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ABSTRACT

The purpose of this study was to better understand the nature and extent
of students’ understanding of Newtonian physics. This study investigated
differential effects of three different instructional treatments (computer text
instruction [CTI], computer text-graphic instruction [CTGI], and computer-based
instruction [CBI]). These treatments exposed areas of the subjects’ lack of
understanding of physics concepts that were measured by the Force Concept
Inventory (FCI) to determine students’ misunderstandings of Newtonian physics
concepts. The sample consisted of 90 undergraduate students with non-physics
maijors enrolled in the physics for life science course at a comprehensive
university in the Midwest. The results indicate that students who used the CBI
lesson did significantly better than students using the CTGI or CTI lessons with
respect to understanding Newton's laws. In addition, students who used a more

meaningful learning approach did not necessarily have higher reasoning abilities.



CHAPTER 1
introduction

Background of the Study

Empirical research relating to students’ conceptual understanding of
physics indicates that most students do not connect the physics of motion (i.e.,
Newtonian laws) with their everyday life experiences (Hestenes, Wells, &
Swackhamer, 1992). Generally, it seems that students experience cognitive
difficulty in grasping Newtonian physics concepts. As a result, science educators
have called for a newer, deeper, more robust instructional focus with regard to
physics (Linn, 1988) or a change in teaching method, which encourages deeper
understanding of the subject area (Minstrell, 1989). Recent findings in child
psychology suggest that children possess certain ideas about perception. These
ideas typically relate to natural events children experience before they are taught
physical science in a traditional scheo! environment. A considerable gap exists
between students’ conceptual understanding of physics and knowledge used in
problem-solving tasks (Reiner & Shauble, 1990). In addition, Haertal (1990)
draws the conclusion that formal mathematical and physical knowledge—without
a conceptual understanding of basic concepts and relations—does not
necessarily help students solve problems.

Many instructors have realized the importance of computer-based
instruction in the classroom. Consequently, numerous researchers have

employed a wide variety of techniques to evaluate the overall effectiveness of



computers in enhancing student classroom learming (Roblyer, Castine, & King,
1988). Interestingly, the majority of these researchers found computers quite
effective for overcoming certain cognitive difficulties in the students’ grasp of
science concepts (Weller, 1995; Kulik & Kulik, 1991; Wise, 1989; Roblyer,
Castine, & King, 1988).

In addition to instructional procedures, other factors related to student
abilities and learning approaches may explain the difficulty students have with
understanding physics concepts. One such factor is students’ reasoning ability,
ranging from pre-concrete to formal (Lawson & Thompson, 1988). Students who
are capable of abstract formal reasoning can obtain a more sound understanding
of abstract concepts in physics.

Another factor related to physics understanding is the students’ ability to
assimilate information as being meaningful or to merely ingest it as rote learning
(Williams & Cavallo, 1994). Meaningful leaming is defined as “the formation of
viable relationships among ideas, concepts, and information” (Williams &
Cavallo, 1995, p. 626), while rote leaming is defined as “memorization of content
without forming relationships or making sense of the information” (Marek &
Cavallo, 1997, p. 97).

Unfortunately, many students seem to learn concepts by rote rather than
by meaningful learning. Rote leaming is also thought to prevent the leaming of
new science ideas while simultaneously interfering with students’ formulations of

sound scientific understandings (Novak, 1988). When students consistently learn



concepts by rote, they may also tend to formulate misconceptions of basic
science concepts (Boujaoude, 1992).

On the same theme, educators have sought for years to foster students’
conceptual understanding cf physical science. Typically, leamning physics
concepts requires students to form understandings of central concepts and to
connect new information with existing knowledge. Since many college physics
courses consist primarily of lecture sessions, how can students best construct an
understanding of these abstract concepts? One technique is the use of
computer-aided instruction to supplement the learming which takes place in
typical college physics courses. Computer-aided instruction is said to present
knowledge to students in such a way as to stimulate their understanding (Flick,
1990; Faryniarz, 1992; Fredenbery, 1993; Alexander, 1993). This study
investigates relationships among reasoning ability, meaningful learning, and
computer-based instruction on students’ understanding of Newtonian laws.

Problem Statement

The purpose of this study was to more clearly comprehend the nature and
extent of students’ understandings and misunderstandings of Newtonian
physics. In doing so, this study investigated possible differential effects of three
instructional treatments. These treatments consisted of (1) computer text
instruction (consisting only of formal texts- CTl), (2) computer text-graphics
instruction (consisting of three parts: texts, pictures related to the text, and audio-

CTGl), and (3) computer based-instruction (consisting of four parts: texts,



pictures related to the text, animation, and audio- CBI). These treatments
exposed areas of students’ misunderstandings of physics concept as measured
by the Force Concept Inventory (FCI), an instrument developed by Hestenes et
at., (1922) to determine students’ misunderstandings of Mewtonian physics

concepts.

Specifically, the purposes of this study were:

1. To determine differences in the understanding of Newtonian physics by
students exposed to one of the three different computer-aided
instructional treatments (CTI, CTGI, and CBI).

2. To determine and investigate the differences among reasoning ability,
treatment (CTI, CTGI, and CBI), and the interaction of these variables on
students’ understanding of Newton's laws.

3. To determine and investigate the differences among meaningful
learning, treatment (CTl, CTGI, and CBIl), and the interaction of these
variables on students’ understanding of Newton’s laws.

Significance of the Study

An extensive literature search yielded no studies that examined all the
treatments (i.e., CTIl, CTGI, and CBI) simuitaneously, much less the interaction
between the cognitive variables (i.e., reasoning ability, meaningful leaming)
relative to students’ understanding of Newtonian physics. When concepts were
presented in a computerized visual animated format, better outcomes of

instruction were achieved (Rieber, 1990). Presenting concepts as visual images



or computerized visual animation may also helped physics students develop
better understanding of Newtonian physics concepts. One possible reason why
the computerized visual animation helped science students is that physics
subject matter consists of many abstract concepts which animation makes more
accessible (Escalada, Rebello, & Zoliman, 1996).

This study investigated two potential benefits. The first possible benefit is
increased understanding by students of the physics laws modeled in the
computerized visual animations. The second possible benefit is the
enhancement of the cognitive powers of students during problem solving,
interpreting physics concepts, and learmning activities. These outcomes might

inspire students’ interest in physics topics as well as their daily applications.



CHAPTER I

Introduction

Current literature review

This chapter summarizes research efforts in both evaluating and applying
computers in the classroom. First, this chapter discusses the overall effects of
interactive learning strategies on students’ understanding through the use of
computers. Second, this chapter discusses both (a) reasoning ability and (b)
meaningful learning, as each relates to students’ understanding of physical
science concepts.

Computers and Understanding

For several years, teachers have used computer-based instruction to help
improve their students’ understanding of difficult concepts in education. This
section reviews some recent research regarding the use of computer interactive
strategies.

Knupfer and Zollman (1994) studied the use of Digital Video Interactive
(DVI) techniques. DVI provides real-time motion; students can collect and
visualize data as well as interact with the image on the screen. The full motion
image is contained in a window on part of the screen so the remainder of the
screen can be used for other purposes (i.e., graphing data). Knupfer and
Zollman (1994) applied their DVI techniques to help students better leam the
modemn concepts of physics that have traditionally been difficult to teach, such
as “frame of reference.” The main objective of the DVI approach consisted of

making physics concepts more visual in nature, and therefore less abstract, so
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that students would become more motivated to learn. The special feature of the
DVI system is that it can capture video in real time and then manipulate the data
obtained (Knupfer & Zoliman ,1994). This feature in the Knupfer and Zoliman
(1994) study, referred to as Real-Time Video (RTV) by the Intel corporation,
allows individual users to capture video and save it to a hard disk at 30 frames
per second. it can, for example, be used to analyze the motion of a spherical
pendulum which can undergo chaotic motion. To achieve this, a video camera is
mounted so that it can view the end of the pendulum as it move. Then the video
signal of the pendulum’s image is captured by the computer. Upon completion of
the video capture, an image analysis program can find the location of the end of
the pendulum and recorded its coordinates for each frame of the video. With this
information at hand, the motion video segment can be played back while
simultaneously displaying a graph of its coordinate points. Meanwhile, other
students can both graph and view the distance, velocity, and/or acceleration with
respect to the time reference on the displayed video. In creating these graphs,
the students in the Knupfer and Zoliman study come to display a positive attitude
toward the experience, with most of them claiming that the DVI visualization
experience helped them to understand, for example, the frame of reference
concept in physics (Knupfer & Zoliman, 1994).

Guzdial (1994) examined three different treatments of computer-based
instruction in relation to students’ physics understanding. These three treatments
were: (1) the use of simulation alone (using an expert developed model), (2)

modeling alone (without a supporting simulation), and (3) computer-based



modeling and simulation (a programming environment running on the Apple,I
Macintosh in which students construct kinematics simulations and muitimedia
demonstrations). Guzdial found that simulation may be used apart from
modeling, by using models created by an expert. The advantage to this
approach involves the avoidance of the complex activity of modeling for the
students. The danger of this approach, however, is that students may not reflect
on the underlying model's relevance (and its applicability as a theory) to the real
world.

Guzdial (1994) also found that using modeling without computer-based
simulation encourages reflection on the model and its role as a scientific theory.
Unfortunately, this method may lose the potential advantages to the individual in
terms of interactive exploration of the model through a simulation, which
scientists typically use to gain insight into theories. Finally, Guzdial (1994) found
that an approach using computer-based modeling and simulation allows students
to create their own models, but only in a programming environment that offers
extensive scaffolding. In the end, all three methods were evaluated on their
scientific learning value. This evaluation involved a clinical interview where
students were asked to solve problems verbally in physics both at the beginning
and end of the classroom. Overall, Guzdial (1994) found that almost all students
using computer-based modeling with simulation improved their
conceptualizations of velocity, acceleration, and projectile motion better than

students exposed to the other two treatments.



More recently, Escalada and Zollman (1997) compared the effect of
computer simulations using interactive dignai video techniques and a hands-on
exneriences with the concept of “reference frames.” The term reference frames
can be described as a set of coordinate axes attached to or moving with some
specified body or bodies.

The Escalada and Zollman (1997) investigation found that the majority of
participants in an introductory college physics course felt the activities (i.e.,
interactive digital video simulation on the computer) were either effective or very
effective in helping students to learn the physics concepts related to “frames of
reference”. Meanwhile, students in a control group were given hands-on
activities (i.e., materials, equipment, drill, and practice) to record and analyze
their own data as well as formed their understanding of the concept and skill with
laboratory apparatus.

Escalada and Zoliman (1997) found that significant differences existed in
activity-related questions (i.e., multiple choice questions developed to assess
students understanding of reference frames) between the participant and control
students, although no significant differences was found in final exam scores.
Escalada and Zoliman (1997) stated that the interactive digital video activities
ilustrate how technology and scientific inquiry can be integrated into a learning
environment where students are given effective methods to visualize, explore,
investigate, analyze, and understand physics concepts. The resuits of their study
demonstrate that interactive digital video techniques are appropriate for the

physics students and interactive digital video programs have the potential to



provide physics teachers with effective exploration and application activities that
incorporate existing resources and the latest user-friendly technology to bring the
active process of learning physics to the classroom.

Dechsri, Jones, and Heikkinen (1997) studied the effect of laboratory
manual design. Although this study is not directly related to computer-based
instruction, it may be helpful to examine their resulits, since it relates to the
cognitive as well as visual information processes of the students’ learning
abilities. Specifically, this design incorporated visual information-processing aids
on university student learning and attitudes in a general chemistry course. In
their investigation, two versions of a laboratory manual were developed: (1) an
experimental version that promotes visual information processing by integrating
pictures and/or diagrams with text, and (2) a control version identical to the
experimental version in both activities and structure, but without pictures or
diagrams.

In the study, Dechsri, Jones, and Heikkinen (1997) used three
assessment instruments: (1) an achievement test to assess cognitive outcomes,
(2) an attitude survey to assess affective outcomes, and (3) a manipulative skills
observation checklist to assess psychomotor outcomes. Altogether, their findings
indicated that the manual incorporation of visual information processing helped
students gain significantly higher scores on measures of achievement and
psychomotor skills, and also stimulated students to develop more favorable

attitudes toward the laboratory activities.
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Williamson and Abraham (1995) investigated the effect of computer
animation on students’ visualization of chemistry concepts. For this investigation,
the Particulate Nature of Matter Evaluation Test (PNMET) was developed and
used to determine both the nature of the students’ visualizations of particulate
matter, as well as their comprehension of the chemical concepts studied. These
animations were then implemented in two treatment situations: (a) as a
supplement in large-group lectures, and (b) as both the lecture supplement and
an assigned individual activity in a computer laboratory.

Williamson & Abraham (1995) then compared the above two experimental
treatments to a control group. Their results indicated that both treatment groups
had significantly higher conceptual understanding scores on the PNMET than did
the control group. Furthermore, students who viewed the animations had fewer
misconceptions of chemistry concepts. This finding suggests that computer-
aided instruction can be effective in mastering certain kinds of conceptual
understandings

Wise (1989) conducted a meta-analysis comparing computer-based
instruction with traditional instructional approaches. This analysis synthesized 26
studies (with 51 effect sizes and 4,200 students) from the second grade to the
college level. From this, Wise (1989) found that student achievement was
positively affected by computer-based instruction. He then divided computer
usage into five categories: laboratories, tutorials, testing, simulations, and
videodisc lessons. Wise (1989) found the highest effect size (ES) was with

computer-based laboratories (ES = 0.76), a finding significantly higher (p < .10)
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than that of simuilation and testing usage, but not different from tutorial or
videodisc usage.

Furthermore, Wise (1989) found that the effect size was greater frr the
physical sciences, although not significantly different from that for biological
sciences (ES = 0.45 and 0.22, respectively). When looking at the grade level of
computer usage, Wise (1998) found no significant differences among grade
levels, although grades 9-12 and 5-8 had the highest effect size (ES = 0.40 and
0.39, respectively). Finally, there was no significant variation in effect size due to
duration of treatment, method of subject assignment, source of the software,
number of pieces of software, or instructional role of the software. Although not
significant, he did find higher effect sizes for: (a) random assignment of subjects,
(b) treatment duration of one week or less, (c) extemally developed software, (d)
one piece of software used, and (e) software that supplements other instructional
strategies as opposed to replacing them.

Smith, Snir, and Grosslight (1987) used computer modeling with sixth and
seventh grade students in an instructional unit on weight, density, and thermal
expansion. The students were shown static models in which volume was
illustrated by a two-dimensional square, weight by the number of dots, and
density by the number of dots in each “size unit.” In addition to the computer
modeling, conceptual change strategies, experimentation, and demonstrations
were also used. In their entirety, Smith, Snir, and Grosslight's (1987) results
indicated some support for the idea that students can internalize supplied

images. Finally, they found evidence that students who could successfully apply
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density formulas nevertheless could have no conceptual understanding of
density.

A study conducted by Rigney and Lutz (1976) compared the effect of
grapiiic and verbal presentations on 40 undergraduate students’ mastery of
electrochemistry concepts. Here, Rigney and Lutz (1976) found that animated
graphic presentations (video tapes) helped improve the leaming of complex
concepts. In addition, they also found that animated graphics were superior to
verbal-only presentations. They discovered that students in the animated graphic
group had a better attitude toward chemistry than those students in the verbal-
only group.

Working with younger students, Rieber (1990) studied the effect of
computer animated and static visual aids with fourth and fifth grade learners of
Newton’s laws of motion. The results indicated that students exposed to the
animated visuais achieved significantly higher test scores than students who
were exposed to the static visuals. On the other hand, when the same
experiment was conducted by Rieber, Boyce, and Assad (1990) with university
students, no difference was found between the animated groups and the static
groups. The authors suggested that the negative result might be due to the
complication of the visual animation format itself. Another possible reason for this
can be that their animation format may not have matched the developmental
level of the college students.

Hays (1994) examined the effect of using three types of text- related,

computer-aided instruction on students’ learming outcomes. Specifically, these
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three types of instruction included text-only, text and static graphics, and text
with animation instruction. The subjects of the study were 116 sixth, seventh,
and eighth grade students. For this study, Hays (1994) dealt with the concept of
diffusion. He found that the mean score on the achievement test for the text-only
group was higher than the mean score for static text and text with animation
groups. Hays (1994) stated two possible reasons for this unexpected result: (a)
the subjects were familiar with the concept of diffusion before the study was
administrated and (b) the animation was poorly designed.

Park and Gittelman (1992) carried out a study to test the hypothesis that
animated visuals are better than static visuals in enhancing the leaming abilities
of the learner. Their findings indicated that animated visual displays in computer-
based instruction were more effective than static visual displays for teaching
electronic circuit troubleshooting skills. The authors believed that the selective
application of animation helped the students form useful mental models of the
structure, functions, and troubleshooting procedures of electronic circuits,
resulting in superior performance. Park and Gittelman indicated that the
implications of their study were limited to teaching novice-level skills to students
with no prior knowledge of the domain.

Roblyer, Castine, and King (1988) detected seven trends in students who
used computer-based instruction. There were five significant findings that relate
well to this study. First, students require less time to complete a course of study.
The interactive nature of computer-based instruction (CBI) allows the student to

control the rate of leaming, which usually results in less time on task. Second,
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students seem to enjoy using the computer more than sitting in the classroom
receiving the same material. The students’ attitudes toward the subject matter
displayed in computei-based instruction do not change appreciably. However,
the fact that the subject was taught using a computer did make a difference in
their attitude. Third, Roblyer, Castine, and King observed that post-secondary
level students responded well to CBI tutorials rather than drills. This was not true
of students from the elementary level. They preferred CBI drills. Fourth, the
researchers assessed that CBl more effective if it supplemented rather than
supplanted instruction. And fifth, students using CBI to supplement their study of
science achieve a higher level than those who do not use CBl. However, the use
of CBI in other disciplines does not achieve the same positive results.

In summary, computer usage generally exerts a positive effect on student
attitudes, although the effect on achievement itself varied according to the study.
On this note, Koballa, Crawley, and Shrigley (1990) reported that problems
regarding classroom inflexibility, lack of software, lack of computers, and limited
teacher education in the use of computers all contributed to the difficulty involved
with integrating computers into the classroom.

It is important to realize that there are some studies which have indicated
that computer assisted instruction (CAl) has a negative effect on learning.
Summerlin & Gardner (1973) compared the lecture discussion group
performance with a CAl group to teach students how to balance chemical
equations. A total of 110 high school students participated in the study, with 58

students in the treatment (CAl) group and 52 students in the control group. Ali
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the students in the control group were taught the same material contained in the
CAIl program. Their resuits showed that students leamed more with regular
classroom instruction in chemistry than they did with tutoriai-type computer
assisted instruction. The authors also stated that retention of the learned
material was greater when leaming occurred in the classroom rather than at the
computer terminal. Summerlin & Gardner (1973) indicated two other critical
points. First, the CAl students learned the chemistry material faster than the
students in the classroom. Second, the design of the CAl materials in their study
was of the tutorial type rather than the drill-and-practice or animation type, and
third the lesson were of relatively short duration.

Wainright (1989) conducted a study which compared a worksheets
exercise group with a CAl group in general chemistry classes in a high school. A
total of 100 high school students were involved in the study, with 48 students in
the treatment (CAl) group and 52 students in the control group. The treatment
group used specific microcomputer software (used for the computer activity in
general chemistry, distributed by COMPress, Inc.), while the control group used
traditional worksheets (containing exercises) for daily reinforcement activities.
The teachers presented concepts and assigned text reading identically for both
treatment and control groups. The differences were only in the method of skill
reinforcement in the selected concepts, whether by computer, or by paper-and-
pencil worksheets. The author found in this study that the control group students’
scores were significantly higher than the CAIl group on the achievement.

Wainright (1989) also found that the use of microcomputer materials by the
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experimental group did not contribute to more effective learning of concepts. The
author suggested that the lack of learning the concept effectivelv by the
computer was due to the “excessive information” in the computer software rather
than the “inherent superiority” of worksheets over the CAl method.

The learmning process can be investigated in many ways. One way is to
study the kind of tools people have discovered and fine- tuned over the years.
For example, levers, simple mechanics, and the pulley system have changed
people’s lives for years. Pea (1995) refers to these tools as cognitive
technologies. Others like Kommers, Jonassen, and Mayes (1992) call them
cognitive tools. These cognitive tools encompass technologies that enhance the
cognitive powers of human beings during thinking, problem solving, and learing.
Likewise, written programming languages, mathematical equations, and
computer-based instruction are types of cognitive tools.

As computer-based instruction operates as a cognitive tool, the learners
themselves function as designers using technologies as tools for analyzing
animated events and organizing their personal knowledge. Thus, cognitive tools
can help us as learners organize, restructure, and represent what we know.
Representing knowledge as a meaningful task can be empowered by cognitive
tools, such as multimedia authoring software (Jonassen, D.H., 1996).

One of the principles stated above for the performance of cognitive tools
is the use of muitimedia. Multimedia is the integration of media such as text,

graphics, sound, video, and animation (Von Wodtke, M., 1993). Multimedia can

17



stimulate more than one sense at a time, and it may possibly acquire and hold
the attention of more leamers.

Such cognitive tools reauire leamers to think in meaningful ways in order
to use an application’s capabilities and features to represent whai they know.
Learners cannot learn profoundly without having access to cognitive tools that
assist them in constructing and representing knowledge. Therefore, the actual
power of computer-based instruction to improve education will be achieved when
learners actively use them as cognitive tools instead of perceiving them as tutors
or sets of facts and information. Moreover, cognitive tools are mindless tools that
rely on the learner, not on computer-based instruction itself, to provide cognition.
This means that thinking about an image of two or more events in a series of
actions (animation) are the responsibility of the learner, not of computer
technologies.

Very little research has been done to investigate the premise that
cognitive tools have beneficial effects on the development of higher-order

thinking skills.

Reasoning Ability
In addition to instructional procedures, other factors related to student
abilities and learning approaches may explain the difficulty students have with
understanding physics. One such factor is students’ reasoning ability.
Research suggests that a student's ability to reason corresponds to a
student’s ability to understand concepts presented in the subject area of physics

(Williams & Cavallo, 1995). This may result from the formal nature of concepts in
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physics that force students to use higher order reasoning abilities to build logical
understanding. This section overviews relevant research regarding reasoning
ability and concept understanding.

Piaget (1964) defined four developmental stages which students undergo
in their mental development. Piaget’s developmental stages are sensory-motor,
pre-operational, concrete operation, and formal operation. The first two stages
apply to young children. Therefore, the later two stages of development describe
the types of mental operation which students who take physics courses can
utilize. During the stage of concrete operations (concrete reasoning) a student's
reasoning processes become logical. Patterns for logical operations such as
serial ordering, conservation, classification, and improved concepts of causality,
space, time, and speed emerge. On the other hand, during the stage of formal
operation (formal reasoning) a student's reasoning and logic to solve all classes
of problems are developed.

Bitter (1991) found that the five formal reasoning modes; proportional
reasoning, controliing variables, probabilistic reasoning, correlational reasoning,
and combinatorial reasoning, account for 62% of the variance in the scientific
achievement test scores of students. Literature shows that many college
students are not formal operational reasoners (Renner, Stafford, Lawson,
McKinnon, Friot, & Kellogg, 1976). However, college students are required to
learn formal concepts, especially in physics. Many college students who have
difficulty understanding physics concepts often have misconceptions. Hestenes,

Wells, and Swackhamer (1992) define the word, misconception, as an

19



understanding that differs from the understanding believed by experts in the
field. It is likely that these misconceptions may be due to the absiract content in
physics. When concrete operational students try to learn formal pnysics
concepts, a conflict takes place between the learmner’s reasoning ability and a
desire to understand the physics concept. As a result, understanding formal
concepts may be troublesome for learners who have not developed formal
reasoning abilities.

Williams and Cavallo (1995) examined relationships among students’
reasoning ability, meaningful leaming approaches, and their understanding of
Newtonian physics. Their research indicates that reasoning ability and
meaningful leaming are correlated to students’ understanding of physics
concepts. Moreover, students who have low reasoning ability or learn by rote
memorization develop more misconceptions and poorer understandings of
physics concepts. Those students who had high reasoning ability and used more
meaningful leaming strategies had greater understanding of physics with fewer
misconceptions.

Other researchers have also found that there is a link between reasoning
ability and concept understanding. Renner and Marek (1988) contrasted
concrete concepts (those that can be directly experienced) with formal concepts
(those that require formal reasoning ability). Other researchers have also found
that formal reasoning ability is necessary to understand formal concepts (Lawson

& Renner, 1975; Simpson & Marek, 1988).
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Simpson and Marek (1988) investigated the understandings and
misconceptions of biology concepts among students in both small and large high
schools. Students’ concept understandings and misconceptions were measured
wilh concept evaluation statements (CESs). These statements described
situations and asked students to use biological concepts in answering questions
about each given situation. Each concept evaluation statement described one of
four biological concepts: diffusion, homeostasis, classification of animals and
plants, or food production in plants. The authors indicate that using concrete
instruction (i.e., those that can be understood only through direct experiences
with objects, events or situations which generate data from which the concepts
can be formed) to teach science courses may decrease the instances of concept
misunderstandings that students hold. Simpson and Marek (1988) aiso argue
that concepts taught should be matched to the developmental level of the
learner.

Brown and Clement (1989) investigated the use of examples when
attempting to remediate conceptual misunderstandings of physics concept
among students. In this study, the author questioned the effectiveness of
traditional teaching by the example technique. Furthermore, the establishment of
analogical connections and the ordering of examples can be important and
helpful to learning. According to Brown and Clement (1989), teachers need to be
aware that examples which they find compelling may not be illuminating for their
students. Even when an example is fascinating to a student, it may not be seen

as analogous to target problems, and it may result in misconceptions. He
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suggests that further research is needed to provide more conclusive answers to
remediate misconceptions in physics among students. Though not considered by
Brown, one of the ways to remediate misunderstandings in physics studies
among students might be the use of computer-based instruction. For example,
graphical animation has been used effectively to teach highly abstract and
dynamic concepts in physics, such as Newton's Law (diSessa, 1982), because
the visualization of the object’'s movement is critical to understanding the concept
(White & Frederiksen, 1990). Also, the direct observation of the concept (e.g.,
velocity of a projectile) in the movement of an actual object is not readily
apparent.

Clement (1987) studied the use of analogical reasoning to help students
overcome misconceptions regarding Newtonian physics. Clement (1987) utilized
three different approaches to increased student comprehension: (1) questions
posed to the students encouraging them to become actively involved in learning;
(2) using key examples to activate useful intuitions possessed by students; and
(3) using analogical reasoning that has been observed in the solutions of
experts’ problem solving methods. The author concluded that students made
some progress in changing their mind about Newton's third law (i.e., for every
action there is an equal, but opposite, reaction) at an acceptable conceptual
level. However, he discovered that despite his three approaches, misconceptions
about Newtonian laws of physics persisted. It would be very interesting to
examine the possible use of computer-based instruction using animated

sequences as a tool to help students overcome certain difficulties in
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understanding Newtonian physics concepts. Animation in visual displays has
three primary instructional roles: as a device for attracting attention and
maintaining motivation (Rieber, 1991); as a means for representing domain
knowledge involving explicit or implicit movement (e.g., simulation; diSessa,
1982; White, 1984); and as an aid for explaining complex knowledge or
phenomena (e.g., structural or functional relationships among components;
Woolf, Blegan, Jansen, & Verloop, 1986).

There is some evidence that reasoning ability can influence conceptual
understanding. Renner (1985) and Lawson & Renner (1975) have also illustrated
the usefulness of matching concept to the developmental level of the learner.
However, some researchers have argued that learning occurs as a result of
interaction between new and existing conceptions Hewson and Hewson (1984).
These results indicate a need for further investigation into the leading causes of
misconceptions and the instructional approaches needed to remediate
misconception among students. Furthermore, since reasoning ability is related to
better understanding of physics concepts, there is a need to investigate the
effects of computer-based instruction with students who have lower reasoning
abilities.

Meaningful Leaming

Another factor related to physics understanding is students approaches to
learmning as either meaningful or rote ( Williams & Cavallo, 1994).
Recent research in science education reveals that many students do not

construct in-depth understandings of concepts of science. Instead, most
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students seem to learn concepts by rote approaches rather than by meaningful
learning approaches (Williams & Cavallo, 1995).

Previous studies that compared diverse pattems of students’ meaningful
and rote approaches to learmning have found clear differences in the
understandings they gained (Atkin, 1977; Cavallo, 1991; Cavallo & Schafer,
1994; Donn, 1989; Edmonson, 1989; Robertson, 1984). This section reviews
some recent research regarding both meaningful (or rote) learning and concept
understanding.

Ramsden and Entwistie (1981) investigated several factors conceming
approaches to studying. These included: (a) developing personal meaning
(based on intrinsic motivation), (b) reproducing (a surface approach based on
fear of failure), and (c) achieving (based on career motivation, or a hope for
success). Ramsden and Entwistle (1981) found that developing a meaningful
learning orientation related positively to achievement. The extent to which
students use meaningful or rote approaches to leaming new ideas is called their
“learning orientation.” Moreover, such other factors as good teaching methods,
freedom in learning, and not over-burdening the students represent good
teaching practices that tend to promote deeper more personal learmning
orientations. Ramsden and Entwistle (1981) conclude that these factors should
also promote the quality of what is leamed.

Entwistle and Waterston (1988) examined students’ styles of studying.
They hypothesized that “approaches to studying are a product of the interaction

between characteristics of individual students and their perceptions of the
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courses, teaching, and assessment procedures” (Entwistle & Waterston, 1988,

p. 264). Moreover, the authors found that students who took a surface approach
(fear of failure) to learning, retained less factual material than those who took a
deeper approach (evaluates and compares) to learning. This finding supports the
notion that those students who learn concepts meaningfully will understand
those concepts better than the rote learner.

Boujaoude (1992) investigated the differences between rote and
meaningful learners in understanding chemistry concepts. Boujaoude (1992)
examined high school students who were taught in both lecture and laboratory.
From this investigation, he found that meaningful leamers performed significantly
better than rote learners on a chemistry misunderstanding test. Furthermore,
Boujaoude (1992) found that meaningful learners appear better able to relate
information acquired in the classroom to their prior knowledge and store the
information in bigger, more organized chunks. From these findings, the author
reasoned that it is essential to teach students how to be meaningful leamers.

The question here is what instructional strategies can be effective with
rote learners. The cognitive variables (i.e., meaningful learning, rote leaming)
may be influenced by instructional treatments like these in this study (CTI, CTGI,
and CBI). If these treatments cause students to learn with more understanding of
concepts then they would be of great value to the leamners.

Cavalio and Schafer (1994) explored various factors predicting the extent
to which high school students acquired understandings of three basic biological

topics. These three topics were: (1) meiosis, (2) the Punnett square method, and
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(3) the relationships between both topics. Their findings indicated that
meaningful leaming orientation contributes to students’ attainment of
understanding in a manner independent of ability and achievement motivation.
Cavallo and Schafer (1994) determined that student's tendencies to leamn
meaningfully or by rote predicted their attainment of meaningful understanding of
these biology concepts. Furthermore, a direct relation also exists between
meaningful leamning orientation and students’ understanding. Cavallo and
Schafer (1994) conclude that science learning may not be restricted by a
student’s particular ability, and may instead be related to how they approach
learning (meaningful or rote).

Iin the same year, Cavallo (1994) suggested that educators need to help
students view science as a continuous process of exploration. Accordingly,
teachers need to assist students in building understandings of the world around
them, instead of simply emphasizing the memorization of textbook definitions
and facts.

In a subsequent study, Cavallo (1996) investigated the relationships
between four different leaming techniques regarding genetics topics. The
techniques included: (1) students’ meaningful leaming orientation (meaningful or
rote), (2) reasoning ability (pre-formal or formal) and acquisition of
understandings of genetics topics, (3) ability to solve genetics problems, and (4)
the interaction of these variables on students’ performance on the different tests.
Findings indicated that students who approach leaming with the attempt to make

connections among ideas, facts, and information or meaningful leaming have a
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greater understanding of the topics of meiosis. Cavallo (1996) also found that
such students had a greater understanding of the relationships between meiosis
and Punnett square diagrams and were able to solve genetics problems more
effectively.

Students who have a more meaningful learning approach do not
necessarily have high reasoning ability. Cavallo (1996) concluded that both
meaningful learning orientation and reasoning ability help students better
understanding the meaning of the symbols in the use of Punnett square
diagrams and how to use the diagrams to solve genetics problems.

A study conducted by Dickie (1994) investigated the meaningful learning
orientation of college physics students in Canada. Dickie (1994) found that most
students learmned physics by memorizing formulas rather than understanding the
concepts involved. The author concluded that a large segment of the students in
college learned physics by rote. In addition, students who applied the meaningful
learning approach scored significantly higher on the Force Concept Inventory
(i.e., an instrument that was developed by Hestenes et at., (1992) to determine
students’ misunderstandings of Newtonian physics concepts) than those with a
rote learning approach. Finally, Dickie (1994) suggested that other educators
need to adopt strategies that encourage meaningful leaming.

In summary, the meaningful learning approach indicates that learners
must have the tendency to make connections between science concepts. The
literature, however, suggests that this tendency to formulate relationships

remains important in spite of how learners acquire new concepts (Osborne &
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Wittrock 1983, 1985). Moreover, such research also reveals additional
information as to how students learn new concepts in science. In addition, some
studies indicate a direct relationship between meaningful learning and students’
understandings of concepis. Altogether, these findings suggest that the more
meaningful a student’s learning orientation, the more meaningful the
understandings the student will tend to accomplish the task at hand.

The concepts learned by a rote learner may not make sense, and also do
not tend to become relevant to the learner. As a result, the rote learner can
quickly forget important concepts.

Many studies have been done with regard to computer-based instruction,
reasoning abilities, and meaningful learming. None, however, have examined all
of these factors simultaneously, much less the interaction between these

variables relative to students’ understanding of Newtonian physics.
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CHAPTER Ili
RESEARCH METHODOLOGY

Research Design

An experimental study was conducted using three groups (CT!, CTGlI, and
CBI). The control group received textual information in the CTl format. The two
experimental groups received treatments in either the CTGI or CBI format, but
not both. A posttest instrument, the Force Concept Inventory (FCI), was used to
assess each group.

Campbell and Stanley (1963) suggested that for one to protect against
threats to external validity—such as wide variations in pre-study knowledge on a
given subject—the researcher should devise a means to determine sample
characteristics before getting underway. A pretest might threaten external
validity, but an instrument aimed at eliminating outliers and creating a more
homogeneous group might achieve greater validity.

Each student in the sample was subjected to a battery of questions taken
from validated instruments used to assess physics knowledge (see Appendix B).
Twenty questions were used to assess the students’ familiarity with physics
concepts. Those scoring 17 or higher were eliminated from the study and those
scoring 16 or below were retained. The group scoring 16 or below provided a
homogeneous, physics knowledge characteristic vital to this experiment.

The treatment consisted of three separate groups: (1) computer text
instruction (CT1), (2) computer text-graphic instruction (CTGI), and (3) computer

based-instruction (CBI). The first, computer text instruction, consists only of
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texts. The second, computer text-graph instruction, contains three parts: texts,
pictures related to the text, and audio. The third, computer-based instruction,
contains four parts: texts, pictures related to the text, animation, and audio.

As mentioned above, only the CBI section of treatment contains an
animation part. The animation part has seven different animation segments: (1) a
projectile motion (an object that is projected by some force and then follows a
path determined by the gravitational force acting on it and by air resistance), (2)
an airplane moving while dropping a cargo, (3) Newton's third law (for every
action there is an equal, but opposite, reaction), (4) two balls colliding with each
other, (5) Galileo's experiment of inclined planes, (6) two different objects
dropped on the Moon's surface, and (7) a car moving while showing its net
forces.

All three groups (CTI, CTGl, and CBI) received instruction in a common
lecture section conducted by the course professor. The subject matter of this
instruction was Newton's laws. This subject matter was selected because: (a)
most of the students enrolled in the first-semester “Physics for Life Science”
course did not have prior knowledge of Newton'’s laws; (b) Newton's laws
normally occupy a significant portion of most first-semester “Physics for Life
Science “ courses; and (c) Newton's laws typically form a significant portion of
class during the second and third weeks of a sixteen-week semester, allowing a

window of opportunity for the administration of posttests.
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Sampling Procedures

The samples for this study consisted of students enrolied in the fall
semester of the “Physics for Life Science” course at a comprehensive university.
To obtain accurate information, encourage collaboration, and increase the
number of student volunteers, students were informed that their identity would be
confidential. Overall, this course had five discussion sections ranging from 35 to
40 students with a total enroliment of 180 students. Of the 180 students, 90
students fully participated in this study.

The sample consisted of 41(45.6%) men and 49 (54.4%) women. Of the
90 students in the sample, there were 59 (65.6%) Caucasian/White, 11 (12.2%)
Asian-American, 4 (4.4%) African-American, 3 (3.3%) Hispanic/Latino, 7 (7.8%)
Native American and 6 (6.7%) other (see Figure 1). The ages of the students
ranged from 18 to 34 years old (see Figure 2). All students were non-physics
maijors enrolled in pre-professional science programs (e.g., Biology,
Environment) requiring the “Physics for Life Science” course.

There were three class lectures of 50 minutes per week. Newton's laws
were taught in class from the second through the fourth week of the semester
within the time frame of the experiment. The course instructor had taught for
more than five years. This instructor has received favorable teaching evaluations
from students in past semesters, holds a doctoral degree in physics, and is
interested in the quality of undergraduate courses. Throughout this experiment,
one teaching assistant taught one discussion section and another teaching

assistant taught the remaining four sections.
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The discussion period consisted of a twenty-five minute problem-solving period
followed by the experimental treatment. One hundred eighty students were
randomly assigned to one of the three treatment groups (CTI, CTGl, or CBI) and
exposed to twenty-five minutes of the treatment in the fourth week of the
semester in the computer lab. During the treatment, students interacted with the
critical points of Newton's laws on the computer screen. Students were not
allowed to repeat the treatments. The content (e.g., text, picture, animation, and
audio) of each treatment (CTl, CTGI, and CBI) was programmed by the
researcher using the Authorware Programming Language version 3.0. The
computer lab work was supervised by the researcher.

Students who missed the computer lab could not make up this
assignment. Furthermore, to ensure unbiased sampling, only those subjects who
missed no more than one lecture (and who attended the computer lab
assignment as well) were included as subjects in this study.

Aside from the attendance consideration, the subjects were informed that
they would be quizzed over the material at the end of the computer lab. Al
students used the computer lab on an individual basis, and they had no
interaction with other students.

Statistical Analysis

Descriptive statistics were generated for the responses to each of the
three instruments used in this study (Test of Logical Thinking, Leaming

Approach Questionnaire, and Force Concept Inventory).
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Figure 1. Sample Structure According to Ethic Background.
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Figure 2. Sample Structure According to Age.
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A correlational analysis was used to analyze the relationship between the
dependent variable (level of conceptual understanding of physics) and the
independent variables (reasoning ability and meaningful learning).

To determine differences among the three treatment groups, a one-way
analysis of variance (ANOVA) was performed using scores on the Test of Logical
Thinking. Two-way analysis of variance was used to analyze differences among
groups with reasoning ability, meaningful learning, and the interaction as
independent variables. The Force Concept inventory was the dependent
variable. Thus, each of the two research questions below is followed by the
measures and statistics used to answer the question:

1. What are the differences among reasoning ability, treatment methods
(CTI, CTGI, and CBIl), and the interaction of these variables on students’
understanding of Newton's laws? The Force Concept Inventory (FCI) test scores
were used to determine students’ understanding of Newton's laws among the
CTIl, CTGI, and CBI groups respectively. The descriptive statistics (i.e., means
and standard deviations) were calculated.

2. What differences exist among meaningful learning, treatment methods
(CTI, CTGI, and CBI), and the interaction of these variables on students’
understanding of Newton’s laws? The Force Concept Inventory test scores were
used to determine students’ understanding of Newton'’s laws among CTl, CTGlI,
and CBI groups. The descriptive statistics (i.e., means and standard deviations)

were calculated.

35



Instruments
Through the entirety of this research study, one dependent variable was
measured: the level of conceptual understanding of Newton’s laws. Two
independent variables (reasoning ability and meaningful learning) were also
measured. Three instruments were used to measure the aforementioned
variables as described in the following sections:

Force Concept Inventory

The first instrument, the Force Concept Inventory (FCI), was developed by
Hestenes, Wells, and Swackhamer (1992). The FCI is one of the most widely
used instruments in physics. It was administered immediately following the
treatment in the fourth week of the semester to determine students’
misunderstandings of Newtonian physics concepts. The FCI consisted of 29
mulitiple-choice items designed to identify Newtonian physics misunderstandings.
Questions 20 and 21 were omitted from the FCI as the students found the
questions confusing in the pilot study (conducted by the researcher in the
summer of 1998). This instrument forces students to choose between correct
and incorrect responses. The higher the score on the FCI, the fewer the
misunderstandings and the greater the students’ understanding of Newton’s
laws. The Kuder-Richardson reliability for the FCI is .86 if used as the pretest,
and .89 if used as the posttest (Hestenes, Wells, and Swackhamer, 1992). In
addition, Hestenes, Wells, and Swackhamer (1992) have also established both
the face and content validity of the items. As far as the percentage on Bloom's

scale, 44.4% of the questions were at the application level, 18.5% were at the
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analysis level, 18.5% were at the comprehension level, 11.1% were at the
synthesis level, and 7.4% were at the evaluation level. The FCI was used as a
nosttest of 27 questions. The researcher added one open-ended question in the
posttest. An example of an open-ended question was:

A bowling ball accidentally falls out of the cargo bay of an airliner.
Suppose you see this from the ground. Draw the path which the bowling ball
most closely follows after leaving the airplane. A copy of the FCl used as a
discrimination tool can be found in Appendix B. The FCI posttest is presented in
Appendix C.

Test of Logical Thinking

The Test of Logical Thinking (TOLT) was used on the first day of class to
determine each student’s reasoning ability. The TOLT is a ten-question
instrument measuring: (a) controlling variables, (b) proportional reasoning, (c)
combinatorial reasoning, (d) probabilistic reasoning, and (e) correlational
reasoning. Each item requires a response, along with a justification for the
response. The scores on the TOLT range from 0 to 10, with 10 representing
complete formal operations. A student is give one point for a correct answer and
no point for an incorrect answer. A student scoring five points or less was labeled
a concrete learner. A student scoring six points or higher was labeled a formal
learner. Internal reliability is reported for students from grade 6 through college
as .85 (Tobin and Capie, 1981). Moreover, the criterion validity between the

TOLT and Piagetian interview is .80 (Tobin and Capie, 1981).
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Learning Approach Questionnaire

The Learning Approach Questionnaire (LAQ) administered during the
second week of discussion section, comprises a 50-item Likert-type instrument.
This instrument measures: (1) student tendency to learn meaningtully or by rote,
and (2) students’ epistemological views (beliefs about the processes of knowing)
of science (Boujaoude, 1992; Cavallo, 1991; Donn, 1989; Entwistle & Ramsden,
1983). This study used only those questions (20 total) that emphasize students’
meaningful and rote approaches to leamning. The instrument asks students to
respond to questions regarding how they learn, ranging from A (always true) to E
(never true).

Sample questions from the LAQ follow:

Never True Always True
13. While | am studying, | often think of
real life situations to which the material |
am learning would be useful. A B C D E
15. | find | have to concentrate on
memorizing a good deal of what | have
to learn. A B Cc D E

A response of “always true” on Question 13 above indicated a strong
tendency toward meaningful learning, whereas a response of “always true” on

Question 15 indicated a strong tendency toward rote leaming.
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A Cronbach alpha internal consistency coefficient for this instrument was
reported as .80 (Cavallo, 1996) for a sample of 11"-grade chemistry students. A
copy of the LAQ appears in Appendix D.

Computer Text Instruction

The Computer Text Instruction (CTl) lesson consisted only of formal texts.
The content of the CTI lesson included Newton's laws of motion, projectile
motion, and momentum. The CTI software was kept in a general physics
computer lab, and students accessed the CTI lesson following the fourth week of
the discussion section. The computer lab was open to students only during the
treatment. See Figure 3 for a sample screen of the CTl lesson and a complete
copy in Appendix E.

Computer Text-Graphic Instruction

The Computer Text-Graphic Instruction (CTGI) lesson contained three
parts: text, static pictures related to the text, and audio. The content of the CTGI
lesson included the same content as the CTl lesson (Newton’s laws of motion,
projectile motion, and momentum). The CTGI lesson was also kept in a general
physics computer lab, and students also accessed the CTGI lesson following the
fourth week of the discussion section. The computer lab was open to students
only during the treatment. See Figure 4 for a sample screen of the CTGI lesson
and a complete copy in Appendix F.

Computer-Based Instruction

The Computer-Based Instruction (CBI) lesson contained four parts: text, static

pictures related to the text, audio, and eight different animation sequences. The
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content of the CBI lesson included the same content as the CTl lesson
(Newton'’s laws of motion, projectile motion, and momentum). The CBI lesson
was also kept in a general physics computer lab, and students accessed the CBI
lesson following the fourth week of the discussion section. The computer lab was
open to students only during the treatment. See Figure 5 for a sample screen of
the CBI lesson and a complete copy in Appendix G.

The CTI, CTGI, and CBI content was reviewed by an expert panel
consisting of: (a) a college physics professor, (b) a high school physics teacher,
(c) a science education professor, and (d) an instructional system design expert.
As a result, several changes in the vocabulary of content of both Newton's law of
motion as well as momentum, and animation of the CBI were made according to
their recommendations. The CTl, CTGI, and CBI lessons were also pilot-tested
with forty students in the summer of 1998. Of these forty students, six students
from the pilot study were interviewed regarding their related interpretations and
understandings of content in each treatment condition. In addition, pencil and
paper were provided for students’ comments regarding interpretation and
understanding of content, screen graphics, and the use of animation in each
treatment condition. As a result, the suggested modifications obtained from the
reviews, pilot test, interviews, and pencil and paper responses were used to

produce the final forms of the CTl, CTGI, and CBI lessons.
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Screen # 1-30 CTl

Projectile motion- A projectile is any object that
consisting of a horizontal part with constant speed and
a vertical part constant downward acceleration.

N R 4

¥ IS 3

AUDIO: PROGRAMMING
INSTRUCTIONS:

Figure 4. Computer Text-Graphic Instruction Screen
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Screen # 1-50 CTGI
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Projectiie motion-
A projectile is any
object that consisting
of a horizontal part
with constant speed
and a vertical part
constant downward
acceleration.

AUDIO:

Projectile motion- A projectile is any object that
consisting of a horizontal part with constant speed
and a vertical part constant downward acceleration.

PROGRAMMING

Figure 5. Computer-Based Instruction Screen
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Screen # 1-140 CBI

vee2.82T
]

The conservation of

momentum- When there is

no external net force on
an object, if two objects
collide with each other,
the momentum before
collision is equal to the
momentum after collision.

It means that momentum is

conserved in collisions
between objects.
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LU s

AUDIO: PROGRAMMING
INSTRUCTIONS:

The conservation of momentum- When
there is no external net force on an object, if
two objects collide with each other, the
momentum before collision is equal to the
momentum after collision.

It means that momentum is conserved in collisions
between objects.
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CHAPTER IV
Results

Statistical analyses were performed to answer the three questions of this
study. For the benefit of the reader the information in this chapter has been
arranged in the following order: (1) The results of the Test of Logical Thinking
(TOLT), and (2) An analysis of each of three research questions.

Eighty-two of 180 students failed to meet their obligations and were
eliminated during the study. Eight additional students were eliminated because
they exhibited an unusually high degree of knowledge of physics, threatening the
study’'s extemal validity. The results contained within this chapter reflect data
collected on the remaining 90 subjects.

The TOLT

The TOLT was administered to the students during the second week of
the semester. The TOLT contains ten items, two items each that measure
proportional reasoning, controlling variables, probabilistic reasoning, correlational
reasoning, and combinatorial reasoning. The scores for each of the five types of
reasoning range from zero to two, thus total scores for the TOLT range from zero
to ten. The three treatment groups in this study have similar TOLT scores. The
means for the TOLT score and for each type of reasoning are reported for the

treatments groups in Table 1.



Table 1.

Descriptive Data for the TOLT

Reasoning Mode Mean Score for Treatment
CTl CTGI cBl

Proportional Reasoning 1.6774 1.6000 1.7586
Controlling Variable 1.6129 1.5667 1.6207
Probabilistic Reasoning 1.2581 1.4000 1.3793
Correlational Reasoning .8387 1.0333 1.1724
Combinatorial Reasoning .3871 .2667 4138
TOLT Score 5.7742 5.8667 6.3448
S.D. 24043 2.1613 2.5252

Group means for the TOLT scores ranged from 5.7742 to 6.3448. A one

way analysis of variance found no significant difference in the TOLT scores of

the computer text instruction (CTl), computer text-graphic instruction (CTGlI), and

computer-based instruction (CBI) groups. These results suggested that the

groups could be considered equivalent. Appendix J gives the TOLT score and

the score for each of the five types of reasoning for every subject. Table 2

contains the ANOVA results for this comparison.
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Table 2.

ANOVA Results for TOLT Scores in the Treatment Groups

SofV. Sum of sq. D.F. Mean sq. F P
Between 5.551 2 2.776 495 611
With 487.438 87 5.603
Total 492.989 89

Research Question One

The first research question dealt with conceptual understanding. It stated:

To determine differences in the understanding of Newtonian physics by students

exposed to one of the three different computer-aided instructional treatments

(CTI, CTGI, and CBI).

Concept understanding was measured by the Force Concept Inventory

(FCI). The FCI was given during the fourth week of the semester following the

treatment. The scoring key for the FCl is in Appendix C. The FCI had 27 items

with a maximum possible score of 27. Appendix | contains the performance of

each student on the 27 items. Means for each of the treatment groups are in

Table 3.

ANOVA results for the FCI are presented in Table 4. The ANOVA resulits

reveal a significant difference in the FCI score by treatment. Differences at the

.05 level were followed by Newman-Keuls post hoc tests to determine which
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Table 3.

Group Means on The FCI

Treatment | Count | Mean Std. Std. Error ! 95 Pct. Con.
Deviation
CTl 30 11.7333 4.1848 .7640 10.17 - 13.30
CTGlI 30 13.9667 5.5428 1.0120 | 11.90-16.04
csl 30 16.9000 4.2210 7707 15.32 - 18.48
Total 90 14.2000 5.1039 .5380

pairs of the three treatment groups means differed. The CBI group had scores
significantly different from those of either the CTGI or the CTI groups. However,
the score of the CTl and CTGI groups were not significantly different (see
Figure 6).

Table 4.

ANOVA Resuilts for the FCI Scores in the Treatment Groups

Source Sum of sq. D.F. Mean sq. F P
Between 402.8667 2 201.4333 | 9.1487 | .002*
Within 1915.5333 87 22.0176
Total 2318.400 89

* The mean difference is significant at the .05 level.

47



Figure 6. Boxplot of FCI Scores.
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An interesting difference among the groups was found when the subjects
were asked to draw the path a bowling ball would take if it accidentally fell out of
the cargo bay of an airliner (item 21, FCI). Some students were able to depict the
path taken by the falling bowling ball; others were not able to depict the ball's
path. Only 52% of the CTI group drew this correctly, while 57% of the CTGI
group and 88% of the CBI group drew it correctly.

The close proximity of results between the CTl group and the CTGI group,
as compared to the CBI group, suggests that the physical relationship between
an object’s velocity and its downward path are spatially determined and may not
be cognitively assessed using only a logical-mathematical frame of reference.
The CTI format relied on the student'’s ability to visualize the event after a brief
textual explanation. The CTGI format relied on a student’s ability to create a
three-dimensional mental model based on a two-dimensional drawing. But the
CBI format, using an animation of the event, bypassed the shortcomings of those
students limited by spatial perceptions and filled in the knowledge gaps.

If one were to agree with Gardner's (1993) assertion in Frames of Mind
that intelligence can be exhibited in one of many ways, then perhaps the sample
groups did not possess many individuals having spatial intelligence. This might
explain why a large number of students misunderstood the concept when it was
given in class during the third week of the semester and why it was missed again

in the CTl and CTGI formats.
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Tabie 5.

Post Hoc (Pairwise Comparison) Effect: TreatmentDependent : FCI

Significant level: .05

Means Difference (I - J)
Group (1) Group (J) Std. Error | P-Value

CTi CTGlI -.1333 .108 449
cBli -.6333 " .108 .000

CTGlI CTI 1333 .108 449
CBi -.5000 * .108 .000

csl CTi .6333 * .108 .000
CTGI .5000 * .108 .000

* The mean difference is significant at the .05 level.

To assess the magnitude of a difference between the means of two
groups is to calculate what is known as effect size (ES). The effect sizes were
calculated by dividing the difference in the means of the CTl group and the CTGI
or CBI group by the standard deviation of the CTI group. An effect size of .5263
was found between the CTGI group and the CBI group on the FCI. An effect size
of 1.2346 was found between the CTI group and the CBI group on the FCI. The
CBI treatment resulted in an increase of the mean score of about 5.1667; a

standard deviation from the CTI group.

50



Research Question Two

The second research question dealt with student reasoning ability and the
ireatments. It stated: To determine and investigate the differences among
reasoning ability, treatment (CTI, CTGI, and CBI), and the interaction of these
variables on students’ understanding of Newton's laws.

As show in Tables 6 through 8, no significant difference, F=3.613; P=.061
was found in student reasoning ability and the treatments as measured by
scores of the FCI. Although not significant (P=.061), the portion of the variance
explained by reasoning ability was relatively high. However, Table 6 shows that
reasoning ability alone accounted for 21.5% of the observed variance for the
scores of the FCI. This indicated that the chance of finding significant results was
likely. Thus, although the observed variance explained by the reasoning ability
was relatively high, the finding of no significance gives greater relevance to these
results than the percentage (21.5%) indicates. Appendix J contains the
performance of all individual students’ TOLT scores on the 10 items.

Tables 7 and 8 shows no significant difference between the means of the
concrete and formal leamners (see Figure 7). The higher mean achieved by
concrete learners (15.191) may indicate an overall better understanding of
Newton'’s laws than formal learners (13.116). Those students who did not
possess the reasoning ability needed to understand spatial concepts may have
resorted to memorizing facts, formulas, and problem types to get through physics

courses (Hammer, 1989; Hewett, 1995; Renner & Marek, 1988). Another
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Table 6.

Univariate Analysis of Variance for the FCI Scores in the Treatment Groups VS.

Concrete and Formal Reasoning Students

Source Sum of sq. D.F. Mean sq. F P
Corrected Model 499.264* 5 99.853 4.611 .001
Intercept 17943.653 1 17943.653 | 828.562 | .000
Groups 376.291 2 188.146 8.688 .000
Concrete/Formal 78.253 1 78.253 3.613 .061
(Groups)( Concrete) 17.671 2 8.835 408 .666
Error 1819.136 84 21.656
Total 20466.000 90
Corrected Total 2318.400 89
* R Squared =.215
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Table 7.

Descrintive Statistics for the FCI Scores in the Treatment Groups VS. Concrete

and Formal Reasoning Students

Groups Concrete/Formal Mean Std. Deviation N
CTI Concrete Student 13.0000 4.8358 14
Formal Student 10.6250 3.2838 16

Total 11.7333 4.1848 30

CTGl Concrete Student 14.2353 5.3564 17
Formal Student 13.6154 5.9797 13

Total 13.9667 5.5428 30

CBi Concrete Student 18.1250 3.7572 16
Formal Student 15.5000 4.4159 14

Total 16.9000 4.2210 30

Total Concrete Student 15.1915 5.0975 47
Formal Student 13.1163 4.9435 43

Total 14.2000 5.1039 90
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Table 8.

Groups Comparison for the Concrete and Formal Reasoning Students

Degcndent : FCI

Means Difference

Group (I) Group (J) (1-J) Std. Error 95 Pct. Con.
CTlI | Concrete S. 13.000 1.244 10.527 - 15.473
Formal S. 10.625 1.163 8.311 - 12.939
CTGi | Concrete S. 14.235 1.129 16.480 - 16.182
Formal S. 13.615 1.291 11.049 - 16.182
CBl | Concrete S. 18.125 1.163 20.439 - 17.973
Formal S. 15.500 1.244 13.027 - 17.973




Figure7. Boxplot of FCI Scores VS. Concrete & Formal Learner.
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explanation might be that the concrete leamers might have resonated better with
the subject matter than the formal learners. When compared with feimal leamers
(FL) the means of the concrete learners (CL) were always higher [CTI: 10.63(FL)
VS. 13.00 (CL); CTGI: 13.62 (FL) VS. 14.24 (CL); CBI: 15.5 (FL) VS. 18.13
(CL)I.

It appears from Table 6 that there is no evidence of interaction (P<.666)
between the treatment and reasoning ability variables on students’

understanding of Newton's laws.

Research Question Three

The third research question dealt with students’ meaningful leaming and
the treatments. It stated: To determine and investigate the differences among
meaningful learning, treatment (CTI, CTGlI, and CBIl), and the interaction of these
variables on students’ understanding of Newton's laws.

As show in Tables 9 through 11, no significant difference, F=.877; P=.352
was found in student’'s meaningful leaming and the treatments as measured by
scores on the FCI. However, Table 9 shows that meaningful learming alone
accounted for 18.2% of the observed variance for the scores of the FCI.
Regardless of the relatively high variance in percentage (18.2%) attained, the
results do indicate that a meaningful leaming approach contributes to a portion
of the overall learning that takes place in the classroom that teachers can help
develop among their students. The remainder of the variance not explained by a

meaningful learning approach is likely explained by other factors such as general
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aptitude. In fact, Table 10 shows that the meaningful ieaming approach students
had a higher overaii mean understanding of Newton's laws. Appendix J contains
the performance of each student on the LAQ'’s 30 items. The meaningful leamning
approach students mean was 14.4194, while the rote learming approach students
mean was 13.7143 (see Figure 8). These results are not unusual since an
understanding of physics consists of many abstract concepts.

This result indicates that students with a meaningful learming approach did
not necessarily achieve greater understanding of Newton'’s laws as measured by
scores of the FCI. This result was consistent with Cavallo’s (1996) findings that
there is no relationship between meaningful learning orientation
(the extent to which students use meaningful or rote approaches to leaming
new ideas) and students’ understanding of topics in genetics.

The data also indicated that meaningful learning approaches were
separate constructs for this sample, as measured by the LAQ. This finding was
not consistent with the results of the previous study (Cavallo & Schafer, 1994;
Donn, 1989; Edmondson, 1989; Entwistle & Ramsden, 1983).

It also appears from Table 9 that there is no interaction (P<.585) between
the treatment and meaningful learning variables on students’ understanding of

Newton's laws.
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Figure 8. Boxplot of FCI Scores VS. Rote & Meaningful Learner.
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Table 9.

Univariate Analysis of Variance for the FCI Scores in the Treatment Groups VS.

Rote Leaming and Meaningful learning Students

Source Sumofsq. { C.F. | Mean sq. F P
Corrected Model 422.201* 3 140.734 6.383 | .001
Intercept 15126.816 1 15126.816 | 686.060 | .000
CTl, CTGI, and CBI 412.612 2 206.306 9.357 | .000
Rote/Meaningful 19.334 1 19.334 877 .352
(Groups)(Rote/Meaningful) 24.049 2 12.025 .540 .585
Error 1896.199 | 86 22.049
Total 20466.000 | 90
Corrected Total 2318.400 89

* R Squared = .182
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Table 10.

Descriptive Statistics for the FCI Scores in the Treatment Groups VS. Rote

Learning and Meaningful leaming Students

Groups Rote/Meaningful Mean Std. Deviation N
CTI Rote Student 11.4444 2.1279 9
Meaningful Student 11.8571 4.8506 21
Total 11.7333 4.1848 30
CTGl Rote Student 12.0000 5.0427 8
Meaningful Student 14.6818 5.6517 22
Total 13.9667 5.5428 30
CBI Rote Student 16.8182 5.1346 11
Meaningful Student 16.9474 3.7487 19
Total 16.9000 4.2210 30
Total Rote Student 13.7143 4.9205 28
Meaningful Student 14.4194 5.2089 62
Total 14.2000 5.1039 90
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Table 11.

Groups Comparison for the Rote Learmning and Meaningful

leamning Students Dependent : FCI

Means Difference

Group (I) Group (J) (1-J) Std. Error 95 Pct. Con.

CTl | Rote Student 11.444 1.574 8.315-14.574
Meaningful 11.857 1.030 9.808 - 13.906

Student
CTGI | Rote Student 12.000 1.669 8.681-15.319
Meaningful 14.682 1.007 12.680 - 16.683

Student
CBl | Rote Student 16.818 1.423 13.988 - 19.649
Meaningful 16.947 1.083 14.794 - 19.101

Student
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CHAPTER YV
Discussion and Conclusion
The discussion of the results and conclusion drawn from these resuits will

be organized by research questions one through three.

Question One Discussion

To determine differences in the understanding of Newtonian physics by
students exposed to one of the three different computer-aided instructional
treatments (CTI, CTGI, and CBI).

Based on effect size, a difference in ability to respond to test items did
exist between CTl, CTGI, and CBI groups. The nature of the instructional design
and method appeared to have more to do with the results than any other factor
accounted for in this study. Perhaps a more defined distribution would have
occurred if the learmners were assessed according to learning style or type of
intelligence within each treatment group. It would appear that students not
possessing an enhanced spatial intelligence found two-dimensional drawings
(CTG!) incomplete. The CTI format would also limit the non-spatial student—
perhaps to an even greater degree. However, the CBI format provided the
spatial and non-spatial students with all they needed to succeed. An animation of
the actual teaching point was clearly displayed and then tested. These resulits
are generally consistent with other studies reported in literature (Aiello & Wolfle,
1980; Kulik & Kulik, 1991; Roblyer, Castine, & King, 1988; Wise, 1989; Gardner,

1993).
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Computer-based instruction, if designed correctly, will incorporate features
that attract all learning styles. Animations or video clips are certainly the most
dynamic teaching tools, but are only pieces of the cognitive puzzle. CBI uses
the strength of textual information, which in this study existed exclusively in the
CTI format, to probe the memory and experiences of each student. The
students cognitively interacted with the information on the screen by combining
past perceptions of the world around them with the current information on
Newton's laws introduced by the CBI treatment. Simple graphics, a design
feature used in this study’s CTGI format, enhanced the CTGI and CBI
presentations by helping the students to have the same frame of reference. But
where CBI pulls ahead of CTl and CTGl is in its ability to combine text, graphics,
and animations during the instruction phase to more completely explain physics

concepts.

Question Two Discussion

To determine and investigate the differences among reasoning ability,
treatment (CTI, CTGI, and CBI), and the interaction of these variables on
students’ understanding of Newton's laws.

A 2 x 3 analysis of variance (ANOVA) was performed comparing the
means of reasoning ability (concrete and formal) of students and the means of
the treatments (CTI, CTGI, and CBIl). There was not a significant difference
among reasoning ability of students and the treatments as measured by the

scores of the FCI.
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This finding contradicts the results of others that suggested that students
who had hiyh reasoning ability had the greatest phvsics understanding and
fewer misconceptions (Williams & Cavallo, 1995).

There was evidence of pre-leaming in the sample groups. The students
exhibited a baseline rational ability (R=21.5%). The treatments built on that
baseline ability in one of three ways: text only (CTl); text and graphics (CTGI);
and text, graphics, and animations (CBI).

The affect of teacher/student interaction during classroom instruction was
not accounted for in this study. This should not have affected the resuits, in that
all of the students received the same amount of classroom instruction. What is
purely individual is one's motivation to learn, natural cognitive ability, or life
experiences. In this researcher’s view accounting for these variations would be a
starting point for continued research, but would not affect the results of this
study.

Effect sizes distinguished differences between treatments more than any
other statistical analysis. Rationality differences were not significantly different
between concrete and formal groups—offering evidence that the groups were
rationally homogeneous. The real difference was clearly in instructional design;
with animation within the CBI format showing the greatest advantage when
teaching physics concepts.

This finding also indicated that there is no interaction (P<.666) between
the treatment and reasoning ability variables on students’ understanding of

Newton's laws.



Question Three Discussion

To determine and investigate the differences among meaningful learning,
treatment (CTI, CTGlI, and CBI), and the interaction of these variables on
students’ understanding of Newton's laws.

A 2 x 3 analysis of variance (ANOVA) was performed comparing the
means of meaningful leaming (rote and meaningful) of students and the means
of the treatments (CTl, CTGI, and CBI). There was not a significant difference
among meaningful learning of students and the treatments as measured by the
scores of the FCI. However, the meaningful leaming students had a higher
overall mean understanding of Newton's laws. In fact, the absence of significant
differences between meaningful learning and the treatments support the notion
that the meaningful learning variable and the rote leaming variable maybe
independent from each other. This finding is not consistent with the work of other
researchers who found that the greater the student’'s meaningful leaming
approach, the greater the physics concepts understanding (Williams & Cavallo,
1995) and that the meaningful learmers performed significantly better than the
rote learmners on the misunderstandings posttest in chemistry (Boujaoude, 1892).

The student may implement a combination of both meaningful and rote
approaches to learning in order to accomplish the given assignment. Choice of
learming approach may be more situational and contextual than has been
considered in the literature previously (Saunders, 1998). Another interpretation of
this finding is that the test (LAQ) in this research had a close range of scores that

were possible for students to attain. The close range makes it unlikely to find
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statistically significant results. Although the original sample size was 180, these
analyses were conducted on a reduced number of students (90), owing to
incompleteness and outliers. Nevertheless, this issue is one that unfortunately

cannot be resolved in most educational research.

Conclusions

Some educators and teachers have questioned the way traditional
curricula have been carried out in the schools. Meanwhile, most of the literature
on teaching physics stresses experiments and demonstrations that are very
helpful to students who have a willingness to learn physics concepts. However,
there is less debate about modeling the content and delivery of physics curricula
to become more attractive to students who lack an interest in physics concepts
(Knupfer & Zoliman, 1994).

The conceptual understanding of Newton'’s laws as measured by the
Force Concept Inventory (FCI) scores was significantly increased for students
who interacted with computer-based instruction with animation within the CBI
format. Effect sizes of approximately 1.2 were found. It is evident that the use of
animation in teaching Newtonian physics can improve students’ overall concept
understanding of physics. The computerized visual animation in the CBI helped
physics students develop better understanding of Newtonian physics concepts.
These findings are consistent with the current literature that studies that
computerized visual animation makes concepts more accessible to science

students (Escalada, Rebello, & Zoliman, 1996).
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These results suggest that the use of animation in computer-based
instruction embedded in the curricula can be a very important part of teaching.
Further research is needed to confirm these finding in different contexts and with

larger sample.
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Suggestion for Further Research
Several suggestions from this study are worth investigatina for further research:
1. Long term reteniion (remembering) of ccnceptual understanding from the
treatmeiit with CBI.
2. Repeating this experiment with more complex topics (i.e., Electromagnetic
forces) to determine the effect of conceptual understanding from the treatments
(CTI, CTGI, and CBI).
3. Repeating this experiment at the high school level to determine the effect of
conceptual understanding from the treatments (CTIl, CTGI, and CBI).
4. Consider adding a later follow-up test to measure the effect of conceptual
understanding from the treatment with CBI.
5. Repeating this experiment to investigate the effect of conceptual
understanding of physics from the treatments with the FCI and open-ended
questions to determine how students’ responses differ by gender.

Previous research relating to film, video, motion pictures, and virtual
animation indicates that these media are indeed an effective tool of learning.
Further research should look at the effect of interaction between the leamer and
the computer technology to enhance the leamning. By allowing the students to
choose the order of presentation on the computer, the leamer becomes involved

with the meaning and content of the lesson itself.
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ANSWER SHEET

Initials: __ /___/
1.D. #:

Birth date:
Gender:

Class Section:
Date:

DIRECTIONS:

A series of 20 questions is presented. Record the answer you have
chosen in this answer sheet. Please be assured that your answers are strictly
confidential and will not be graded against you.

Question:

16.
17.
18.
19.
20.

N RO N ADOOINOUO RN
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Physics Conceptual Questions

Answers:

1.E 11.E
2.A 12.8B,D
3.B 13. A
4.D 14.A
5.B 15.C
6.E 16.8
7.A 17.C
8.D 18.B
9.C 19.B
10.8 20.E

In items 12 a subject needs to have both the answer B and D correct.
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Physics Conceptual Questions

. Two metal balls are the same SIZE, but one weighs twice as much as

the other. The balls are dropped from the top of a two story building at
the same time. The time It takes the balls to reach the ground below wiill
be

about half as long for the heavier ball.

about half as long for the lighter ball.

about the same time for both balls.

considerable less for the heavier ball, but not necessarily half as long.
considerably less for the lighter ball, but not necessarily half as long.

Imagine a head-on collision between a large truck and a small compact
car. During the collision,

the truck exerts a greater amount of force on the car than the car exerts on
the truck.

the car exerts a greater amount of force on the truck than the truck exerts on
the car.

neither exerts a force on the other, the car gets smashed simply because it
gets in the way of the truck.

the truck exerts a force on the car, but the car doesn't exert a force on the
truck.

the truck exerts the same amount of force on the car, as the car exerts on the
truck.

Two steel balls, one of which weighs twice as much as the other, rol! off
a horizontal table with the same speeds. In this situation,

both balls impact the floor at approximately the same horizontal distance from
the base of the table.

the heavier ball impacts the floor at about half the horizontal distance from
the base of the table than does the lighter.

the lighter ball impacts the floor at about half the horizontal distance from the
base of the table than does the heavier.

. the heavier ball hits considerable closer to the base of the table than the

lighter, but not necessarily half the horizontal distance.
the lighter ball hits considerably closer to the base of the table than the
heavier, but not necessarily half the horizontal distance.
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A boy throws a steel ball straight up. Disregarding any effects of air
resistance, the force(s) acting on the ball until it returns to the ground is
(are):

its weight vertically downward along with a steadily decieasing upward force.
a steadily decreasing upward force from the moment it leaves the hand until it
reaches its highest point beyond which there is a steadily increasing
dewnward force of gravity as the object gets closer to the earth.

a constant downward force of gravity along with an upward force that steadily
decreases until the ball reaches its highest point, after which there is only the
constant downward force of gravity.

a constant downward force of gravity only.

none of the above, the ball falls back down to the earth simply because that it
its natural action.

The weight of an object is

(a) ___ the same thing as mass with different units.

(b) ___ the force produced by gravity acting on it.

(c) ___ the same on the moon as on the earth.

(d) ___the same in outer space as on the moon or on the earth.
(e) ___ All of the above are true.

. Rockets and jet engines are considered to be

(a) ___ inertial engines.

(b) ___frictional engines.

(c) ___ reciprocating engines.
(d) ___ gravitational engines.
(e) ___ reaction engines.

If we divide the weight of an object by 9.8 m/s/s, we obtain its

(a) ____ mass.
(b) ____ velocity.
(c) ___ density.

(d) ___acceleration.
(e) ___ coefficient of friction.

Newton’s third law is sometimes called the

(a) ___law of inertia.

(b) ___ law of motion.

(c) __ law of gravity.

(d) __law of reaction.
(e) ____law of equilibrium.
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9. When a moving car is brought to a stop with the brakes, it was stopped

(a) ___ the force the car exerted on the road.
(b) __ the force exerted on the brake pedal.
(c) ___ the force the road exerted on the car.
(d) __ the inertia of the wheals.

(e) ___ the force exerted by gravity on the car.

10. Object 1 has mass M whiles objects 2 has mass 2M. If equal forces are

applied to each, we may state that

(a) ___ object 1 has twice the acceleration of object 2.

(b) ___ object 2 has twice the acceleration of object 1.

(c) ___ equal forces will produce the same acceleration for each.
(d) ___ object 1 has 4 times the acceleration of object 2.

(e) ___ object 2 has 1.41 times the acceleration of object 1.

11. An object is moving north at constant speed. We can state that

(a) ___ the net force is towards the north.

(b) ____ the net force is towards the south.
(c) ____ all the forces are zero.

(d) ___ the net force is either east or west.
(e) ___ the net force is zero.

12. A stone falling from the roof of a single story building to the surface of

ao

the earth;

reaches its maximum speed quite soon after release and them falls at
constant speed thereafter.

speeds up as it falls, primarily because the closer the stone gets to the earth,
the stronger the gravitational attraction.

Speeds up because of the constant gravitational force acting on it.

falls because of the intrinsic tendency of ail objects to fali toward the earth.
falls because of a combination of the force of gravity and the air pressure
pushing it downward.
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13. If an object has constant velocity in one direction and constant
acceleration in a perpendicular direction, its path will be a

(a) ____ parabola.

(b) ___circle.

(c) ___ ellipse.

(d) __ hyperbola.

(e) ___ this motion is physically impossible.

14. If two vectors, each of length L, are added together, the length of the
sum vector must be

(a) ___ between 0 and 2L.

(b) ___greater than L.

(c) ___greaterthan 2 L.

(d) __equal to 1.5L.

(e) ___ between 1.4L and 2.82L.

15. The initial velocity of a projectile is V which produces a range R. If the
initial velocity is increase to 2V while the angle is unchanged, the range
will be

(a) ___2R.
(b) ___3R.
(c) ___4R.
(d)__R.

(e) __1.41R.

16. Object A is projected horizontally at 10 m/s from the top of a building at
the same moment that object B is dropped from the same point. If the
ground around the building Is level

(a) ___ object A will strike the ground first.
(b) ___ both will reach the ground at the same time.
(c) ___ object B will be first.
(d) ___ a and c are correct.
(e) ____ the correct answer cannot be determined since the height of
the
building is not given.
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17. Which of the following remains constant in projectile motion?

(a) ___ The range.

(b) ___ The height.

(c) __ The horizontal component of the velocity.
(d) __ The vertical component of the velocity .
(e) ___ The speed

18. The area under a velocity versus time curve is equivalent to the

(a) ___ maximum velocity.

(b) ____ displacement.

(c) __ minimum acceleration.

(d) ___ maximum acceleration.

(e) ___ It has no physical significance.

19. If an object has constant acceleration, Iits

(a) ___ displacement changes at a constant rate.
(b) ___ velocity changes at a constant rate.

(c) ___ acceleration changes at a constant rate.
(d) __ displacement can never be zero.

(e) ___ velocity can never be zero.

20. While studying falling objects, Galileo concluded that

(a) ___ objects fall with an acceleration that Is proportional to mass.

(b) ___ objects fall with an acceleration that is proportional to weight.

(c) ____ heavy object fall proportionally faster than light objects.

(d) ____light objects fall proportionally more slowly than heavy
objects.

(e) ___ all objects fall with the same acceleration.

® All questions were taken from the Force Concept Inventory and the Test
Item File: Contemporary College Physics .
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ANSWER SHEET

initials: __/__ /
1.D. #:
Birth date:
Gender:
Class Section:
Date:

DIRECTIONS:

A series of 27 questions is presented. Record the answer you have
chosen in this answer sheet. Please be assured that your answers are strictly
confidential and will not be graded against you.

Question:

1.

2. 16.
3. 17.
4. 18.
5. 19.
6. 20.
7. 21.
8. 22.
9. 23.
10. 24.
11. 25.
12. 26.
13. 27.
14.

15.
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Force Concept Inventory

Answers:

1.E 11.E 21.D
2.A 12.8,D 22.D
3.B 13. A 23.D
4.D 14. A 24. E
5.B 15.C 25.B
6. E 16.B 26.B
7.A 17.C 27.A
8.D 18.B

9.C 19.8

10.B 20. E

In items 12 a subject needs to have both the answer B and D correct.
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Forces Conceptual Questions

. Two metal balls are the same SIZE, but one weighs twice as much as

the other. The balls are dropped from the top of a two story building at
the same time. The time it takes the balls to reach the ground below wiill
be

about half as long for the heavier ball.

about half as long for the lighter ball.

about the same time for both balls.

considerable less for the heavier ball, but not necessarily half as long.
considerably less for the lighter ball, but not necessarily half as long.

Imagine a head-on collision between a large truck and a small compact
car. During the collision,

the truck exerts a greater amount of force on the car than the car exerts on
the truck.

the car exerts a greater amount of force on the truck than the truck exerts on
the car.

neither exerts a force on the other, the car gets smashed simply because it
gets in the way of the truck.

the truck exerts a force on the car, but the car doesn't exert a force on the
truck.

the truck exerts the same amount of force on the car, as the car exerts on the
truck.

Two steel balls, one of which weighs twice as much as the other, roll off
a horizontal table with the same speeds. In this situation,

both balls impact the floor at approximately the same horizontal distance from
the base of the table.

the neavier ball impacts the floor at about naif the horizontal distance from
the base of the table than does the lighter.

the lighter ball impacts the floor at about half the horizontal distance from the
base of the table than does the heavier.

the heavier ball hits considerable closer to the base of the table than the
lighter, but not necessarily half the horizontal distance.

the lighter ball hits considerably closer to the base of the tabie than the
heavier, but not necessarily half the horizontal distance.
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4. A heavy ball is attached to a string and swung in a circular path in a
horizontal plane as illustrated in the diagram on the right. At the point
indicated | the diagram, the string suddenly breaks at the ball. If these
events were observed from directly above, indicate the path of the ball

after the string breaks. et )
- ‘\‘ 1 (B)
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5. A boy throws a steel ball straight up. Disregérding any effects of air
resistance, the force(s) acting on the ball until it returns to the ground is
(are):

its weight vertically downward along with a steadily decreasing upward force.

a steadily decreasing upward force from the moment it leaves the hand until it

reaches its highest point beyond which there is a steadily increasing

downward force of gravity as the object gets closer to the earth.

c. a constant downward force of gravity along with an upward force that steadily
decreases until the ball reaches its highest point, after which there is only the
constant downward force of gravity.

d. a constant downward force of gravity only.

e. none of the above, the ball falls back down to the earth simply because that it

its natural action.

o

Use the statement and diagram below to answer the next four question: The
diagram depicts a hockey puck sliding, with constant velocity, from point “a” to
point “b” along a frictionless horizontal surface. When the puck reaches point
“b", it receives an instantaneous horizontal “kick” in the direction of the heavy
print arrow.

...... P sencccacdy -----...-..---0-----....

t

94



6. Along which of the paths will the hockey puck move after receiving the
“kick”?

' R # ;
® @ © ©) ®
----- o ¢ 0 o g

7. The speed of the puck just after it receives the “kick”?

Equal to the speed “Vo" it had before it received the “kick”.

Equal to the speed “V" it acquires from the “kick”, and independent of the
speed “Vo.

Equal to the arithmetic sum of the speeds “Vo" or “V".

Smaller than either of speeds “Vo" or “V”.

e. Greater than either of the speeds “Vo" or “V”", but smaller than the arithmetic
sum of these two speeds.

oo

Qo

8. Along the frictionless path you have chosen, how does the speed of the
puck vary after receiving the “kick”?

a. No change

b. Continuously increasing.

c. Continuously decreasing

d. Increasing for a while, and decreasing thereafter.

e. Decreasing for a while, and increasing thereafter.

9. The main forces acting, after the “kick”, on the puck along the path you

have chosen are:

a. the downward force due to gravity and the effect of air pressure.

b. the downward force of gravity and the horizontal force of momentum in the
direction of motion.

c. the downward force of gravity, the upward force exerted by the table, and a
horizontal force acting on the puck in the direction of motion.

d. the downward force of gravity and an upward force exerted on the puck by
the table.

e. gravity does not exert a force on the puck, it falls because of the intrinsic
tendency of the object to fall to its natural place.
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10.The accompanying diagram depicts a semicircular channel that has
been securely attached, in a horizontal plane, to a table top. A ball
enters the channel at “1” and exits at “2”. Which of the path
representations would most nearly correspond to the path of the ball as
it exits the channel at “2"” and rolls across the table top?

11.Two students, a student “a” who has a mass of 95 kg and a student “b”
who has a mass of 77 kg sit in identical office chairs facing each other.
Student “a” places his bare feet on student “b”’'s knees, as shown
below. Student “a” then suddenly pushes outward with his feet,
causing both chairs to move. In this situation,

oL,

neither student exerts a force on the other.

Student “a” exerts a force on “b", but “b” doesn't exert any force on “a”.
each student exerts a force on the other, but “b" exerts the larger force.
each student exerts a force on the other, but “a” exerts the larger force.
each student exerts the same force on the other.

®aoow

12.A book is at rest on a table top. Which of the following force(s) is/are
acting on the book.?

A downward force due to gravity.

The upward force by the table.

A net downward force due to air pressure.
A net upward force due to air pressure.

pPON=

ifonly b.1and2 c.1,2and3 d.1,2,and4
. none of these, since the book is at rest, there are no forces acting on it.

oo
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Refer to the following statement and diagram while answering the next two
questions. A large truck breaks down out on the road and receives a push back
into town by a small compact car.

ACME |
Transfer co. |

—3*

I

(-
[
)

13.While the car, still pushing on the truck, is speeding up to get up to

cruising speed,

the amount of force of the car pushing against the truck is equal to that of the
truck pushing back against the car.

the amount of force of the car pushing against the truck is less than that of
the truck pushing back against the car.

the amount of force of the car pushing against the truck is greater than that of
the truck pushing back against the car.

the car's engine is running so it applies a force as it pushes against the truck,
but the truck’s engine is not running so it can't push back against the car, the
truck is pushed simply because it is in the way of the car.

neither the car nor the truck car exert any force on the other, the truck is
pushed forward simply because it is in the way of the car.

14.After the person in the car, while pushing the truck, reaches cruising

a.

b.

speed at which he/she wishes to continue to travel at constant speed;
the amount of force of the car pushing against the truck is equal to that of the
truck pushing back against the car.

the amount of force of the car pushing against the truck is less tan that of the
truck pushing back against the car.

the amount of force of the car pushing against the truck is greater than that of
the truck pushing back against the car.

the car's engine is running so it applies a force as it pushes against the truck,
but the truck’s engine is not running so it can't push back against the car, the
truck is pushed simply because it is in the way of the car.

neither the car nor the truck car exert any force on the other, the truck is
pushed forward simply because it is in the way of the car.

15.When a rubber ball dropped from rest bounces off the floor, its direction

®oo0ow

of motion is reversed because:

energy of the ball is conserved.

momentum of the ball is conserved.

the floor exerts a force on the ball that stops its fall and then drives it upward.
the floor is in the way and the ball has to keep moving.

none of the above.
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16.Which of the paths in the diagram below best represents the path of the
cannon ball?
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17.A stone falling from the roof of a singie story building to the surface of
the earth;

a. reaches its maximum speed quite soon after release and them falls at
constant speed thereafter.

b. speeds up as it falls, primarily because the closer the stone gets to the earth,
the stronger the gravitational attraction.

c. Speeds up because of the constant gravitational force acting on it.

d. falls because of the intrinsic tendency of all objects to fall toward the earth.

e. falls because of a combination of the force of gravity and the air pressure
pushing it downward.

When responding to the following question, assume that any frictional forces due

to air resistance are so small that they can be ignored.

18.An elevator, as illustrated, is being lifted up an elevator shaft by a steel

cable. When the elevator is moving up the shaft at constant velocity;
1 steel

-L—l 1 caeble

f ascending
= ol constarit
- speed

a. the upward force on the elevator by Qhe cable is greater than the downward
force of gravity.

b. the amount of upward force on the elevator by the cable is equal to that of the
downward force of gravity.

c. the upward force on the elevator by the cable is less than the downward force
of gravity.

d. it goes up because the cable is being shortened, not because of the force
being exerted on the elevator by the cable.

e. the upward force on the elevator by the cable is greater than the downward
force due to the combined effects of air pressure and the force of gravity.
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19.Two people, a large man and a boy, are pulling as hard as they can on
two ropes attached to a crate, as illustrated in the diagram below.
Which of the indicated paths (A-E) would most likely correspond to the
path of the crate as they pull it along?

20.A golif ball driven down a fairway is observed to travel through the air
with a trajectory (flight path) similar to that in the depiction below.
Which of the following force(s) is/are acting on the golf ball during its
entire flight?

the force of gravity
the force of the “hit”
the force of air resistance

W

a. 1only b.1and 2 c.1,2,and 3 d.1and 3 e.2and3

21. A bowling ball accidentally falls out of the cargo bay of an airliner.
Suppose you see this from the ground. Draw the path which the bowling
ball most closely follows after leaving the airplane.
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When answering the next four questions, refer to the following statements and
diagram. A rocket, drifting sideways in outer space from position “a” to position
“b" is subject to no ouiside forces. At “b", the rocket's engine starts to produce a
constant thrust at right angles to the line “ab”. The engir:e turns off again as the
rocket reaches some point “c”.

o )
e-po—em - - Q--------0----"----’-———2

22.Which path below best represents the path of the rocket between “b”
and “c”"?
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23.As the rocket moves from “b” to “c”, its speed is

constant.

continuously increasing.

continuously decreasing.

increasing for a while and constant thereafter.
constant for a while and decreasing thereafter.

®oo0 o

24.At “c”, the rocket’s engine is turned off. Which of the paths below will
the rocket follow beyond “c"?

7 .
ce--(A)---p oC oC eC Ce- -~
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25.Beyond “c”, the speed of the rocket is

®cao oo

constant.

continuously increasing.

continuously decreasing.

increasing for a while and constant thereatter.
constant for a while and decreasing thereafter.

26.A large box is being pushed across the floor at a constant speed of 4.0

m/s. What can you conclude about the forces acting on the box?

If the force applied to the box is doubled, the constant speed of the box will
increase to 8.0 m/s.

The amount of force applied to move the box at a constant speed must be
more than its weight.

The amount of force applied to move the box at a constant speed must be
equal to the amount of the frictional force that resists its motion

The amount of force applied to move the box at a constant speed must be
more than the amount of the frictional force that resists its motion

There is a force being applied to the box to make it move but the external
forces such as friction are not “real” forces, they just resist motion.

27.1f the force being applied to the box in the preceding problem is

suddenly discontinued, the box wiil;

stop immediately.

continue at a constant speed for a very short period of time and then slow to
a stop.

immediately start slowing to stop.

continue a constant veiocity.

increase its speed for a very short period of time, then start siowing to a stop.
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The Leaming Approach Questionnaire
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Background Information

Note: Please be assured that your answers are strictly confidential.

15,

6

10

itals: ~_ 71

Aye:

Eihnic Origin: -

Mother's Highesi Level of Education
Completed:

Father's Highest Level of Education
Compleled:

What was your high school grade at
graduation?

What is your grade in this science
class?

What grade would you give Yi)iifseﬁ on
your reading ability?

What grade would you give yourself on
your ability to express yourself in
wriling?

Do you pian to take any further science
caurses at the university?

18

Aifnican
American
Less than high
school

Less than Ingh
school

A

Yes, definitety

b

19

Asian American
thgh schoo!
qraduite

High schoul
graduate

3]

1

n

Yes, probably

Birth date: (immvddryy)

[

20
Caucasian/ Non
Hispanic

Some college

. Some college

o

No, piobably
not

d

d

d

/1
21

Hispanic
Amencan

College’
graduate

Cullege
graduate
)]

(M)

No, definilely
not

o

Other

Native
Amencan

. Pos\ graduate

work

Post graduate

work

i

Don't know

i Other
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Learning Approach Questionnaire

The following questions refer to how you study and learn about science in this_class. For each item there is a five point
scale ranging from "Always True” to "Never True". On the answer sheet provided, fill in the fetter that best fits your

IMMEDIATE reaction. Do not spend a long time on each item; your first reaction is probably the best one.

Do not worry about projecting a good image. There are no “correct” answers. Your answers are strictly
confidential.

Answer every question - please do not leave any blank.

Nevar True

Always True
“31. ] 1 iy to relate new iaterial, as 1 am leaning i, o whai | alieady A T TR C E

know on that topic

12. 771 1'preler to follow all “tned oul” ways to soive problems rather than N A T TR C E
tiying anything too adventurous

137 | While I am studying. 1 often think of real life situations to which the - C E
material | am learming would be uselul

13 7 | Vtind T tend to remember things best il | concentiate on the order in T R : C E
which the teacher presenled them

5. T find I have 1o concenlrate nn memonizing a good dea of what | A B [ E
bave to lean.

16. | Tgo over important lopics until 1 understand them conipletely A B c 5

17| I'ind it besi to accepl the stalemenis and 1deas of my leclures and A B c E
question them only under special circumstances




SOl

Always True

Never True

generally exanune the evidence carelully to decide whether the
conclusion s justied

18. In :épollmg laboratory work, | like to try to work oul severat different A R C 0 5
ways of interpreting the lindings
19. I often find myself queslionina things that | hear in lectures or read A B C D E
i books
20. In trying to undersland new lopics, | explain therm to mysell n ways A (8] C D E
______ that other people don’t seem to understand ~ .
21. | ind it useful lo get an overview of a new topic for myself. by A B C D E
seeng how the deas fit logethen
722 |1 sel oul 1o understand thoroughly the meaning of what | am asked A |77 T8 - C D E
to read or learnin class
237 ] i fry o relate what | have ieamed in one subject to that in another A B C D E
b —— e | e —— - —_— —_—— —_—
24. The hest way for me o understand what lechiical tenns imean is to A 3] C D E
remember the texi-hook definition.
257 |1 am very aware that teachers know a lot more than i do. and so ) | AT B [ ) 3
concentrate on what they say as important cather than rely oniny
own judgiment
26. i usuafly don't think about the implications of whatis taaghtinctass [ A | B C N D E
or how it relates to my lile
27,7 | Tieam some hings by rofe, going over and over theimunbliknow | A~ |7 7 B c D E
them by heart
28. 7| When 'm starting a new topic, | ask myself questionss abouttwhich |~ AT B I C 177D E
the new infovmalion should answer.
"29. Although T generally remember facts and detarls. 1 fud o it 1o AT B C D €
hit ihem together into an over all picture.
30. When | am reading an article of listening 1o olher's iteas in class, | A - B C D E




Appendix E

The CTI Program
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Screen # 1-10 CTl STORYBOARD

At the completion of this portion of the lesson, you will
be able to recognize the characteristics of Newton's
laws.

AUDIO: PROGRAMMING
INSTRUCTIONS:
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Screen# 1-20 (03]

Physics is theory, based on experiment. Therefore,
physics is experimental science.

The study of motion is divided into two parts:
A) Kinematics, B) Dynamics

Kinematics-Describes the position and motion of
objects in space as a function of time.

Dynamics-The study of causes of motion is called
dynamics.

AUDIO: PROGRAMMING
INSTRUCTIONS:
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Screen # 1-30 CTi

Projectile motion- A projectile is any object that

consisting of a horizontal part with constant speed and
a vertical part constant downward acceleration.

AUDIO: PROGRAMMING
INSTRUCTIONS:
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Screen # 1-40 CTI

Average Acceieration - The change In Velocity of an
object divided by the time required for that change.

Acceleration due to gravity- Galileo believed that

objects fall with the same acceleration everywhere.

AUDIO: PROGRAMMING
INSTRUCTIONS:
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Screen # 1-50 CTI

Measurements show, however, that the acceleration
due to gravity is approximately (9.8 m/s/s) everywhere
on Earth.

This means that its speed changes at a rate of 9.8 m/s
every second
Velocity = (9.8 m/s/s) time

By this equation, we can find the velocity of falling
object at any instant of time.

Motion with constant acceleration- Galileo said that

objects that are moving freely under the influence of

gravity.

AUDIO: PROGRAMMING
INSTRUCTIONS:
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Screen # 1-60 CTI

Galileo released the bal!l from an inclined and marked
its position at the end of equal intervals of time.

Galileo saw that a rolling object picks up speed as it
continues to roll.

He realized that the distance traveled was proportional
to the square of the elapsed time.

AUDIO: PROGRAMMING
INSTRUCTIONS:
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Screen # 1-70 CTl

FORCE (F) - A Force is a "Push" or a "Pull".

If | push atable, | exert a force on it.

We know from experience that an object at rest never
starts to move by itself; a push or pull must be exerted
on it by some other body.

AUDIO: PROGRAMMING
INSTRUCTIONS:
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Screen # 1-80 CTl

A force is required to slow down or stop a body already
in motion.

Force has direction as well as magnitude, therefore it is
a vector quantity.

If several forces acting the same time on the same
object, them it is the Net force that determines the
motion of the object.

. . Net force is the vector sum of all forces acting on
the object.

] Options JOluvsay

AUDIO: PROGRAMMING

INSTRUCTIONS:
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Screen # 1-90 CTl

Newton's first Law- In the absence of any net force a
body either remains at rest or moves uniformly in a
straight line. It follows that once a body has been set
in motion, No force is needed to keep it moving.

Newton's Second Law- The acceleration of an object

is directly proportional to the net force acting on it and
inversely proportional to the mass of the object.

AUDIO: PROGRAMMING
INSTRUCTIONS:
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Screen # 1-100 CTI

Newton's Third Law- For every action there is an

equal and opposite reaction.

AUDIO: PROGRAMMING
INSTRUCTIONS:
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Screen # 1-110 CTl

The Friction Force- Friction forces arise when one
object attempts to move across another.

For example, as a baseball player slides along the
ground while stealing a base, there is a friction force
that the ground exerts on him.

Weight- The force of gravitational exerted on every
physical body by the earth is called the weight of the
body.

AUDIO: PROGRAMMING
INSTRUCTIONS:
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Screen# 1-120 CTI

When an object is dropped near the earth's surface it is
accelerated by the gravitational force which is equal to
its weight, with an acceleration. Therefore, by Newton's
Second Law the weight becomes:

W=mg

If we change the force of gravity on an object (by
taking it to the moon), its weight will change, however
its mass remains constant.
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Screen# 1-130 CTl

Mamentum- is defined as the product of the mass of
the object and iis velocity.

momentum = mass Velocity

The conservation of momentum- when two bodies
interact with each other, their total momentum of the
system remains constant in magnitude and direction,
when the net force acting on it is zero.
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Screen # 1-140 CTi

It means that momentum is conserved in collisions
betweei: objects.

If there are no external forces acting on a system, the
total moment before collision equals the total
momentum after .

tum bef llision = I it lisi
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Screen # 1-150 CTl

Congratulation!!!

You just completed the review of this
lesson.
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The CTGI Program

122



Screen # 1-10 CTGI STORYBOARD

At the completion
of this lesson, you
will be able to
identify the terms
and
characteristics
related to
Newton's laws.

AUDIO: PROGRAMMING
INSTRUCTIONS:

At the completion of this lesson, you will
be able to identify the terms and
characteristics related to Newton'’s
laws.
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Screen # 1-20

CTGI

Physics is an
experimental
scisnce.

1) Kinematics-
Describes the
position and
motion of objects
in space as a
function of time.

2) Dynamics-
The study of
causes of motion
is called

AUDIO:

Physics is theory, based on experiment.
Therefore, physics is experimental
science.

The study of motion is divided into two
parts:
Kinematics, and Dynamics

Kinematics-Describes the position and
motion of objects in space as a function
of time.

Dynamics-The study of causes of
motion is called dynamics.

PROGRAMMING

INSTRUCTIONS:
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Screen # 1-30

cTaGl

Acceleration due to
gravity means that
objects fall with the
same acceleration
everywhere.

Motion with constant
acceleration means
that objects that are
moving freely under
the influence of
gravity, according to

Galileo.

Opuons |Glossary

AUDIO:

Acceleration due to gravity- Galileo
believed that objects fall with the same
acceleration everywhere.
Measurements show that the
acceleration due to gravity is
approximately (9.8 m/s/s) everywhere
on Earth.

Velocity = (9.8 m/s/s) time

Motion with constant acceleration-
Galileo stated that objects that are
moving freely under the influence of

gravity.

PROGRAMMING

INSTRUCTIONS:
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Screen # 1-40

CTGl

Galileo released the
ball from an inclined
and marked its
position at the end of
equal intervals of
time.

Galileo saw that a
rolling object picks up
speed as it continues
to roll.

He realized that the
distance traveled
was proportional to

the square

Uptions

AUDIO:

Galileo released the ball from an
inclined and marked its position at the
end of equal intervals of time.

Galileo saw that a rolling object picks
up speed as it continues to roll.

He realized that the distance traveled
was proportional to the square of the
elapsed time.

PROGRAMMING

INSTRUCTIONS:
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Screen # 1-50 CTGI

Projectile
motion- A
projectile is any
object that
consisting of a
horizontal part
with constant
speed and a
vertical part
constant
downward
acceleration.

AUDIO: PROGRAMMING
INSTRUCTIONS:

Projectile motion- A projectile is any
object that consisting of a horizontal
part with constant speed and a vertical
part constant downward acceleration.
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Screen # 1-60 CTGI

A Forceis a
"Push" or
a "Pull".

An object at rest
never starts to
move by itself; a
push or puli
must be exerted
on it by some
other body.

AUDIO: PROGRAMMING
INSTRUCTIONS:

FORCE (F) - AForceis a "Push"ora
Pull”.

if | push atable, | exert a force on it.
We know from experience that an
object at rest never starts to move by
itself; a push or pull must be exerted on
it by some other body.
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Screen # 1-70 CTGI

A force is
required to slow
down or stop a
body already in
motion.

If several forces
are acting the
same time on
the same object,
them it is the Net
force that

determi
(_comue |

Optios JGlaasasy

AUDIO: PROGRAMMING
INSTRUCTIONS:

A force is required to slow down or stop
a body already in motion.

If several forces are acting the same
time on the same object, them it is the
Net force that determines the motion of
the object.

Therefore, Net Force is the vector sum
of all forces acting on the object.
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Screen # 1-80

CTGI

60 mpl’x I

Newton's first
Law -An object in
motion tends to
stay in motion,
and an object at
rest tends to stay
at rest, unless the
object is acted
upon by an

60/““’“' outside force.

AUDIO:

Newton's first Law- An object in motion
tends to stay in motion, and an object at
rest tends to stay at rest, unless the
object is acted upon by an outside
force.

PROGRAMMING
INSTRUCTIONS:
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Screen # 1-90 CTGI

Newton's Second
Law - Acceleration
2 is produced when

‘N 1’000 kg 05 m/s/s a force acts on a
— - | Mass. The greater
the mass, the
greater the
amount of force
needed to
accelerate a given
object.

AUDIO: PROGRAMMING
INSTRUCTIONS:

Newton's Second Law- Acceleration is
produced when a force acts on a mass.
The greater the mass, the greater the
amount of force needed to accelerate a
given object.
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Screen # 1-100

CTGl

Newton's Third
.05 m/s/s Law- For every
action there is
an equal and
opposite
reaction.

AUDIO:

Newton's Third Law- For every action

there is an equal and opposite reaction.

PROGRAMMING
INSTRUCTIONS:

132




Screen # 1-110

CTGl

The Friction Force
- Friction forces
arise when one
object attempts to
move across
another.

Weight - The force
of gravitational
exerted on every
physical body by
the earth is called
the weight of the
body.

AUDIO:

The Friction Force- Friction forces
arise when one object attempts to move
across another.

For example, as a baseball player
slides along the ground while stealing a
base, there is a friction force that the
ground exerts on him.

Weight- The force of gravitational
exerted on every physical body by the
earth is called the weight of the body.

PROGRAMMING

INSTRUCTIONS:
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Screen # 1-120

CTGlI

When an object is dropped
near the earth's surface it is
accelerated by the
gravitational force which is
equal to its weight, with an
acceleration.

If we change the force of
gravity on an object,

its weight will change,
however Its mass remains
constant.

When an object is dropped near the
earth's surface it is accelerated by the
gravitational force which is equal to its
weight, with an acceleration. Therefore,
by Newton's Second Law the weight
becomes:

If we change the force of gravity on an
object (by taking it to the moon), its
weight will change, however its mass
remains constant.

PROGRAMMING
INSTRUCTIONS:
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CTGlI

Momentum -

is defined as the
product of the mass
of the object and its
velocity.

momentum = mass
Velocity

Momentum- is defined as the product
of the mass of the object and its
velocity.
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Screen # 1-140 CTGI

The conservation of
momentum- When there
is no external net force
on an object, if two
objects collide with each
other, the momentum
before collision is equal
to the momentum after
collision.

It means that momentum
is conserved in collisions
between objects.

Options [Ulrssany

AUDIO: PROGRAMMING
INSTRUCTIONS:

The conservation of momentum-
When there is no external net force on
an object, if two objects collide with
each other, the momentum before
collision is equal to the momentum after
collision.

It means that momentum is conserved
in collisions between objects.
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Screen# 1-150 CTGI

Congratulation!!!

You just completed the review of this
lesson.

Congratulation!!!

You just completed the review
of this lesson.
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The CBIl Program
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Screen # 1-10 CBlI STORYBOARD

At the
completion of
this lesson, you
will be able to
identify the
terms and
characteristics
related to
Newton's laws.

AUDIO: PROGRAMMING
INSTRUCTIONS:

At the completion of this lesson, you
will be able to identify the terms and
characteristics related to Newton'’s
laws.
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Screen # 1-20

Cel

Physics is an
experimental
science.
1) Kinematics-
Describes the
position and
motion of objects
in space as a
function of time.
2) Dynamics-
The study of
causes of motion

is called dinamics.

AUDIO:

Physics is theory, based on
experiment. Therefore, physics is
experimental science.

The study of motion is divided into two
parts:
Kinematics, and Dynamics

Kinematics-Describes the position
and motion of objects in space as a
function of time.

Dynamics-The study of causes of
motion is called dynamics.

PROGRAMMING
INSTRUCTIONS:
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Screen # 1-30

cBl

Acceleration due to
gravity means that
objects fall with the
same acceleration
everywhere.

Motion with constant
acceleration means that
objects that are moving
freely under the
influence of gravity,
according to Galileo.

acceleration everywhere.
Measurements show that the
acceleration due to gravity is
on Earth.

Velocity = (9.8 m/s/s) time

Acceleration due to gravity- Galileo
believed that objects fall with the same

approximately (9.8 m/s/s) everywhere

Motion with constant acceleration-

gravity.

Galileo stated that objects that are
moving freely under the influence of

PROGRAMMING
INSTRUCTIONS:
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Screen # 1-40 CBl

Gaiileo released the bail

from an inclined and

marked its position at
/ the end of equal

intervals of time.

Galileo saw that a rolling
object picks up speed as
it continues to roll.

He realized that the
distance traveled was
proportional to the
square of the elapsed
time.

AUDIO: PROGRAMMING
INSTRUCTIONS:

Galileo released the ball from an
inclined and marked its position at the
end of equal intervals of time.

Galileo saw that a rolling object picks
up speed as it continues to roll.

He realized that the distance traveled
was proportional to the square of the
elapsed time.
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Screen # 1-50 CBI

Projectila
motion- A
projectile is any
object that
consisting of a
horizontal part
with constant
speed and a
vertical part
constant
downward
acceleration.

AUDIO: PROGRAMMING
INSTRUCTIONS:

Projectile motion- A projectile is any
object that consisting of a horizontal
part with constant speed and a vertical
part constant downward acceleration.
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Screen # 1-60 cBl

A Forceis a
"Push"or a
"Pull".

An object at rest
never starts to
move by itself; a
push or pull must
be exerted on it by
some other body.

(cam= ]

Optians flussany

AUDIO: PROGRAMMING
INSTRUCTIONS:

FORCE (F) - A Forceis a "Push"ora
Pull".

If | push a table, | exert a force on it.
We know from experience that an
object at rest never starts to move by
itself; a push or pull must be exerted
on it by some other body.
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Screen # 1-70

CBi

A force is required to
slow down or stop a
body already in
motion.

If several forces are
acting the same time
on the same object,
them it is the Net
force that determines
the motion of the

AUDIO:

A force is required to slow down or
stop a body already in motion.

If several forces are acting the same
time on the same object, them it is the
Net force that determines the motion of
the object.

Therefore, Net Force is the vector
sum of all forces acting on the object.

PROGRAMMING

INSTRUCTIONS:
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Screen # 1-80 CBI

60 mph i

Newton's first
Law -An object
in motion tends
to stay in
motion, and an
object at rest
tends to stay at
rest, unless the
object is acted
upon by an
outside force.

AUDIO: PROGRAMMING

INSTRUCTIONS:

Newton's first Law- An object in
motion tends to stay in motion, and an
object at rest tends to stay at rest,
unless the object is acted upon by an
outside force.
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Screen # 1-90 CBI

Newton's
Second Law -

Acceleration is
IN_ 1,000 kg .05 mysfs|Producd

’ acts on a
mass. The
greater the
mass, the
greater the
amount of
force needed
to accelerate a
given object.

AUDIO: PROGRAMMING
INSTRUCTIONS:

Newton's Second Law- Acceleration
is produced when a force acts on a
mass. The greater the mass, the
greater the amount of force needed to
accelerate a given object.
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Screen # 1-100

cBl

Newton's
Third Law-
For every
action there
is an equal
and opposite
reaction.

AUDIO:

Newton's Third Law- For every action
there is an equal and opposite
reaction.

PROGRAMMING
INSTRUCTIONS:
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Screen # 1-110 CBI

The Friction Force -
Friction forces arise
when one object
attempts to move
across another.

Weight - The force
of gravitational

jil exerted on every

i physical body by
the earth is called
the weight of the

AUDIO: PROGRAMMING
INSTRUCTIONS:

The Friction Force- Friction forces
arise when one object attempts to
move across another.

For example, as a baseball player
slides along the ground while stealing
a base, there is a friction force that the
ground exerts on him.

Weight- The force of gravitational
exerted on every physical body by the
earth is called the weight of the body.
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Screen # 1-120

CBl

When an object is dropped
near the earth's surface it
is acceierated by the
gravitational force which is
equal to its weight, with an
acceleration.

if we change the force of
gravity on an object,

its weight will change,
however its mass remains
constant.

AUDIO:

When an object is dropped near the
earth's surface it is accelerated by the
gravitational force which is equal to its
weight, with an acceleration.
Therefore, by Newton's Second Law
the weight becomes:

If we change the force of gravity on an
object (by taking it to the moon), its
weight will change, however its mass
remains constant.

PROGRAMMING

INSTRUCTIONS:
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CBl

Momentum -

is defined as the
product of the mass
of the object and its
velocity.

momentum = mass
Velocity

Momentum- is defined as the product
of the mass of the object and its
velocity.
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The conservation of
momentum- When
there is no external net
force on an object, if two
objects collide with each
other, the momentum
before collision is equal
to the momentum after
collision.

It means that momentum
is conserved in collisions
between objects.

AUDIO: PROGRAMMING

INSTRUCTIONS:

The conservation of momentum-
When there is no external net force on
an object, if two objects collide with
each other, the momentum before
collision is equal to the momentum
after collision.

It means that momentum is conserved
in collisions between objects.
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Congratulation!!!

You just completed the review of this
lesson.

Congratulation!!!
You just completed the review
of this lesson.
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Appendix H
Individual students’ TOLT scores
Treatments:

CTi=1, CTGI=2, CBI=3

154



©

° © 2I2v|t|o|t|o|o|~|v|¢t|o]o|o|wv|m|o|¢t|~mo|v|m|t|~|afo (vt v |m o)t |v

T

..h..
©

£ 2

hm.l o N|jNjolo|n|o|o|ololololo]~|—|o]ololol~|o|n|o|o|o|o]olo|o|o|lolo|o]o|o
©

QL.

O o

s

= ©

5

ml - ooy O|rjN|~]~|r]|o|oln|n|ln|o|olo~ o]+ |~ |—|olol—|o]+]|o ~|—|o|o|o
©

Qc

O o

Lo

=

o0

S Xiln|o STV E=1 R SV R (SURTSVA (V) Rt R (VR [SN] (SRR 1SN0 o ToV] R SV R (V] [ R P [SV] TN F ) R B P M oY f=Y (oY R

°.8
L

o »

[

W.Va - NN N[ IN|N|N|N|~ | N~ N |~ [~ | N|N|N|O N[N |~ v~ N~ NN AN~ |

O

.

L ©

.me

D.mm N [SVRISVRESVE [oVR FoV ] Rl ol VR [aVR VoVl [a¥] [oVE ToVl [oVR Rl Ta¥) P ) EoVR o FQVR KUY FoVE L ok UoVR Lot U VR V] [oVREoV] Bt R IV oY)

e

a5

[72]

Q

3 o NGB R SV LU ISV (3N FoNT [SV) R ENR (V] PN B B PN R B P T R R P Y (VT R P ] (VT (V] R P Y B P Y (VT B

e

)

7

=

o *_ 1 ~olol@l-|N[mmtw{o|~ oo o (Nt v]oisloid|ol- (M|t |v]olnsio|a

.W..m |||l e e e e | [ NN NN NN IN N NN O | N[N |M

]

(7]

155



10
10
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51
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60
61

62
63
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65
66
67
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71

72
73
74
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76

77

78

79
80
81
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10

82
83
84
85
86
87

88
89
90
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Appendix |
Individual students’ FCI scores
Treatments:

CTi=1, CTGI=2, CBI=3
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Q4

Q3

Q2

Q1

No

Student | Groups |Gender| Pass /

|d#

10
16
20
26

21

23
27
30

41

40
34
36
39
50
46

49

52
61

55
58
73
68

56
59
81

77

79
87

14
13
18

11

12
15
17
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32
38
33
29

47

43

48

53
75
64
57
71

70
74
72
82
90
86
89
88

19
24
25
22

37
35

31

28
42

51

45

60
67
69

160



66
62
63
65
85
80
83

78
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Q12

Q11

Q10

Q9

Q8

Q7

Q6

Q5
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Q20
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Q18

Q17

Q16

Q15

Q14

Q13
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11
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11
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13
10
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12

Q27 |Scores

Q26

Q25

Q24

Q23

Q22

Q21
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19
10

18

11

12
22

12
10

11

23

11

12
25

12
12
10
17
16
10
19
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22
23
16
19
10
21

18

17
19
21

16
18
20

15
19

N
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13
15
17
22
19
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Appendix J
All Individual students’ TOLT scores
Treatments:

CTi=1, CTGI=2, CBI=3

171



Q4

R3

Q3

R2

(9}

Q2

R1

Q1

Student
sID#

10
16
20
26

21

23

27

30
41

40

34
36
39

50
46
49
52
61

55
58
73
68
56
59
81

77
79
87

14
13
18

11

12
15
17
32
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N

38
33
29
76
47

43
48

53
75

64
57
71

70
74
72
82
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89
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24
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37
35
31

28
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51
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67
69
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R7

Q7

R6

u

Q6

R5

Q5

R4
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Scores

10

10

Groups

Gender

Co/Formal

Q10

Q9

R8
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10

10

10

10

10
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10
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Appendix K
Iindividual students’ LAQ scores
Rote Learmner =0

Meaningful Learner = 1
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Grade/T

Grade/

Grade/

Grade/

F/High

M/High

Ethnic

Student
s Age

19
19

20
19
18
20
22
20
20
24
24
26
19
19
20
20
25
19
20
26
19
28
21

19
19
25

20
19
21

18
19
19
20

19
23
22

19
20

20
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(3%

20

21

23
20

26

22
22

21

21

20
20
20

21

19
34
22
22
20
20
20

20
22
20
20
20
21

19
20

18
19
20

19
22
20

19
19
19
25

20

19
19
20
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19
20
20

20

23

19
20
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R4

M3

R3

+

M2

R1

M1

Grade/U
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M9
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M6

M5

M4
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13
10

11

12

11

14
13
14
15

11

12

13
15
12

13
12

11

12

11

15
14
12
10
11

10

13

11

12

St. ID# | Scores

10
16
20
26

21

23

27

30
41

40

34
36

39
50
46

49

52
61

55

58
73
68

56
59

81

77
79
87

14
13
18

11

12

15
17
32

38

M/R

M11

R9

M10

R8

R7
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12
13
11
11
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14
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10
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13

11
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12
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10
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10
13

33
29

76
47

43

48

53
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64
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70
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88
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24
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35
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™
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