's criteria for considering a study 

CAI, that "teachers used microcomputers in some way to deliver science instruction" (p. 

107), were fairly loose and simple pie video disk systems were considered CAI in his 

study. His less stringent criteria for allowing studies into his meta-analysis probably 

account for the greater number of science CAI studies located by Wise. 

Wise reported an overall average effect size for CAI of 0.34 (n = 51 ). When he 

looked at the effect of different types of CAI, he found that microcomputer-based labs 

(MBL) produced the highest average effect size of 0.76 (n = 6), followed by tutorials 

with an average effect size of 0.45 (n = 7). Video disk-based lessons produced an average 

effect size of 0.40 (n = 11), followed by microcomputer-based diagnostic testing and 

microcomputer-based simulations with average effect sizes of 0.28 (n = 3) and 0.18 (n = 

24), respectively. All of the effect sizes were significantly different from zero. Wise's 

finding of a low average effect size for computer-simulated experimentation is somewhat 

surprising, as previous reviews generally reported that CSE produced high average effect 

sizes. 
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The Paradigm Shift 

Most CAI research thus far has compared CAI instruction with traditional instruction 

(comparison studies). The traditional instruction in these studies contains many variables 

including the characteristics of the instructors and widely varying learning environments, 

making it difficult to generalize findings. A typical CAI study might compare one group 

of students using CAI with another group being given traditional instruction. Testing the 

two groups both before and after the instruction with a standardized test might show that 

one group, most often the CAI group, shows considerably higher gains than the other 

group. Unfortunately this approach does not tell us why students learn better with CAI 

than with traditional methods. The novelty factor of using the computer may be a factor. 

What is needed is more research that focuses on identifying the characteristics of 

effective software and the conditions for its effective use. For example, one might 

compare two version of the same software based on two different teaching methods. 

As it was mentioned earlier, CAI generally has had positive effect on students 

achievement. However, this effect has not been as much as expected by its inventors. 

Furthermore, the trend of CAI implementation in school system has been too slow. 

According to Baker and O'Neil (1994) reasons for this slow trend and the lack of 

qualified educational software can be assigned to three major sources. Firstly, CAI has 

not been embraced and pulled by real needs of the school system because institutional 

focus has been on maintenance of existing goals and methods. Secondly, with few 

exceptions, inhibited by their own short-term expectations for profit, serious commercial 

developers have rarely targeted education. Thirdly, one source of poor qualification of the 

available educational software is the lack of a theoretical framework and some other 
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technical weaknesses in their developmental processes. For example, the Physics Lab 

Simulator (PLS), is just a collection of simulations, and "The Cartoon Guide to Physics" 

is traditional direct instruction without clear instructional objectives. 

On the other hand, most of research studies of the past in the CAI field have had 

serious methodological problems. For example, in Roblyer's et al. (1988) meta analysis 

probably the most interesting finding in the science domain was that only four studies 

from 1980 to 1987 were allowed into their meta-analysis. Although they did miss some 

studies, the fact that a fairly comprehensive search turned up only four sound quantitative 

studies in science CAI indicates a great need for more quantitative research in the science 

domain. 

Furthermore, studies comparing computer-based learning with non-computer-

based learning do not necessarily provide a link to or understanding of what is going on 

while students are learning using instructional technology. Even the best pre-post and 

randomized designs cannot answer such questions. Although meta-analyses provide an 

overall average measure of how computers affect learning in science, they cannot provide 

some of the specific information indicating how certain programs have affected the 

learning process and the specific contexts in which CAI programs were successful. 

That's why efforts have shifted in the kinds of questions asked and answered in 

more current research. As Mayer (1997) noticed "The traditional question concerning the 

effectiveness of one medium over another proved to be an unproductive question, as have 

previous studies on media effects." In most of the recent research studies the main 

question is, "How can CAI affect learning?" Do media influence students' learning or as 

Clark (1983) has suggested, do media merely influence the way learning is delivered?" 



Regarding the above limitations of CAI studies, and the evolution of the 

constructivist approach in science education, a decided shift in comparison studies is 

clearly observable. Gabel (1994) cited three major reasons for this paradigm shift. 

1. The use of technology is so common that to compare its use to current non-

technological practice would be equivalent to comparing instruction with books to the 

same amount of instruction without books 20 years ago. 

2. Such comparison studies often cite time spent on instruction as a cogent 

reason for comparison. By citing time as a major variable, they ignore three major points. 

First, time and learning efficiency are only partially related. The real variable is learning 

efficiency that is, the amount learned divided by the time spent. Second, by measuring 

only before and at the end of the study they ignore the increase in learning over a shorter 

period of time. Thus, by not measuring at several times and measuring only at the end of 

the instructional period, both groups appear to have gone through the same learning 

process. Third, students do not spend the same amount of time on traditional instruction. 

Several researchers cite, either anecdotally or by design, that students work at well-

constructed technological instruction for hours and are on task. Such times on task may 

be obtainable under research conditions for traditional instruction but not under standard 

everyday instruction. 

3. It is inappropriate to use a comparison technique. The use of technology 

provides an instructional approach that cannot be matched by traditional non-

technological instruction. The ability to see graphs develop in real time, to see multiple 

representations of phenomena from macro to micro, cannot be duplicated even with the 
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best lecture or reading. Thus, it is even less appropriate to try to design a comparison 

study. 

More Promising Activities 

According to some critics, technology based education in the past was based on 

the assumption that knowledge is a set of facts, skills, and principles waiting to be 

delivered from the experts' mind to the learners' mind (Bruffe, 1993). This fundamental 

assumption about knowledge and learning has caused some of the computer-based 

instruction to fail. Presently the same assumption is threatening Computer Assisted 

Instruction. Recently, educators argue that students should not be merely the users of 

knowledge any more. Using the potentials and functionality of new multimedia and 

hypermedia technology students may develop, create, and enhance their own knowledge 

and skills. In modern learning theories the assumption is changed to the one that believes 

that knowledge is constructed by the learners through minds-on activities individually or 

in collaboration with the teacher and peer group. 

Kozma (1991) argued that learners, actively working with a medium, construct 

knowledge and that the medium and the methods can cause more or different learning 

depending on the kind of medium being utilized by the learner. He further argued that it 

is possible to provide a theoretical framework, wherein the learner is seen as "actively 

collaborating with the medium to construct knowledge" (p. 179), to refute Clark's 

contention that no further research should be done on media (instructional technology) 

until a novel theory is proposed. 
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New views of learning (Salomon and Perkins, 1996) indicate that acquisition of 

knowledge is not a simple, straightforward transmission, but rather a matter of the 

learner's active engagement in assembling, extending, processing, restoring, and 

interpreting. Salomon and Perkins (1996) introduce the notion of knowledge networking. 

Knowledge networking is a type of learning which requires activities such as; connecting, 

gathering, and selecting information, generating and testing hypotheses, generating 

inferences, exploring semantic relationships involving the target knowledge to build a 

rich semantic network, applying prior knowledge and at the same time abstracting from it 

more general knowledge. They believe that the notion of knowledge networking helps us 

to understand the role of technology in education. In his view computers become partners 

in cognition with learners. Computers can enable what needs to happen in knowledge 

networking. 

Good and Berger (1998) report several perspectives on the use of computer 

simulations of physical phenomena as tools in science teaching and learning. According 

to them it seems inevitable that well-designed simulations will become a more important 

and pervasive science teaching and learning tool in the twenty-first century. Mokros and 

Tinker (1987) argue that the generation and analysis of real data by students provided for 

in MBL (Microcomputer Based Laboratory) causes visualization of science concepts that 

cannot be achieved in other form. The students' attempt to reproduce a velocity graph 

while moving in front of a motion sensor and watching the real data automatically 

gathered is a profound influence, whether they are in the first grade or at the university. 

In his article "learning with media," Kozma (1991) reviewed research literature 

related to learning with books, learning with television, learning with computers, and 
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learning with multimedia. He summarized studies that examined the processing 

capabilities of the computer and that showed how they can influence the mental 

representations and cognitive processes of learners. 

Today, there are strong bases for supporting Kozma's (1991) theoretical 

framework. Aside from the theoretical aspects of learning, there are practical and 

pragmatic concerns for including instructional technology in schools and, thus, for 

research on the use of technology in science curriculum. For example, Emerson and 

Mosteller (1998) report six controlled primary research studies of using interactive 

multimedia. They concluded that multimedia has advantages because it involves multi 

senses and because it can accommodate varying needs of students. 

Mayer (1997) also reported that "Instructional development is too often based on 

what computers can do rather than on a research-based theory of how students learn with 

technology. In particular, the visual-based power of computer technology represents a 

grossly underutilized source of potential educational innovation" (p. 17). According to 

Mayer, computer-based multimedia learning environments provide students with the 

opportunity to work easily with both visual and verbal representations of complex 

systems. However, to fruitfully develop these potential educational opportunities, 

research is needed on how people learn with multimedia. Such a qualitative comparison 

of the Inventive Model in a computer-based environment with the conventional science 

instruction is the main goal of this project. 

Collins' study (1991, as cited in Gabel, 1994), on the role of computer/technology 

in restructuring schools, indicates that; "In a society where most work is becoming 

computer-based, 'school-work' cannot forever resist the change" (p. 28). Collins bases 

his belief on instructional changes in the reform movements that are taking place. The 
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shift toward constructivist teaching facilitates the rationale for adding educational 

technology systems in schools. Collins further represents eight shifts in instruction in 

schools that have adopted computers. 

"A shift from whole-class to small-group instruction, from lecture and recitation 

to coaching, from working with better students to working with weaker students, from 

assessment based on test performance to assessment based on products, progress, and 

effort, from a competitive to a cooperative social structure, from all students learning the 

same thing to different students learning different things, from the primacy of verbal 

thinking to the integration of visual and verbal thinking, and a shift toward more engaged 

students" (Collins, 1991 as cited in Gabel, 1994). 

As it was mentioned before, even the best pre-post and randomized designs 

cannot address how CAI affects learning. However, by accompanying a detailed analysis 

of students' interactions with the computer (using students' log files) student learning 

during the experience with technology can be analyzed. 

Such research started early in the 1980s and continues today (Berger 1982; 

Dershimer, Berger and Jackson, 1991, as cited in Gabel, 1994). The examination of the 

use of science processes with microcomputers is one such area. Berger and his colleagues 

have shown useful learning curves and teaching efficiency (that is, more learning in a 

shorter time) as first-year college students learn chemistry. Starting with a discussion of 

how log files could be used to describe the learning of the process of estimation in a 

game-like environment in 1981, they have shown learning with the use of 

microcomputers provides strong insights into learning in alternative modes. 
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In addition to the use of instructional technology in the delivery of instruction, 

Berger (1982) and Fislner (1990, as cited in Kerr, 1996) proposed that there are 

compelling examples of the use of technology to research the learning that may be going 

on while students use mediated instruction. Their use of automated event recording, 

development of concept maps, and semantic networks indicates that the technology can 

be used to assess a level of understanding and navigation through a body of knowledge 

that provides for a rich base of inference for student learning. Later works have focused 

on the use of hypermedia to take advantage of such models (Shabo, 1998). 

CAI has also the potential to aid learners in learning how to learn and has been 

used successfully for teaching problem-solving skills and cognitive strategies. Friedler, 

Nachmias, and Linn (1990) have shown that problem-solving skills or scientific 

reasoning can be improved (as measured by a "scientific reasoning test") via CAI, such as 

by use of Discover a Science Project software by SunBurst combined with MBL 

activities on heating and cooling. 

Knowledge networking is now one of the most promising uses of computers in 

science teaching and learning (Salomon and Perkins, 1996). Callman, Faletti, and Fisher 

(1985, as cited in Gabel, 1994) developed a prototype computer-based semantic network 

in molecular biology that uses concept mapping to introduce knowledge structures to 

learners. Callman's group has constructed an elaborate semantic network of microbiology 

concepts contained in computer files. Concepts are arranged hierarchically and are cross-

linked to all other relevant concepts in the network. In a game format, students find a path 

from concept X to concept Y. The computer recreates the path taken by a student and 

reports the shortest and longest paths taken by students. This prototype program is just 
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beginning to make use of concept mapping to help learners think about knowledge 

structures in the biology domain. More recent uses of concept maps and knowledge 

networking in science education is reported by Mintzes, Wandersee, and Novak (1998). 

The Jasper series, developed by the Cognition and Technology Group, Vanderbilt 

(1990), is another good example of technology-based problem-solving instruction. In this 

professionally produced video disk-based learning environment, students and teachers 

share a common "macro-context" the adventures of Jasper Woodbury, which are shown 

in approximately 15-minute video segments. The task for the learners is to solve the 

problem that Jasper faces. The students are engaged in a complex problem-solving task 

(requiring the generation of approximately 15 sub-goals) in which they attempt to figure 

out when Jasper must leave in order to get home before dark and whether he can even 

make it with the amount of gas he has in the tank. The learning is anchored in a real-life 

situation, and the learners and teacher can quickly scan the video disk for "embedded 

data" necessary to solve Jasper's problem. Nine Jasper videos have been designed to date 

to address different parts of the math curriculum. Some deal with geometry, others deal 

with distance, speed and time, while still others deal with statistics. These adventures are 

not intended to be a replacement for the math curriculum but rather "provide a realistic 

context for problem solving, for realizing the relevance of mathematics to everyday life 

and for grounding mathematics concepts and procedures in authentic situations' (Lamon 

et. al., (1994, page 2). 

Finally, several studies report using techniques that allow in-depth analysis of 

how students are constructing knowledge as they work, indicating a new research 

approach. One such promising technique outlined by Nakhleh and Krajcik (1992, as cited 
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in Gabel 1994), involves videotaping students by connecting the video output of the 

monitor to the video input of the videocassette recorder (VCR) and recording the 

students' comments or situated interviewing on the audio portion of the VCR. Using this 

technique, the work of students as they carry out instruction can be analyzed later. 

These studies are representative of the promising status of CAI that couples 

content instruction with explicit instruction about learning strategies and meta-cognition 

This type of CAI is still in the developmental stage and future research should focus 

attention on this area. Bunderson et al. (1984, as cited in Gabel 1994) made an early 

attempt at overtly coupling the teaching of learning strategies with content delivery when 

they explicitly modeled learning strategies for the biology domain, during the interactive 

video disk instruction. Perhaps this was one reason that their program was so successful 

at improving achievement and decreasing learning time. Coupling comprehensive 

instruction in learning how to learn in a given content area with the presentation of 

content and procedural information could be highly effective at increasing learning 

(Resnick, 1987). CAI projects that present in-depth instruction on learning (including 

constructivist instruction using simulations and MBLs), are the most promising activities 

in science education which should be pursued in the future. 

Conclusion 

Meta-analytic studies in the field of computer assisted instruction (CAI), 

repeatedly have shown that CAI programs have had positive effects on student 

achievement. However, some school systems still hesitate to implement computers in 

their science instruction. According to Kulik, Kulik, and Cohen (1980), the reason is that 

to some critics: 
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1. Computers are expensive gadgets that increase the cost and complexity of 

instruction without increasing its quality. 

2. Rigidly programmed machines might force all learners into the same mold and 

stifle idiosyncrasy. 

3. Computer requirements would ultimately affect the choice of instructional 

content. Teachers using computers in instruction, they warned, might be tempted to teach 

only those things that could be taught easily by machine. 

Although CAI has had positive effects on students' achievement, these effects 

have been less than expected by its creators. Furthermore, the implementation of CAI in 

the school systems has been too slow. Regarding the new advancements in instructional 

technology, and the failure of science education in the past to provide the majority of 

students with an in-depth understanding of science concepts (Kruger, Palacio, 

Summers 1992; National Research Council, 1989; National Science Foundation, 1989; 

Trowbridge and Bybee, 1990) the question is, how can we use computers to improve 

conceptual understanding. 

As mentioned earlier, one source of poor qualification of the available educational 

software is the lack of a theoretical framework and other technical weaknesses in their 

developmental processes. In fact, educational software is usually produced by two 

groups: teachers or educators, and softv/are developers. Educators normally do not have 

sufficient technical knowledge and the required experience in software development. 

Programmers, on the other hand, do not have sufficient knowledge in learning theories 

and principles of instruction, motivation, perception, and memory. That is why software 

developers recently work in teams, which include: a computer programmer, 

graph/animation artist, content expert and an instructional designer. However, the need 
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for a cognitive theoretical framework for CAI development is continuously being 

reflected in the literature (Olaftergan, 1997). By producing more quality educational 

software, it is hoped that the science educators will reconsider and speed up the 

implementation of CAI in their curriculum. 

Many educators are optimistic about the future of CAI. For example, Good and 

Berger (1998) report that the optimism of scientific literacy for all citizens proposed in 

"Science for all Americans" (American Association for the Advancement of Science, 

1990) is tempered by the misconceptions-in-science research that shows convincingly 

that most people do not understand most science concepts. However, they believe that 

CAI especially MBL, simulations, and the Internet, in the hands of teachers, can help to 

make the egalitarian goal of science for all (or at least most) citizens a reality. 

As noted by Mintzes, Wandersee, and Novak, (1997) along with the growing 

demand for continuing education there will be a rapid infusion of new technologies that 

promise to greatly improve access to and customization of instruction. As a result, 

individuals will learn more on their own and in small peer groups, adopting the scholar's 

mode of operation. Science teaching, which has traditionally relied on group work and 

laboratory-based activities, will come to rely more heavily on computer-based 

simulations and tele-collaboration. 

Part 3-Cognitive Styles Analysis 

Individuals' cognitive styles affect the manner in which information is processed 

during learning and thinking. It also influences the manner in which one responds to the 

other people in a social situation. A cognitive style is different from intelligence in that an 

individual at one end of the continuum will be good at some tasks and poor at others, 
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while for a person at the other extreme the situation will be the reverse. Learning style or 

cognitive style should also to be distinguished from 'cognitive strategy'. In this project, 

as defined by Riding (1997) a style is considered to be a fairly fixed characteristic of an 

individual, while strategies are the ways that may be used to cope with situations and 

tasks. Strategies may vary from time to time and may be learned and developed. Styles, 

by contrast, are static and are relatively in-built features of the individual. 

Cognitive style had been briefly defined by Tennant (1988) "an individual's 

characteristic and consistent approach to organizing and processing information". A 

number of different labels have been given to cognitive styles and it has been argued that 

many of these are but different conceptions of the same dimensions (Riding and Smith, 

1992). Riding and Cheema (1991) surveyed the various labels and after reviewing the 

descriptions, correlations, methods of assessment and effect on behavior, concluded that 

they may be grouped into two principal cognitive styles; the Wholist -Analytic and the 

Verbal-Imagery dimensions. 

The Wholist-Analytic (WA) dimension of cognitive style derives from the work 

of Witkin and others of field dependence/independence and describes how an individual 

habitually organizes and structures information during thinking and learning (Witkin, 

Moore, Goodenough, and Cox, 1977). Field-dependent individuals tend to organize 

information into loosely clustered wholes. Field-independents, on the other hand, tend to 

organize information into clear cut conceptual groupings. Analytics, as defined by Riding 

and Buckle (1990), may be considered equivalent to Witkin's field-independents, 

Wholists are broadly equivalent to field-dependents. A detailed explanation of the 
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Cognitive Styles Analysis including some screen captures from the software is presented 

in Appendix A. 

Wholist-Analytic Style. "With respect to this dimension, the following model has 

been proposed" (Riding and Smith, 1992). Wholists, as the term suggests, tend to see the 

whole of a situation, and are able to have an overall perspective, and to appreciate the 

total context. By contrast, Analytics will see the situation as a collection of parts and will 

often focus on one or two of these at a time, to the exclusion of the others. An implication 

for instruction will be that Wholists need help in seeing the structure and sections of 

learning material, and of dividing the whole into its parts. Analytics will require a 

unifying overview to be provided so that they can integrate the sections into a whole 

view. 

The positive strength of the Wholists is that when considering information or a 

situation they see the whole "picture" (Riding and Smith 1992). Consequently they can 

have a balanced view, and can see situations in their overall context. This will made it 

less likely that they will have extreme views or attitudes. The negative attribute of the 

style is that they find difficulty in separating out a situation into its parts. For the 

Analytics, their positive ability is that they can analyze information into the parts, and 

this allows then to come quickly to the heart of a problem. They are good at seeing 

similarities and detecting differences. However, their negative attribute is that they may 

not be able to get a balanced view of the whole, and they may focus on one aspect of a 

situation to the exclusion of the others and enlarge it out of its proper proportion. 

The style dimension is likely to affect performance at two levels (Riding and 

Smith 1992). At the perceptual level, Wholists may have difficulty in disembedding 
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information both in verbal form and in diagrams, while Analytics will have a problem 

with integrating it into a whole. At the conceptual level of the analysis of information, the 

structure of the material will influence learning and in this context, specially designed 

introductions (structure overviews or AOs) may help. An AO presents concepts and 

principles in advance of, super-ordinate to, new learning (Ausubel, 1963). Riding and 

Smith noted that while a number of studies have suggested that, generally, learning 

performance may be improved by the use of AOs (e.g. Ausubel, 1960), others (e.g. 

Barnes and Clawson, 1975) have not wholly supported the arguments in favor of AOs. A 

possible reason for this according to Riding and Smith (1992) is that organizers in the 

forms used are more appropriate to some cognitive styles than to others. 

Verbal-Imagery Style. According to Riding and Smith (1992) with respect to the 

mode of presentation of information and learning performance, generally Imagers learn 

best from pictorial presentation, while Verbalizers are superior in learning from text 

(Riding and Buckle, 1990). In terms of the type of content, Imagers find concrete and 

readily visualized information easier than semantically and acoustically complex details, 

with the reverse applying to Verbalizers (Riding and Calvery, 1981). This is also 

reflected in the initial learning to read performance in seven-years-olds where Verbalizers 

are superior to Imagers (Riding and Anstey, 1982). 

Riding and Smith (1992) conclude that Verbalizers prefer, and perform best on, 

verbal tasks, whilst Imagers do best on concrete, descriptive, imaginal ones. When there 

is a mismatch between cognitive style and material or mode of presentation, performance 

is reduced. 
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In Riding and Smith's study (1992) it was found that, the form of the organizer 

failed to help the Wholist-Verbalizers and Analytic-Imagers and actually reduced their 

performance. For the Wholist-Verbalizers because of structural effects, and for Analytic-

Imagers because of the verbal mode of presentation of the organizer. The style of group 

most helped by the organizer were the Analytic-Verbalizers, where the organizer acted as 

an integrator, and in reverse to a lesser extent as an analyzer. Disregarding some 

methodological problems with this study, still it should be mentioned that according to 

assimilation theory both Analytic-Verbalizer and Analytic-Imager should have been 

helped by the organizers. However, Analytic-Imager might have been helped if a pictorial 

AO such as concept map had been used. 

Summary of the Literature 

The failure of science education in the past to provide an in-depth understanding 

of scientific concepts for most students on one hand, and the prevalence of students' 

misconceptions which are deeply seated, on the other hand, has caused an urgent need for 

a new reform in science education. 

Discovery learning aimed to promote thinking and reasoning skills and 

independent research. However, as discussed, the theoretical promise of inquiry teaching 

was not always fulfilled. Theoretically, it was assumed that if the structure of the 

discipline were taught with an emphasis on inquiry students would not only learn the 

content and inquiry skills but would use and apply them to everyday life and to problem 

solving. 

The most obvious drawback to the discovery learning approach is the amount of 

time the discovery process requires. Another problem is that discovery learning is not 
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appropriate for all students. Some students don't have patience to try different approaches 

to solving a problem without receiving any feedback from the teacher. Other students are 

not sufficiently motivated to function well in a relatively unstructured situation. Some 

critics raised the question of how a teacher can arrange lessons so that every student can 

make discoveries. In other words, the quickest students in a class are likely to find 

solutions first; while the other students would simply copy the leaders. 

Furthermore, some educators criticize the "discovery" assumption that 

meaningful learning is impossible under the traditional direct instruction. Therefore, 

sometimes, a more active role on the teacher part is quite necessary. Ausubel tried to 

show that reception learning need not necessarily involve rote learning. Ausubel had two 

major contributions to the development of cognitive psychology. First, his focus on the 

importance of prior knowledge and the construction of knowledge which led to 

constructivism, and secondly introducing advance organizer (AO) as a bridge between 

the prior knowledge and the content to be learned. Many studies have shown that advance 

organizers help students to apply and analyze what they have learned. Mayer's (1979a) 

assimilation encoding theory presents a theoretical framework to explain the 

effectiveness of advance organizers. In this project, for the first time advance organizers 

are based on a systematic evaluation of students' misconceptions. 

Some educators distinguish between conceptual growth and conceptual change or 

in Piaget's framework, assimilation and accommodation. According to these views, 

whether learning requires conceptual change or conceptual growth is largely a function of 

the preconceptions of the learner. It was concluded, however, that both assimilation and 

accommodation could happen in direct teaching and in constructive teaching. 
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Posner et al's (1982) model for conceptual change is now widely used in science 

education.. Other approaches try to avoid conceptual change of this kind by starting with 

aspects of students' intuitive conceptions that are mainly in accordance with official 

scientific view, and then work toward enlargement of these ideas through concept 

refinement and context expansion. In the Inventive Model both approaches are used in 

the process of conceptual growth and conceptual change. 

According to constructivism, knowledge is the result of an individual subject's 

constructive activity, not a commodity that somehow resides outside the learner and can 

be conveyed or instilled by diligent perception or linguistic communication. Its first 

principle states that knowledge is not received passively but is built up by the learner. 

Generally, research results that allow comparisons indicate that conceptual change 

approaches are mostly superior to traditional approaches where understanding science 

and mathematics is concerned. 

Constructivism is based on the notion that humans are constructors of their own 

knowledge, rather than reproducers of someone else's knowledge. However, according to 

some critics (e.g., Murphy, 1997), the link between the constructivist philosophy, on one 

hand, and educational practice, on the other, is quite tenuous. 

Social constructivism is in clear contrast with von Glasersfeld's view that 

knowledge cannot simply be transferred by means of words. Vygotsky asserted the 

significance of dialogue as a tool through which individuals collectively, or individually, 

could negotiate conceptual change. Social constructivists believe that knowledge not only 

is personally constructed but that it also is socially mediated. 

In practice, the problem with constructivism is that how long the teacher should 

wait seeking harmony between scientific and children's conceptions. This concern shows 
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its importance when we note that the constructivist teaching warns the teacher against 

giving any clue to the students to get close to the solution. While some educators want 

the teacher against giving any clue to students or any kind of direct instruction, the 

purpose of this project is to evaluate the validity of such ideas. 

According to other critics, constructivism has done little to improve the standard 

of science education. It has focused on problems where students are expected to 

"construct" for themselves — preferably by experimental work - concepts that are difficult 

or impossible. 

Furthermore, it was discussed that construction of concepts occurs even in 

settings that are not informed by constructivist ideas, that is, in strictly traditional settings 

in which learners are assumed to receive knowledge passively. 

Instructivist approaches, on the other hand, take exception to the assumption that 

discovery learning is always meaningful, since a discovery learning process may result in 

rote learning of the findings. Meta-analysis of instructivist studies suggested that 

conceptual change can be promoted by the use of science textbooks provided that 

students' preconceptions are challenged either by text that is refutational or text used in 

combination with other strategies that cause cognitive conflict. 

Recently, some educators believe in the integration of lectures, discussion, and 

laboratory and field works. Regarding the advantages and limitations of individual 

theories, and the innovative/effective practices in science teaching reported in the 

literature, it is concluded that meaningful instructivism and constructivism are more 

complementary rather than contradictory. The Inventive Model integrates two major 

cognitive theories (constructivism and instructivism) with new findings in science 
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education research, as well as new findings in what constitutes good software design. 

This integration which uses the attitude change models in social psychology, is necessary 

because each theory has its limitations and advantages and because different components 

of learning (cognitive, behavioral, and affective) are interrelated. 

It was discussed also that one source of poor qualification of the available 

educational software is the lack of a theoretical framework and some other technical 

weaknesses in their developmental processes. The need for a cognitive theoretical 

framework for CAI development is continuously being reflected in the literature. By 

producing more quality educational software, it is hoped that science educators will 

reconsider and speed up the implementation of CAI in their curriculum. 

Finally, it was discussed that an individual's cognitive style affects the manner in 

which information is processed during learning and thinking. Therefore, in this project 

cognitive styles of the learners are considered as an important factor in the effectiveness 

of the instruction. 
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CHAPTER 3 

THE INVENTIVE MODEL 

Theoretical Foundations 

Regarding the limitations of traditional direct instruction, radical constructivism, 

and the discovery method, the author has developed the Inventive Model. The purpose of 

introducing the Inventive Model in this project is not to denounce constructivism nor to 

advocate some of the traditional teacher-centered rote learning approaches. The aim of 

this project is to show that constructivism could be empowered by integrating it to some 

innovative-instructivistic approaches invented by dedicated teachers as sited in the 

literature. The intent is to make the constructivist theory into real practice in teaching and 

learning. The Inventive Model is not just a new teaching aid: instead, each of its elements 

is integrated into a comprehensive approach. 

The Inventive Model integrates two major cognitive theories (constructivism and 

instructivism) with new research findings in science education instructional software 

design. Therefore, the Inventive Model is a theoretical framework for science teaching 

and educational software development. The theoretical bases of the model and also its 

similarities and differences with other theories and models of conceptual change are 

discussed in this chapter. 

The philosophical foundations of the Inventive Model is similar to the logical or a 

human constructivist approach as explained by Mintzes, Wandersee, and Novak (1998). 

Similar to human consructivism, the Inventive Model takes a moderate position on the 

nature of science. The objectivist-relativist axis was introduced earlier, and can be used to 

describe an author's stance on the philosophical controversy over the existence of an 
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external, ontological reality. Radical constructivistism has relinquished "meta-physical 

realism" once for all (Glaserfeld, 1987, p. 109). 

According to human constructivism, "Antiscience semantic, driven by 

postmodern thought, has unduly emphasized the fallibility of science and given excessive 

weight to the sociad dimension of scientific knowledge making, while downplaying the 

role of nature as the arbiter of its truths" (Minzes, Wandersee, Novak, 1997, p. 437). 

In the middle of this axis, it is believed that there is a reality or fundamental 

knowledge. The Inventive Model accepts constructivist idea that knowledge is a human 

creation, historically and culturally bound, and not absolute. However, it opposes the 

radical constructivist view that knowledge claims are either unfounded or relativistic. 

While physical and natural sciences are called exact sciences, in the Inventive 

Model (similar to radical constructivism) it is believed that scientific theories and 

principles are tentative and ever changing. However, the Inventive Model understands 

that there is some fundamental knowledge which students are supposed to learn. Unlike 

von Glasersfeld (1989) who reports "Essential reality, absolute determination, 

consequently, God alone can know the real world, because he knows how and what he 

has created it. In contrast, the human knower can know only what the human knower has 

constructed"(p. 123), it is believed that overemphasis on relativism in a school setting 

could be misleading and decreases the motivation for learning. Relativism should be 

discussed but not overemphasized. 

Piaget (1926) described learning as the process of continually re-inventing an 

individual's understanding or knowledge to take personal experiences into account. 

However, Vygotsky put heavy emphasis on two areas: social interaction with more 
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knowledgeable others. On the social-personal axis the Inventive Model holds that 

knowledge is a personal, idiosyncratic, and socially negotiated construction. It is believed 

that both before and after instruction students' conceptuals are not identical. There are 

many similarities but the perceived concepts are somehow different. 

On the other hand, according to this model, human beings are meaning-makers, 

and the goal of education is to construct shared meanings. This goal may be facilitated 

through the active intervention of well-prepared teachers. Therefore, knowledge not only 

is personally constructed, but is also socially mediated. However, overemphasis on social 

relativism is denounced in the Inventive Model. While discussion and collaboration could 

enhance learning, a solid consensus or an identical outcome is not expected at the end of 

each lesson. Furtbermere the level of objectivity or consensus is different in different 

sciences. 

Similar to human constructivism, in the Inventive Model, the knowledge is not a 

simple transcription of real world objects or events that can be faithfully communicated 

either from direct observation of nature itself or from one person to another. Instead, 

knowledge is an idiosyncratic, hierarchically recognized framework of interrelated 

concepts that is "built up or invented" by scientists and science students over time. 

The Inventive Model shares the constructivist view that the construction of 

knowledge is a life-long, effortful process requiring significant mental engagement by the 

learner. Further, the knowledge that we already possess affects our ability to learn new 

knowledge. Also, it is believed that all humans possess networks of meanings that are 

constantly being revised. The structures shape the perception, but the perception also 

feeds back and shapes the structure. According to this model, knowledge is both 
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constructed, and learned. There is a reciprocal relationship between prior knowledge 

(constructs) and learning. "What you see depends on what you know and vice versa" 

(Minzes, Wandersee, Novak, 1Q07, p . 420). That is why in this model Students' are 

required to construct and reconstruct their conceptions through the conceptual maps 

proposed by the teacher. 

Each of the theories discussed in chapter 2 has a role in the evolution of the 

Inventive Model. The Inventive Model builds on previous works on conceptual change 

and tries to overcome their limitations. 

The importance of students' prior knowledge and the role of advance organizers 

(AO) as a bridge between the prior knowledge and the content to be learned are derived 

from Ausuble's subsumption theory. According to West, Farmer, Wolff (1991), advance 

organizers are not conventional previews or summaries that briefly state the main points 

in a presentation. Advanced orgainizers used in this project are based on Ausubel's and 

West, Farmer, and Wolffs recommendations. As mentioned before, almost all of the 

previous studies used a pre-made advance organizer based on the teacher's perspective. 

However, in this project, for the first time advance organizers are based on a systematic 

evaluation of students' misconceptions. Unlike Ausubel, and similar to Mayer's (1979a) 

theory, the Inventive Model supports the idea that organizers have their strongest positive 

effects not on measure of retention, but rather on measure of transfer (conceptual 

learning). 

The Ausubelian idea that new knowledge is processed based on prior knowledge 

before it is saved in the long-term memory is supported in the Inventive Model. However, 

in this model, students are not expected to memorize information. It is believed that 

advance organizers activate students' prior knowledge and help them in problem solving. 
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The early discovery theory suggested that direct experience is the most influential 

element in changing student conceptions. Piaget and Bruner both argued that conceptions 

that children arrive at on their own are usually more meaningful than those proposed by 

others, and that students do not need to be motivated or rewarded when they seek to make 

sense of things that puzzle them. 

The importance of direct experience is emphasized in the Inventive Model. 

However, the idea that students do not need to be motivated is not accepted. 

According to the discovery approach, only certain types of questions can probe 

for the ability to resolve concepts from one another and to apply them to real situations. 

Similarly, the instructional design of the Inventive Model is based mainly on such a 

systematic evaluation. Bruner stressed also the importance of "structure" and the 

existence of a "fundamental knowledge" for learning which is similarly emphasized in 

the Inventive Model. 

Constructivism is based on the notion that humans are constructors of their own 

knowledge, rather than reproducers of someone else's knowledge. Similarly, the 

Inventive Model supports the idea that the teacher/computer's role is to help them to 

construct (invent) their own knowledge or conception by using conceptual maps. 

Conceptual maps are instructional strategies for conceptual change made regarding the 

relationship between students' pre-conceptions and the scientific conceptions (Dykstra, 

Boyle, and Monarch, 1992). The processes of conceptual change are guided by the 

conceptual maps. 

From the literature, we learn that instructional approaches that facilitate 

conceptual change are more effective than other approaches that disregard students' 
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cognitive structure. From Piaget, Posner, and other constructivist approaches, the role of 

cognitive disequilibrium and conflict resolution in conceptual change processes is 

learned. 

Several conceptual change models were discussed earlier. The most promising 

one, used in the Inventive Model, was developed by Posner, Strike, Hewson, and Gertzog 

(1982). According to their model, change in student conceptions is a gradual and 

piecemeal affair. Similarly, in the Inventive Model, each concept or each physical 

situation is addressed separately, and a gradual conceptual map similar to Dykstra, Boyle, 

and Monarch, (1992) is used. 

Posner et al. (1982), start by eliciting students' alternative conceptions, and then, 

involve some sort of cognitive conflict to draw attention to the differences between 

conceptions of students and those of science. Driver et al. (1994), however, contend that 

learning science does not involve some restructuring of ideas. They argue that viewing 

learning as theory change puts too great an emphasis on the theory-like nature of 

students' informal ideas (misconceptions). They argue that students' tacit situated nature 

distinguishes them from scientific theories. In the Inventive Model it is believed that 

there is an underlying theory behind students' misconceptions. However these mini-

theories are not coherent and comprehensive. 

Unlike the method of Posner et al.., other approaches try to avoid conceptual 

change of this kind, by starting with aspects of students' intuitive conceptions that are 

mainly in accordance with the official scientific view. Then they work toward 

enlargement of these ideas through "partial restructuring" (Grayson, 1996; Dekkers and 

Thijs, 1998). They intend to use the students' prior conceptions more productively than in 

teaching approaches aimed at conceptual replacement. This approach is rarely used in 
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approaches are used depending on the compatibility of students' preconceptions with the 

scientific ones. 

Regarding the three dimensional model of social psychology discussed earlier in 

this chapter, the question is "how much each of the above conceptual change models 

match with the three dimensional attitude change model?" 

The affective component is usually ignored in traditional teacher-centered 

instruction and also in some cognitive approaches that focus on the discovery of the facts 

or construction of the concepts without giving the student a clue. As mentioned above, 

frustration is the main product of such approaches. Traditional instructivism over

emphasized the importance of knowledge and radical constructivism underestimates the 

importance of knowledge. According to the three-dimensional attitude change model of 

social psychology, knowledge and cognition are interrelated. The more we know the 

more confidence we have in problem solving and/or decision making. 

Social constructivism and human constructivism are more concerned about the 

affective component of learning than radical constructivism. The cognitive dimension is 

not emphasized in many instructivist approaches but, on the other hand, many 

constructivists assume that meaningful learning is impossible under traditional direct 

instruction. As already stated, an integration of thinking, feeling, and acting is suggested 

in the Inventive Model. 

Therefore, in order to increase students' motivation, the Inventive Model tries to 

1. Bridge the new content to what students already know, 

2. Provide situations, or examples from students' daily life, 

3. Provide corrective feedback, 
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4. Prevent frustration, through simplified simulated situation for minds-on 

activities and data collection, and 

5. Keep students actively involved by combining audio, video, graphics, and 

animations with well designed science experiments. 

From the literature review, it is concluded that, to start conceptual change, a more 

systematic and comprehensive study of students' misconceptions in each topic is 

required. Regarding the time limitations, it is highly unlikely that a teacher in a typical 

class could do such a systematic analysis. However, as noted by Dykstra et al. (1992): 

"Knowledge-based techniques 'beat down' the complexity of this task, especially 

when certain components of the task are automated.... We discovered from this that the 

number of terms used ('force', 'gravity', push', 'resistance' etc.) and the modifiers of 

those terms was surprisingly large, so much so that in order to built an adequate parser as 

part of a conceptual diagnosis system, we had to use computational-linguistic and 

knowledge-based artificial intelligence tools to help organize this information." (p. 630) 

While it may be true that more sophisticated diagnostic tools are needed in order 

to fulfill the ideal Inventive Model, the author intends to show that even with the 

currently accessible functionality of computers, the Inventive Model works effectively. 

The next step is to bridge students' prior knowledge to the content to be learned. 

This could be done by using instructional objectives, concept maps, advance organizers, 

analogies, and other cognitive strategies. However, the problem is that in most cases, a 

word or a term has a different meaning in science and in students' preconception. In other 

words, in some cases, the languages of teacher and student are different. 

The third step is to clarify the concepts, before the student is asked to discover a 

relationship between the concepts. The job of the teacher is to select, organize, and 
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present knowledge in such a way that students see its relevance. Then a conceptual 

conflict or a conceptual growth strategy could be used based on the nature of students' 

preconceptions to help students to remedy their misconceptions through a conceptual 

change process. This process requires a great deal of class time. 

Regarding the time limitations and all these expectations, it is highly unlikely that 

a teacher in a typical class would be able to play all the above roles effectively. 

Therefore, it is suggested that many constructivist and inquiry approaches need to be 

empowered by computers. 

On the other hand, from the research on traditional teaching and available 

educational software, it was concluded that they are rarely based on students' pre 

conceptions. Hence, more valid, researcb/theory-based instructional resources are needed. 

Furthermore, the Inventive Model requires customization of the instruction based on 

students' prior knowledge and cognitive styles. Such instructional diversity is very 

difficult to achieve in a classroom where the entire class is engaged in the same activity. 

Therefore, the use of computer in the Inventive Model is almost inevitable. 

Regarding the above discussion, basic principles of the Inventive Model could be 

summarized as the following: 

1. The Inventive Model is based on the philosophical foundations of human 

constructivism. According to some reports, the American tendency toward fads and 

overemphasis on child-centered activities are main factors in the failure of current reform 

in science education. In fact, one of the challenges to constructivist reform is an 

"either/or" view of teaching and learning (Harris and Alexander, 1998; Prawat, 1995; 

Solomon, 1994). The purpose of the Inventive Model is to denounce dogma against 

change, and to denounce constructivist faddism. 
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2. The Inventive Model is a three-dimensional model. This means that a change in 

one dimension (cognitive, behavioral, and affective) affects other dimensions. Therefore, 

a deeper learning is expected when all dimensions are taken into account in teaching. 

Knowing and understanding is not enough. If the learner is motivated or feels good about 

the topic, and if he is well practiced in the subject matter, the learning would be deeper 

and long lasting. It is believed, for example, that constructivism occurs to varying degrees 

in the other two types of teaching (i.e., instructivism, and humanistic approach). 

3. The Inventive Model is a student-centered approach because the design and 

process of the instruction are based on students' prior knowledge, and because the 

instruction is presented in the students' own terminology. In fact, many phrases and terms 

are derived from the recorded scripts of science teachers' probes reflected in the 

literature. However, students do not have the autonomy to decide what they would like to 

learn because students usually don't know what is important for them to learn. 

4. The computer has an instrumental role in the Inventive Model. There is a 

strong emphasis on multiple presentations of ideas. Students are provided with multiple 

presentations or perspectives so that they can explore several alternatives before they 

build up their own. Regarding the fact that real science experiments are usually very time 

consuming, only in a computer-based instruction, is multiple presentation of concepts 

possible. Not only can some computer environments provide students with relief from 

some of the drudgery of repetitious computation, they can also open up possibilities that 

previously could be accessible only through imagination (Confery and Smith 1991). 

5. The Inventive Model is, to some extent, a reconciliation of cognitive and social 

constructivism. As discussed earlier, the model could be used individually using the 



individualized version of the CD or collaboratively in small or large groups. For more 

controversial issues and more difficult concepts, the collaborative version is 

recommended. For other cases, the individualized version would suffice. 

6. In radical constructivism, it is considered impossible and inadvisable to 

extinguish students' everyday conceptions. In the Inventive Model, misconceptions are 

intended that be replaced by scientific ones. However, this replacement allows for 

coexistence and articulation of a relationship between personal and scientific 

conceptions. 

7. Life-long learning is now the main goal of today's science education (Centre 

for Educational Research and Innovation, 1998). However, if early education is not 

meaningful, there would be less motivation for continuing education. The content, 

especially the examples used in this model, are selected based on students' daily life 

experience and on principles of motivation. It is proposed that this will lengthen retention 

due to meaningful learning. However, instead of reducing the content of science as 

suggested by many educators, in this model, more effective teaching methods are 

suggested and recommended. 

8. Diagnostic teaching is used in this model to remedy learner errors and 

misconceptions. Although Piaget correctly noted that students' errors tell us a lot about 

how students think, both erroneous and correct answers are considered important in the 

Inventive Model. Students' errors are used as a mechanism to provide feedback. A 

balance between open and closed questions, and between simple and penetrating 

questions, is used in this model. 

9. In the Inventive Model, two strategies are used. If preconceptions are well 

investigated in the literature, then pencil and paper testing or a simple computerized 
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diagnostic test may help to find out how prevalent they are among particular students. 

But if there is no such information available to find preconceptions among students only 

comprehensive interviews or discussion procedures will be helpful. As discussed, 

research literature on students' misconceptions in a particular area could be used in this 

regard. 

10. As noted by Salomon and Perkins (1996), technology is usually a means of 

making a pedagogical dream true. However, the dream is often influenced by what the 

technology affords thus leading to the modification of the rationale. This project has 

some limitations due to technological limitations. However, this does not mean that the 

integration of constructivism and instructivism is an attempt to modify constructivism to 

fit in technology-based education. As already mentioned, such an integration has its roots 

in learning theories, effective/innovative practices of science teachers, recent cognitive 

research findings, and also theories of attitude change in social psychology. 

11. Baker and Piburn (1997, p. 102) report that individuals construct their own 

knowledge, as do cultures, in a disorderly fashion through revolutionary changes in 

perspective. They reject the idea that the content of science should be taught in a linear 

manner from simple to complex. However, the Inventive Model does not reject this idea 

and recognizes that sometimes the teacher should move from simple to complex. As in 

many cognitive models, in the Inventive Model, conceptual change results from the 

gradual and orderly elaboration and refinement of an existing framework as well as from 

radical alterations that necessitate the introduction of entirely new super-ordinate 

concepts. 

12. As a rule, the psychological order of content presentation is preferred to the 

logical order in the Inventive Model (see page, 97). Generally, the Inventive Model 
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allows a more flexible approach in teaching. In regard to the logical versus the 

psychological presentation, the Inventive Model strictly advocates the psychological, and 

on the active-reactive axis discussed earlier, this model advocates the active pole. As 

noted by Novak and Gowin (1984), one reason that school instruction has been so 

ineffective is that curriculum planners rarely sort out the concepts they hope to teach 

(logical order), and even more rarely do they try to search for possible hierarchical 

relationships among these concepts (psychological order). 

Details of the Inventive Model 

The term "invention" has been used in science education literature as opposed to 

the term "discovery". For example, Neressian (1989) noted that although commonly used 

by educators and psychologists, "discovery" is not a good way to characterize the 

process. On the other hand, learning is a gradual process because inspection of the 

students' discussions in science classrooms does not show dramatic moments of 

conversion (Thijs, 1992). According to Salomon and Perkins (1996) learning requires 

active engagement in assembling, extending, restoring, interpreting, or in broadest terms, 

constructing knowledge. However, "Invention" would provide a better characterization 

because, as noted by some educators (e.g., Novak and Gowin, 1984), students' cognitive 

structure is idiosyncratic: that is, the concepts of one individual are to some degree 

different from the concepts of another. Therefore, each student invents his/her own 

unique concept using the cognitive tools provided by the teacher. 

Scientific knowledge is constructed, and concept formation in science requires 

such procedures as analogy, idealizations, analysis and generalizations from scientific: 
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experiments. Based on recent studies on conceptual change (Dekkers and Thijs 1998) it 

appears that students need some cognitive tools or some bridging concepts to be able to 

invent new ideas or new conceptions. The use of invention instead of construction is to 

emphasize the fact that the concepts to be learned, although old in the point of view of 

scientists', are however, quite new to the learner. 

Furthermore, according to some educators the very notion of constructivism is a 

misnomer that reflects category error (Cobb, 1994). These educators contend that 

students construct their own knowledge in even the most authoritarian instructional 

situations. The critical issue is then not whether students are constructing, but the nature 

or quality of those constructions. 

Regarding different features of the Inventive Model, however, other terms such as 

guided constructivism, shared constructivism, collaborative constructivism, and computer 

assisted constructivism could also be used to describe the nature of the model. 

Zahorik (1995) introduced four types of constructivist teaching (application, 

extension, discovery, and invention) based on goals and order of presentation of the 

material. However, his definition of the invention method is different in some aspects 

from what is proposed in this paper. He believes that in the invention method, there is no 

fundamental knowledge to be learned. In his invention method students decide what to 

learn. However, in the author's view, students may not know what is important and 

where to focus their attention. In either case, the focus should be on students' cognitive 

structure and on presentation of the concepts in a psychological order rather than the 

conventional logical order. By psychological order, the author means that the order of 

presentation should be mainly based on students' prior knowledge and not on the official 

or logical/curricular order. 
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As an example, Thijs (1992) introduced the concept of "momentum" in the lesson 

on "force" due to students' preconceptions, while in physics textbooks the concept of 

force is always presented before the concept of momentum. This flexibility in instruction 

is more achievable in computer-assisted instruction. 

The Inventive Model is essentially a constructivist approach, which focuses on 

students' misconceptions and conceptual change. It is an integration of constructivism, 

with some instructivist elements such as advance organizers, cognitive maps, analogies 

and feedback. This model is a three-dimensional model with cognitive, behavioral, and 

affective dimensions. It takes the advantages and tries to overcome the limitations of 

previous works in conceptual change. 

In the process of teaching, and/or in the software design, the author uses the 

literature on students' misconceptions, as well as the most innovative/effective 

experiments conducted in science teaching (see chapter 4 explaining the experimental 

treatment). In practice, these experiments are either video taped or simulated in a 

multimedia program. The same thing is done with the best available scripts of teachers' 

probes in real classrooms reported in the literature. (Figure 3.1) 

Two versions of the multimedia program were developed for this project. One is 

based on pure inquiry approach or radical constructivism that included no direct 

instruction. This first version is called (RC) version. The second one is based on the 

principles of the Inventive Model, which is called the (IN) version. Generally, students 

can interact with the program individually, in small groups, or in a social constmctivistic 

manner both inside and outside the school setting. For example, students may discuss 

alternative answers to a question before using the Hint or the Help buttons. The video 

clips and/or simulations could be used by the teacher to probe students' conceptions, or 
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they could be used in other processes of conceptual change. However, in this project the 

two versions are used individually by students. 

An important advantage of computer use in this model, although not used in this 

project, is the opportunity to deliver the instruction based on students' cognitive style. 

This is possible because today the cognitive style analysis could also be done on 

computers. This important consideration is almost impossible in the ordinary classroom. 

In the second version of the multimedia program (i.e., the IN version), considerable help 

is available in the form of Help Menu, Formulas, Problem Solving Strategies menu, and 

Hints. However, some important hints appear only after a pause, giving the user time to 

think about the question or the problem. Students may interact with the program at their 

individual stations or in a group discussion mode under teacher supervision. In future, the 

author intends to use the World Wide Web to deliver the instruction using new, web-

based authoring innovations such as "Flash" and "Shockwave". Authorware is the 

authoring tool being used for the current project. 

In both versions, the video taped or simulated science experiments are 

programmed to be presented based on the students' responses to initial questions. Even 

the initial questions are designed based on the best scripts of teachers' probes in real 

science teaching. Dozens of science experiments, animations, sound clips, simulations, 

pictures, graphs, tables, concept maps, analogies, metaphors, and advance organizers are 

saved in the multimedia program, which is available on a single CD-ROM. 
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Fie Menu Problem Solving 

A pendulum is swinging between points A and C. 
Choose the path that the ball will take if the string is cut at 

point Y where it is moving from left to right. 
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Figure 3.1. A sample screen of the physics software. 

Although the model could be used in any science instruction, in this project the 

focus is on Newton's laws of motion in physics, thanks to the innovative teaching 

methods conducted by Carey (1985), Clement (1982, 1987), Dykstra et al. (1992), 

Minstrel and Stimpson (1986), and Trowbridge and McDermott (1980,1981). As noticed 

by Driver et al. (1994) one of the areas that has been most thoroughly studied is informal 

reasoning (misconceptions) about mechanics. 

The Inventive Model has four phases: 

First Phase 

The model begins with a systematic analysis of students' misconceptions in a 

particular topic. Systematic means that, it is not enough just to identify students' 
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misconception. It is more important to identify the underlying conceptions by exposing 

students to multiple problem-solving to see if there is any sort of pattern or theory behind 

their misconceptions. As mentioned earlier, and emphasized by Dykstra, et al. (1992) 

regardless of what is presented to students, no matter how obvious it may seem to the 

teacher, in many cases the students' conception will not change if the instruction is not 

based on students' preconceptions. 

It should be mentioned here that the design of the two versions of the 

computerized Inventive Model used in this project are based on the available information 

on students' misconceptions in Newton's laws of motion. However, the results of the 

present project could be used for future studies. 

A detailed analysis of students' interactions with the computer (often by keeping 

log files of keystrokes and mouse moves) is an invaluable source of information on 

students' cognitive processes. Another good strategy for probing used in this model is to 

use two-level multiple-choice questions. That is, to add a second section to each question. 

In the first, students are asked to choose the correct answer. In the second, they are asked 

to choose or to give the reason for their first choice. For example, the students are asked 

by the computer: "When you throw a ball up, on the way up, are there any forces causing 

the speed of the ball to decrease?" They can select between no force, one force, two, and 

three forces. Then they are asked to type the name and direction of forces causing the 

deceleration. In another case, students watch a video of a ball swinging in a circular 

motion on the end of a string. They are asked to select the path that they think the ball 

will follow after the string is cut. They aire then asked to explain the speed of the ball 

along the selected path. 
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Andaloro, Bellomonte, Lupo, and Sperandeo-Mineo (1994) built a computer-

based diagnostic module concerning students' understanding of the average velocity 

concept. They compared the computer module with teachers' private interviews with 

students. The conclusion was that automatic diagnosis could be a useful, valid, and 

reliable instrument for students. Also, in the Inventive Model, large concept maps can be 

built up by students and analyzed to identify how concepts are related. 

Natural language understanding has been recognized as one of the most 

significant constraints of artificial intelligence and expert systems (Frick, 1997). 

However, a complicated diagnostic model is not always needed. As mentioned before, 

students have very similar and predictable, misconceptions in a particular topic. Driver, 

Asoko, Leach, Mortimer, and Scott (1994) argued that these similarities are partly 

because in their daily life, students share ways of referring to and talking about particular 

phenomena. They argue that misconceptions (informal ideas) are not simply persona], 

views of the world, but reflect a shared view represented by shared language. This shared 

view constitutes a socially constructed "commonsense" way of describing and explaining 

the world. 

Fortunately, several systematic analyses of these misconceptions are available in 

the literature. Resources such as Minstrel (1986) and di Sessa (1987) are very useful in 

this regard. It is particularly important that science teachers and software instructional 

designers take advantage of these resources. 

On the other hand, computer software such as Authorware could be easily 

programmed to interact with almost forty different possible answers to each "open short 

answer question" including misspelling and punctuation. However, teachers and 

computer programs should still probe individual students' minds. These resources could 
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be used to facilitate assessment, and/or facilitate development of computerized diagnostic 

tests. They also could be used when there is not enough time for individual probing or 

when a proper diagnostic technology is unavailable. 

Second Phase 

The second phase is to introduce the content to be learned (not in the final form) 

and to bridge students' cognitive structure to the new content. Different kinds of advance 

organizers, concept maps, and sometimes, instructional objectives could be used. This 

both activates students' prior knowledge and focuses their attention to the most important 

concepts to be learned. This is especially important in hands-on/minds-on activities since 

advance organizers encourage students to concentrate on the main conceptual issue rather 

than subsidiary experimental details. As previously mentioned, students in these 

situations usually do not know on which aspect of the experiment to focus. Other kinds of 

cognitive strategies such as analogies and metaphors have also been used successfully in 

science education (Duit, 1991). 

For example, in this project a book is shown lying on the table. A typical 

misconception is that only the book exerts a force on the table and that the table is not 

pushing up the book. To remedy this misconception the author used what Clement (1987) 

calls the bridging analogy. In a series of video segments a student was asked to put books 

of different weights on springs of different degrees of flexibility to show her the fact that, 

although not observable, the table was also pushing up the book. 

According to some recent findings in the field of conceptual change, (Dekkers 

and Thijs, 1998) it is very important in this phase to choose between conceptual growth 

and conceptual change strategies. As it v/as discussed earlier, conceptual growth strategy 

is used when student's preconception is scientifically acceptable but needs some 
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corrections or enhancement. In this project for example, students are shown an animation 

of a cat that wonders why she does not fall upward. Several misconceptions are addressed 

in a three-minute video clip with corrective feedback to prepare students for the next 

phase. This video is used only for conceptual growth. However, for conceptual change, 

the student is taken to the third phase. (Figure 3.2) 

It should be mentioned that, although corrective feedback and successive 

approximations are behavioristic terms, they have been used successfully in a cognitive 

approach (Dekkers and Thijs, 1998). In fact, effective reinforcement acts as a 

motivational tool, which prevents frustration and leads to more active learning. 

Successive approximation is also a behavioristic term which is similar to the guided 

discovery in some cognitive approaches. 
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Phase 1 

Students' prior knowledge is evaluated in a systematic way. 

Phase 2 

Cognitive strategies are used to activate students' cognitive structure and to 
bridge their prior knowledge to new concepts to be learned. The strategy 
depends on students' prior knowledge or their answers to initial questions. 
Students acquire some cognitive tools or some bridging concepts to be able to 
invent new ideas or new conceptions. 

Acceptable 
Conceptions 

Phase 3 

Corrected and 
Reinforced 

Students: 
Test their preconceptions through hands-on activities or 
computer-based simulations. 
Compare their preconceptions with the scientific reality 
and identify the conflicts between their misconceptions 
and the scientific realities. 
Become dissatisfied with their misconception through a 
multiple problem situation and feel the need for a new 
concept. 
Explore plausible alternatives by themselves or as 
suggested by the teacher, and choose the more 

Students: 
Test their preconceptions through hands-on activities or 
computer-based simulations. 
Compare their preconceptions with the scientific reality 
and identify the conflicts between their misconceptions 
and the scientific realities. 
Become dissatisfied with their misconception through a 
multiple problem situation and feel the need for a new 
concept. 
Explore plausible alternatives by themselves or as 
suggested by the teacher, and choose the more 

f Phase 4 

Teacher shows the advantages of the scientifically acceptable conceptions 
through multiple problem-solving. 

Figure 3.2. The instructional design of the Inventive Model. 
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Third Phase 

The third phase is the essence of the Inventive Model. This phase is quite similar 

to what has been done successfully by Dykstra et al. (1992). The purpose of this phase is 

to give the students the opportunity to: 

1. Test their preconceptions through hands-on/minds-on activities or computer-

based simulations. Articulate and become conscious of their thoughts by making 

predictions based on them. 

2. Compare their preconceptions with the scientific reality and identify the conflicts 

between their misconceptions and the scientific realities. 

3. Become dissatisfied with their misconception through a multiple problem-solving 

situation and feel the need for a new concept. 

4. Explore plausible alternatives by themselves or as suggested by the teacher or the 

computer (corrective feedback). 

5. Choose the more convincing alternative. 

The third phase is based on Posner et al.'s (1982) theory and is relatively similar 

to the discovery approach to learning. The major difference is that the teacher (or the 

computer) is more active and gives corrective feedback whenever it is necessary and that 

the computer plays a major role in this model. 

It has been repeatedly reported (Thijs, 1992) that classroom experiments are never 

fully convincing, since they could only be performed with imperfect results. It is almost 

impossible to eliminate the effects of the extraneous variables such as friction or air 

resistance in a real physics experiment. For example, regarding the innovative experiment 

reported by McDermott (1984), the author decided to take a video of a series of 



experiments using an ice pack and air blasts to be used in the software for this project. 

The student was asked to change the direction of a moving ice pack on the table by 

exerting a constant blast, a steady decreasing blast, a series of short blasts, and a single 

short blast in different angles to the moving ice pack. The problem was that the 

temperature caused the ice pack to melt and hence its weight to be different in the later 

settings. Those teachers who have worked on such experiments know how much time is 

needed to set up each experiment or to show the perfect results. It should be noted that 

computer simulations are often much easier to set up than laboratory experiments. 

Regarding the many problems of extraneous variables, simulations are frequently 

used in the inventive model. For example, the author has developed a simulation of two 

Atwood machines. In the third phase, students are asked to change the related variables 

and predict which machine moves faster or which forces are being exerted on different 

masses at different moments of the motion. From the above example, it could be clearly 

inferred that all five steps of the third phase could be accomplished within a single 

simulation. However, a single simulation is not enough because simulations have also 

some limitations. That is why, in this model, video clips of real experiments and 

animations and illustrations are used in addition to simulations. 

Simulations follow the constructivist idea that learners construct their own unique 

concepts through active participation. Theoretically, students should be more mentally 

active in this way. Simulations have great potential as a CAI teaching tool and are 

invaluable in helping teachers to design and conduct experiments more effectively, and 

the pace of instruction can be adapted to the needs of the student. An important aspect of 

CAI simulations in this model is that the student must constantly be active in answering 



questions, relating concepts to each other, solving problems, and making decisions. This 

helps simultaneously the affective, cognitive, and behavioral components of learning. 

Computer modeling might also be used in this phase to simulate the ideal 

situations as well as the abstract concepts and processes which are impossible, or very 

difficult, to grasp in reality. Computer modeling is used in this phase to make the conflict 

between students' misconceptions and the scientific reality as clear as possible. 

According to Grayson and McDermott (1996), computers combine the realism of 

animated motions with the idealizations of textbooks and lectures. Furthermore, a 

simulated physical situation is completely reproducible, requiring very little intervention 

from the teacher. Therefore, the same task may be presented in the same way to ever)' 

student. 

Using the new powerful multimedia computers, simulations are no longer 

unrealistic, as claimed in the past by some critics (e.g., Kulik, Kulik, and Cohen, 1980). 

Ironically, McDermott (1984, p. 30) observed that "the procedures the students used iin 

trying to produce various motions in the computer environment closely resembled the 

procedures used by students in the laboratory investigations". As noted by Olson (1992), 

computers have been shown to carry out intellectual functions that had previously been 

thought to be unique to human intentionality. Theorem-proving and chess-playing 

machines (beating the world champion), expert systems in such practical domains as 

medical diagnosis, and more recently word - and syntactic- learning systems are just a 

few other examples. 

An important theoretical question in this phase is the nature of conceptual change 

processes. In other words, in order to move from students' conception to the scientific 

conception a conceptual map is needed. Various theories have used different terms to 
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explain these processes. As already mentioned, Piaget introduced two mechanism of 

assimilation and accommodation. Others distinguished between conceptual growth and 

conceptual change (Duit, and Confery, 1996). According to Ausubel (1967), the 

systematic changes in cognitive structure that occur as new information is learned are 

called subsumption. There are four ways in which new material may be subsumed to the 

existing cognitive structure: derivative, correlative, superordinate, and combinatorial 

subsumption. Rumelhart and Norman (1981) introduced three processes of accretion, 

tuning or schema evolution, and restructuring or schema creation. Carey (1985) identified 

two ways of knowledge restructuring: weak and strong. Finally, Dykstra et al. (1992) 

identified three types of conceptual change as differentiation, class extension, and 

reconceptualization. 

Considering all these terms or processes, it could be concluded that the key factor 

in conceptual change is the cognitive dissonance or disequilibrum (Baker and Piburn, 

1997). However, the teacher or the computer instructional designer should be av/are of all 

these processes and familiar with the best examples of each. Good instructional design 

requires selecting the best way from students' preconception to the scientific conceptions. 

How dissonance is created would appear to depend on the students' prior 

knowledge, the complexity of the concept to be learned, and the way the concept is 

presented to the student. For example, learning a new concept might require assimilation 

for one learner and accommodation for another. The important point here is how these 

conceptual maps aire designed. They should not be based solely on students' 

misconceptions and the scientific conceptions, but also should include the intermediate 

conceptions. For example, Dykstra et al. (1992) used the following conceptual map to 

remedy students' misconceptions. 
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1. Initial conception—If there is a force, then there is a motion, no force if no 

motion. 

2. Refined initial conception—the more the force, the more the acceleration, if 

force remains constant, the velocity also remains constant, no force no motion. 

3. First version of Newtonian conception—if net force remain constant, there 

will be acceleration, if no net force, there is a constant velocity, no net force 

no motion. 

4. Refined Newtonian conception—there is a net force if there is acceleration, no 

net force if no acceleration. 

Through expert systems, artificial intelligence, and with appropriate access to 

students' conceptual knowledge, it is possible that in future computers could design 

conceptual maps. For the time being, simple diagnostic models could be used quite 

effectively (Andaloro, Bellomonte, Lupo, and Sperandeo-Mineo, 1994). 

It might be argued that implementing good diagnostic models on the computer 

needs substantial time and that computers must be highly sophisticated to fulfill the tasks 

required by the Inventive Model. While it may be true that more sophisticated diagnostic 

tools are needed in order to fulfill the ideal Inventive Model, the author intends to show 

in this project that even with the currently accessible functionality of computers, the 

Inventive Model works effectively. Although developing software based on this model 

requires much time and effort, a properly designed program would be easy to use by 

teachers and/or students, and saves invaluable class time. 

Final Phase 

In the final phase, the teacher/computer shows the advantages of the scientifically 

acceptable conceptions through a multiple problem-solving situation. This phase is 
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similar to the Ausubel's meaningful learning. The difference is that, in this model, 

students' conceptions have already been challenged. The key point in each phase, and 

especially in this phase, is multiple problem-solving. Generalizations based on a single 

experimental design might be misleading. Research findings indicate that if students are 

given the opportunity to view a given body of knowledge from different perspectives, 

they will develop a much more robust understanding of the relationships among concepts 

(Jones and Berger, 1995). Using multimedia computers in this phase is supposed to help 

students in what Mayer (1997) called 'double encoding'. In his comprehensive study on 

Multimedia, Mayer (1997) showed that the multiple representation group generated a 

median of over 75% more creative solutions on problem-solving transfer tests than did 

the single representation group. 

It should be noted that for some specific purposes (e.g., measuring the speed or 

acceleration of a moving object) neither simulations nor the interactive videos are as 

effective as Microcomputer Based Laboratories (MBLs). Instead of trivial mechanical 

processes in laboratory activities, MBLs focus on higher and more creative levels of 

scientific processes, that is, analysis, hypothesizing, and evaluating. With MBLs, data 

gathering/analyzing/processing is so easy that it motivates explorations and discover/. 

Students focus on thinking about data and not merely on gathering it (Price, 1989). 

According to Thornton and Sokoloff (1990) "There is strong evidence for significantly 

improved learning and retention by students who used the MBL materials, compared to 

those taught in lectures" (p. 858). It should be noted that they did not compare MBLs 

with real experiments in their study. However, they noticed that MBLs allow student-

directed exploration without the time-consuming drudgery associated with data 
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collection. Data aire plotted graphically in real time so students get immediate feedback 

and see the data in an understandable form. 

This is in clear contrast with the traditional discovery approach in which students 

receive no feedback until the end of the lesson. Thornton and Sokoloff (1990) observed 

that the immediate feedback supports collaborative learning and collaborative work 

provides immediate feedback. Furthermore, because data are quickly taken and 

displayed, students can easily examine the consequences of a large number of changes in 

experimental conditions during a single laboratory period. Thus, MBLs have the 

advantage of using probes to measure real-world physical attributes, simulations allow 

effective control of the environment, and modeling allows one to see unobservable or 

time-constrained processes. Time is saved for more observations and multiple perspective 

presentation. 

In this project modeling and simulations are frequently used in different phases. 

However, due to some limitations no MBL is used in this project. Meta-analysis studies 

have shown that simulations and MBLs are the most promising applications of the 

computer in teaching science. These methods can discern and give guidance as needed so 

students discover (construct/invent) as much as possible on their own. In an ideal 

Inventive Model such techniques should foster the development of critical, original, and 

flexible thought. "Microcomputers can be used by individual students to facilitate 

independent learning; some students can learn in one way and other students in a 

different way" (Berger, Belzer, and Voss, 1994, p. 487). 

It should be mentioned here that in the present project, due to some limitations in 

time and budget, only a simplified version of the Inventive Model is used. This means 

firstly that the cognitive styles of the learners are not considered in the software 
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programming. That is students with different cognitive styles received the same 

instruction. However, the interaction of students' cognitive style with learning due to 

different teaching methods is considered in this project. Secondly, no concept map is 

used for teaching. Thirdly, only simple diagnostic tools are used to see if pre specified 

misconceptions exist or not. As it was mentioned before, students' preconceptions in 

Newton's laws of motion has been fully studied in the literature and the results have 

shown that students have very similar misconceptions in this area. 

However, according to the Inventive Model, a systematic evaluation of students' 

misconception by the inquiry method or a sophisticated computerized diagnostic test is a 

MUST. In a more sophisticated programming each question should exactly be based on a 

student's answer to the previous one. While in this project it was assumed that such a 

systematic evaluation has already been done and therefor, the software just confirms or 

disconfirms that if such a misconception exists in a particular student. Then he/she is 

taken to proper science experiments to overcome his/her misconception. Furthermore, 

due to budgetary limitation no MBL technology is used in this project. Finally, the 

Inventive Model CD used in this project was not used by the teachers as a teaching 

resource. Both versions of the CD were used individually by two experimental groups. 
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CHAPTER 4 

THE PHYSICS SOFTWARE 

Basic Principles 

As it was mentioned in chapter 2, a major limitation of available instructional 

software in science in general, and physics in particular, is the lack of proper theoretical 

framework. 

In a review of the available educational software in science by the author, 

(Rezaei, 1997) it was observed that in the field of science education, software publishers 

and authors largely ignore cognitive research findings and continue to use the original 

behavioral approach, the linear programmed instruction, or some page-turn approaches. 

At most they add some new multimedia features and fancy simulations and animations 

without having a theoretical base for their program. In fact market considerations, more 

than learning considerations, drive the commercial publishing software in science. 

The software used in this project is based on research findings in four areas: (1) 

students' misconceptions in physics with a focus on Newton's laws of motion, (2) 

cognitive models for conceptual change, with focus on the integration of constructivism 

and instructivism, (3) innovative and effective teaching practices including real 

experiments or simulations in the area of Newton's laws of motion. Some principles of 

screen design and Human Computer Interaction (HCI) have also been considered. 

The physics software used in this project was designed and developed with 

respect to the principles of the theoretical framework discussed in chapter 3 and the 

following research findings: 
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1. Students' misconceptions play a critical role in learning and teaching science. 

Present educational software rarely consider students misconceptions in their design. One 

of the areas that has been most thoroughly studied is informal reasoning (misconceptions) 

about mechanics. Hundreds of research studies on teaching and learning physics at high 

school and college are available. This partly shows the importance of the topic and also 

the need for quality instructional software in the field. In almost all parts of the present 

program students' misconceptions are directly or indirectly addressed. 

2. According to cognitive learning theories, the basic principle in concept learning 

is multiple representation. Generalizations based on a single experimental design might 

be misleading. Research findings indicate that if students are given the opportunity to 

view a given body of knowledge from different perspectives, they will develop a much 

more robust understanding of the relationships among concepts (Jones and Berger, 1995). 

This basic principle plays a critical role in this project. For example, for a simple throw of 

a ball into air, students are required to consider several perspectives (e.g., the amount and 

direction of different forces acting on the ball; and the velocity and acceleration of the 

ball on its way up, at its maximum height, on the way down, and after re-hitting the 

ground). 

3. In real classroom settings it is almost impossible for the teacher to cany out all 

the requirements of the constructivist teaching: that is, to probe students" prior 

knowledge, to work with each student individually, to offer a multi-presentation of a 

single concept from different perspectives, to set up and to conduct the related 

experiments, to idealize the physical situation in order to reduce the effects of the 

extraneous variables, to ask questions so that all students be able to answer not just a few, 
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and to provide the immediate and proper feedback to all of them, and at the same time 

encourage collaborative learning. 

To fulfill the above requirements, the use of computers in any constructivist 

approach and particularly in the Inventive Model is inevitable. Another advantage of 

using computer in this model is that it prevents students from copying each other's 

answers to teacher's questions or being inactive during the instruction. Each individual 

student has to think about all questions and to give his/her own answer. 

4. Regarding the above discussion, and also some successful practices in the are 

of computer assisted instruction, it was realized that the computer is the appropriate 

medium to use to satisfy particular instructional goals of the Inventive Model. Not only 

students can use the software individually, but also teachers are in an urgent need for a 

collection of videotaped and /or simulated physics experiment to save time for more 

discussion with students. 

5. Two principles form the general navigation design of the software (a) prevent 

complexity and (b) increase interactivity. These two factors usually are not compatible in 

educational software. In order to increase interactivity, usually the authors increase the 

complexity of the design and as a results the user get lost somewhere in the program. 

This happens especially when multiple windows are used for navigation. In this project, 

interactivity is not increased by increasing the complexity of the program. Interactivity is 

increased by challenging students' preconceptions. That is by giving them the 

opportunity to express their preconceptions through open answer questions and multiple 

choice (sometimes 10 different choices) questions and to receive corrective feedback 

with all their interactions. In fact interactivity is increased by increasing the number of 
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questions and by presenting a concept from different perspective. Minds-on activities are 

considered more important than hands-on activities in this program. It is tried to make the 

software user friendly, and at the same time, challenging, exciting, and not-boring. 

6. Some available educational software and many instructional videos were 

reviewed (e.g., CALIPH, 1992; Exploring gravity, 1993; Exploring laws of motion, 1993; 

The Cartoon Guide to Physics, 1996; Physics of Sport, 1988, The Visual Almanac 

Videodisc, 1989; Apollo 17 mission to Taurus Littrow, 1984). It was observed that there 

exist very useful videodiscs and videotapes on Newton's laws of motion. However, most 

of them lack a theoretical framework (a cognitive one) and mainly use the traditional 

direct instruction without addressing students' misconceptions. Except for the CALIPH 

(1992) no research was found on the effectiveness of these products. Several video clips 

and animation from these sources were selected and used in this project. 

7. The most effective way to judge whether software is appropriate or not is to 

observe students as they interact with the program. Several students were asked to 

interact with the program in the early stages of its development. It was observed that even 

in early stages (i.e., before adding video, and when the program was just a page turn) 

subjects actively were involved in the program and liked to go through the whole 

program. It was also observed that the users were not inclined to use the complex 

navigation tools that originally were presented in the program. This was in accordance 

with some findings in the literature that students prefer computer-control software to the 

user-control software (York, Sikorski, and Walberg, 1996). 

8. Principles of screen design and Human Computer Interaction (HO) used in 

design of the software are related to attention, challenge, confidence, curiosity, relevance, 
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and variety. For example, the feedback to students' answers not only supplies the correct 

response but also explains why the students' answers are incorrect and in most cases 

encourages the students to obtain correct answers. Furthermore, user's language is used 

frequently as the language of instruction rather than the physicists' language. 

9. Special care was devoted to prevent the complexity of interaction and as a 

result prevent frustration or getting lost. Is it very easy to move around in the program by 

using the menu bar or the forward-backward buttons. For example, the data entry areas 

are clearly different from button-click ones. Early observations showed that the user 

exactly knew what they are expected to do at each moment. The software is designed 

somehow to encourage the user-computer interaction by asking for varied kinds of input; 

but there are not too many inputs required. 

10. In almost all cases there is no need for the user to scroll to complete reading 

the information. Only a few cases the use of scrolling windows was inevitable. Graphics 

are just used to help visualization of a particular physical situation or they are used as one 

of the choices in a multiple choice question. Graphics in this software are not used to 

make information more attractive. 

Animations are used in this software mainly to illustrate motions at different 

conditions. However, sometimes they are used to motivate the user through humor, or to 

minimize static boredom. 

In summary, unlike many cases in the history of computer assisted instruction the 

software used in this project is based on a cognitive learning theory that has been evolved 

in science education. It is not that the "Inventive Model" has been invented to justify the 
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computer use in science education. In fact in this project theory is in search of technology 

not the technology in search of a justification (Rezaei and Katz, 1998b). 

Two versions of the software are developed and used in this study. The first 

version of the software used in this project is based on the constructivist view that direct 

experience is the most influential factor in changing students' misconceptions. In fact 

when students see the difference between their preconception and the physical realities 

they will feel a need to change their preconceptions. Therefore, in this version no direct 

instruction is involved. Students are even not introduced to the content to be learned. 

However, based on earlier discussions it is predicted that this is not enough 

because research has shown that even if students recognize a conflict between their 

expectations and the data, they will often try to explain the data away. Furthermore, this 

approach ignores its possible negative outcomes such as student's feelings of 

inadequacy, frustration, or alienation from the experience. 

Therefore, the second version of the software was based on the "Inventive 

Model". This model is based on the assumption that Instruction vs. Construction is a false 

dichotomy and that these approaches are more complementary than contradictory. In 

other words, it is assumed that students may construct meaningful concepts even in an 

instructivist approach. It was discussed in detail in chapter 2 that instructivist approaches 

such as those of Ausubel, Novak, Mayer has been effective in meaningful learning. 

Furthermore, each of the three main approaches in educational psychology (behavioral, 

cognitive, and humanistic) focused on only one aspect of learning. A more 

comprehensive approach (similar to theories of conceptual change in social psychology) 
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should consider all the three components and their inter-relationship at the same time. For 

example, using advance organizers in this version; 

1. Introduces students to the content to be learned, which is expected to help students to 

focus only on important aspects of the instruction. 

2. Activates students' prior knowledge that in turn helps students to remember that they 

know something about the content to be learned. 

3. Increases students' confidence. If students know what they are expected to focus on 

and they realize that they have some familiarity with the content to be learned they 

feel more confident than when they are left on their own to realize what the teacher is 

expecting them to discover. 

The first version is called RC version and the second one is called the IN version. 

In both versions, the video taped or simulated science experiments are programmed to be 

presented based on students' responses to initial questions. All questions are designed 

based on the best scripts of teachers' probes in real science teaching. Dozens of video 

taped science experiments, animations, sound clips, simulations, pictures, graphs, tables, 

and advance organizers are saved in the multimedia program on a CD-ROM. 

The RC Version 

The First version has four parts. The first part is the evaluation part. The second, 

third, and forth parts are on Newton's first, second, and third law. However, this 

categorization is not clear to students. In fact, students are not told what they are expected 

to discover in each part. According to radical constructivism, they are expected to 

discover or construct their own Newton's laws at the end of each section. 



In part 1 students are given a conceptual test to evaluate their preconceptions. 

Based on their answers to these questions a specific schedule is assigned to them. 

Therefore, not all students have exactly the same schedule. 

In (RC) version no introduction or advance organizer, or summaries or direct 

instruction is presented. A physics experiment is presented to the students, then 

students are asked some questions about that experiment. The questions are mostly 

multiple-choice. However sometimes true-false or short answer questions are also 

included. The program starts with the evaluation part. Based on students' answers to the 

initial questions in the evaluation part, they are taken to further experiments and further 

questions. A non-linear branching system is used in this regard. No corrective feedback 

is provided in this version. When an answer is judged wrong by the computer only 

neutral feedback such as "think more about it", "are you sure?", "try again", "what 

about other forces?" are used as feedback. 

The questions are selected to assess student's conceptual understanding of 

motion and its causes. The questions are designed based on research literature on 

students' misconceptions, which are qualitatively different from those practiced in 

formal instruction. 

For example, students see an animation of a rocket moving along sideways in 

deep space, with its engine off, from point A to point B. It is mentioned that the rocket 

is not near any plainet or other outside forces. Its engine is fired at point B and left for 

two seconds while the rocket travels from point B to some point C. Students are asked 

to select the path from B to C, which they think the rocket will take. Then at point C the 

rocket turns its engine off again. Students are asked to choose the path of the rocket 



after point C. Such conceptual questions rarely could be found in formal physics 

instruction or in available educational software in physics. 

Almost all questions used in this study are presented with the related 

experiments. Frequently, the results or data derived from the experiments are in contrast 

with their expectations. Several examples are presented so that, students gradually 

experience dissatisfaction with their existing conceptions. For example in order to show 

the relationship between force, velocity, and acceleration, 15 experiments are 

demonstrated followed by 30 questions. Figure 4.1 shows a sample screen of the 

software. This screen is presented after students have seen a video of a ball and a girl on 

a trampoline. A series of similar screens show the ball in different positions. Students 

are expected to reailize that in each situation what forces are acting on the ball and to 

compare its velocity or acceleration with other positions. (Figure 4.1) 

The experiments are done in a simplified situation so that only a few concepts 

are involved in each situation. For example, most of the time a moving object is 

discussed in isolation, not attached to any other object, no internal forces, or air 

resistance is present. The examples are from students' daily life experience such as 

moving cars, bicycles, carts, slopes, ice skating, and hockey players. In this way the 

new concepts appear intelligible to them. Each new problem, experiment, or situation is 

highly related to the old ones. Therefore, it is expected that the new concept be 

congruent with students' prior knowledge. For example, in the fourth part of the 

program (Newton's second law), students initially learn that velocity and acceleration 

are different, then they learn that force is different from momentum, later they learn that 

force is related to the acceleration not the velocity, and finally, they realize that this 

relationship is a direct one. This conclusion is Newton's second law. 
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File Menu Problem Solving 

The acceleration of the ball is the same at position 1 and at position 8. 

True j False | 

Position 1 

Position 2 

Position 3 

Position 4 

I 1 Position 5 

Position 6 

Position 7 

Position 8 

Figure 4.1. A sample screen of the (RC)version of the physics software. 

Therefore, students are expected to construct or discover the relationship between 

variables on their own without being directly instructed. 

Innovative teaching methods conducted by Carey (1985); Clement (1982, 1987), 

Dykstra et al. (1992); Minstrell and Stimpson (1986); Trowbridge and McDermott 

(1980,1981) play an important role in the construction of both versions of the software. 

No learning theory in particular may directly lead to such innovative demonstrations 

and teaching practices. However, in this project they are integrated into a theoretical 

framework. On the other hand, no one has collected such innovative strategies in a 

single textbook, article, or software before. The two versions of the CD used in this 

project are unique in this regard. 
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A strategy used for teaching and for probing students' misconception used in 

both versions is tv/o-level and sometimes multi-level multiple-choice questions. That is, 

to add a second section to each question. In the first version, students are asked to 

choose the correct answer. In the second, they are asked to choose or to give the reason 

for their first choice. For example, the students are asked by the computer: "Did these 

balls ever have equal velocities during their motion?" They can answer yes or no. Then 

they are asked to type the moment they think the two balls had equal velocities. In part 

two of the RC version, students watch a video of two groups of sky-divers jumping 

from an airplane. A group of them (group 1) has made a circle by holding each other's 

hands and others (group 2) are approaching them. In fact, the distance between the 

group 1 and group 2 is decreasing. Students are first asked to identify the forces acting 

on each sky-diver through a multiple choice question. Then they are asked to explain 

why the distance between group 1 and group 2 is decreasing. In order to answer this 

question they should realize that the speed of each diver depends on his cross-sectional 

area and his/her speed of motion through another multiple choice question. They should 

also realize the role of terminal velocity through a third multiple choice question. Short 

answer and open questions are also used for more probe and to let students answer in 

their own language. 

Regarding the many problems of extraneous variables, simulations are 

frequently used in both versions. For example, the author has developed a simulation of 

a moving object with constant acceleration. No friction or air resistance is present. 

Students are asked to record the time and the displacement by clicking the mouse in 

several moments during the motion. The time and displacement is saved and then it 

appears in a table on the screen. Then they are asked to calculate the acceleration based 
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on this data. In another case, two Atwood machines are presented in an ideal situation 

where the pulleys have no friction and no air resistance is present. In this simulation 

students are asked to change the related variables and predict which machine moves 

faster or which forces are exerted on different masses at different moments of the 

motion. Still in another case they are asked to change the gravitational attraction or the 

initial velocity, and observe the related changes in the motion of projectiles. 

In this way all the processes of conceptual change model can be accomplished 

within a single simulation. However, a single simulation is not enough because 

simulations have also some limitations. That is why, in this model, video clips of real 

experiments and some animation and illustrations are used in addition to simulations. 

The pace of instruction in this project is adapted to the needs of the student. 

They can use the navigation tools to move forward or to go backward. However, at the 

very beginning they are recommended not to do that. The reason is that the program 

goes forward based on their answer to previous questions. An important aspect of this 

strategy is that the student must constantly be active in answering questions, relating 

concepts to each other, solving problems, and making decisions without being worried 

about time. 

Two general strategies of conceptual growth (assimilation) and conceptual 

change (accommodation) were suggested in chapter 2. Learning a new concept might 

require assimilation for one learner and accommodation for another. Assimilation or 

conceptual growth could be easily done by providing more sophisticated examples and 

giving the related corrective feedback. However, accommodation or conceptual change 

requires a specific strategy or a conceptual map. Both strategies are used in the (EN) 

version of the CD. However, the (RC) version deals mainly with conceptual change 



through conflict resolution. In both versions of the software a conceptual map is used to 

take the learner from their initial conception to the refined Newtonian conception. 

In both versions each part starts with asking some questions to identify the 

related preconception. Then the learner is guided to a refined initial conception. This 

guidance is more direct in the (IN) version. This is done again by having students to do 

some minds-on activities using the simulations, animations, or the videotaped physics 

experiments. Frequently, both the real videotaped experiment and the simulated version 

are presented. The real experiments are presented to increase the realism of the 

situation. While the simulated version, helps the author to simplify the situation. 

In this way students figure out the interrelationships between various concepts 

used to describe the motion or the causes of motion. After students have refined their 

initial conceptions they are ready to try the first versions of Newtonian conceptions. 

However, this requires that the new concepts be intelligible, and plausible to the learner. 

This is where analogies and modeling instructions are used in this project. Analogies 

and modeling has a greater role in the (IN) version, For example, in order to make 

students ready to change their misconception that "force is a property of one object", 

they are advised in this stage that forces are like shaking hands. An analogy relates the 

principle of interaction in physics to a handshake between people. For a handshake, two 

people are needed, each shaking the other's hand. One hand cannot shake. In this way 

students become prepare to accept the very important concept in Newton's third law 

that forces always are in pairs. 

Finally, the learner is allowed to choose the refined Newtonian conception. 

Simulations and videotaped experiments are designed somehow that allows students to 



develop hypotheses and to predict what is going to happen next. In later sequences they 

are presented with some data which they are asked to interpret and draw conclusions. 

For example, students are presented with three video clips of an object falling 

from the same height in three different situations. The first video shows the object in 

free fall. In the second clip the same object is attached to a 1kg mass, on opposite ends 

of a pulley. In the third one the same pulley is shown, with the same object pulling a 

lkg object horizontally along a table. Students are asked to predict which one reaches 

the floor the quickest and which one moves the slowest. 

Research findings indicate that if students are given the opportunity to view a 

given body of knowledge from different perspectives, they will develop a much more 

robust understanding of the relationships among concepts (Jones and Berger, 1995). 

Using multimedia computers in this phase is designed to help students in what Mayer 

(1997) called 'double encoding'. For example, it is hard for most students to believe 

that motion is possible without a force being acted to the object. We start with an ideal 

situation where, students are almost sure that there is no force acting on an object in 

space (not near to any planet). A video tape of astronauts doing some experiments on 

moving objects is used in this stage. Then a simulation in which students can reduce the 

gravitational force to zero is presented. Later situations are presented where the object 

moves in opposite direction of the net force acting on it. Finally, typical examples of 

Newton's first law are presented. 

The IN Version 

The "IN" version is based on the principles of the Inventive Model discussed in 

chapter2. In comparison with the first version this version has five parts. One difference 



is that in the "IN" version an introduction part is added to the four parts of the (RC) 

version. This Introduction is on two concepts of velocity and acceleration. According to 

the Inventive Model, at the start of an instruction the content to be learned (in this case 

Newton's laws of motion) should be bridged to what students already know (in this case 

the concepts of velocity and acceleration). 

The other difference betv/een "RC" and "IN" version is in the presence of nine 

advance organizers in the second version. In fact advance organizers play a critical role 

in the second version. A copy of the advance organizers used in the second version is 

presented in Appendix B. 

The third difference is in the presence of corrective feedback in the "IN" 

version. In the first version only neutral feedback is given after each answer to each 

question. However, in the second version the feedback is designed to give the learner 

the required cognitive tools to solve a problem. Figure 4.2 shows (the text in the white 

square) a feedback for the choice B in a question in part 2 of the (IN) version. 

The fourth difference is that in the second version there is a problem solving 

pull-down menu. By clicking this menu students can see a few paragraphs on problem 

solving strategies. (Figure 4.3) 

They can also have access to the required formulas by using the same menu. 

These formulas are not necessarily needed for solving the problems if students know 

other ways of solving problems. However, sometimes it is easier to solve a problem if 

they use these formulas. (Figure 4.4) 

Therefore, the difference between version 1 and version 2 is that in version 2 

some elements of instructivism are integrated into a basically constructive approach. 



This simulation shows a hockey puck moving across a horizontal, 
fiictionlless surface in the direction of the red arrow QD). A constant 
force F, starts acting on the puck. For the puck to experience a net 

force in the direction of the reel arrow, motherforce must be acting at 
the same time. In which of the directions labled A, B, C, D, or E should 

me second force be exerted; 

' *• ** No, note mat the second force should act in the \ 
direction in which its resultant vector with the | 
first force F, is in direction of the red arrow. 
However, regarding your choice the resultant 

force is zero. 

Q ] A 

4 

r"B~iB rwic 

F B 

Figure 4.2. A sample feedback in the (IN) version of the physics software. 

The feedback for the same chosen item and the same question in the first version 

(RC version) is "No, please think more aibout the resultant vectors". 

The main content of the software (before being converted into two versions) was 

reviewed by two university physics professors and a high school physics teacher. All of 

them had some experience in physics software development. Particularly, the softwai'e 

(CALIPH) developed at the University of Calgary (Hicks and Laue, 1992) by one of 

these reviewers was used in the last part of the present software (Newton's third law). 

Regarding the fact that CALIPH is basically an instructivist approach to teaching, the 

last part of the second version of the program is more instructivist than the other parts. 

That is why more advance organizers were used in this part. 



e& Presentation Window 

Re Menu Problem Solving 

Problem Solving Strategy 

1 - Make a drawing of the situation and mentally divide the 
system into relevant pairs. 

2- Draw free-body diagrams for aH relevant parts. 

3- Choose convenient axes for vector components. 

4- Write down the equations for the forces in the free-body 
diagrams using newton's 2nd and third laws, write put these 

equations in components relative to chosen axes. 

5- Turn the mathematical crank and solve me equations in item 
4 for the unknowns. 

Figure 4.3. Problem solving strategies provided only in the (IN) version of the 
physics software (From Hicks and Laue, 1992). 
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{» Presentation Window 

Fie Menu Problem Solving 

Formula 
v = Velocity, vi = Initial velocity, vf = Final velocity, AV = Change in velocity 

d = displacement a = acceleration, t = elapsed time, 

If an object moves with constant velocity of (v), the displacement (d) 
after in (t) seconds 
could be calculated by this formula 
d = v * t &v=d/t 

If an object moves with constant acceleration (a), its velocity changes 
from (vi= initial velocity) to (vf= final velocity) in t seconds, 
therefore, a = (vf-vi) /1 & vf = a * t + vi and the displacement (d) in (t) 
seconds can be calculated torn this formula 

d = 1/2 (a * t?)+ (Vi * t) 

Figure 4.4. Formulas provided only in the (IN) version of the physics software. 

Regarding the literature review and the above introduction of the Inventive 

Model, the following hypotheses were tested in this project. 

1. The teaching method based on the Inventive Model will result in higher scores 

in conceptual understanding than both the teaching method based on Radical 

Constructivism and the conventional physics instruction. 

2. The teaching method based on Radical Constructivism will result in higher 

scores in conceptual understanding than the formal physics instruction. 

3. The formal physics teaching will result in higher scores in students' physics 

knowledge than both the teaching method based on the Inventive Model and the method 

based on Radical Constructivism. 

4. There will be an interaction between the teaching methods and the cognitive 

styles of the students. It is predicted that the teaching method based on the Inventive 
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Model will help students with Wholistic cognitive style more than the students with 

Analytic cognitive style. 

5. There will be no interaction between the teaching method and the second 

dimension of CSA (Verbalistic-Imager). 
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CHAPTER 5 

METHODOLOGY 

Research Question 

What effects, in terms of increase in knowledge and conceptual understanding, 

might result from the interaction of three types of teaching method (Radical 

constructivist, Inventive Model, and the conventional method) and two types of cognitive 

styles (Wholistic-Analytic and Verbal-Imagr) ? 

Sample 

One hundred and forty three "grade 10-12" high school students from three high 

schools were randomly assigned to three groups. From each school volunteers 

participated in a knowledge physics pre and posttest, a conceptual physics pre and 

posttest, and a Cognitive Style Analysis test. The average age level of the subjects was 

16.01, raging from 15 to 18 ( SD = .57). Of those, 63 were male and 75 were female. 

Twenty-two students were in Grade 12, 111 were in Grade 11, and only 1 was in Grade 

10. 

A separate group of "Grade-9" students comprising 73 subjects was used to 

evaluate the reliability of the Cognitive Style Analysis. 

Instruments 

Physics Tests 

Two Physics tests were used in this study; the knowledge test, and the conceptual 

test (Fore Concept Inventory, FCI, Hestenes, 1998). The same tests were used for the 

post-tests. 



For the knowledge test initially 38 questions were selected from physics 

textbooks. The questions were supposed to evaluate students' knowledge of Newton's 

laws of motion. No conceptual understanding was required to answer these questions. 

Two university physics teachers were asked to rate all items of the knowledge test and 

the conceptual test. In order to do this all items were mixed in a single one. They were 

asked to rate each item (by giving a score from 1-5) in the extent to which they measure 

conceptual understanding. The purpose was to examine if items of each test measured 

what they are designed for. 

Teachers were asked to rate a question one if they thought the question measured 

just what students have memorized or rate five if the question measures an in-depth 

understanding. They were asked to rate a question "0" if they thought the question 

measured neither knowledge nor understanding of the laws of motion. No knowledge test 

item was rated higher than three. On the other hand all items of the conceptual test were 

rated four or five. Therefore, it was concluded that the knowledge test in general, does 

not measure conceptual understanding and that the conceptual test does not measure 

students' knowledge. The correlation between two ratings was .80. This could be 

interpreted as an index of concurrent validity of both tests. 

In this way 7 items of the knowledge test which were rated zero (invalid) by any 

of the teachers were deleted. As a result the final version the knowledge test used in this 

study has only 31 items: 14 true-false, 16 multiple-choice and one is a short answer. 

The correlation between students' score on the knowledge pretest and their final 

grades in their physics course was measured to be .57. The correlation between the 

knowledge posttest and their final grades was measured to be .63. 
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The test-retest reliability of the knowledge test was measured by calculating the 

correlation coefficient between the knowledge pretest and post-test. For 135 students this 

coefficient was .61. The Kuder-Richardson (Formula 21) reliability coefficient was .61. 

The relatively low correlation on both the test-retest and Kuder-Richardson measures is 

partly due to the homogeneity of the scores on the knowledge test. Since the questions in 

this test do not measure conceptual understanding, the average score on this test was high 

(19.48 out of 31). Therefore, the scores on this test were negatively skewed with a low 

variance (4.19). 

Therefore, the knowledge test used in this study was a 31-item true-false and 

multiple choice test developed by the author. The questions of this test were derived from 

the recommended textbooks by Alberta Education (Zitzewitz, Robert, Neff, Mark, and 

Davids, 1992; Martindale, Heath, and Eastman, 1992). It is called the knowledge test 

because it measures students retention of what they have learned. This test was not 

designed to measure conceptual understanding. A copy of this test is presented in 

Appendix C. Demographic questions and some questions about students' experience in 

physics, math, and computer were also attached to this test. 

The second test is a popular test for evaluating students' conceptual understanding 

called Force Concept Inventory (FCI) (Hestenes, 1998). This is a 30-item multiple choice 

test which has been used in many studies (Hake, 1998). A copy of the test and a detailed 

discussion about the reliability and validity of it is presented in Appendix D (with 

permission). 

The test-retest reliability coefficient of this test as measured in this study on a 

group of 137 students was .78. The Kuder-Richardson (formula 21) reliability for the 
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same was computed to be .66. The relatively low reliability coefficient is partly due to the 

homogeneity of variance. Since the conceptual test is a difficult test especially for high 

school students, the average score was 11.48 out of 30 for this group. Therefore, the 

scores were positively skewed and the variance was relatively low (4.41). Halloun and 

Hestenes (1985) reported the pretest-posttest reliability ranging from .60 to .70 for the 

Mechanics Diagnostic Test, the predecessor of the FCI. 

Regarding the early-discussed problems with conventional physics assessment, 

one should not expect a high correlation between students' grades in formal physics 

classrooms and those on the FCI test. Halloun and Hetenes reported a correlation of .56 

between the Mechanics Diagnostic test (the predecessor of the FCI) with students' 

physics grades in introductory physics courses. In a more recent study, Hake (1998) 

reported a correlation coefficient of .91 between the Force Concept Inventory and the 

Mechanics Baseline ( a problem solving test developed by Hestenes and Wells, 1992) 

Heller and Huffman (1995) report a correlation of .27 between the FCI (pretest) 

and course grades. In the present study the correlation between students' scores on the 

conceptual pretest and posttest (FCI) with their final grades in physics course was 

measured to be .59, and .69 respectively. Therefore, this relatively low correlations 

should not be interpreted necessarily as low validity of the FCI but perhaps due to the low 

validity of the conventional physics assessment. 

Cognitive Styles analysis 

Riding and Cheema (1991) found over 30 labels relating to cognitive/learning 

style. After reviewing the descriptions, intercorrelations, methods of assessment, and 



effect on behavior, they concluded that cognitive styles could be grouped into two 

principal cognitive style dimensions; the Wholist-Analytic and the Verbal-Imagery. 

The authors did not report of the reliability of the Cognitive Style Analysis and no 

report of the reliability of the test was found in the literature. However, in this project a 

test-retest approach in a one-week interval on a group of 73 grade-nine students was used 

to measure the reliability. The results showed a coefficient of .42 for the Wholist-

Analytic dimension and a coefficient of .35 for the Verbalizer-Imager dimension. 

Procedure 

Three groups were studied in this project. The first group comprising 48 students 

was the control group (CG group) which received the conventional instruction. The 

second group comprising 39 students is called the radical constructivist group (RC 

Group) which received an individualized computer assisted instruction based on radical 

constructivist approach. The third group comprising 56 students is called the Inventive 

group (IN Group) which received an individualized computer assisted instruction based 

on the Inventive Model explained in chapter three. 

The position of subjects on each of the two cognitive style dimensions (VI and 

WA) was determined using the computer-presented Cognitive Styles Analysis (Riding, 

and Smith 1992). At the same time a pre-test was done to measure the students' prior 

knowledge of Newton's laws of motion. This pretest measured their prior knowledge at 

two levels: (a) the knowledge or rote learning of basic knowledge of the facts and 

definitions, (b) the conceptual understanding and the ability to apply what they have 

learned. 
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Three teaching methods were used in this project. A detailed explanation of the 

content of the instruction in the two experimental groups was presented in chapter 4. The 

content of the two versions of the software was reviewed and revised by two physics 

professors and a high school physics teacher before being used in this study. 

The control group was instructed by the conventional physics instruction 

recommended by Alberta Education. In this project, the term 'conventional method' is 

used instead of 'traditional method'. This is because the author believes that the teaching 

methods used by teachers in schools are not necessarily traditional (i.e., rigorously 

teacher centered, direct instruction with no use of technology). The researcher was not 

present in all of these conventional instruction sessions. A few sessions of the physics 

lessons were video taped to be compared with the experimental treatment. It was found 

that in conventional instruction the teacher used a standard textbook (Zitzewitz, Neff, and 

Davids, 1992). His course consisted of lectures and demonstrations (more than 70% of 

class time). There was a predominant emphasis on problem solving. However, it was 

observed that the teacher mainly used the traditional method of putting numbers into 

equations. 

A few conceptual problems were solved by the teacher for demonstration. 

Students rarely participated in problem solving although the teacher did his best to 

encourage them to participate. This method included direct introduction of the content to 

be learned, the use of some related examples, and asking students some questions. Less 

than 20% of the class time, the teacher had students try a few hands on activities and 

attempt to interpret the related data. Most students were actively involved in taking notes 

and a few were seriously involved in hands-on or minds-on activities. Students rarely 
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asked questions. The teacher frequently asked questions of which, most were answered 

by three particular students. According to Alberta Education Curriculum Guide (1992) a 

total of 16 hours of class time is usually devoted to the concept of force and Newton's 

laws of motion. Regarding the fact that the experimental group worked about 3 hours on 

the software, it is concluded that the control group worked more than five times as much 

as the experimental groups on the topic to be learned. 

The time interval between the pretest and posttest for the control group was one 

month during which students were instructed by the teacher and also had a mid-term 

exam on the topic of Newton's laws of motion. 

The first experimental group (RC Group) comprising 39 students received three 

hours of instruction through a multimedia program. Students in this group worked 

individually with computers and no supervision was available for them. All students in 

this group participated in the pre-test, post-test, and the Cognitive Style Analysis. The 

time interval between the pretest and posttest for this group was two days. No additional 

instruction in physics by the teacher was presented during this period. The researcher was 

not present during pretest, posttest, and the computerized instruction. However, he was 

present during the Cognitive Styles Analysis. 

The second experimental group (IN Group) comprising 56 students received a 

three hours of instruction through a multimedia program. Students in this group worked 

individually with computers and the researcher supervised them and answered students' 

questions. However, it was observed that some students answered some parts of the 

physics software collaboratively. All students in this group participated in the pre-test, 

post-test, and the Cognitive Style Analysis. The time interval between the pretest and 



posttest for this group was one week. No additional instruction was presented by the 

teacher in this period. The researcher was not present during the pretest and posttest. 

However, he was present during the computerized instruction and the Cognitive Styles 

Analysis. 

Research Hypotheses 

1. The teaching method based on the Inventive Model will result in higher scores 

in conceptual understanding than both the teaching method based on radical 

costructivism and the formal physics instruction. 

2. The teaching method based on radical constructivism will result in higher 

scores in conceptual understanding than the formal physics instruction. 

3.The formal physics teaching will results in higher scores in students' physics 

knowledge than both the teaching method based on the Inventive Model and the method 

based on radical constructivism. 

4. There will be an interaction between the teaching methods and the cognitive 

styles of the students. It is predicted that the teaching method based on the Inventive 

Model will help students with Whilistic cognitive Style more than the students with 

Analytic cognitive style. 

5. There will be no interaction between the teaching method and the second 

dimension of the Cognitive Style Analysis. 

Statistical Analysis 

The first analysis was a two-way "one between and one within" analysis of 

variance for repeated measure. The combined scores (Knowledge + Conceptual) on 
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pretest and posttest were used as dependent variables. And the methods of instruction 

(CG group, RC Group, and IN Group) was used as the independent variable. 

The second analysis was a three-way "one between and two within factors" 

analysis of variance for repeated measure. The between factor (group factor) in this 

analysis is the differences between three methods of teaching. The within factors in this 

analysis are the Time (the difference between the pretest and the posttest) and Rind (the 

difference between the knowledge test and the conceptual test). 

Since it was observed that some variables were correlated, an analysis of variance 

for repeated measures was used for data analysis. Each subject had six scores, one on 

knowledge pretest (PreK), one on conceptual pretest (PreC), one on the knowledge post 

test, (PostK), one on conceptual post test (PostC), one Wholistic-Analytic score on 

cognitive style test (WA), and one on Verbalizer-Imager score on cognitive style test (VI) 

respectively. 

Some univariate analysis of variance was implemented (since some significant 

main effects or interactional effects were observed in the first analysis) for further 

investigations of differences. The level of significance was set at (p< .05) for all analyses. 

Also, a qualitative analysis of students' interactions with the software, and a 

qualitative analysis of students' performance on the conceptual physics test were 

conducted. 
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CHAPTER 6 

RESULTS 

The results are presented in four parts. The first part shows the overall 

characteristics each group. The second part shows the results of students' score on the 

Cognitive Style Analysis. The interaction between students' cognitive styles and their 

performance on physics tests are tested in part 2. The third part presents the item analysis 

of the pre test and the posttest. The fourth part is devoted to the comparison between 

groups on their scores on the pretest and posttest. In the last part students' interactions 

with the physics software is analyzed. 

Descriptive Statistics 

One hundred forty three students were studied in three groups. The first group 

(control group) comprised 48 students. The descriptive analysis of some demographic 

characteristics of the three groups is summarized in Table 6.1. No significant differences 

in students' scores on any pretest or posttest for any group was observed in terms of 

students' gender, age, or grade level. 

Table 6.1. Dei "nogra] phic char actenstic s(gende r, age, and grade ) of ea< :h group. 
Group N Gender Age Grade Group N 

% 
Male 

% 
Female Mean SD Range 

% 
10 

% 
11 

% 
12 

Control 48 56.8 43.2 15.95 .57 15-18 79.5 20.5 

Constructive 39 46.2 53.8 16.07 .48 15-18 94.9 5.1 

Inventive 56 64.7 35.3 16.1 .73 15-18 2 70.6 27.5 

Total 143 45.7 54.3 16.1 .57 15-18 .7 82.8 16.4 

Table 6.2 shows the percentage analysis of students' answers to three questions 

regarding their experience in computer, math, and physics. 
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Table 6.2. Percentage of students' answers to three questions about their 
experience.  

How much do you Never Very rarely Few hours Few hours Few hours 
work with a month a week a day 
Computers? .7 8.1 17 45.9 28.1 
How confident Wizard Above Medium Below Poor 
you feel in math? average average 

3.7 51.1 40.3 3 1.5 
Have you ever Yes No 
taken a physics 
course? 72.6 27.4 

Cognitive Styles Analysis 

This part is devoted to the analysis of students' scores on the two dimensions of 

the Cognitive Styles Analysis. The first dimension is "Wholistic vs. Analytic", aind the 

second dimension is "Verbalizer vs. Imager". The results are presented in Table 6.3. The 

higher the score on the Wholistic-Analytic scores the more Analytic the person. On the 

second dimension the higher the score the more Imager the person. According to Riding 

(1998) based on a sample of 1448 high school students in England, Wholist-Analytic 

ratio mean is 1.12 (SD = 0.46) and the range is from 0 to 6 or more. According to the 

same study Verbal-Imagery ratio mean is 1.11 (SD = 0.27) ranging from 0 to 5 and more. 

Table 6.3. Students scores by group on two dimensions of the Cognitive Styles 
Analysis. 

Groups Style Minimum Maximum Mean SD 
Group 1 Analyst .63 2.46 1.22 .37 

Imager .41 1.50 1.07 .21 
Group 2 Analyst .71 2.79 1.26 .44 

Imager .77 1.25 1.03 .12 
Group 3 Analyst ,65 2,04 1.16 ,34 

Imager .73 1.52 1.07 .18 
Total Analyst .63 2.79 1.20 .37 

Imager .41 1.52 1.06 .18 
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One way analyses of variance (ANOVA) on students' score on the two 

dimensions of the Cognitive Styles Analysis are presented in Table 6.4 and 6.5 

respectively. As it is shown in these tables there is no significant difference between three 

groups on the Wholistic-Analytic and Verbalizer-Imager dimensions of the Cognitive 

Style Analysis. This analysis rejects the forth and the fifth hypothesis of this project. 

Table 6.4. One Way ANOVA of scores on the Wholistic-Analytic 
dimension of CSA. 

Sum of 
Squares 

df Mean 
Square 

F P 

Between 
Groups 

.218 2 .109 .776 .463 

Within 
Groups 

15.557 111 .140 

Total 15.775 113 

Table 6.5. One way ANOVA of scores on the Verbal-Imager 
dimension of CSA. 

dimension of 
CSA. 

Sum of 
Squares 

df Mean 
Square 

F P 

Between 
Groups 

.033 2 .01675 .513 .600 

Within Groups 3.626 111 .03267 

Total 3.659 113 

The correlation coefficient between the two dimensions of the Cognitive Style 

Analysis is -.016 indicating that the two dimensions of the test are independent as 

expected. 

Table 6.6. shows the classification of each group based on three categories of 

cognitive styles on the two dimensions of the CSA. The labels in this table are based on 

the manual of the CSA (Riding 1991). Based on this categorization, on the Wholistic-
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Analytic dimension a score less than 1.02 is labeled Wholistic, a score between 1.02 and 

1.36, intermediate, and a score higher than 1.36, Analytic. Similarly on the Verbal-

Imagery dimension any score less than .98 is labeled Verbalizer, a score between .98 and 

1.09, bimodal, and a score higher than 1.1 Imager. 

According to this table all three groups have more Wholists than Analytics. The 

RC group has more Verbalizers than Imagers while the control group and the IN group 

has more Imagers than Verbalizers. 

Table 6.7 shows the correlation coefficients between the two dimensions of the 

Cognitive styles Analysis and the students scores on both the knowledge sub-test and the 

conceptual sub-test of pretest and posttest. This Table shows that none of the correlations 

are significant indicating that there is no significant relationship between the cognitive 

style as measured in this study, and students' scores on the knowledge and conceptual 

pre-post tests. 
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Table 6.6. Percent and number of students by cognitive style 
by group  

Groups Style Percent N 
Group 1 

Wholist 34.3 12 
Intermediate 42.9 15 
Analytic 22.9 8 

Verbalizer 40.0 14 
Bimodal 11.4 4 
Imager 48.6 17 

Group 2 
Wholist 32.1 9 
Intermediate 42.9 12 
Analytic 25.0 7 

Verbalizer 35.7 10 
Bimodal 35.7 10 
Imager 28.6 8 

Group 3 
Wholist 41.2 21 
Intermediate 31.4 16 
Analytic 27.5 14 

Verbalizer 33.3 17 
Bimodal 17.6 9 
Imager 49.0 25 

Total 
Wholist 36.8 42 
Intermediate 37.7 43 
Analytic 25.4 29 

Verbalizer 36.0 41 
Bimodal 20.2 23 
Imager 43.9 50 
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Table 6.7. The correlation between students' scores on the two 
dimensions of the Cognitive Style Analysis with 
knowledge and conceptual scores, pre/post tests. 

PreKnow PreCon PostKnow PostCon 

Analytic -.017 -.067 .027 -.137 

Imager .075 -.033 -.068 -.079 

Item Analysis 

This part is devoted to item analysis of the pretest (the knowledge test and the 

conceptual test), and the posttest (the knowledge test and the conceptual test). The 

purpose of the item analysis is to analyze the qualitative differences among groups and 

between pretest arid posttest. No hypothesis is tested in this part. However, the results are 

important for physics educators who are interested in students' misconceptions in 

physics. 

Table 6.8 shows the percentage of students who correctly answered each question 

in the knowledge pre/post test. The higher the percentage the easier the question. For 

example, for the control group the most difficult question in the knowledge pretest is the 

item number 7. While the most difficult question in knowledge for the two experimental 

groups (RC and IN Groups) is item number 5. The easiest question for the whole sample 

is item number 11. Furthermore, this table shows the amount of increase or decrease in 

the percentages of correct answers to each item after each teaching. Therefore, this table 

shows also which items in the knowledge test are most affected by each instruction. 

Similarly, Table 6.9 shows the percentage of students' correct answers to each 

question in the conceptual pre/post test. The two last columns show the percentage of 

students in the whole sample who have correctly answered each item of the pretest and 
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posttest. The higher the percentage the easier the question. For example, the most 

difficult question in the conceptual pretest for the whole sample (the last two columns), is 

the item number 5. The easiest question for the control group and the Inventive Model 

group is the item number 1 and for the Radical Constructivist group is the item number 

The bold font percentages in Table 6.8 and 6.9 show the items that have probably 

been negatively affected by each instructional method. 

Table 6.8. Percentage of students in each group correctly answering each 
item of the knowledge pre/post tests. 

Item 
No 

Control Constructive Inventive Total 

pretest postest pretest postest pretest postest pretest postest 
1 86.7 90.7 97.4 92.3 90.2 96.1 91.1 93.2 
2 91.1 86.0 89.7 89.7 84.3 94.1 88.1 90.2 
3 81.8 81.4 89.7 92.3 76 92.2 82 88.7 
4 28.9 50.0 28.2 35.9 39.2 43.1 32.6 43.2 
5 35.6 40.0 15.4 20.5 17.6 31.4 23 31.1 
6 42.2 45.2 21.1 30.8 21.6 27.5 28.4 34.1 
7 28.9 19.0 33.3 15.4 19.6 15.7 26.7 16.7 
8 97.8 97.6 97.4 94.9 94 98.0 96.3 97.0 
9 60 64.3 46.2 53.8 37.3 49.0 47.4 55.3 
10 59.1 57.1 43.6 38.5 43.1 40.0 48.5 45.0 
11 97.8 100.0 92.3 97.4 96.1 96.0 95.6 97.7 
12 93.3 95.2 92.3 94.9 90.2 98.0 91.9 96.2 
13 37.8 33.3 48.7 55.3 54 66.7 47 52.7 
14 60 62.8 53.8 76.9 49 52.9 54.1 63.2 
15 75.6 64.3 63.2 61.5 60.8 62.7 66.4 62.9 
16 88.9 81.4 84.6 79.5 74 76.5 82.1 78.9 
17 95.6 95.2 89.7 92.3 86.3 92.0 90.4 93.1 
18 77.8 93.0 59 74.4 76.5 82.4 71.9 83.5 
19 53.3 53.5 61.5 48.7 45.1 41.2 52.6 47.4 
20 66.7 83.7 74.4 76.9 74 72.5 71.6 77.4 
21 86.7 97.7 87.2 87.2 88 90.2 87.3 91.7 
22 71.1 60.5 65.8 61.5 68.6 80.0 68.7 68.2 
23 26.7 41.9 43.6 41.0 21.6 39.2 29.6 40.6 
24 75.6 74.4 69.2 69.2 37.3 60.8 59.3 67.7 
25 47.7 79.1 46.2 61.5 25.5 41.2 38.8 59.4 
26 36.4 53.7 33.3 41.0 35.3 29.4 35.1 40.5 
27 80 88.1 92.3 79.5 78.4 80.4 83 82.6 

28 73.3 78.6 74.4 71.8 52 66.7 65.7 72.0 
29 93.3 97.6 92.1 94.9 97.9 96.1 94.7 96.2 
30 53.5 46.3 55.6 51.5 47.9 40.8 51.7 45.5 
31 87.8 89.2 48.5 66.7 50 75.6 63.6 77.2 
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The correlation coefficients between the percentage of students correctly 

answering the items of the pretest and posttest are presented in Table 6.10. A high 

correlation between each pretest and each posttest shows that the relative difficulty of 

each item is almost the same in pretest and posttest. A high correlation between different 

groups shows that the relative difficulty level of each item is almost the same for 

different groups. 

Table 6.9. Percentage of students in each group correctly answering 
each item of the conceptual pre/post tests. 

Item 
No 

Group 1 Group 2 Group 3 Total 

Pretest Postest Pretest Postest Pretest Postest Pretest Postest 
1 80.9 74.4 51.3 69.2 74.5 88.2 70.1 78.2 
2 42.6 31.0 23.1 30.8 31.4 31.4 32.8 31.1 
3 46.8 30.2 46.2 28.2 46 68.7 46.3 44.4 
4 76.6 81.4 25.6 54.1 35.3 54.9 46.7 66.2 
5 2.1 16.3 7.7 20.8 7.8 19.6 5.8 18.8 
6 44.7 69.8 61.5 76.9 64.7 80.4 56.9 75.9 
7 27.7 76.7 48.7 64.1 62.7 72.5 46.7 71.4 
8 29.8 55.8 (54.1 44.7 66.7 66.7 53.3 56.8 
9 34 39.5 48.7 38.5 25.5 41.2 35.0 39.8 
10 55.3 55.8 51.3 59 45.1 58 50.4 57.6 
11 23.4 32.6 15.4 23.1 23.5 54 21.2 37.9 
12 51.1 62.8 51.3 65.8 58.8 86 54.0 72.5 
13 17 23.3 7.9 23.1 23.5 54 16.9 34.8 
14 36.2 42.0 15.8 28.2 37.3 51 30.9 41.7 
15 55.3 69.0 28.9 56.4 60.8 74.5 50.0 67.4 
16 74.5 78.6 52.6 74.4 58.8 82.4 62.5 78.8 
17 19.1 19.0 7.7 5.4 7.8 23.5 11.7 19.7 
18 12.8 31.0 2.6 25.6 15.7 41.2 10.9 33.3 
19 42.6 33.3 28.2 30.8 33.3 39.2 35.0 34.8 
20 42.6 61.0 20.5 25.6 34 43.1 33.1 43.5 
21 29.8 26.8 28.2 57.9 17.6 41.2 24.0 41.5 
22 34 48.8 51.3 33.3 27.5 51 36.5 45.0 
23 34 50.0 33.3 59.5 32 49 33.1 52.3 
24 72.3 80.5 66.7 71.8 56.9 72.5 65.0 74.8 
25 4.3 14.6 12.8 7.7 7.8 21.6 8.0 15.3 
26 12.8 22.0 15.4 7.7 11.8 28 13.1 20.0 
27 46.8 31.7 61.5 59 66.7 72.5 58.4 61.8 
28 80.9 73.2 28.2 56.4 37.3 74.5 49.6 68.7 
29 70.2 85.0 55.3 56.4 62.7 70.6 63.2 70.8 
30 27.7 32.5 10.5 30.8 24 51 21.5 39.2 
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Since the conceptual test plays an important role in this study, students' answers 

to each item of this test are summarized in Tables 6.11-6.14 for further item analysis of 

this test. These tables are useful to interpret the effectiveness of distracters (alternatives) 

in each item and also the relative effectiveness of each teaching method on individual 

items. 

Table 6.10. The correlation by group, of the percentage of students 
correctly answering each item on the pretest, with the 
corresponc ing scores on t ie posttest 

Gl 
PRE 

Gl 
POST 

G2 
PRE 

G2 
POST 

G3 
PRE 

G3 
POST 

TOT 
PRE 

TOT 
POST 

GIPre .819 .577 .689 .865 
GIPost .907 .797 .767 .913 
G2Pre .881 .753 .819 .872 
G2Post .907 mi .815 .932 
G3Pre .875 .901 .938 
G3Post .862 .938 .946 .934 
TOTPre .954 .962 .970 .928 
TOTPost .935 .948 .979 .973 .962 

Tables (6.11- 6.14) show that what percentage of students in each group has 

selected which of the alternatives in each item. For example, the first row of Table 6.11 

shows that 10.6% of students in the control group have selected choice (A) as their 

answer to the first item of the conceptual test in the pretest. The next number in the same 

row shows that 14.1% of students in the same group has selected choice A as their 

answer to the first item of the conceptual test in the posttest. 

The bold numbers indicate the correct choices. Therefore, in the first row of Table 

6.11 the number 80.9 shows that 80.9% of students in the control group answered 

correctly to the first item of the conceptual pretest. 

The higher the percentage of students selecting the incorrect choices shows the 

higher plausibility of that particular choice. For example, the scores reflected in Table 

6.11 shows that the choices B, C & D of the item number 4 in the conceptual test are not 
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plausible to any of the students in the control group. 

Table 6.11. Percentages of the wrong and correct choices by item for control 
group. The bold font indicates the correct choice. 

No A B c D E 
Pre Post Pre Post Pre Post Pre Post Pre Post 

1 10.6 14.0 2.1 4.7 80.9 74.4 6.4 4.7 0 2.3 
2 42.6 31.0 17 23.8 10.6 7.1 27.7 31.0 2.1 7.1 
3 34 32.6 12.8 25.6 46.8 30.2 0 2.3 6.4 9,3 
4 23.4 18.6 0 .0 0 .0 0 .0 76.6 81.4 
5 24 11.6 2.1 16.3 51.1 32.6 17 25.6 6.4 14.0 
6 51.1 23.3 44.7 69.8 2.1 2.3 2.1 2.3 0 2.3 
7 42.6 14.0 27.7 76.7 12.8 4.7 2.1 .0 14.9 4.7 
8 23.4 16.3 29.8 55.8 2.1 .0 12.8 14.0 31.9 14.0 
9 4.3 2.3 36.2 30.2 17 27.9 8.5 .0 34 39.5 
10 55.3 55.8 4.3 9.3 4.3 2.3 29.8 23.3 6.4 9.3 
11 10.6 .0 19.1 7.0 44.7 55.8 23.4 32.6 2.1 4.7 
12 2.1 .0 51.1 62.8 38.3 27.9 4.3 7.0 4.3 2.3 
13 10.6 9.3 29.8 20.9 42.6 46.5 17 23.3 0 .0 
14 34 19.0 17 19.0 12.8 19.0 36.2 42.0 0 .0 
15 55.3 69.0 0 2.4 44.7 28.6 0 .0 0 .0 
16 74.5 78.6 8.5 .0 14.9 19.0 0 2.4 2.1 .0 
17 68.1 57.1 19.1 19.0 0 2.4 12.8 16.7 0 4.8 
18 4.3 .0 12.8 31.0 31.9 7.1 34 50.0 17 11.9 
19 12.8 21.4 0 .0 4.3 4.8 40.4 40.5 42.6 33.3 
20 21.3 9.8 4.3 9.8 29.8 12.2 42.6 61.0 2.1 7.3 
21 4.6 9.8 25.5 14.6 25.5 31.7 12.8 17.1 29.8 26.8 
22 36.2 24.4 34 48.8 0 4.9 29.8 19.5 0 2.4 
23 14.9 17.5 34 50.0 29.8 20.0 21.3 10.0 0 2.5 
24 72.3 80.5 0 2.4 17 9.8 0 2.4 10.6 4.9 
25 12.8 .0 10.6 12.2 4.3 14.6 55.3 51.2 17 22.0 
26 51.1 48.8 14.9 7.3 2.1 2.4 19.1 19.5 12.8 22.0 
27 10.6 .0 34 12.2 46.8 31.7 6.4 51.2 2.1 4.9 
28 0 2.4 0 .0 2.1 2.4 17 22.0 80.9 73.2 
29 12.8 2.5 70.2 85.0 0 2.5 10.6 10.0 6.4 .0 
30 0 2.5 6.4 10.0 27.7 32.5 0 .0 66 55.0 
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Table 6.12. Percentages of the wrong and correct choices by item for the RC 
group. The bold font indicates the correct choice. 

No A B C D E 
Pre Post Pre Post Pre Post Pre Post Pre Post 

1 25.6 10.3 7.7 5.1 51.3 69.2 5.1 10.3 10.3 5.1 
2 23.1 30.8 23.1 33.3 10.3 17.9 28.2 12.8 15.4 5.1 
3 25.6 56.4 20.5 7.7 46.2 28.2 2.6 .0 5.1 7.7 
4 71.8 33.3 0 .0 0 .0 2.6 2.4 25.6 64.5 
5 10.3 12.8 7.7 20.5 30.8 15.4 35.9 30.8 15.4 20.5 
6 35.9 20.5 61.5 76.9 2.6 2.6 0 .0 0 .0 
7 33.3 20.5 48.7 64.1 7.7 7.7 2.6 2.6 7.7 5.1 
8 7.7 7.9 64.1 44.7 0 .0 7.7 23.7 20.5 23.7 
9 5.1 5.1 20.5 20.5 23.1 28.2 2.6 7.7 48.7 38.5 
10 51.3 59.0 5.1 .0 2.6 2.6 25.6 30.8 15.4 7.7 
11 10.3 12.8 20.5 28.2 46.2 30.8 15.4 23.1 7.7 5.1 
12 0 .0 51.3 65.8 41 28.9 5.1 5.3 2.6 .0 
13 5.3 17.9 31.6 30.8 55.3 28.2 7.9 23.1 0 .0 
14 55.3 33.3 15.8 25.6 13.2 12.8 15.8 28.2 0 .0 
15 28.9 56.4 13.2 12.8 55.3 28.2 2.6 2.6 0 .0 
16 52.6 74.4 7.9 2.6 34.2 20.5 5.3 .0 0 2.6 
17 46.9 74.4 7.7 15.4 2.6 2.6 7.7 7.7 5.1 .0 
18 0 7.7 2.6 25.6 20.5 2.6 51.3 38.5 25.6 25.6 
19 12.8 5.1 2.6 .0 10.3 7.7 46.2 56.4 28.2 30.8 
20 20.5 17.6 5.1 2.6 48.7 51.3 20.5 25.6 5.1 2.6 
21 10.3 2.6 7.7 .0 46.2 23.7 7.7 15.8 28.2 57.9 
22 20.5 33.3 51.3 33.3 0 2.6 28.2 28.2 0 2.6 
23 25.6 8.1 33.3 59.5 17.9 8.1 23.1 18.9 0 5.4 
24 66.7 71.8 0 .0 28.2 10.3 0 5.1 5.1 12.8 
25 5.1 .0 12.8 15.4 12.8 7.7 48.7 53.8 20.5 23.1 
26 48.7 56.4 10.3 12.8 0 .0 25.6 23.1 15.4 7.7 
27 23.1 17.9 12.8 17.9 61.5 59.0 2.6 2.6 0 2.6 
28 2.6 .0 5.1 5.1 5.1 2.6 59 35.9 28.2 56.4 
29 21.1 7.7 55.3 56.4 2.6 .0 21.1 33.3 0 2.6 
30 0 2.6 7.9 2.6 10.5 30.8 0 5.1 81.6 59.0 



Table 6.13. Percentages of the wrong and correct choices by item for the IN 
group. The bold font indicates the correct choice. 

No A B C D E No 

Pre Post Pre Post Pre Post Pre Post Pre Post 

1 7.8 .0 7.8 3.9 74.5 88.2 7.8 5.9 2 2.0 
2 31.4 31.4 11.8 9.8 11.8 11.8 39.2 31.4 5.9 15.7 
3 10 19.6 30 5.6 46 68.6 6 .0 8 5.9 
4 64.7 45.1 0 .0 0 .0 0 .0 35.3 54.9 
5 11.8 13.7 7.8 19.6 54.9 37.3 13.7 21.6 11.8 7.8 
6 35.3 15.7 64.7 80.4 0 3.9 0 .0 0 .0 
7 17.6 15.7 62.7 72.5 7.8 2.0 3.9 2.0 7.8 7.8 
8 19.6 7.8 66.7 66.7 0 .0 2 11.8 11.8 13.7 
9 0 3.9 27.5 25.5 31.4 25.5 15.7 3.9 25.5 41.2 
10 45.1 58.0 21.6 12.0 7.8 14.0 19.6 16.0 5.9 .0 
11 9.8 4.0 19.6 6.0 47.1 34.0 23.5 54.0 0 2.0 
12 2 .0 58.8 86.0 31.4 12.0 5.9 2.0 2 .0 
13 21.6 18.0 29.4 12.0 25.5 14.0 23.5 54.0 0 2.0 
14 33.3 21.6 7.8 13.7 21.6 13.7 37.3 51.0 0 .0 
15 60.8 74.5 3.9 2.0 35.3 23.5 0 .0 0 .0 
16 58.8 82.4 5.9 2.0 31.4 11.8 2 2.0 2 2.0 
17 72.5 62.5 7.8 23.5 2 .0 15.7 9.8 2 3.9 
18 2 5.9 15.7 41.2 13.7 3.9 43.1 23.5 25.5 25.5 
19 5.9 7.8 2 3.9 7.8 5.9 51 43.1 33.3 39.2 
20 8 7.8 4 5.9 48 41.2 34 43.1 6 2.0 
21 5.9 9.8 23.5 9.8 49 21.6 3.9 17.6 17.6 41.2 
22 47.1 23.5 27.5 51.0 0 2.0 23.5 21.6 2 2.0 
23 20 9.8 32 49.0 14 9.8 34 27.5 0 3.9 
24 56.9 72.5 5.9 .0 33.3 19.6 0 2.0 3.9 5.9 
25 13.7 5.9 13.7 15.7 7.8 21.6 49 41.2 15.7 15.7 
26 47.1 40.0 23.5 22.0 3.9 2.0 13.7 8.0 11.8 28.0 
27 19.6 15.7 11.8 5.9 66.7 72.5 2 5.6 0 .0 
28 0 .0 2 .0 5.9 5.9 54.9 19.6 37.3 74.5 
29 5.9 3.9 62.7 70.6 0 .0 29.4 23.5 2 2.0 
30 2 7.8 4 3.9 24 51.0 2 2.0 68 35.3 
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Table 6.14. Percentag 
The bold 

es of the wron£ 
bnt indicates t 

; and correct choices by item for all students, 
le correct choice. 

Item 
No 

A B c D E Item 
No Pre Post Pre Post Pre Post Pre Post Pre Post 

1 13.9 7.5 5.8 4.5 70.1 78.2 6 6.8 3.6 3.0 
2 32.8 31.1 16.8 21.2 10.9 12.1 32.1 25.8 7.3 9.8 
3 22.8 34.6 21.8 12.8 46.3 44.4 2.9 .8 6.6 7.5 
4 52.6 33.1 0 .0 0 .0 .7 .8 46.7 66.2 
5 15.3 12.8 5.8 18.8 46.7 29.3 21.2 25.6 10.9 13.5 
6 40.9 19.5 56.9 75.9 1.5 3.0 .7 .8 0 .8 
7 30.7 16.5 46.7 71.4 9.5 4.5 2.5 1.5 10.2 6.0 
8 17.5 10.6 53.3 56.8 .7 15.6 7.3 15.9 21.2 16.7 
9 2.9 3.8 28.5 25.6 24.1 27.1 9.5 3.8 35 39.8 
10 50.4 57.6 10.9 7.6 5.1 6.8 24.8 22.7 8.8 5.3 
11 10.2 5.3 19.7 12.9 46 40.2 21.2 37.9 2.9 3.8 
12 1.5 .0 54 72.5 36.5 22.1 5.1 4.6 2.9 .8 
13 13.2 15.2 30.1 20.5 39.7 28.8 16.9 34.8 0 .8 
14 39.7 24.2 13.2 18.9 16.2 15.2 30.9 41.7 0 .0 
15 50 67.4 5.1 5.3 44.1 26.5 .7 .8 0 .0 
16 62.5 78.8 7.4 1.5 26.5 16.7 2.2 1.5 1.5 1.5 
17 72.3 64.4 11.7 19.7 1.5 1.5 12.4 11.4 2.2 3.0 
18 2.2 4.5 10.9 33.3 21.9 4.5 42.3 36.4 22.6 21.2 
19 10.2 11.4 1.5 1.5 7.3 6.1 46 46.2 35 34.8 
20 16.2 11.5 4.4 6.1 41.9 35.1 33.1 43.5 4.4 3.8 
21 7.3 7.7 19.7 8.5 40.1 25.4 8 16.9 24 41.5 
22 35.8 26.7 36.5 45.0 0 3.1 27 22.9 .7 2.3 
23 19.9 11.7 33.1 52.3 20.6 12.5 26.5 19.5 0 3.9 
24 65 74.8 2.2 .8 26.3 13.7 0 3.1 6.6 7.6 
25 10.9 2.3 12.4 14.5 8 15.3 51.1 48.1 17.5 19.8 
26 48.9 47.7 16.8 14.6 2.2 1.5 19 16.2 13.1 20.0 
27 17.5 15.3 19.7 17.6 58.4 61.8 3.6 4.6 .7 .8 
28 .7 .8 2.2 1.5 4.4 3.8 43.1 25.2 49.6 68.7 
29 12.5 4.6 63.2 70.8 .7 .8 20.6 22.3 2.9 1.5 
30 .7 4.6 5.9 5.4 21.5 39.2 .7 2.3 71.1 48.5 
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If a particular distracter (alternative) is chosen by a low percentage of students, 

this shows that the distracter is not a plausible one. Such an analysis was done for all 

items of the conceptual test. The alternatives chosen by less than 5% of students in all 

groups are listed in Table 6.15. 

Table 6.15. List of items with alternatives chosen 
by less than 5% of the students. 

Item No. Alternatives 
4 B, C, D 
6 C, D, 11 
7 C, D, Ei 
8 C 
12 A, E 
13 E 
15 D, E 
16 E 
18 A 
19 B 
22 C,E 
23 E 
24 D 
26 C 
27 E 
28 A 
29 C,E 
30 A, D 

Theoretically, the good questions are those for which students have selected all 

answer choices equally. However, it should be noted that in the Force Concept Inventory 

the distracters reflect students' misconceptions reflected in the literature. Therefore, it is 

expected that some distracters be plausible to only a few percentage of students. 

A comparison between three groups answering different questions of the 

conceptual test shows the similarity of students' preconceptions from different groups. 

For example, disregarding the correct choice in the first item, the majority of students 

who incorrectly answering this question chose the choice (A), the same is true about 
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items 2, 4, 6, 7, 11, 12, 14, 15, 16, 17, 19, 20, 21, 24, 25, 26, 28, and 30. Even in other 

cases, some similarity in students' answers to the pretest is observed which indicates the 

similarity in students' preconceptions. 

An important question is whether there is a pattern in items most affected by each 

teaching method. Table 6.16 shows the differential effectiveness of the instruction on 

each item. The bold numbers show the items that have the largest increase from pretest to 

posttest in each group. The negative numbers show that the instruction probably has had 

a negative effect on students' correct answer to a particular item. This table shows the 

items which are more effected by each instructional method. For example, it is observed 

that the conventional instruction (Group 1) had its greatest effect on items 6,7, and 8. The 

Radical Constructive approach (Group 2) had its greatest effect on items 4, 21, and 28. 

The Inventive Model had its greatest effect on items 11, 12, 13, 28, and 30. 



Table 6.16. Differential e Tectiveness of each teaching method by item. 
Item 
No 

Control 
Difference 

Constructive 
Difference 

Inventive 
Difference 

Total 
Difference 

1 -6.5 17.9 13.7 8.1 

2 -11.6 7.7 .0 -1.7 

3 -16.6 -18.0 22.7 -1.9 

4 4.8 28.5 19.6 19.5 

5 14.2 13.1 11.8 13.0 

6 25.1 15.4 15.7 19.0 

7 49.0 15.4 9.8 24.7 

8 26.0 -19.4 .0 3.5 

9 5.5 -10.2 15.7 4.8 

10 .5 7.7 12.9 7.2 

11 9.2 7.7 30.5 16.7 

12 11.7 14.5 27.2 18.5 

13 6.3 15.2 30.5 17.9 

14 5.8 12.4 13.7 10.8 

15 13.7 27.5 13.7 17.4 

16 4.1 21.8 23.6 16.3 

17 -.1 7.7 15.7 8.0 

18 18.2 23.0 25.5 22.4 

19 -9.3 2.6 5.9 -.2 

20 18.4 5.1 9.1 10.4 

21 -3.0 29.7 23.6 17.5 

22 14.8 -18.0 23.5 8.5 

23 16.0 26.2 17.0 19.2 

24 8.2 5.1 15.6 9.8 

25 10.3 -5.1 13.8 7.3 

26 9.2 -7.7 16.2 6.9 

27 -15.1 -2.5 5.8 3.4 

28 -7.7 28.2 37.2 19.1 

29 14.8 1.1 7.9 7.6 

30 4.8 20.3 27.0 17.7 
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Analysis of Variance 

In this part students' scores on pretest and posttest in each group are compared to 

test the first three hypothesis of this project listed in chapter 5. 

Students' scores on the pre and post physics tests are presented in Table 6.14. All 

scores are computed out of 100. The pretest is comprised of two sub-tests; the knowledge 

pretest (PreKnow) and the conceptual pretest (PreCon). The posttest is also comprised of 

two sub-tests; the knowledge posttest (PostKnow) and the conceptual posttest (PostCon). 

The combined score (the score on the knowledge test plus the score on the conceptual test 

divided by two) of the two sub-tests in the pretest is labeled PreCom in this table. The 

combined score (the score on the knowledge test plus the score on the conceptual test 

divided by two) of the two sub-tests in the pretest is labeled PostCom in this table. The 

differences between the pretest and posttest of the knowledge test, the conceptual sub

test, and the combined test are kibeled KnowDiff, ConDiff, and ComDiff respectively. 

Table 6.17 shows the mean scores of the whole sample (disregarding different 

experimental groups and the control group) on pretests and posttests. For example, the 

table shows that for the knowledge sub-test the increase from pretest and posttest is 4.25 

and for the conceptual test it is 11.64 and for the combined score it is 7.86. 

Table 6.18 shows the same scores categorized by groups. The highest increase on 

the knowledge test scores is observed the Inventive Model group. The highest increase on 

the conceptual test scores is also observed in the Inventive Model group. The highest 

overall increase (combination of the Knowledge test and the conceptual test) is also 

observed in the Inventive Model group. 
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Table 6.17. Descriptive anialysis of knowledge and 
conceptual pre/post tests 

N Minimum Maximum Mean SD 
1 Pre Know 135 25.81 90.32 62.87 13.52 
2 PostKnow 133 32.26 93.55 67.86 10.16 
3 KnowDiff 129 -22.58 35.48 4.25 10.39 

4 PreCon 137 13.33 80.00 38.27 14.70 
5 PostCon 133 10.00 90.00 50.35 17.8) 
6 ConDiff 130 -16.67 56.67 11.64 11.11 

7 PreCom 135 21.31 78.69 50.65 11.67 
8 PostCom 133 31.15 85.25 59.25 11.71 
9 ComDiff 129 -16.39 26.23 7.87 7.69 
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Table 6.18. Descriptive analysis of knowledge and conceptual 
pre/post tests by group. 

N Minimum Maximum Mean SD 
Group 1 

1 PreKnow 45 32.26 90.32 67.03 10.92 
2 PostKnow 43 54.84 93.55 71.57 8.71 
3 KnowDiff 42 -12.90 35.48 3.76 9.20 

4 PreCon 47 13.33 80.00 40.92 16.18 
5 PostCon 43 10.00 90.00 50.23 19.40 
6 ConDiff 43 -13.33 56.67 9.15 12.68 

7 PreCoim 45 27.87 78.69 53.88 11.20 
8 PostCom 43 32.79 85.25 61.08 12.05 
9 ComDiff 42 -9.84 24.59 6.32 7.57 

Group 2 
1 PreKnow 39 32.26 90.32 63.61 15.33 
2 PostKnow 39 32.26 87.10 66.42 11.65 
3 KnowDiff 39 -22.58 29.03 2.81 10.26 

4 PreCon 39 20.00 70.00 34.44 12.64 
5 PostCon 39 13.33 80.00 43.68 17.08 
6 ConDiff 39 -16.67 26.67 9.23 10.41 

7 PreCom 39 26.23 77.05 49.26 12.01 
8 PostCom 39 31.15 80.33 55.23 12.88 
9 ComDiff 39 -16.39 26.23 5.97 8.29 

Group 3 
1 PreKnow 51 25.81 80.65 58.63 13.12 
2 PostKnow 51 45.16 87.10 65.84 9.38 
3 KnowDiff 48 -12.90 29.03 5.85 11.42 

4 PreCon 51 16.67 73.33 38.76 14.41 
5 PostCon 51 26.67 90.00 55.56 15.36 
6 ConDift 48 .00 40.00 15.83 8.87 

7 PreCom 51 21.31 70.49 48.86 11.45 
8 PostCom 51 40.98 78.69 60.78 9.82 
9 ComDiff 48 -3.28 22.95 10.76 6.48 
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Table 6.19 shows the correlation between the two sub-tests of the pretest and 

those of the posttest. The correlations between the knowledge test and the conceptual test 

is (.39, and .38 for the pretest and posttest respectively). However, the correlation 

between the pretest and posttests are higher (.78 and .61 for the conceptual and the 

knowledge test respectively). This shows the higher reliability of the conceptual test. 

Table 6.19. Correlation coefficient between the knowledge and conceptual 
pre/post tests. 

PreKnow PostKnow PreCon PostCon PreCom PostCon 
PreKnow 1.00 .611 .390 .337 .827 .524 
PostKnow .611 1.00 .343 .376 .576 .722 
PreCon .390 .343 1.00 .782 .840 .738 
PostCon .337 .376 .782 1.00 .688 .913 
PreCom .827 .576 .840 .688 1.00 .770 
PostCom .524 .722 .738 .913 .770 1.00 
N 129 133 130 133 129 133 

An important question is 'to what extent have students in each group been 

positively or negatively affected by each instructional approach?' The students' progress 

as a result of each instructional approach is presented in Table 6.20. This table shows the 

amount of increase or decrease in each test (Knowledge, Conceptual, and Combined) and 

for each group (Group 1, Group2, Group 3, and the whole sample). For example, the 

number 19 in the first row, shows that 19% of students in the control group have been 

negatively affected in the knowledge test after the instruction. This Table shows that 

regardless of the instructional method, dramatic changes (more than 40%) are rarely 

observed in this study. Furthermore, the most cases of negative effect are observed in 

knowledge test for the Radical Constructive group, and in the conceptual test for the 

control group. An explanation of the negative effects of the instruction is presented in 

chapter 7. 
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Table 6.20. The amount of change 
(knowledge and conce 

from pretest to posttest 
ptual) by group. 

Test Change Group 
1 

Group 
2 

Group 
3 

Whole 

Knowledge score % % % % 
-23 To .00 19.0 33.3 20.8 24.0 
.00 11.9 25.6 10.4 15.5 
1 To 10 54.8 23.1 43.8 41.1 
11 To 20 11.9 12.8 10.4 11.6 
21 To 30 0 5.1 14.6 7.0 
30 To 40 2.4 0 0 .8 

Conceptual 
-23 To .00 23.8 13.9 0 12.1 
.00 7.1 13.9 2.2 7.3 
1 To 10 28.6 33.3 30.4 30.6 
11 To 20 33.3 19.4 45.7 33.9 
21 To 30 4.8 19.4 19.6 14.5 
30 To 40 0 00 2.2 .8 
More than 40 2.4 0 0 .8 

Combined 
-23 To .00 14.3 17.9 4.2 11.6 
.00 9.5 10.3 8.3 9.3 
1 To 10 47.6 46.2 29.2 40.3 
11 To 20 23.8 20.5 54.2 34.1 
21 To 30 4.8 5.1 4.2 4.7 

The other important question is whether these differences are statistically 

significant? According to Table 6.21 the pretest and posttest scores and also the 

knowledge test and the conceptual test are highly correlated. Therefore, an analysis of 

variance for repeated measures was used to test the hypotheses. 

Two analyses were done. The first analysis was a two-way (one between and one 

within) analysis of variance for repeated measure. This analysis does not test any 

hypothesis listed in chapter 5. However it might be interesting to test if there is an overall 

difference between groups. The combined scores (Knowledge + Conceptual) on pretest 

and posttest were used as independent variables. And the method of instruction (Groups 

1, 2, and 3) was used as the independent variable. The results of this analysis are 

presented in Table 6.19. 
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Table 6.21 shows that the difference between pretest and posttest (Time) is 

significant, and that there is an interaction effect between the Time and the teaching 

method (Group). 

Therefore, in general, the difference between the pretest and posttest scores on the 

combined score is significant. However, this effect is confounded by the interaction 

effect, indicating that the difference between the pretest and posttest on the combined 

score is only significant for the Inventive Model group (Table 6.22). This analysis is 

depicted in Figure 6.1. 

Table 6.21. Two-way ANOVA for repeated measures 
(Time by Group). 

Source Sum of 
Squares 

IS;
 

Mean 
Square 

F P 

TIME 7559.560 1 7559.560 137.379 .000 
TIME * 
GROUP 

641.844 2 320.922 5.832 .004 

Error(TIME) 6933.431 126 55.027 

Table 6.22. Testing the difference between pretest and posttest for each 
group (Combined scores). Bo d indicates significance. 

Mean Std. Error 95% Confidence Interval 
GROUP TIME Lower Bound Upper Bound 
1.00 l 54.294 1.690 50.948 57.639 

2 60.617 1.754 57.145 64.089 
2.00 1 49.264 1.754 45.793 52.736 

2 55.233 1.821 51.630 58.836 
3.00 1 49.898 1.581 46.769 53.027 

2 60.656 1.641 57.408 63.904 
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Figure 6.1. Difference between pretest and posttest on combined scores. 

The results of a post hoc univariate analysis (Scheffe) is presented in Table 6.23. 

This analysis shows that there is no significant differences in students combined scores 

(Knowledge + Conceptual) on the pretest between the three groups. This analysis also 

shows that there is no significant differences in students combined scores (Knowledge + 

Conceptual) on the posttest between the three groups. 
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Table 6.23. Post Hoc analysis of differences between groups on 
jretest and posttest (Combined Scores). 

Dependent 
Variable 

(I) GROUP (J) GROUP Mean 
Difference 

(I-J) 

Std. Error P 

TOTPRE 1.00 2.00 5.0291 2.436 .123 
3.00 4.3960 2.315 .169 

2.00 1.00 -5.0291 2.436 .123 
3.00 -.6331 2.362 .965 

3.00 1.00 -4.3960 2.315 .169 
2.00 .6331 2.362 .965 

TOTPOST 1.00 2.00 5.3834 2.528 .108 
3.00 -.039032 2.402 1.000 

2.00 1.00 -5.3834 2.528 .108 
3.00 -5.4224 2.451 .091 

3.00 1.00 .03903 2.402 1.000 
2.00 5.4224 2.451 .091 

The second analysis was a three-way "one between and two within factors" 

analysis of variance for repeated measure. The goal of this analysis was to test the first 

hypothesis of this project. The result of this analysis is presented in Table 6.24 & 6.25. 

The between factor (group factor) in this analysis is the differences between three 

methods of teaching. The within factors in this analysis are the Time (the difference 

between the pretest and the posttest) and Kind (the difference between the knowledge test 

and the conceptual test). Table 6.24 shows that the main factor (Time) is significant for 

both the knowledge test and the conceptual test. Also the interaction effect (Time * 

Group) is significant for the conceptual test. Table 6.22 shows that the between groups 

factor is also significant. Therefore, some post hoc univariate analyses of variance 

(Scheffe) were conducted to locate the exact differences. The results of the post hoc 

univariate analyses are presented in Table 6.26. 
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Table 6.24. Three-way ANOVA for n jpeated measures , (Time by Group by Kind). 
Source Kind Time Sum of 

Squares 
df Mean 

Square 
F P 

TIME Knowledge Pre vs Post 2195.630 1 2195.630 20.333 .000 
Conceptual Pre vs Post 16478.903 1 16478.903 142.988 J300 

TIME* 
GROUP 

Knowledge Pre vs Post 212.947 2 106.473 .986 .376 

Conceptual Pre vs Post 1370.025 2 685.013 5.944 .003 
Error(TTME) Knowledge Pre vs Post 13605.669 126 107.982 

Conceptual Pre vs Post 14521.103 126 115.247 

Table 6.25. Group effects by pretest and posttest. 
Sum of 
Squares 

di Mean 
Square 

F P 

Intercept Pretest 555445.137 1 555445.137 5581.048 .000 
Posttest 245256.540 1 245256.540 1136.822 .000 

GROUP Pretest 1074.901 2 537.451 5.400 .006 
Posttest 1543.442 2 771.721 3.577 .031 

Error Pretest 12539.954 126 99.523 
Posttest 27183.087 126 215.739 
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Table 6. 26. The Post Hoc analysis of differences between groups by pre/post tests. 
(Scheffe) Bold indicates significance.  

Dependent 
Variable 

(I) GROUP (J) GROUP Mean 
Difference 

(I-J) 

Std. Error P 

KNOWPRE 1.00 2.00 4.2125 2.765 .317 
3.00 7.8725 2.628 .013 

2.00 1.00 -4.2125 2.765 .317 
3.00 3.6600 2.681 .396 

3.00 1.00 -7.8725 2.628 .013 
2.00 -3.6600 2.681 .396 

KNOWPOST 1.00 2.00 5.1637 2.206 .068 
3.00 5.7892 2.096 .025 

2.00 1.00 -5.1637 2.206 .068 
3.00 .6255 2.138 .958 

3.00 1.00 -5.7892 2.096 .025 
2.00 -.6255 2.138 .958 

CONPRE 1.00 2.00 5.8730 3.159 .182 
3.00 .8036 3.001 .965 

2.00 1.00 -5.8730 3.159 .182 
3.00 -5.0694 3.062 .258 

3.00 1.00 -.8036 3.001 .965 
2.00 5.0694 3.062 .258 

CONPOST 1.00 2.00 5.6105 3.769 .333 
3.00 -6.0615 3.581 .243 

2.00 1.00 -5.6105 3.769 .333 
3.00 -11.6720 3.654 .007 

3.00 1.00 6.0615 3.581 .243 
2.00 11.6720 3.654 .007 

Table 6.26 shows that in terms of group differences, only three differences were 

significant. First, the difference between the control group and the Inventive Model group 

on knowledge pretest. The control group scored significantly higher on this pretest. 

Second the difference between the control group and the Inventive Model group on the 

knowledge posttest. Again the control group scored significantly higher than the 

Inventive Model group on this posttest. Third, the difference between the Radical 

Constructive group and the Inventive Model group on the conceptual posttest. The 

Inventive Model group scored significantly higher than the Radical Constructive group 

on this posttest. 
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Table 6.27 shows that in terms of the differences between the pretest and posttest 

only for the Inventive Model group on the conceptual test was the difference significant. 

Therefore, on the conceptual test and only for the third group is there a significant 

difference between the pretest and posttest. 

Table 6. 27. The Post Hoc analysis 
posttest (Scheffe). Bo 

of differences between pretest and 
d indicates significance. 

Kind of test Group Mean Std. Error 95% Confidence Interval 

Lower Bound Upper Bound 
Knowledge 1 Pretest 67.819 1.919 64.021 71.616 

Posttest 71.582 1.531 68.553 74.611 
2. Pretest 63.606 1.991 59.666 67.547 

Posttest 66.419 1.588 63.275 69.562 
3 Pretest 59.946 1.795 56.394 63.498 

Posttest 65.793 1.432 62.960 68.626 
Conceptual 1 Pretest 40.317 2.192 35.980 44.655 

Posttest 49.286 2.615 44.110 54.462 
2 Pretest 34.444 2.275 29.943 38.946 

Posttest 43.675 2.714 38.304 49.047 
3 Pretest 39.514 2.050 35.456 43.571 

Posttest 55.347 2.447 50.506 60.189 

The results of the post hoc analysis of differences between pretest and posttest 

presented in Table 6.27, are depicted in Figures 6.2 - 6.4. 



169 

80 

60 

40 

20 

0 

•-67^82 71.58 

W-40T32 
—m 49.29 -•— Knowledge 

-•—Conceptual 

; , i , i / i j 

P re-test Post-test 

Figure 6. 2. Mean differences between pretest and posttest for the control group. 

70 
60 
50 
40 
30 
20 
10 
0 

• .oas? 

•~3C34~~ 

W 3 2 

,„—5 43.68 -•— Knowledge 

•a—Conceptual 

P re-test Post-test 

Figure 6. 3. Mean differences between pretest and posttest for the Radical 
Constructive group. 
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Figure 6.4. Mean differences between pretest and posttest for the Inventive Model. 

Students' Interactions with the Software 

Originally it was the author's intention to compare qualitatively students' 

interactions with the two versions of the software. Unfortunately, students' log files from 

the first experimerital group (the Radical Constructive approach) were not saved properly. 

Therefore, only the records of the Inventive Model were available for a qualitative 

analysis. 

This version has five parts. In the first part, a brief summary of the three concepts 

of speed, velocity, and acceleration is presented. Also, students' conceptual learning of 

these three concepts is evaluated. As it was mentioned earlier, it was assumed that 

students had already learned these concepts in their classroom. However, students' log 

files showed that only 4% of students had conceptually learned the difference between 

two concepts of velocity and acceleration. Also the data indicated that only 14% of 

students had learned the difference between two concepts of speed and velocity. 
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The second part of the software is a diagnostic test. The purpose here is to provide 

further instruction based on students' answers to diagnostic questions. Three sets of 

questions are presented, each set is devoted to one of the three laws of motion. Students' 

log files showed that students' prior-knowledge in three laws of motion were correlated. 

The correlation between students' scores on the first law and on the second law was .36, 

between first law and third law .63, and between second law and third law .39. 

Analysis of students log files also showed that 80% of students visited all. pages 

assigned to them. These results also showed that 70% of students answered all questions 

assigned to them. However, further investigation showed that only 15% of students used 

the Help or Hint buttons at least once during their interaction. 

In order to evaluate how students interacted seriously with the program the 

expected minimum response time was compared with the observed response time. This 

analysis showed that only 10% of students answered the assigned questions in a time 

shorter than the minimum expected time (100 minutes). 

In order to compare the effectiveness of two kinds of questions (multiple choice 

vs text entry), the score on these two kinds of questions were analyzed separately. The 

results showed two things. First, the percentage of correct answers was higher for 

multiple choice questions than the short answer questions for most of the students ( 

average of 40% for multiple choice versus 10% for short answer). However, the elapsed 

times to answer short answer questions were longer than those of multiple choice 

questions (average of 10 seconds for multiple choice versus 45 seconds for short answer). 

The other findings of students' log files analysis was that long introductions in 

text format were ignored by more than 70% of students. This was evident from the fact 
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that the elapsed time to read those particular pages was considerably shorter than what 

was expected. The same was true about long feedback. However, it was observed that 

almost all students listened to the relatively long narration attached to the texts, graphics, 

animations and videos. 

Finally, observations indicated that only questions (number 4 in part 1, number 46 

in part 4, and number 12 in part 5) were not clear and as a result many students raised 

their hands for more explanations. 

Summary of the Results 

The results showed that the control group scored significantly higher on the 

knowledge pretest than the Inventive Model group. However, the Inventive Model group 

scored significantly higher than the Radical Constructive group on the conceptual 

posttest. The control group scored significantly higher than the Inventive Model group on 

the Knowledge posttest. 

Regarding the combined scores there were no significant differences between 

groups on the pretest and posttest. 

Comparison of students' scores on pretest and posttest for each group, and for 

each test showed that in all groups the scores on the posttest were higher than the scores 

on the pretest. However, only in one case (the difference between conceptual posttest and 

conceptual pretest for the Inventive Model) was the difference significant. 

The comparison of students' scores on the knowledge test and the conceptual test 

showed that the conceptual test was much more difficult than the knowledge test both 

before and after the instruction. On the other hand, the results showed that the difference 
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between pretest and posttest was higher on the conceptual test than on the knowledge test 

for all three groups. This comparison also showed that: the increase from pretest and 

posttest on the knowledge test was highest for the Inventive Model group and lowest for 

the Radical Constructive group. This comparison also showed that the increase from 

pretest and posttest on the conceptual test was highest for the Inventive Model group and 

lowest for the control group. 

The effectiveness of each teaching method on individual items was also 

considered in this study. In summary, the results showed that the Inventive Model had 

positive effects on almost all items of the conceptual test. However, the Radical 

Constructive approach had different effects on different items. It was also observed that 

the Radical Constructive approach and the conventional instruction had negative effects 

on some conceptual items. 

The CSA results showed no significant relationship between the two dimensions 

of the cognitive style and students' scores on the pretest and posttest. The results of the 

analysis of variance on the Coginitive Styles also showed no significant differences 

among groups. 

Finally, the analysis of students' log files showed that most of students had visited 

most of their assigned pages and had answered most of their assigned questions. 

However, their first answers to most questions were mainly incorrect. The results also 

showed that students spent more time on answering short answer questions than the 

multiple choice ones. Also the "Hint and Help" buttons were rarely used by students. 
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CHAPTER 7 

CONCLUSIONS AND DISCUSSION 

First Hypothesis (Inventive Model vs Radical Constructivism) 

The primary hypothesis tested in this study was that the teaching method, based on 

the Inventive Model will result in higher scores in conceptual understanding than both the 

teaching method based on radical costructivism and the conventional physics instruction. 

This hypothesis was developed based on the critiques of the traditional instruction 

and of radical constructivism discussed in chapter 2. It was argued that 

students'misconceptions are deeply seated and likely to remain after the traditional 

instruction. Many researchers in physics education have concluded that traditional 

teaching, even when delivered by the most talented and popular instructors, imparts little 

conceptual understanding of Newtonian mechanics. (Hake, 1998) 

On the other hand, the radical constructivist teaching warns the teacher against 

giving any clue to the students to get close to the solution. A question was raised by the 

critics about how long the teacher should wait seeking harmony between scientific and 

children's conceptions. 

According to the Inventive Model, students usually do not know what is 

important and many students lack the intrinsic motivation to undertake and complete 

schoolwork on their own. Therefore, advance organizers, conflict induction, multiple 

presentation, and corrective feedback are the four main features of the Inventive Model. 

In this project two different multimedia software physics programs were 

compared with each other and with a control group instructed by the traditional method. 
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The results showed that although before instruction there was no significant difference 

between the Radical Constructivist group and the Inventive Model group, after 

instruction the Inventive Model scored significantly higher than the Radical Constructive 

group on the conceptual test. It should be noted however, that each teaching method may 

have many worthwhile objectives and outcomes not measured by the conceptual test 

(FCI). 

The Inventive Model was more effective than the Radical Constructivist approach 

on the conceptual test and its effectiveness was clearly different. As shown in chapter 6, 

the Inventive Model had a more uniform effect on all items than the Radical 

Constructivist approach. Therefore, the differences between the Inventive Model and the 

Radical Constructivism were not only quantitative but also qualitative. 

The conceptual test used in this study (FCI) is composed of six dimensions. 

According to the authors of the test all six dimensions are required for the complete 

concept. They contend that Newtonian mechanics is a coherent conceptual system. It is 

concluded, therefore, that the Inventive Model provides a more coherent conception of 

Newtonian mechanics than the Radical Constructivist approach. 

Hestenes, Wells, Swackhamer, (1992) warn the teacher against a piecemeal 

approach directed at each misconception separately. They used a "modeling method" to 

teach Newton's laws of motion. Accordingly, they aim at teaching the unitary concept of 

force with all six of its major components. 

They are right that direct teaching aimed at each misconception at a time might 

not be successful. In the present study, however, both experimental groups used a 

piecemeal approach directed at each law of motion separately. The results were different 



for different groups. Aiming at each "law" of motion separately was not a problem in the 

Inventive Model. Accordingly, targeting each "misconception" separately might not be a 

problem either. However, direct teaching aimed at each misconception separately is not 

expected to be effective. 

In the Radical Constructivist group seven items (items, 3, 8, 9, 22, 26, 27, and 

28) were negatively affected by the instruction. That is the percentage of correct answers 

to these items decreased after the instruction. Therefore, not only did the radical 

constructivist approach not lead to a significant change in conceptual understanding, it 

also probably had a negative effect on some items of the conceptual test. On the other 

hand, the Inventive Model did not have a negative effect on any item of the conceptual 

test. 

What has caused a group of students to select the wrong answers in the posttest 

although they chose the correct ones in the pretest? It is not easy to answer this question. 

Mazur (1997) measured students' level of confidence in answering each question. For 

example, if students chose alternative B as the answer to the first question he asked them 

how confident (a degree between 1-5) they felt with their answer. In that case one could 

easily answer this question. Theoretically, if someone is not very confident with his/her 

answer in the posttest he/she may change his answer due to the doubts induced by the 

instruction. 

Therefore, one reason that students did worse on some posttest questions in the 

Radical Constructivist group could be that this method did not increase their level of 

confidence. As discussed in Chapter 2 pure discovery approach and radical 
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constructivism warn teachers against giving a clue to students to solve a problem. 

Frustration and loss of confidence might result as a result of this approach. 

Regarding the fact that the only instructional difference between the constructive 

group and the Inventive Model group was the presence of some advance organizers and 

corrective feedback, the difference in their effectiveness could be attributed to only one, 

or both, of these differences. 

It is not clear from the results that the difference in the effectiveness of the 

Inventive Model and the radical constructivism is due to the presence of the advance 

organizers or the corrective feedback in the Inventive Model. However, theoretically both 

factors are important. 

One possible conclusion is that radical constructivism could be enhanced by 

giving students corrective and supportive feedback. The other possibility is that if 

students are not introduced to the content to be learned by using advance organizers or 

some analogies, the teaching might not be very effective. 

Comparison with Other Studies 

An important issue is the comparison of the results of this study with other studies 

in the field using the same pretest and posttest, but other methods of instruction. This 

comparison is explained in three different ways. 

1. In 1992, Hake (1998) requested researchers in the field to send pre/post Force 

Concept Inventory data of their studies to him. In this way the data on 6542 high school 

and university students were reported to him. He reviewed the results of 62 studies in the 
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field where 14 of them had used the traditional approach of teaching and the other 48 had 

used methods that are called "Interactive Engagement" (IE). He defines the (IE) methods 

as those designed to promote conceptual understanding through interactive engagement 

of students in heads-on/minds-on (always) and hands-on (usually) activities which yield 

immediate feedback through discussion with peers and/or instructors, all as judged by 

their literature descriptions. Therefore, according to this definition, the Inventive Model 

could also be called an Interactive Engagement approach. 

Hake (1998) suggests that while the random guessing score for a five-alternative 

multiple choice test is 20%, some students may score below the random guessing level 

because of the very powerful distracters in FCI. 

The results of his analysis showed that of 62 studies using the FCI as their pretest, 

only five studies (8%) reported a mean of higher than 60 and no high school mean was 

above 50. He observed that the posttest means and the amount of gain (posttest-pretest) 

for each study are negatively correlated (r=-.49). This suggests the higher the mean score 

on pretest the less gain expected due to the instruction. He also observed that the posttests 

and pretests are positively correlated (r=.55). Therefore, to compare the amount of gain in 

different studies, an index is needed that is independent of the means on pretests. He used 

"averaged normalized gain" for this purpose. Average normalized gain (g) is defined as 

the ratio of the actual average gain (G = posttest-pretest) to the maximum possible 

average gain (GmXK - 100-pretest). That is, g = G / Gmax 

He classifies g as high, if g is greater than .7, medium if g is between .3 and .7, 

and low if g is less than .3. His review showed that of 62 studies, 14 (22%) resulted in a 



low gain (g = .23 ± .04), 48 (78%) resulted in a medium gain (g = .48 ±. . 14), and no 

studies resulted in a high gain. 

According to this classification the averaged normalized gains obtained in the 

present study are all low (.15, .14, and .26 for Groups 1, 2, and 3). However, it should be 

noted that as contended by himself, Hake's (1998) mode of data solicitation tends to pre

select results which are biased in favor of outstanding courses which show relatively high 

gains on the FCI. In other words, relatively low gains are usually neither published nor 

communicated. Also it is important to note that according to Hake (1998) the fraction of 

the total class time devoted to mechanics and dynamics in the above studies was 23%. 

This means that the above reported gains are due to more than 30 hours of instruction in 

Newton's laws of motion and the related topics. While in the present study the 

experimental groups received three hours of computerized instruction each, and the 

control group received 16 hours of instruction. 

It is concluded that although the mean scores of students in this study on FCI 

pretest is comparable with the mean scores of American high schools reviewed by Hake 

(1998), the average normalized gain score due to instruction is lower in this study. 

2. In another case, Mazur (1997) reported the results of four of his studies using 

the FCI as the pretest and posttest. The actual gain (posttest-pretest) was reported 14%, 

16% , 18%, and 21% for three subsequent years 1991, 1993, 1994, and 1995. He used a 

new and effective method of teaching called "Peer Instruction" in his studies. The 

reported gains are due to two months of instruction in a first-year university physics at 

Harvard University. 
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Comparing the 15.83% actual gain in the present study as a result of the Inventive 

Model, with Mazur's reported gains apparently shows that 3 hours of Inventive Model 

has resulted in similar gains as a two-months "Peer Instruction" method. However, higher 

gains are generally expected when the pretest scores are low. For a more accurate 

comparison, averaged normalized gain should be used as suggested by Hake (1998). In 

Mazur's (1997) study the pretest means were 71, 70, 70, and 67 respectively. Therefore, 

the normalized average gains in his study are .48, .53, .60, .64 which are almost twice as 

much as one obtained in this study (g =.26). 

3. In another study Hestenes and Wells (1992b) reported that students who scored 

below 60% on FCI also scored below 60% on the Mechanics Baseline Test, and only 

students who scored above 80% on the FCI were able to score above 80% on the Baseline 

test. Therefore, they suggested the score of 60% as the "conceptual threshold" for 

problem solving and the score of 80% as the "threshold" for mastery of basic Newtonian 

thinking. The concept of threshold, although challenged by some researchers (Heller, 

Huffman, 1995) is now being used to evaluate the effectiveness of instruction for 

Newton's laws of motion. 

According to this classification students who score below 60% in FCI do not have 

a coherent Newtonian force concept. Those who score between 60% and 85% have 

developed a fairly coherent universal force concept. Finally, those who score above 85% 

on the FCI are "confirmed Newtonian thinkers" Hestenes and Haloun, (1995, p.6). 

The results of the present study showed that in the Inventive Model group, only 

8.4% of students score higher than 60 on pretest, while 41.3% of student scored higher 
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than 60% on the posttest. No one in the Inventive Model group scored higher than 85% 

on the pretest and only 2% scored higher than 85% on the posttest. 

In the Radical Constructivist group, 2.6% of students scored higher than 60% on 

pretest and 12.9% scored higher than 60% on the posttest. No one in this group scored 

higher than 85% on either the pretest or the posttest. Therefore, the constructivist 

approach has helped only 10% of students to develop a fairly coherent concept of force 

and helped no one to become a "confirmed Newtonian thinker". 

In the control group, 19.1% of students scored higher than 60% and no one scored 

higher than 85% on pretest. On the posttest, however, 23.2% scored higher than 60% and 

only 9.3% scored higher than 85%. Therefore, the classroom teaching has helped about 

7% of students to become "confirmed Newtonian thinkers". This is despite the common 

belief that conventional instruction is not effective in conceptual learning. 

Based on Hestenes and Wells' (1992b) classifications, the 3-hours software 

program based on the Inventive Model helped 33% of the students to develop a fairly 

coherent universal force concept. However, it helped only 2% of the students to become 

"confirmed Newtonian thinkers". 

Second Hypothesis (Radical Constructivism vs Conventional Instruction) 

According to the second hypothesis, it was predicted that the instruction based on 

the radical constructivism would result in higher scores than the control group on the 

conceptual test. The results showed that difference between Radical Constructivist group 

and the Inventive Model group was not significant on the conceptual test. 
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However, the rejection of this hypothesis may be partly due to the fact that the 

control group received 16 hours of instruction on Newton's laws of motion while the 

experimental groups received 3 hours of instruction each. Also, the time interval between 

pretest and posttest was 1 month for the control group while it was only two days for 

Radical Constructivist group. Furthermore, this hypothesis was based on the assumption 

that students in the experimental groups had already learned the three concepts of speed, 

velocity, and acceleration. It was also assumed that students in the control groups had 

already learned the concept of vectors and vector addition. However, the analysis of 

students answers to items related to these concepts and also the analysis group 3 student's 

log files showed that these assumptions were wrong. 

On the other hand, the analysis of students' answers to the conceptual test 

questions and to the computerized questions showed that these concepts play a critical 

role in students learning of Newton's laws of motion. Students who correctly answered 

the questions related to the distinction between speed and acceleration generally scored 

higher on their overall scores. Other studies have also supported this argument (e.g., 

Trowbridge, D. E., and McDermott, L. C , 1980). 

While there was a section in the Inventive Model version of the software on the 

concepts of speed, velocity, and acceleration it provides just a summary for what was 

assumed to have already been learned in their classroom. Clearly in future work on the 

software another section should be added to the software to teach conceptually the 

concepts of speed, velocity, and acceleration. 
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Third Hypothesis (Group Differences on the Knowledge Test) 

The third hypothesis predicted that the conventional physics teaching will result 

in higher scores in students' physics knowledge than both the teaching method based on 

the Inventive Model and the method based on radical constructivism. 

This hypothesis was based on the literature review indicating that in traditional 

method, students memorize the material without being able to understand the concepts, 

and the conceptuals. On the other hand in radical constructivism students are expected to 

construct their own knowledge. No direct instruction is allowed in this approach and 

students are not expected to memorize information presented to them. Particularly in the 

software used in this study that is based on Radical Constructivism, students were not 

provided enough time between the pretest and posttest to read their textbooks. 

The Inventive Model group (group 3), received an integration of constructivist 

and instructivist approaches. Some facts, definitions, formulas, etc. were presented 

through advance organizers and some summaries and feedback to students' answers were 

also provided. 

Therefore, it was predicted that students in Group 1 (the conventional method) 

would score higher on the knowledge posttest (which measures what students know, not 

necessarily what they have understood) than the other two groups. 

This hypothesis was partially supported by the data analysis. In fact the control 

group (mean=71.57, SD= 8.71) scored higher than both Radical Constructive group ( 

mean= 66.42, SD=11.65) and the Inventive Model group (mean= 65.84, SD=9.37). 

However, only the difference between the control group and the Inventive Model group 
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was statistically significant. It is interesting that although the mean of the Inventive 

Model on the knowledge posttest was lower than the mean of the Radical constructive 

group, the difference between the control group and the Radical Constructive group was 

not statistically significant. This is because the variance of scores of the Radical 

Constructive group was higher than the variance of scores in the Inventive Model Group. 

Fourth Hypothesis (Wholists vs Analytics) 

The hypothesis predicted that there will be an interaction between the teaching 

methods and the cognitive styles of the students. It was predicted that the teaching 

method based on the Inventive Model will help students with Analytic Cognitive Style 

more than the students with Wholistic cognitive style. This hypothesis was based on the 

fact that in the Inventive Model some advance organizers were used to help students to 

see in advance a whole picture of the topics to be learned. Therefore, it was expected that 

students with Analytic cognitive style would benefit more from these advance organizers 

than the students with Wholistic cognitive style. 

The results showed no significant correlation between the students' Cognitive 

Style and students' learning through different teaching methods. This contradicts many 

research studies discussed in chapter 2 and Appendix A indicating that Cognitive Style is 

highly related to learning outcome. There are a number of explanations for this 

contradiction. Three explanations are considered here. 

1. Cognitive Style is a personality issue and is expected to be related to behavior 

not to the science learning. This explanation is supported by the fact that most of the 

research studies reported in the literature on the cognitive styles specially those reported 

by the author of Cognitive Styles Analysis (Riding 1998) dealt with the relationship of 
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the cognitive styles with some dimensions of personality, motor skills, occupational 

preference, training programs and physiological factors rather than science learning. 

However, there are other studies that show the relationship of the cognitive style 

with learning and problem solving in science. The theoretical bases of the two 

dimensions of the cognitive style has its roots in cognitive learning theories as mentioned 

in chapter 2. This suggests that the relationship between cognitive style and learning style 

is independent of the content to be learned. 

2. Either the knowledge test or the conceptual test lack validity and reliability. 

Regarding the high validity of the conceptual test (r =.91, Hake, 1998) and also the 

relatively high reliability of this test (r =.78 as reported in chapter 5), this explanation is 

not acceptable at least for the conceptual test. However, regarding the medium validity (r 

= .57) and reliability (r =.61) of the Knowledge test, this second explanation might be 

true about the knowledge test. 

3. The analysis of the data in this study showed that the rejection of the fourth 

hypothesis is mainly due to low validity and reliability of the Cognitive Style Analysis 

(CSA test). 

Although the author of the test reports many research studies to support the 

validity of the CSA test, these reports appear to be mostly qualitative and fail to provide 

of validity scores of the CSA. No reports of the reliability of the test have been found in 

the literature. This may be partly due to the fact that the author of the test (Riding, 1998) 

recommends a six month to one year interval for a test-retest reliability measurement. 
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Fifth Hypothesis (Verbalizers vs Imagers) 

The fifth hypothesis predicted that there will be no interaction between the 

teaching method and the second dimension of CSA (Verbalistic-Imager). This hypothesis 

was based on the fact that the difference in three methods of instruction was not based on 

their difference in use of text and graphics. Verbalizers are expected to learn better from 

text-based instruction and Imagers are expected to learn better from graphic-based 

instruction. Since the three instructional methods used in this study were not significaatly 

different in using text and graphics, an interaction between the instructional method and 

this dimension of the CSA was not expected. 

This hypothesis was not rejected in this study. However, as it was mentioned 

before, the low reliability of CSA as measured in this study prevents any further 

conclusion in this regard. 

Item Analysis 

The comparison of scores in table 6.8 and 6.9 indicates that generally the 

knowledge test is an easy test and that the conceptual test is a very difficult one for all 

groups. For example, only 6 items of the conceptual pretest were correctly answered by 

more than 50% of the students 

The results also showed that all instructional methods had a greater (not 

significant) positive effect on students' answer to the conceptual test items than the 

knowledge test items. Regarding the conclusions of the literature review, it was expected 

that the two experimental groups would be more effective on the conceptual items. 

However, it was not expected that the control group would be more effective on the 
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conceptual items (Table 6.18) than the knowledge items. This unexpected result is partly 

due to the low reliability and validity of the pretest and posttest, especially the knowledge 

test. 

Theoretically, if no one in a group correctly answers a particular question, that 

item provides no information about individual differences. Since such questions do not 

affect the variability of test scores, they contribute nothing to the reliability or validity of 

the test. The closer the difficulty of an item approaches 1.00 or 0.00, the less differential 

information about the sample it contributes. Therefore, the relative validity potential of 

each individual item in Tables 6.2 and 6.3 can be estimated in this way. 

In order to test the research hypothesis, questions of the conceptual test were 

selected from the most difficult ones. They are difficult because they are in conflict with 

students' preconception not because they are complicated. For example, in the conceptual 

test items (5 and 25), are the most difficult ones. These questions, theoretically, could not 

have high validity. 

Question 5 is a new item that did not exist in the older versions of the FCI. This 

question is about circular motion. It seems that the reason for the low validity of this item 

is that the stem of the question is not clear. It is not clear how the channel is attached to 

the table. It is not also clear if the channel is U shape or rounded. Furthermore if the ball 

is not in contact with the table why is it mentioned that the table is frictionless? 

Question 25 is also a new item which did not exist in the old versions. In fact the 

question 28 of the old version is now divided into two items of (25 and 26) in this 

version. The stem of the question and all its alternatives are also clear. A possible reason 

for the low percentage of the students correctly answered this question is the existence of 
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a very plausible distracter (D). In fact, 50% of students in each group chose D as their 

answer while the correct answer was C. 

The item analysis of the knowledge test showed that the validity and especially 

the reliability of the knowledge test is lower than that of the FCI. This was partly because 

the knowledge test was too easy. Distinctively, items 1,8, 11, 12, 17, and 29. This 

probably caused the validity and reliability to be decreased. Furthermore, considering the 

bold numbers in Table 6.8 some items need special attention. For example, in item 7, all 

groups had a lower score on this item on the posttest than on the pretest. This shows that 

this item has a problem in its structure. This item requires students to judge the statement 

" the graph of speed versus time passes through the origin, indicating that when no force 

is exerted on an object, the object: does not accelerate" as true of false. This question has 

two parts. The first part is wrong. However the second part is true. However, the second 

part is not a logical conclusion of the first part. Therefore, the problem with this question 

is that students who know that when there is no force there is no acceleration are more 

likely to answer this item incorrectly than those who don't know it. Other items identified 

by the bold numbers in this table should be analyzed in the same way. 

A few other problems with the knowledge test exist. First, the correct answer to 

some questions were so obvious that over 90 percent of students answered them correctly 

(e.g. items 1,8, 11, 12, 17, and 29). Secondly, many questions from the knowledge test 

assumed that students know the Newton's laws of motion in the exact order. For 

example, it was assumed that students know the (F = rn*a) as Newton's second law. 

However, it was observed that in some schools Newton's laws are no longer numbered. 

For example, Newton's first law is called law of inertia or Newton's third law is called 
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the law of action and reaction. The other problem with the knowledge test was that half 

of the questions were true-false items. Since students were required to participate in two 

pretests and two posttests and a cognitive analysis test, and that would take about 6 hours 

of class time the knowledge was designed to be shorter. Unfortunately, this led to the 

lower validity and reliability of the knowledge test. 

Table 6.10 shows the correlation between the percentage of students who 

correctly answered each item on the pretest, with the same scores of the posttest. High 

correlation between pretests and posttests shows two things. First, instruction has had an 

evenly distributed effect on all items of the test. Second, although these correlations are 

not considered as indices of reliability and validity of the tests, such high correlations are 

expected only if the tests have a good degree of validity and reliability. 

A summary of the differences between pretests and posttests is presented in Table 

6.16. These differences show that: the different teaching methods have different effects, 

depending on the nature of the question. For example, considering the questions, which 

have been positively affected by the formal instruction as shown in this table, a pattern 

could be found. Questions 5, 6, and 7 are all related to circular motion and questions 1 to 

4 are all related to distinction between speed and velocity. 

Table 6.16. also shows the items which have been positively effected by the 

Radical Constructivist teaching (Group 2). Among the mostly positively effected items in 

the Radical Constructivist teaching (Group 2) are items 4,15,16, and 28 all of them 

related to Newton's third law. An important point is concluded from this result. 

As it was mentioned before, in the Radical constructivivist version of the 

software, an attempt was made not to have any direct instruction for the users. However, 



190 

due to the very nature of the questions in the last part of this version some feedback was 

more explicit than in other parts of this version. In other words, more direct instruction 

was used in the last part of this version. The results indicating that this version was more 

effective in Newton's third law in comparison with other laws of motion, once again 

support the view that the constructivist approach could be empowered by being integrated 

into direct instruction where necessary. 

Table 6.16 shows that the Inventive Model has uniformly affected many items 

related to different misconceptions. This table also shows that only two items have not 

been positively affected by the Inventive Model: items 2 and 8. Considering the nature of 

items less affected by the Inventive Model, including items 2 and 8, no particular pattern 

could be identified. A comparison of the Constructivist Method (Group 2) and the 

Inventive Model (Group 3) shows that the inventive model had no any negative effect. 

An important finding of this study was the similarity of students' misconceptions. 

Usually, it is argued that computerized instruction is not successful in providing 

meaningful learning to students. This is partly because computers cannot probe students' 

preconceptions as effectively as the teachers can do in the classroom. As mentioned 

before, natural language understanding has been recognized as one of the most significant 

constraints of computerized instruction. However, the findings of the present study are 

very promising. Knowing what students are expected to answer to a particular question is 

a great help to the software designer. Although students' preconceptions are not quite 

identical, however even an approximate knowledge of students' misconception is very 

useful in any kind of instruction. For example, in this project about 150 conceptual 

questions were designed based on previous studies of students' misconceptions in 

Newton's laws of motion. The distracters for each item were based on what were 
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expected to be the most frequent answers to such questions. It was observed that the 

different groups, showed similar misconceptions in answering these questions and also 

the pretest questions 

The results also supported the fact that the sample used in this study had almost 

the same misconceptions as others in previous studies. In order to show this, the 

correlation coefficient between two score was computed. First, the percentage of students 

answering each item of the pretest FCI correctly in an Arizona high school reported in 

Hestenes & Wells (1992). Second the same scores obtained from the present study. The 

correlation was .64. This relatively high correlation shows that the level of difficulty of 

FCI items are very similar in the two samples. Regarding the differences of the two 

samples this correlation is another index of the universal validity of the FCI and also the 

similarity of students misconceptions in the two samples. Further analysis of students' 

answer to individual items of FCI also supports this similarity. 

Another important finding of the present study is the effectiveness of the advance 

organizers in the Inventive Model. As it was reported in chapter 6, only the Inventive 

Model was significantly effective in conceptual understanding of Newton's laws of 

motion. In this study, for the first time, the advance organizers were designed based on 

previous studies on students' misconceptions. Once again Mayer's (1979) theory was 

supported that advance organizers have their strongest positive effects not on measure of 

retention, but rather on measure of conceptual learning. 
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Qualitative Analysis 

An important finding of this study was the fact that most students actively 

interacted with the software during the whole program. The author's observations suggest 

that students were very interested in the program. Even a distracter such as distributing 

exam results by the teacher during their interaction with the software did not take them 

away from the program. As mentioned in chapter 6, only 10% of students did not take the 

program seriously. The results also showed that more than 80% of students went through 

the whole program. Asking students how they feel about the program, the majority found 

it very challenging, interesting, and useful. Only three students (6%) found it frustrating. 

However, it was observed that 30% of students did not answered all questions 

assigned to them. This may suggests that the software could be more effective if all 

students go through the whole program. How this could be done is an important research 

question. 

The results showed that only 15% of students used at least one of the "Help or 

Hint" buttons. Although, most of the "Hints" were very important for answering 

questions, it is interesting that most of students did not use them. Katz (1984) found that 

only 5% of his sample used the "Help" buttons. This is also in harmony with repeated 

findings indicating that a learner controlled program is less effective than a computer-

controlled program in computer assisted instruction (Niemiec, Sikorski, Walberg, 1996, 

McNeil, 1991). 

Even those students who used the Help or Hint buttons a few times, did not used 

them frequently. One possible explanation is that students did not find the Hints and 

Helps very useful. However, as it was mentioned in some cases the Hints were essential 
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to answer the question. The other explanation is that there had been something wrong in 

screen design so that these buttons were ignored by most students. It is concluded that in 

future the authors or the researchers, mention in advance the importance of the Hints and 

Helps. 

The third explanation is more plausible because it matches with the Author's 

personal observation. It was observed that students were so excited about the program 

that they did not pay attention to some minor things such as Hints and Helps. In other 

words it was observed that students were eagerly interested to see what is next. They 

were excited since their preconceptions were challenged perhaps for the first time. 

It could be argued that what was more important to them than learning was their 

feeling. Challenging one's long lasting beliefs is always emotional. This is good and bad. 

It is good to be excited about learning. However, it is bad to be overly excited. That is 

why most of students did not used the useful Hints and Helps. 

As mentioned before, three out of 150 questions in the software were not clear for 

many students. One was question number 4 in part 1. This question uses a table with 

three columns. The first and second columns show the velocity and the elapsed time of a 

moving object. The user is required to calculate and enter the displacement of the object 

in each time interval. Although in the stem of the question it was mentioned and 

highlighted that the object was moving with constant acceleration, many students thought 

that they were required to calculate the acceleration. This confusion was due the fact that 

in previous and later questions they were asked to calculate the acceleration. 

The second problematic question was number 46 in part four. This question 

shows a juggler playing with six identical balls. The user is asked to identify the ball that 
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has the greatest force acting on it at a particular instant. The correct answer is that all the 

balls experience equal force due to gravity. 

In this question the user is required to either click on the ball or write down his 

answer in a specified text field. The problem with this question was that the user thought 

that he/she had to choose one. In fact, it seems that the stem of the question misleads the 

user. 

The third problematic question was number 12 in part five. This question shows a 

man pushing a car on a frictionless surface. The weight of the man and the car and the 

amount of force pushing the car are given. The user is asked to calculate the car's 

displacement in 1 second. No one answered this question correctly. Most of students 

believed that since there is no friction the man can not push the car. Therefore, they think 

that the neither the man nor the car will move. Others believe only the man will move 

backward. It seems the problem was not with the question itself. Rather the problem was 

with students' misconception. It is interesting that the teacher himself had the same 

misconception. 

The other finding of the qualitative analysis was the correlation between students' 

scores on the three laws of motion in the diagnostic test. As discussed earlier according to 

Hestenes, Wells, Swackhamer, (1992) students' preconceptions are not expected to be 

very coherent. However, at least a medium correlation is expected due to the fact that 

these laws are conceptually correlated. 

The correlation between students' scores on the diagnostic test of the software 

related to the Newton's first law and the two other laws were .26, and .62, while the 

correlation between the second and third law was .39. These low correlations support 
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Hestenes and Haloun's (1995) theory that student initial beliefs about physics are loosely 

organized, incoherent, ill-defined and context-dependent. However, it is not known yet 

that how much these correlations change after the instruction. According to Hestenes and 

Haloun (1995), Newothonian thinkers (those who have learned Newton's laws 

conceptually) have a more coherent concept of the force concept. This needs to be 

investigated in future studies. 

The physics software used in this study is mainly comprised of serial questions. In 

fact teaching is accomplished by asking questions and challenging students' 

misconceptions (similar to Socratic interrogation). 

Therefore, it is very important to know what kind of question is more helpful in 

this regard. Results of the students' interaction with the program indicated that the 

percentage of correct answers to multiple choice questions was higher than that to short 

answer questions. One might argue that the multiple-choice questions were easier than 

the short answer ones. However, this was not true. Many of the most difficult conceptual 

questions (according to literature) were in the multiple-choice format. Another 

explanation is that computer cannot diagnose all possible correct answers. In this study, 

students' short answers were evaluated by the researcher, using students' log files. This 

explanation was not supported by further analysis. In other words, no correct answer was 

observed that the program could not diagnose. The author's personal observation showed 

that lack of familiarity of students with this kind of format was a major factor. Students 

did not believed that a computer can analyze their written answers. This was evident from 

their repeated questions in this regard. 
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On the other hand, the results showed that students' response time was longer for 

the short-answer questions. The longer reaction response time for short answer questions 

could also be attributed to lack of familiarity of students with this kind of questions on 

computers. 

The result of this study does not show that short answer questions are not useful 

in instructional software. It only suggests that students should be familiarized with this 

kind of questions on computers. An important advantage of short answer questions over 

multiple choice ones is that short answer questions are more informative. In other words, 

students may answer a question correctly starting with a wrong premise. Students' 

answers to short answer questions particularly when their first try is incorrect are very 

informative for the researcher or the teacher. 

Finally, the analysis of students' log files did not show a sudden increase in the 

percentage of students' correct answers to the conceptual question. This could be helpful 

to answer the important question of whether meaningful learning requires gradual 

challenge of student conceptions or provides a sudden insight into the scientific 

conceptions. The results of this study, therefore, support the former rather than the latter 

viewpoint. 

Summary and Discussion 

The failure of science education in the past and also the failure of the current 

reforms to provide the majority of students with an in-depth understanding of science 

concepts were discussed. Several cognitive approaches to conceptual change were 

introduced and evaluated. It was concluded that, generally, cognitive approaches (such as 
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constructivism, inquiry method, and subsumption theoiy) or other methods that consider 

students' prior knowledge and misconceptions are more promising. 

Regarding the limitations and advantages of each approach, it was concluded that 

instructions based on only one of these approaches may not lead to meaningful learning. 

That is why the Inventive Model was introduced as a more flexible and more 

comprehensive approach to conceptual change. 

On the other hand, regarding the time limitations, it was suggested that many 

constructivist and inquiry approaches including the Inventive Model need to be 

empowered by computers. Also regarding serious limitations of the traditional science 

instruction, science textbooks, and current educational software in science, it was 

suggested that more valid instructional resources based on the recent findings of 

cognitive science are needed. 

However, it was argued that one source of poor qualification of the available 

educational software includes lack of a theoretical framework and some technical 

weaknesses in development process. This project was a reply to the need for a theoretical 

framework for science education software development. 

Therefore, the Inventive Model was a response to the need for an effective 

conceptual change model and the need for high quality educational software. This project 

aimed also to respond to a third need. 

As noted by Mayer (1997) instructional development is too often based on what 

computers can do rather than on a research-based theory of how students learn with 

technology. Furthermore, studies comparing computer-based learning with non-
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computer-based learning do not necessarily provide a link to or understanding of what is 

going on while students are learning using instructional technology. 

Therefore, in this project two versions of instructional software were developed 

based on two cognitive approaches to conceptual change. Two methods were compared 

both qualitatively, (i.e., item analysis and students' log files analysis) and quantitatively 

(comparison between the control group and the two experimental group). The results of 

this study supported some of the previous findings and an also cleared some of the 

confusions and controversies. A few conclusions not mentioned earlier are presented here 

which could be useful for physics teachers or be used in future studies. 

1. Using a 3-hours computer program was as effective as 16 hours of conventional 

physics teaching. This means using the physics software saved 70% of class time for 

further activities. This was true for both versions of the physics software. Both of these 

methods were based on previous research on students' misconceptions, and also on 

conflict induction/resolution strategy. Also both approaches used the multiple perspective 

demonstration and conceptual problem solving. 

2. The results showed that the instruction based on the Inventive Model was more 

efficient than the instruction based on Radical Constructivism. Regarding the difference 

between these two methods, it is concluded that using advance organizers and corrective 

feed back in teaching results in significant positive effects. It was argued that cognitive 

conflict plays an important role in constructivism. The crucial point in instruction, 

however, was whether students really "see" the conflict or whether the conceptual change 

really happens after the conflict. According to this project the answer was no. Therefore, 

as Dekkers, and Thijs (1998, p.48) reported "this implies that the cognitive conflict 



199 

approach is not sufficiently effective, because students lack the foundation and tools to 

construct new, scientifically better ideas for themselves". Hestenes (1998) also concluded 

that the quality of the students' constructions of concepts depends crucially on the 

conceptual tools available to them and facilitation by the teacher. 

3. Many researchers have indicated that students' misconceptions of Newton's 

third law are the most robust ones and usually are the last ones to be resolved. (Boyle, & 

Molaney, 1991). However, the results of this study showed that both versions of the 

software and especially the Radical Constructivist approach was more effective with the 

third law than the other two laws of motion. This was in accordance with Thijs (1992) 

who concluded that five-weeks of constructivist teaching in physics was effective in 

changing student ideas toward scientifically correct conceptions in regards to "forces in 

rest situation". However, it was less effective with respect to "forces on moving objects". 

Similar results of these studies might be clue to some common features in their teaching 

methods. The common feature of Thij's study and the present study is the view that the 

instruction should make productive use of students' initial conceptions and also in use of 

analogies in teaching. However, another explanation is that each method has its own 

limitations. For example, it could be suggested that the physics software used in this 

project needs some improvements in parts 2 and 3, which are related to the other two 

laws of motion 

4. Wells, Hestenes, and Swackhamer (1995) concluded that to reach and maintain 

his/her full potential, the teacher must be engaged in lifelong professional development. It 

will take at least ten years to reach the teacher's highest level of competence. However, 

Hestenes (1998) noted the importance of the huge gap between what teachers think they 

are teaching, and what students are actually learning. Therefore, some educators 
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emphasize the importance of teachers ability to talk in students' language. That is why 

some teachers do their best teaching in their first years of teaching experience. These 

teachers tend to use students' terms and are more familiar with students' misconceptions 

than the experienced teachers. Both viewpoints seem legitimate. The present study 

showed the importance of considering students' misconceptions in teaching. How long it 

takes to become familiar with students' misconception depends on the quality of teacher 

education programs and the teacher's potentials in this regard. 

5. Wells, Hestene , & Sawackhamer (1995, p.611) concluded that the knowledge 

that students acquire from traditional instruction tends to be fragmented and diffuse. They 

reported that "results of traditional instruction are uniformly poor for all teachers" in their 

review. The results of the present study however, showed that the conventional teaching 

was effective at least for a group of students to develop a coherent and integrated concept 

of force. Therefore, in future studies, traditional teaching should be clearly defined. In 

this study the term "conventional teaching" was used instead of 'traditional teaching". 

Usually traditional teaching is associated with rigorously teacher centered, direct teaching 

method. However, not all teachers use this method anymore. For example, in this study it 

was observed that the teacher used some elements of the constructivist and collaborative 

approaches in his instruction. That is why the results were somewhat different from what 

was initially expected. 

6. The Inventive Model views instruction as a process of helping students acquire 

progressively more sophisticated theories and models of science phenomena. The 

significant positive effects of the inventive model cannot be interpreted as the 

accumulation of bits and pieces of knowledge. The results showed that more than 40% of 

students developed a coherent and integrated conception of Newton's laws of motion. 
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This qualitative effectiveness cannot be attributed to the novelty factor of using 

computers in a traditional school system. Both experimental groups used the 

computerized instruction. However, the results of the Inventive Model were 

quantitatively and qualitatively better than the Radical Constructive version of the 

software. Therefore, technology by itself does not make the difference. What is more 

important is how to use technology in teaching. 

7. The results of this study showed that the Inventive Model was not effective for 

some students. Only 68% of students gained a score of more than 10 from the pretest to 

posttest. Unfortunately the Cognitive Style test did not help clarify which of these 

students belonged to a particular style. The author's observations however, suggest that 

some students were interested in collaborative learning. In fact they tended to ask their 

classmates questions during their interaction with the program. It might be that the 

Inventive Model could be empov/ered by being used by the teacher in a collaboration 

environment. Students were not allowed to collaborate in this study. However, the 

software could be used in a social constructivist manner as it is suggested later in this 

chapter. 

8. The difference between knowledge, and conceptual understanding needs to be 

examined carefully. It was observed that although students performance on the 

knowledge test showed that most of the students were familiar with the technical terms 

and could express the exact definitions of Newton's laws of motion, only a few 

understand them conceptually. As noted by Trowbridge and McDermott (1980), on some 

occasions an interchange of two terms (e.g., force and energy) represents nothing more 

than carelessness. However, just as it would be mistake to assume that all misuse of 
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technical terms reflects lack of understanding, it would be equally erroneous to dismiss 

any ambiguous use of technical terms as mere carelessness without further probing. 

9. It was argued that dichotomies such as instructivism vs. constructivism or 

teacher-centered vs student-centered approaches are false. In this project two versions of 

constructivist teaching were shown to have different effects. Wells, Hestenes, and 

Swackhamer (1995) reported similar results. They found that an instructivist approach 

(modeling method) surpassed an inquiry approach by 19% FCI score (more than 1 SD). 

They also concluded that the general approach of cooperative learning was not likely to 

improve learning by itself. 

Any approach has its own advantages and limitations. Improvement depends 

critically on (a) the structure of the activities, (b) availability of high quality teaching 

resources (c) guidance by the teacher, (d) customizing the instruction based on students' 

prior knowledge. To put all these together the computer assisted instruction based on the 

principles of the Inventive model is suggested. 

Suggestions for Further Research 

1. Although "66%" of the research in science education has been devoted to 

physics, more works remains to be done (Treagust, Duit, and Fraser, 1996, p. 2). Many 

studies have focused on students' misconceptions in mechanics and dynamics. However 

less work has been done on other equally important concepts of work, energy, power, 

optics, and electricity. Even less work has focused other areas of science education such 

as biology, math, and especially chemistry education. The literature review showed that 

teachers rarely construct their instruction on a valid measure of student conceptions. This 



203 

has several reasons, including lack of availability of proper resources. Providing a list of 

students' misconceptions in each field and, more importantly, systematic evaluation of 

these misconceptions could be subjects of further research studies. 

2. This project compared the qualitative and quantitative effectiveness of two 

educational software, based on two theories of science education (i.e., Inventive Model, 

and Radical Constructivism). These theories were used because of their potential for 

conceptual change. In the future other theories and models could be compared with the 

Inventive Model or with each other. For example, it was mentioned that the Modeling 

method used by Wells, Hestenes, and Swackhamer (1995) has been quite effective in 

conceptual learning. An instructional software based on this theoretical model could 

enhance its effectiveness and could be compared with other models in future. 

3. As it was mentioned, there were many technical & practical limitations with 

this project that need to be considered in future studies. The most important constraint of 

this project was the time. Since the study was not incorporated into the school curriculum 

the teachers were not able to give the researcher enough time. As a result, the knowledge 

pretest was shortened resulting in lower validity and reliability, and the conceptual test 

was limited to the Force Concept Inventory. More importantly, students were forced to 

work with the software in a three hours time period. As it was suggested in chapter 2, 

CAI is most effective when it is fully integrated into the curriculum. It is suggested that, 

in future research, the computerized instruction be fully integrated into the school 

program or at least the teacher use the instructional software as the main teaching 

resource. 
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4. The other limitation of the present study was the relatively low validity and 

reliability of the knowledge test. The limitations of the knowledge test were mentioned 

earlier and should be considered in future studies. Increasing the validity and reliability of 

the pretest and posttest will lead to more conclusive results. Although the validity and 

reliability of the conceptual test (FCI) was relatively high, it still needs to be improved. 

Some of the limitations of the test were discussed earlier. Regarding the other critics of 

the FCI presented in Appendix D, more work needs to be done to improve the validity 

and reliability of the FCI. 

5. It was also argued that an important advantage of computer use in this model is 

the opportunity to deliver the instruction based on students' cognitive style. This is 

possible because today the cognitive style analysis can be done on computers. However, 

the results showed that the Cognitive Style Analysis used in this study was not 

sufficiently reliable to form the basis of instruction. 

Constructing a valid and reliable computerized cognitive style test itself could be 

an interesting and important project to be done by future researchers. Customized 

instruction based on cognitive styles in a computer assisted instruction needs to be 

thoroughly investigated. 

6. Criticizing the discovery approach, Skinner (1968) raised the question of how a 

teacher can arrange lessons so that every student can make discoveries. Mazur (1997) 

offered an interactive approach to teaching physics which may answer this question if it 

is integrated into the Inventive Model. 

He suggested the "Peer Instruction Model" for teaching physics at Harvard 

University. His approach actively involves a large and heterogeneous group of students in 
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the learning process. According to Mazur, only exceptional lectures are capable of 

holding students' attention for an entire lecture period. It is even more difficult to provide 

adequate opportunity for students to critically think through the arguments being 

developed. 

In Mazur's approach, instead of presenting the level of detail covered in textbook 

or lecture notes, lectures consist of a number of short presentations on key points, each 

followed by a short conceptual test. The students are first given time to formulate 

answers and then, they are asked to discuss their answers with each other. An overhead 

projector is used to show the conceptual test. The teacher reads the question and then 

gives the students only one minute to select an answer. More time allows them to fall 

back onto equations rather than encouraging them to think. Since each student is expected 

to answer individually, they are not allowed to talk to one another. Silence pervades the 

classroom. After about a minute, students are asked to record their answer and then to try 

and convince a classmate of the Tightness of that answer. 

This process (a) forces the students to think through the arguments being 

developed, and (b) provides them (as well as the teacher) with a way to assess their 

understanding of the concept. The teacher always participates with a few students in the 

animated discussions that follow. This allows the teacher to assess the mistakes being 

made and to hear how students who have the right answer explain their reasoning. After 

giving the students a few minutes to discuss the question, they are asked to record a 

revised answer. Then an overhead projector is used to show the distribution of answers. 

According to Mazur usually, the results of the show-of-hands after the "convince-

your-neighbors" discussion reveal an overwhelming majority of correct answers. The 
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teacher therefore, spends only a few minutes explaining the correct answer before going 

on to the next topic. If most students choose the correct answer to the conceptual test, the 

lecture proceeds to the next topic. If the percentage of correct answers is too low (say, 

less than 90%), the lecture is slowed down to present the concept in more detail, and to 

reassess with another concept test. According to Mazur (1997) this repeat-when-

necessary approach prevents a gulf from developing between the teacher's expectations 

and the students' understanding. A gulf that, once formed, only increases with time until 

the entire class is lost. One of the great advantages of the Peer Instruction Model is that 

the conceptual test answers provide immediate feedback on student understanding. 

The drawback with this approach is that the conceptual tests take about one third 

of each lecture period, leaving less time for straight lecturing. Mazur suggests two 

choices: (a) discuss in lectures, only part of the material to be covered over the span of 

the semester, or (b) reduce the number of topics covered during the semester. He himself 

chooses the first method. That is, he eliminates worked examples and nearly all 

derivations from his lectures. To make up for the omissions of these mechanical details, 

he requires the students to read the textbook and his lecture notes before coming to class. 

In this way, students are exposed, over the length of the course, to the same amount of 

material taught in the conventional course. The advantage of Peer Instruction Model is 

that the convince-your-neighbors discussions break the unavoidable monotony of passive 

lecturing, and more importantly, the students do not merely assimilate the material 

presented to them, They must think for themselves and put their thoughts into words. 

However, this approach is mainly lecture-based and teacher-centered. 
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The time limitations in formal science classrooms mean that many constructivist 

and inquiry approaches need to be empowered by computers. Accordingly the Peer 

Instruction Model is mainly lecture-based and teacher-centered. On the other hand, the 

Inventive Model is mainly a constructivistic and student-centered approach aiming at 

conceptual understanding. Regarding the limitations of the Peer Instruction Model and 

the advantages of the tele-collaborative learning, these models could be, integrated into a 

tele-collaborative environment. 

Both model has been successfully tested in physics instruction at high school and 

college levels. The Inventive Model could be used as a valid and research/theory-based 

instructional design. The Peer Instruction Model could be used as a framework to test the 

effectiveness of the Inventive Model in a large and heterogeneous classroom. 

As it was discussed earlier, it was observed that in this project that some students 

were inclined to collaboratively interact with the physics software. However, they were 

not allowed to do that. Therefore, it is suggested to integrate the Inventive Model with the 

peer instruction model to take the advantages of both approaches. 

The software used in this study has the potential to being used in a collaborative 

learning environment. However, in order to integrate the Inventive Model with the peer 

Instruction method, the Internet or some computer network is needed. Putting the 

software online and having students interact collaboratively with the software, and at the 

same time guiding students in the same way as Mazur did in his peer instruction, are 

proposed to answer Skinner's question; how can every student make discoveries? 
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APPENDIX A 

CONSTRUCTION OF THE COGNITIVE STYLES ANALYSIS1 

According to Riding and Rayner, (1998) cognitive style is seen as an individual's 

preferred and habitual approach to organizing and representing information. Riding and 

Cheema (1991) found over 30 labels relating to cognitive/learning style and, after 

reviewing the descriptions, correlations between them, methods of assessment, and effect 

on behavior, concluded that they could be grouped into two principal cognitive style 

dimensions; the Wholist-Analytic and the Verbal-Imagery. Further reviews by Rayner 

and Riding (1997), and Riding and Rayner (1998), supported this conclusion. 

Riding (1998) reports several limitations in validity of other approaches to 

cognitive Style Assessment. According to him with respect to assessment in general, 

there has been an over-reliance upon subjective data, usually elicited using 

introspective self-report formats. Tiedemann (1989) understandably criticized this 

practice, and declared that most style models merely reflect "behavior correlates of 

different performance dimensions". This reflects a circularity of correlating behavior 

with behavior, in contrast to identifying fundamental sources of style that can be shown 

to affect behaviors. 

He adds that in considering assessment it is important to recognize the limitations 

of the various approaches to measurement. Two general methods have been used to 

assess style, (a) a self-report questionnaire approach, and (b), a performance approach. 

Both of these approaches have difficulties. 

1 Adapted from Riding (1992, 1997, 1998) with permission 
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(a) Self-Report Questionnaires. According to Riding (1998) these tests suffer 

from several serious inherent problems, including the following: (I) An individual's 

probable inability to be introspectively objective. People are not always very good at 

seeing themselves as others would. Do the respondents know themselves sufficiently well 

to be able to objectively indicate what they really think or would do? (H) The linguistic 

difficulty of conveying to the respondent exactly what the questionnaire designer has in 

mind. The phrasing of the questions so that the respondent interprets the question just as 

the designer intended is far from easy. (IH) Social desirability, where respondents answer 

as they think the questioner would like rather then as they really are. There is also, the 

possibility of dishonesty, where the respondents deliberately falsify their answers. For 

these reasons he believes that self-report questionnaire assessment needs to be used with 

caution. 

(b) Performance. For example, Witkin's Embedded Figures Test (EFT) (Riding & 

Rayner, 1998) is scored as the number of items correct in a given time. Here, according 

to Riding (1998) the problem is in distinguishing style from ability. A major criticism of 

field independence as assessed by the EFT is that it is, at least in part, a measurement of 

ability. Grigorenko and Sternberg (1995) have argued that the Embedded Figures Test 

actually measures an individual's intellectual capacity. They (p.209) concluded thai: 

"field dependence is a deficit rather than a style". 

Furthermore, Riding (1998) notes that despite the fundamental importance of 

distinguishing style from other psychological constructs, there has been a lack of clarity 

in separating style from ability and personality by researchers. Carroll (1993, p.559) 

examined the area of style and concluded from the evidence that, "... .there is no 
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necessary implication that cognitive styles exist independently of profiles of ability. 

Further, Furnham (1995) in a consideration of style, personality and intelligence, ended 

on a critical and pessimistic note, having concluded that many measures purporting to be 

of style are concerned with either ability or an existing personality construct. 

According to Riding (1998) with the exception of Wilkin's field-dependence-

independence style construct, few examples of the practical application of style in 

education, training, business or personal development have been found. Unfortunately, 

Witkin's approach appears to have been flawed since field-dependence-independence is 

correlated with ability (Riding and Rayner, 1998, pp.22-23). 

He concludes that if style research is to fulfil its potential and make a real 

contribution to both the research and the applied communities then it needs to 

systematically pay careful attention to the fundamental issues. The CSA approach has 

attempted to deal with the problems detailed. Cognitive Styles Analysis (CSA) provides 

relatively direct measures for each of the two fundamental dimensions. The rational 

behind the CSA is described in Riding and Cheema (1991), Riding (1997), Riding and 

Rayner (1998). 

According to Riding (1998) CSA has several advantages. Firstly, It is an objective 

test, as defined by Cattell and Warburton (1967), since it is objectively scored and its 

method of assessment is not obviously apparent to those being assessed. It is 

consequently difficult for those taking the test to contrive their results. Secondly, it 

positively assesses both ends of the style dimensions. This is important, since otherwise it 

could be objected that the assessment is simply of ability and not of style. Since it does 

not contain questionnaire-type items, or difficult language, it can be used with a wide age 
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range from children to adults. Thirdly, It is context free", and can be used in a wide range 

of situations, such as, for instance, schools, industry, and the health service. It is probaibly 

culture free in nature, and it has been used in a number of countries. This is important for 

the advancement of style work on a global stage. 

The approach used by the Cognitive Styles Analysis is to assess performance on 

simple tasks that might then be representative of processing generally, with the intention 

of measuring an individual's position on both the Wholist-Analytic and the Verbal-

Imagery dimensions. Both dimensions are assessed by simple tasks which are likely to 

reflect the underlying cognitive processing natural to the individual, and which reflect the 

way in which the individual habitually organizes information and represents it during 

thinking. 

Reliability and Validity of CSA 

No report of the reliability of the Cognitive Style Analysis was found in the 

literature. However, in this project a test-retest approach in a one-week interval on a 

group of 73 students was used to measure the reliability. The results showed a coefficient 

of .42 for the Wholist-Analytic dimension and a coefficient of .35 for the Verbalizer-

Imager dimension. 

Riding (1997, 1998) provides some evidence of the construct validity of the CSA. 

He believes that construct validity of a test requires that different dimensions of the test 

be independent of each other, correlated with similar constructs , and separate from other 

2. In this study it was observed that CSA is not quite context free. For example, "fire engines" are red in 
England. This made a majority of Calgarian students to give a wrong answer to the related question 
because fire engines in Calgary are yellow. 
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factors such as intelligence, personality, and gender. He also believes that in research it is 

important to avoid the duplication of constructs - that is two constructs that have the same 

bases but which are called by different names by different investigators using slightly 

different measures. 

For example, he reports that construct, is greatly strengthened if it can be related 

to physiological measures. This helps to clarify the physiological bases of style. Studies 

using the CSA approach have shown that both the Wholist-Analytic dimension and the 

Verbal-Imagery dimension have physiological correlates. For example, It was found that 

EEG alpha suppression (indicating mental activity) during information processing would 

occur over the left hemisphere for Verbalizers and over right for Imagers. (Riding, Glass, 

Butler and Pleydell-Pearce, 1997; Riding and Rayner, 1998). 

As another example, cognitive style affects learning performance, but then so 

does intelligence. Are they facets of the same variable? When performance on measures 

of intelligence is compared with style, the correlation between tests of intelligence and 

style are very low in fact, approaching zero, (Riding and Pearson, 1994; Riding and 

Agrell, 1997). 

Cognitive style should also be independent of personality. While the cognitive 

style dimensions affect behaviors, which are similar to those generally included within 

personality, each has a very low correlation with tests of the basic personality 

dimensions, such as introversion-extroversion and stability-neuroticism. Given the 

distinctly different tasks used to assess the Wholist-Analytic and the Verbal-Imagery 

dimensions, and the lack of correlation between them, cognitive style seems to be at least 
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as fundamental as personality, while it appears to be different in its source and action 

(Riding and Wigley, 1997). 

Furthermore, numerous differences in behavior and performance have been found 

between males and females. However, studies have generally found no style differences 

related to gender substantial enough to be of practical importance. The conclusion is that 

cognitive style is distinctly separate from intelligence, personality and gender. 

A very important aspect of the validity of style is that it should be related to 

observed behaviors. Further, these relationships should be large enough to have practical 

significance. This is the case, as indicated by the studies reviewed by Riding and Rayner 

(1998). 

He (Riding, 1998) contends that there is the need to develop the range of practical 

applications of style. This is an important part of the construct validity of style measures. 

If they do not clearly relate to performance then not only are they of no real predictive 

value, but it may be questioned whether they really exist. According to him the CSA 

approach there is evidence of the practical application of style in three general areas: 

(I) Education and Training. Learning can be made more effective both by 

matching style to materials and presentation mode and structure, and through strategy 

development to maximize style effectiveness (Riding and Rayner, 1998, chapter 4; 

Riding and Sadler-Smith, 1997). For example, it was found that Wholists did best when 

the title of the passage was given before the passage was presented. In another case 

presenting an introduction at the start of each topic and an overall summary at the end of 

each topic improved recall performance for Analytic-Verbalizers and Wholist-Imagers, 

but it reduced performance for the other two styles. 
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(II) Problem Behaviors. Style provides a way of facilitating the management of 

problem behavior in schools by adjusting the approach used by teachers to the style of the 

pupil, (Riding and Rayner, 1998). For example, Riding (1997) reports that most of 

students with behavior problems in a sample of students where Wholists. He suggested 

that the high proportion of Wholists with problem behavior might possibly be related to 

lack of strong internal control on the pari: of Wholists if they are then in a situation where 

there is insufficient structure and parental discipline within their home environment. 

(III) Personnel Development. Style can be used in personal and career 

development since it is related to job suitability and occupational stress (Riding and 

Rayner, 1998). For example, Riding (1997) found that Wholist teachers reported more 

stress from time pressures and staff relations, while the Analytic teachers found student 

misbehavior and working conditions more stressful. 

Cognitive Style Dimensions 

The CSA directly assesses both ends of the Wholist-Analytic and Verbal-Imagery 

dimensions, and comprises three sub-tests. The first assesses the Verbal-Imagery 

dimension by presenting 48 statements one at a time to be judged true or false. (Figure 

A.l.) 

Half of the statements contain information about conceptual categories (type), 

while the rest describe the appearance of items (color). Half of the statements of each 

type are true. It is assumed that Imagers would respond more quickly to the appearance 

statements, because the objects could be readily represented as mental pictures and the 

information for the comparison could be obtained directly and rapidly from these images. 

In the case of the conceptual category items, it was assumed that Verbalizers would have 
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a shorter response time because the semantic conceptual category membership is verbally 

abstract in nature and cannot be represented in visual form. The computer records the 

response time to each statement and calculates the Verbal-Imagery ratio. A low ratio 

indicates a Verbalizer and a high ratio an imager. 

On the screen you will be presented with some statements one at a tine. 
Some will be right while others will be wrong. 

You have to 'mark* the statements right or wrong . 
Press the RED key for RIGHT and the BLUE for URONG. 

Here are some examples: 

The statement 'OAK and BE2CH are the same TYPE' is right 
because they are both TREES 

'COD and HERRING are the same TYPE' is right 
because they are both FISH 

'CARROT and PLATE are the same TYPE' is wrong 
because they are not both VEGETABLES 

'BALL and TENNIS are the same TYPE' is wrong 
because they are not both SPORTS 

When you are ready press my key to start. 

Figure A. 1. The introductory screen of the first part of CSA. 

The second and the third sub-tests assess the Wholist-Analytic dimension. The 

second sub-test presents 20 items containing pairs of complex geometric figures which 

the individual is required to judge either the same or different. (Figure A.2.) 

As this task involves judgments about overall similarity of the two figures, it is 

assumed that a relatively fast response to this task, would be possible by Wholists. 

The second part presents 20 items, each comprising a simple geometrical shape 
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(e.g.. a square or triangle) and a complex geometrical figure, and the individual is asked 

to indicate whether or not the simple shape is contained in the complex one by pressing 

one of the two marked response keys. (Figrue A.3.) 

Figure A.2. A sample screen of the second part of CSA. 

V 
/ 

is as 

Figure A.3. A sample screen of the third part of CSA 
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This task requires a degree of dis-embedding of the simple shape from within the 

complex geometrical figure in order to establish that it is the same as the stimulus simple 

shape displayed. It is assumed that Analytics would be relatively quicker at this. Again, 

the computer records the latency of the responses and calculates the Wholist -Analytic 

Ratio. A low ratio corresponds to a Wholist and a high ratio to an Analytic. The way in 

which the CSA works is given in Riding and Rayner (1998). 

The ratios typically range from 0.4 through to 4.0 with a central value around 1.0. 

The two style dimensions are continua, but may be divided into groupings and given 

descriptive labels. The cut-off points of the ratios used by the CSA are given in the figure 

4, and the CSA Results Screen describes a person's style in terms of one of the nine 

positions shown below. As described in the CSA Administration booklet these divisions 

are based on a general standardization sample comprising children and also adults in 

various occupations. Figure A.4. 

Since each dimension is a continuum, the labels are used only for descriptive 

convenience, and are not meant to imply that there are style 'types' in any absolute sense. 

There is no requirement to use the same cut-off points as those given by the CSA, as long 

as the cut-offs are clearly reported in the research report. 

Finding a standardization sample that is representative of a whole population is 

not always easy with adults. A United Kingdom secondary school sample is currently 

being accumulated, since between 12 and 16 years school pupils will generally represent 

a cross-section of the population. The sample is currently 1448 (704 males and 744 

females). 
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<=1.09 

>1.09 

Verbal-Imagery Dimension 

Figure A.4. The cut off points for categorization of CSA dimensions. 

Dividing the sample into three groupings on each dimension gives the following: 

Wholist-Analytic Ratio - mean 1,12 (SD 0.46) 

Wholists <=0.91; Intermediates 0.92 - 1.18; Analytics =>1.19 

Verbal-Imagery Ratio - mean 1.11 (SD 0.27) 

Verbalizers <=1.01; Bimodals 1.02 - 1.14; Imagers =>1.15 

Analyses of variance with the ratio as the dependent variable and Gender as the 

independent showed the following. 

Wholist-Analytic ratio - means males 1.16 (SD, 0.54) females 1.08 (SD, 0.37 

(F=9.26; df 1,1446; p=0.002; R2 =0.006). 



Verbal-Imagery ratio - means males 1.12 (SD, 0.35) females 1.10 (SD, 0.18) 

(F=1.70; df 1,1446; p=0.192; R2=0.001). 

Although the difference was statistically significant for the Wholist-Analytic 

ratio, in both cases the percentage of variance accounted for was less than 1% and is 

probably of little practical significance. 



242 

APPENDIX B 

ADVANCE ORGANIZERS 

Nine advance organizers were used in the second version of the physics software. 

Some of them were followed by a video, a graphic a or an animation. 

AO - 1 (Newton's First Law) 

A very common misconception is that students often use the two concepts of 

force and momentum interchangeably. For example, if a large car is moving at the same 

speed as a motor cycle, they say that the car has more force. Although force and 

momentum are related, they are not the same. Momentum is defined as the product of 

mass and velocity. (Momentum = m* v). If two objects move at the same speed, the 

heavier one has this greater momentum. Therefore, momentum is the property of a 

moving object. The greater the mass and velocity of an object, the greater is its 

momentum. However, force is the interaction between two objects. Forces are like 

shaking hands. Force is not the property of an object. For a handshake, two people are 

needed, each shaking the other's hand. 0>ne hand cannot shake. We cannot say an object 

has force or does not have force. What we can say, is that one object exerts force on the 

other. 

AO - 2 (Newton's First Law) 

In this part of the program we want to see which of the following is true about the 

persistence of a motion? 



243 

1- A force is needed for persistence of any kind of motion. 

2- A force is required only for persistence of the accelerated motion. 

We also want to see which is the better way to classify objects in order to easily 

understand the laws of motion. 

A- Classifying objects to: 1- objects at rest, and 

2- moving objects 

B- Classifying objects to: 

1- objects at constant velocity including zero velocity, and 

2- objects moving with acceleration. 

AO - 3 (Newton's Second Law) 

Almost all students realize that friction takes place when a body is moving and 

indicate that then; is air resistance. However, many students do not indicate a particular 

direction of these forces. According to Newton's first law, since some objects have initial 

velocity (inertia), the net force and motion may or may not be in the same direction 

at a particular time. 

In this part of the program we want to see which of the following is correct: 

1- The velocity of a moving object is directly related to the amount of the net 

force applied to the object. 

2- The acceleration of the object is directly related to the amount of the force 

exerted on the object. 

AO - 4 (Newton's Second Law) 
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Here we observe that force is not the property of an object. It is the interaction 

between two objects. For example, the force of gravity is the interaction between the 

earth and objects near the earth. Therefore, gravity is not the property or the tendency 

of objects to fall down. That is why objects in spaceships are weightless. "A 100-sec 

video clip is presented which demonstrates that there is no up and down in zero gravity 

(in a spaceship)", 

AO - 5 (Newton's Third Law) 

When two objects pull or push each other, many students think that the object 

which the causes motion of the other, exerts the greater force because it overcomes the 

other's opposition. Another important point, which should be noted in this part of the 

program, is the distinction between a moving object and a moving system. For example, a 

person standing in an elevator exerts the force C to the floor of the elevator, and the floor 

of the elevator exerts an equal force of N to the person. However, the whole system of 

elevator and person might be pulled by the force F which is not necessarily equal to C or 

N. 

AO - 6 (Newton's Third Law) 

All forces come in pairs, and two partners of a pair are always equal in magnitude 

and opposite in direction. Given any pair of bodies A and B (at rest or moving), the 

force that body B exerts on body A is equal in magnitude, but opposite in direction, to the 

force which body A exerts on body B. Notice that the pair of forces to which Newton's 
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third law refers, always acts on different: bodies, not the same body; one force acts on 

one body in the pair, and the other force acts on the other body. 

AO - 7 (Newton's Third Law) 

Why do some students think that an object at rest on a table is not experiencing 

any force from the table? Because, when you take the object off the table, or you push 

the table, nothing happens to the table. The reality is that the table is pushing back 

against the object, but since the table is not as flexible as a spring or as a trampoline, the 

force is not noticeable. However, if you put a very heavy object on a hard table and then 

take it away, you will notice that the table moves upward a little. This shows that the 

table has been pushing back against the heavy object. 

AO - 8 (Newton's Third Law) 

All bodies that are in direct contact with (i.e., touching) a given body, in 

principle, exert forces on each other, such forces are called contact forces. The 

molecules of any two objects interact wherever they are close to each other. Therefore, 

an action and reaction force of equal magnitude is exerted on each body. Note that the 

contact force is not the weight force of the object, although it is equal to the weight 

force in some cases. 

For example, in the right picture below, the contact force C and the weight force 

W are equal. However, in the other two pictures, they are not equal. (Figure, B. 1) 
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AO - 9 (Newton's Third Law) 

Many students make the mistake of thinking that Newton's 3rd law pairs the 

weight force on the box, W, with N, the force which the table exerts on the box. 

One can easily make this mistake because these forces are equal in magnitude and 

opposite in direction when the table and box are at rest. However, the fact is that 

both N and W are forces exerting on the book, one by the table, and the other by 

the earth. 

Furthermore, when there is a big force exerting on the table from below, the 

table and the book will accelerate. In this case, N is greater than W. Therefore, N 

and W are not action-reaction forces because, action-reaction forces are 

ALWAYS equal. 

In this animation, a force is exerted on the table, therefore, the table and the book 

accelerate upward, 



APPENDIX C 

THE KNOWLEDGE PHYSICS TEST 

Name: 

Date: 

Age: 

Grade: 

Gender: 

Name of School: 

Have you ever taken a course in physics? 

A-Yes 

B-No 

How much do you work with computers'' 

A- Never 

B- Very rarely 

C-A few hours a month 

D- A few hours a week 

E- A few hours a day 

How confident do you feel in math? 

A- Wizard 

B- Above average 

C- Medium 

D- Below average 
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E- Poor 

Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz Hz He Hz Hz He Hz sic ~ie He Hz Hz He Hz Hz sk He sic He sic He Hz Hz He si* Hz He He Hz Hz He Hz He He He Hz He Hz He He He He Hz Hz Hz *k Hz He He He sic He Hz 

1- Velocity is given by the slope of a position-time graph, 

a- True 

b- False 

2- When no external, unbalanced force acts on an object, its velocity remains constant, 

a- True 

b- False 

3- If no net force acts on an object, it maintains its state of rest or its constant speed in a 

straight line. 

a- True 

b- False 

4- An external force is required to change the velocity of an object. Internal forces have 

no effect on an object's motion. 

a-True 

b- False 

5- Moving objects continue to move in a straight line at a constant acceleration, unless 

acted upon by an external, unbalanced force. 

a-True 

b- False 

6- Newton's first law is just a special case of Newton's second law. 
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a- True 

b- False 

7- The graph of speed versus force passes through the origin, indicating that when no 

force is exerted on an object, the object does not accelerate. 

a- True 

b- False 

8- The force of gravity on an object is present regardless of whether the object is falling, 

resting on the ground, or being lifted. 

a-True 

b- False 

9- If you try to kick a bowling ball across the surface of the moon, it will be just as hard 

to accelerate as on the Earth because its mass will be the same. 

a-True 

b- False 

10- The inertial mass of an object is the ratio of the net force exerted on the object and its 

speed. 

a-True 

b- False 

11- The mass of on object on the Earth and on the moon is equal but its weight is 

different on the moon than it is on Earth. 

c-True 

d- False 
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12- The direction of the force of friction on the sliding object is parallel to the surface and 

in a direction that opposes the slipping of the two surfaces. 

a- True 

b- False 

13- the force of sliding friction is less than that of static friction, 

a- True 

b- False 

14- An object in free fall (not in a vacuum) has only the force of gravity acting on it. 

a- True 

b- False 

15-The branch of physics that deals with the description of the motion of objects without 

reference to the forces or agents causing the motion is called: 

a- Vectors 

b- Dynamics 

c- Kinematics 

d- Scalars 

16- In physics, quantities such as position and displacement that have a magnitude, a unit, 

and a direction are called: 

a- Vectors 

b- Dynamics 

c- Kinematics 

d- Scalors 

17- The relationship between displacement and velocity is: 



a- v= Ad/At 

b- v = At/Ad 

c- a = Av/At 

d- a = Ad/At 

18- The ability of an object to resist changes in its state of motion is called: 

a- Inertia 

b- Friction 

c- Air resistance 

d- Newton's second law 

19- When an external, unbalanced, constant force acts on an object, the object moves: 

a- with a constant speed 

b- with a constant acceleration 

c- with an increasing acceleration 

20- How does an object's acceleration change when the unbalanced force on it is 

doubled. 

a- The acceleration increases but it is not doubled 

b- The acceleration does not change 

c- The acceleration will also be doubled 

d- The acceleration will be half 

21- How does acceleration change when the mass of an object is doubled, but the 

unbalanced force acting on it remains constant? 

a- The acceleration increases but it is not doubled 

b- The acceleration does not change 
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c- The acceleration will also be doubled 

d- The acceleration will be half 

22- If a IN force accelerates one cart at 0.5 m/s2, what acceleration will a 5 N force 

produce on a stack of five identical carts? 

a-.5 m/s2 

b- 1.0m/s2 

c- .25 m/s2 

d-.l m/s2 

23- A child on a toboggan falls backward, when the toboggan is given a sharp tug. This is 

a typical example of: 

a- Newton's first law 

b- Newton's second law 

c- Newton's third law 

d- Newton's laws do not apply to this question 

24- When, in a canoe on the water, you move towards the front, the canoe moves in the 

opposite direction. This is a typical example of: 

a- Newton's first law 

b- Newton's second law 

c- Newton's third law 

d- Newton's laws does not apply to this question 

25- Your toe hurts when you kick a football. This an example of: 

a- Newton's First law 

b- Newton's second law 
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c- Newton's third law 

d- Newton's laws does not apply to this question. 

26- An object at rest has either no force, or a minimum of two forces, acting on it. This is 

an example of: 

a- Newton's First law 

b- Newton's second law 

c- Newton's third law 

d- Newton's laws does not apply to this question. 

27- The acceleration varies with the net force applied. 

a- Directly 

b- Inversely 

28- The acceleration varies with the mass of the object. 

a- Directly 

b- Inversely 

29- What is the unit of force called? (i.e., the force that, when applied to a mass of 1kg, 

produces an acceleration of 1 m/s2.) 

Write your answer Here . 

30- If the acceleration is in the direction opposite to that of the motion it is called: 

A- Deceleration 

B- Negative acceleration 

31- State Newton's third Law 

Write your answer Here => 
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APPENDIX D 

THE CONCEPTUAL PHYSICS TEST (FCI)1 

The Force Concept Inventory (FCI) requires a forced choice between Newtonian 

concepts and commonsense alternatives. Table A.4.1. contains a taxonomy of 

commonsense misconceptions probed by the inventory. The table lists 27 distinct 

misconceptions along with corresponding inventory items that suggest their presence 

when selected. 

Reliability and validity of the FCI 

The conceptual test has a more critical role in this project than the knowledge test. 

As it was mentioned before, students' preconceptions in physics play an important role in 

physics learning and teaching. To assess students' preconception a test was initially 

devised by Halloun and Hestenes (1985-b) called the Mechanics Diagnostic Test. The 

test questions had been initially selected to assess student's qualitative conceptions of 

motion and its causes, and to identify common misconceptions which had been noted by 

previous investigators. Various versions of the test were administered over a period of 

three years to more than 1000 students in college level, introductory physics courses. 

Early versions required written answers. Answers reflecting the most common 

misconceptions were selected as alternative answers in the final multiple-choice version 

presented in Table D. 1. 

1 Adapted from Hestenes (1998) with permission 
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Table D.l . The taxonomy of coinmonsense misconceptions probed by the FCI. 
Misconceptions Inventory Item 
1- Kinematics 

Kl . position-velocity undiscriminated 19B,C,D 
K2. velocity-acceleration undiscriminated 19A; 20B,C 
K3. Non-vertical velocity composition 9C 

2- Impetus 
11. impetus supplied by hit 30B,D,E;27D; HB,C 
12. loss/recovery of original impetus 7D; 8C,E; 21A; 23A.D.E 
13. impetus dissipation 13,A,B,C; 12C,D,E; 14E; 

24C,E; 27B 
14. gradual/delayed impetus build-up 8D; 10B,D;21D;27E 
15. circular impetus 6A; 7A,D; 5C; 18C,D,E 

3- Active Force 
AF1. only active agents exert forces 28B;29E;15D;16D;17E;30 
AF2. motion implies active force A 
AF3. no motion implies no force 27A 
AF4. velocity proportional to applied force 29E 
AF5. acceleration implies increasing force 22A; 26A; 
AF6. force causes acceleration to terminal velocity 3B 
AF7. active force wears out 3A; 22D; 26D 

22C,E 
4- Action/Reaction pairs 

AR1. greater mass implies greater force 4A,D; 28D; 15B; 16B 
AR2. most active agent produces greatest force 15C;28D;16C 

5- Concatenation of Influences 
CI1. largest force determines motion 17A.D 
CI2. force compromise determines motion 7C; 6D; 12A; 14C; 21C 
CI3. last force to act determines motion 8A; 9B; 21B; 23C 

6- Other influences of motion 
CF. centrifugal force 7C,D,E; 6C,D,E; 5D, 18E 
Ob. obstacles exert no force 4C; 11,A,B; 29A; 15E; 
Resistance 16E 

R l . mass makes things stop 
R2. motion when force overcomes resistance 27A,B; 14A,B; 25B 

Gravity 25A,B,D,E 
G l . air pressure-assisted gravity 
G2. gravity intrinsic to mass 29B; 3E; 17D; 
G3. heavier objects fall faster 13E; HE; 3D 
G4. gravity increases as objects fall 1A; 2B,D 
G5. gravity acts after impetus wears down 3B;13B 

13B;12E;14E 
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The Kuder-Richardson reliability coefficient of the test reported by Halloun and 

Hestenes (1985-b) were .86 for the pretest and .89 for the posttest. According to them 

these unusually high values are indicative of highly reliable tests. They also reported that 

a similar comparison of score distribution for written answer and multiple-choice 

versions of the tests gave comparable results. They conclude that the multiple-choice 

version measures the same thing as the written version, but more effectively. 

In 1992 the original Mechanic Diagnostic Test was revised to a new test called the 

Force Concept Inventory. Still a newer version is presented in Mazur (1997). According 

to Hestenes (1998) this test has now been used at least in 300 physics classes on at least 

20,000 students. Huffman and Heller (1995) report that the FCI is one of the most 

reliable and useful tests currently available for introductory physics teachers. 

However, some critics (Griffits, 1997) has questioned the validity of the test and 

the urgency of the results. His concern is based on a general skepticism of multiple-

choice tests. However, Hestenes (1998) replies that the test has been carefully validated 

with extensive student interviews. According to him all this has been thoroughly 

documented in the literature and repeatedly checked by many different people. He replies 

that the FCI is not comparable to the off-the-cuff multiple-choice tests that teachers 

construct on their own. The carefully constructed distracters for each item are not typical 

multiple-choice throwaways, but commonsense alternatives to Newtonian concepts that 

amplify the significance of student responses. 

According to Hestenes and Halloun (1995) a major problem in multiple-choice 

test development is to minimize false positives and false negatives. They believe that the 

FCI is exceptionally successful in this regard because of special features in its design. 



They report the probability of a false negative to be less than ten percent. According to 

Hestenes and Halloun (1995) the minimization of false positive is more difficult because 

even random choices have a 20% chance of false positives. However, their interviews 

with students show that student choices are not random. Students have definite reasons 

for their choices. According to them In the FCI design two devices are used to reduce 

"noise" from false positives. First, the FCI probes each conceptual dimension with 

several questions involving different contexts and viewpoints. A false positive on one of 

the questions can then be partially compensated for by a non-Newtonian choice on 

another. Second, powerful distracters are introduced onto each FCI question, that appear 

eminently reasonable to students because they are culled from extensive student 

interviews. 

Huffman, and Heller (1995) raised the question that " what does the force 

concept inventory actually measure?" While they acknowledge that FCI has reasonable 

content validity, they report that the FCI does not meet one of the common standards of 

test construction. According to this repot factor analysis of students' responses indicate 

that, from the students' point of view, the FCI does not appear to test for a coherent, 

universal force concept, dimensions of a force concept, or any organized alternative 

beliefs (e.g., impetus). They conclude that the items on the FCI are only loosely related. 

If the FCI were actually measuring a central force concept, and if the force concept could 

be decomposed into the six conceptual dimensions as proposed by the authors of the 

inventory, then we would expect the items on the inventory to either group together on 

one central factor, or to group together on the six conceptual dimensions. It seems more 
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likely that the inventory actually measures bits and pieces of students, knowledge that do 

not necessarily form a coherent force concept. 

Hestenes and Halloun (1995) respond that factor analysis is an inappropriate 

statistical tool to draw conclusions about either the validity of the FCI or student concepts 

of force. Firstly, factor analysis has been severely criticized in the literature, especially 

for the case of dichotomous variables. Secondly, the FCI has been expressly designed and 

validated to measure "the disparity between student concepts and the Newtonian force 

concept.". Therefore, it is expected that most students do not develop a coherent 

understanding of the Newtonian force concept. However, they contend that high FCI 

scores are extremely unlikely without considerable coherence. They base this contention 

on extensive experience with such students, including exploratory analysis of students' 

responses, interviews, and comparison with other measures of their understanding. They 

believe that non-Newtonian thinkers occasionally give Newtonian responses, whereas 

Newtonian thinkers rarely give non-Newtonian responses. 

Hestenes and Haloun (1995) report the well-established findings of educational 

research that student beliefs about physics are loosely organized, incoherent, ill-defined 

and context-dependent. They hypothesize that students learn Newtonian mechanics in 

stages. That is, learning is not just a matter of a monotonic increase in understanding of 

Newtonian mechanics, but qualitatively different kinds of thinking occur in different 

stages of learning. According to them the students in Stage I (those who score less than a 

69% on the FCI) do not have a coherent Newtonian force concept. Their thinking is 

characterized by undifferentiated, fragmented concepts about force and motion. Students 

in Stage II (those who score between 60% and 85% on the FCI) have developed a fairly 



259 

coherent universal force concept. In Stage III students are confirmed Newtonian thinkers. 

Presumably if the students with score higher than 60% are selected, then one should find 

fairly high correlation between the items and therefore, a stronger factor structure that 

matches the six conceptual dimensions of the Table A.4.1. 

In a later argument Heller, Huffman (1995) report that they have done such a 

study. They used a sample of 512 students including, 141 students scoring below 60%, 

268 scoring between 60% and 85%, and 103 students scoring above 85%. However, they 

found that the correlations between the items for the three samples were very similar to 

those of the whole sample, only somewhat lower. Therefore, the results indicated that 

students who scored between 60% and 85% on the FCI did not have a more coherent 

Newtonian force concept than the students who score below 60%. Therefore, according 

to them the FCI measures bits and pieces of students' knowledge that do not necessarily 

form a coherent force concept. They conclude that their results do not support an "entry 

threshold to Newtonian physics" or the three-stage hypothesis of conceptual evolution in 

learning Newtonian mechanics. They contend that FCI is the best test currently available, 

but they believe that a more valid test from the point of view of students' responses is 

needed. 

The Author of this dissertation believes that this controversy on the construct 

validity of the FCI is due to lack of attention of both sides of the argument on the false 

dichotomy of Newtonian and non-Newtonian thinkers. As it was discussed earlier, the 

process of conceptual change is gradual and it continues forever. Newton himself had 

some misconceptions in the laws of motion, which later was discovered by other 

physicists. Secondly, the reason that factor analysis results did not lead to a coherent 
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force concept or the six categories hypothesized by the authors of the test is due to the 

fact that another powerful factor of "familiarity" is involved here. In fact what makes the 

FCI unique among all physics tests is that the questions are quite different from what they 

are familiar with. Novelty of the situation or lack of familiarity of students with some 

questions is a very important factor, which should be taken into account in any future 

factor analyses of the FCI. If one accept that the familiarity factor is an important one, 

and accept that some students are familiar with particular questions and others with other 

questions then one: would not expect extracting clear and distinct factors in the studies 

such as the one conducted by Huffman and Heller (1995). In future studies the familiarity 

factor should be controlled before any attempt to factor analysis. 

The test-retest reliability coefficient of this test as measured in this study on a 

group of 137 students was .78. The Kuder-Richardson (formula 21) reliability for the 

same was computed to be .66. The low reliability coefficient is partly due to the 

homogeneity of variance. Since the conceptual test is a difficult test especially for high 

school students, the average score was 11.48 out of 30 for this group. Therefore, the 

scores were positively skewed and the variance was relatively low (4.41). 

As it was mentioned in chapter 2, students often display "understanding" in 

standardized science tests, in the teacher-made tests, thereby giving teachers a false sense 

of their students' true understanding (Mestre, 1994). These tests, which usually do not 

force students to apply the concepts covered in class to a wide range of situations, will 

continue to show that students understand the material covered in class. Students are able 

to solve conventional problems without understanding the underlying conceptions or 

without being able to correctly apply the concepts to real situations (Halloun & Hestenes, 
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1987; Trowbridge & McDermott, 1980). This is possible because they memorize 

particular problem solutions through "mindless plug-and-chung" activities (Hetenes, 

1998, p.466) and the current criterion of success in most science classes is performance, 

not understanding. Indeed, only certain types of questions (e.g. the FCI test) cart probe for 

the ability to resolve concepts from one another and to apply them to real situations. 

Regarding all these problems with conventional physics assessment, one should 

not expect a high correlation between students' grades in formal physics classrooms, and 

those the FCI test. Halloun and Hetenes reported a correlation of .56 between the 

Mechanics Diagnostic test (the predecessor of the FCI) with students' physics grades in 

introductory physics courses. However, Heller and Huffman (1995) report a correlation 

of .27 between the FCI (pretest) and course grades. In the Present study the correlation 

between students' score on the conceptual pre and post test (FCI) with their scores final 

exams was .59, and .69 respectively. Therefore, this relatively low correlations should not 

be interpreted necessarily as low validity of the FCI but perhaps due to the low validity of 

the conventional physics assessment. 
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THE, FORCE CONCEPT INVENTORY 



DIAGNOSTIC TEST 

1. Two metal balls are the same size but one weighs twice as much as the other. The 
balls are dropped from the roof of a single story building at the same instant. The 
time it takes the balls to reach the ground below will be 

1. about half as long for the heavier ball as for the lighter one. 

2. about half as long for the lighter ball as for the heavier one. 

3. about the same for both balls. 

4. considerably less for the heavier ball, but not necessarily half as long. 

5. considerably less for the lighter ball, but not necessarily half as long. 

2. The two metal balls of the previous problem roll off a horizontal table with the 
same speed. In this situation 

1. both balls hit the floor at approximately the same horizontal distance from the 
base of the table. 

2. the heavier ball hits the floor at about half the horizontal distance from the 
base of the table than does the lighter ball. 

3. the lighter ball hits the floor at about half the horizontal distance from the base 
of the table than does the heavier ball. 

4. the heavier ball hits the floor considerably closer to the base of the table than the 
lighter ball, but not necessarily at half the horizontal distance. 

5. the lighter ball hits the floor considerably closer to the base of the table than 
the heavier ball, but not necessarily at half the horizontal distance. 

3. A stone dropped from the roof of a single-story building to the surface of Earth 

1. reaches a maximum speed quite soon after release and then falls at a constant 
speed thereafter. 

2. speeds up as it falls because the gravitational attraction gets considerably 
stronger as the stone gets closer to Earth. 

3. speeds up because of an almost constant force of gravity acting upon it. 

4. falls because of the natural tendency of all objects to rest on the surface of 
Earth. 

5. falls because of the combined effects of the force of gravity pushing it down
ward and the force of the air pushing it downward. 



4. A large truck collides head-on with a small compact car. During the collision 

1. the truck exerts a greater amount of force on the car than the car exerts on 
the truck. 

2. the car exerts a greater amount of force on the truck than the truck exerts 
on the car. 

3. neither exerts a force on the other, the car gets smashed simply because it 
gets in the way of the truck. 

4. the truck exerts a force on the car but the car does not exert a force on the 
truck. 

5. the truck exerts the same amount of force on the car as the car exerts on 
the truck. 

Use the statement and figure below to answer the next two questions (5 and 6). 

The accompanying figure shows a frictionless channel in the shape of a segment of a cir
cle with its center at O. The channel has been anchored to a frictionless horizontal table 
top. You are looking down at the table. Forces exerted by the air are negligible. A ball is 
shot at high speed into the channel at P and exits at R. 

Q ^ ^ 

Consider the following distinct forces: 

A. a downward force of gravity. 

B. a force exerted by the channel pointing from Q to O. 

C. a force in the direction of motion. 

D. a force pointing from O to Q. 

Which of the above forces is (are) acting on the ball when it is within the fric
tionless channel at position Q? 

1. A only. 

2. A a n d B . 

3. A a n d C . 

4. A.B.andC. 

5. A.C.andD. 
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6. Which of the paths 1-5 below would the ball most closely follow after it exits the 
channel at R and moves across the frictionless table top? 

A steel ball is attached to a string and is swung in a circular path in a horizontal 
plane as illustrated in the figure below. 

At point P, the string suddenly breaks; near the ball. 

If these events are observed from directly above, which of the paths 1-5 below 
would the ball most closely follow after the string breaks? 

5^ 



Use the statement and figure below to answer the next four questions (8-11). 

The figure depicts a hockey puck sliding with constant speed vQ in a straight line from 
point to P to point Q on a frictionless horizontal surface. Forces exerted by the air are 
negligible. You are looking down on the puck. When the puck reaches point Q, it re
ceives a swift horizontal kick in the direction of the heavy print arrow. Had the puck 
been at rest at point P, then the kick would have set the puck in horizontal motion with 
a speed vk in the direction of the kick. 

t 
8. Which of the paths 1-5 below would the puck most closely follow after receiving 

the kick? 

I' 

9. The speed of the puck just after it receives the kick is 

1. equal to the speed vQ it had before it received the kick. 

2. equal to the speed vk resulting from the kick and independent of the speed vQ. 

3. equal to the arithmetic sum of the speeds vQ and vk. 

4. smaller than either of the speeds vQ or vk. 

5. greater than either of the speeds vQ or vk, but less than the arithmetic sum of 
these two speeds. 
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10. Along the frictionless path you have chosen in question 8, the speed of the puck 
after receiving the kick 

1. is constant. 

2. continuously increases. 

3. continuously decreases. 

4. increases for a while and decreases thereafter. 

5. is constant for a while and decreases thereafter. 

11. Along the frictionless path you have chosen in question 8, the main force (s) act
ing on the puck after receiving the kick is (are) 

1. a downward force of gravity. 

2. a downward force of gravity, and a horizontal force in the direction of motion. 

3. a downward force of gravity an upward force exerted by the surface, and a hor
izontal force in the direction of motion. 

4. a downward force of gravity and an upward force exerted by the surface. 

5. none. (No forces act on the puck.) 

12. A ball is fired by a cannon from the top of a cliff as shown below. Which of the 
paths 1-5 would the cannon ball most closely follow? 
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A boy throws a steel ball straight up. Consider the motion of the ball only after it 
has left the boy's hand but before it touches the ground, and assume that forces 
exerted by the air are negligible. For these conditions, the force (s) acting on the 
ball is (are) 

1. a downward force of gravity along with a steadily decreasing upward force. 

2. a steadily decreasing upward force from the moment it leaves the boy's hand 
until it reaches its highest point; on the way down there is a steadily increasing 
downward force of gravity as the ball gets closer to Earth. 

3. an almost constant downward force of gravity along with an upward force theit 
steadily decreases until tlie ball reaches its highest point; on the way down there 
is only an almost constant downward force of gravity. 

4. an almost constant downward force of gravity only. 

5. none of the above. The ball falls back to ground because of its natural tenden
cy to rest on the surface of the Earth. 

A bowling ball accidentally falls out of the cargo bay of an airliner as it flies along 
in a horizontal direction. 

As observed by a person standing on the ground and viewing the plane as in the 
figure below, which of the paths 1-5 would the bowling ball most closely follow 
after leaving the airplane? 
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Use the statement and figure below to answer the next two questions (15 and 16). 

A large truck breaks down out on the road and receives a push back into town by a 
small compact car as shown in the figure below. 

15. While the car, still pushing the truck, is speeding up to get up to cruising speed, 

1. the amount of force with which the car pushes on the truck is equal to that with 
which the truck pushes back on the car. 

2. the amount of force with which the car pushes on the truck is smaller than that 
with which the truck pushes back on the car. 

3. the amount of force with which the car pushes on the truck is greater than that 
with which the truck pushes back on the car. 

4. the car's engine is running so the car pushes against the truck, but the truck's en
gine is not running so the truck cannot push back against the car. The truck is 
pushed forward simply because it is in the way of the car. 

5. neither the car nor the truck exerts any force on the other. The truck is pushed 
forward simply because it is in the way of the car. 

16. After the car reaches the constant cruising speed at which its driver wishes to push 
the truck, 

1. the amount offeree with which the car pushes on the truck is equal to that with 
which the truck pushes back on the car. 

2. the amount of force with which the car pushes on the truck is smaller than that 
with which the truck pushes back on the car. 

3. the amount of force with which the car pushes on the truck is greater than that 
with which the truck pushes back on the car. 

4. the car's engine is running so the car pushes against the truck, but the truck's en
gine is not running so the truck cannot push back against the car. The truck is 
pushed forward simply because it is in the way of the car. 

5. neither the car nor the truck exerts any force on the other. The truck is pushed 
forward simply because it is in the way of the car. 
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An elevator is being lifted up an elevator shaft at a constant speed by a steel cable 
as shown in the following figure. All frictional effects are negligible. In this situa
tion, forces on the elevator are such that 

1. the upward force by the cable is greater than the downward force of gravity. 

2. the upward force by the cable is equal to the downward force of gravity. 

3. the upward force by the cable is smaller than the downward force of gravity. 

4. the upward force by the cable is greater than the sum of the downward force 
of gravity and a downward force clue to the air. 

5. none of die above. (The elevator goes up because the cable is being shortened, not 
because an upward force is exerted on the elevator by die cable). 

£L 
steel 
cable 

elevator going up 
at constant speed 



18. The following figure shows a boy swinging, starting at a point higher than P. Consider 
the following distinct forces: 

A. a downward force of gravity. 

B. a force exerted by the rope pointing from P t o O. 

C. a force in the direction of the boy's motion. 

D. a force pointing from O to P. 

Which of the above forces is (are) acting on the boy when he is at position P? 

1. A only 

2. A and B 

3. A a n d C 

4. A,B,andC 

5. A, C, and D 

19. The positions of two blocks at successive 0.20-s time intervals are represented 
by the numbered squares in the following figure. The blocks are moving toward 
the right. 

Do the blocks ever have the same speed? 

1. No. 

2. Yes, at instant 2. 

3. Yes, at instant 5. 

4. Yes, at instants 2 and 5. 

5. Yes, at some time during the interval 3 to 4. 



20. The positions of two blocks at successive 0.20-s time intervals are represented by 
the numbered squares in die figure below. The blocks are moving toward the right. 

The accelerations of the blocks are related as follows: 

1 2 3 4 5 6 7 
block A • • • • • • • 

I I I I | 1 I I I | I 1 1 1 | I 1 1 1 | I 1 I I | I I I 

blockB • • III • • 
1 2 3 4 5 

1. The acceleration of A is greater than the acceleration of B. 

2. The acceleration of A equals the acceleration of B. Both accelerations are 
greater than zero. 

3. The acceleration of B is greater than the acceleration of A. 

4. The acceleration of A equals the acceleration of B. Both accelerations are zero. 

5. Not enough information is given to answer the question. 



Use the statement and figure below to answer the next four questions (21 through 24). 

A spaceship drifts sideways in outer space from point F t o point Q as shown below. The 
spaceship is subject to no outside forces Starting at position Q, the spaceship's engine is 
turned on and produces a constant thrust (force on the spaceship) at right angles to the 
line PQ. The constant thrust is maintained until the spaceship reaches a point R in space. 

Q 
• • 

21. Which of the paths 1-5 below best represents the path of the spaceship between 
points Q and R? 
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11. As the spaceship moves from point Q to point R its speed is 

1. constant. 

2. continuously increasing. 

3. continuously decreasing. 

4. increasing for a while and constant thereafter. 

5. constant for a while and decreasing thereafter. 
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23. At point R, the spaceship's engine is turned off and the thrust immediately drops 
to zero. Which of the paths 1-5 will the spaceship follow beyond point R? 

4 
I 

i 

2 
/ 

R*-- 1 --->• *R 

24. Beyond position R the speed of the spaceship is 

1. constant. 

2. continuously increasing. 

3. continuously decreasing. 

4. increasing for a while and constant thereafter. 

5. constant for a while and decreasing thereafter. 

25. A woman exerts a constant horizontal force on a large box. As a result, the box 
moves across a. horizontal floor at a constant speed vQ. 

The constant horizontal force applied by the woman 

1. has the same magnitude as the weight of the box. 

2. is greater than the weight of the box. 

3. has the same magnitude as the total force that resists the motion of the box. 

4. is greater than the total force that resists the motion of the box. 

5. is greater than either the weight of the box or the total force that resists 
its motion. 

26. If the woman in the previous question doubles the constant horizontal force that 
she exerts on the box to push it on the same horizontal floor, the box then moves 

1. with a constant speed that is double the speed vQ in the previous question. 

2. with a constant speed that is greater than the speed v0 in the previous question, 

but not necessarily twice as great. 

3. for a while with a speed that is constant and greater than the speed u0 in the 
previous question, then with a speed that increases thereafter. 

4. for a while with an increasing speed, then with a constant speed thereafter. 

5. with a continuously increasing speed. 
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i 
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3 

*R • R R*' 
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27. If the woman in question 25 suddenly stops applying a horizontal force to the 
block, then the block 

1. immediately comes to a stop. 

2. continues moving at a constant speed for a while and then slows to a stop. 

3. immediately starts slowing to a stop. 

4. continues at a constant speed. 

5. increases its speed for a while and then starts slowing to a stop. 

28. In the following figure, student A has a mass of 75 kg and student B has a mass of 
57 kg. They sit in identical office chairs facing each other. 

Student A places his bare feet on the knees of student B, as shown. Student A then 
suddenly pushes outward with his feet, causing both chairs to move. 

During the push and while the students are still touching one another, 

1. neither student exerts a force on the other. 

2. student A exerts a force on student B, but B does not exert any force on A. 

3. each student exerts a force on the other, but B exerts the larger force. 

4. each student exerts a force on the other, but A exerts the larger force. 

5. each student exerts the same amount of force on the other. 
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29. An empty office chair is at rest on a floor. Consider the following forces: 

A. a downward force of gravity. 

B. an upward force exerted by the floor. 

C. a net downward force exerted by the air. 

Which of the forces is (are) acting on the office chair? 

1. A only 

2. A a n d B 

3. B a n d C 

4. A, B, and C 

5. None of the forces. (Since the chair is at rest, there are no forces acting upon it.) 

30. Despite a very strong wind, a tennis player manages to hit a tennis ball with her 
racquet so that the ball passes over the net and lands in her opponent's court. 

Consider the following forces: 

A. a downward force of gravity. 

B. a force by the "hit." 

C. a force exerted by the air. 

Which of the above forces is (are) acting on the tennis ball after it has left contact 
with the racquet and before it touches the ground? 

1. A only 

2. A and B 

3. A and C 

4. B a n d C 

5. A,B, andC 




