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Abstract

The purpose of this study was to examine whether force feedback within a
computer simulation had an effect on reasoning by fifth grade students about gravity,
mass, force, and motion, concepts which can be difficult for learners to grasp. Few
studies have been done on cognitive learning and haptic feedback, particularly with
young learners, but there is an extensive base of literature on children’s conceptions of
science and a number of studies focus specifically on children’s conceptions of force and
motion.

This case study used a computer-based paddleball simulation with guided inquiry
as the primary stimulus. Within the simulation, the learner could adjust the mass of the
ball and the gravitational force. The experimental group used the simulation with visual
and force feedback; the control group used the simulation with visual feedback but
without force feedback. The proposition was that there would be differences in reasoning
between the experimental and control groups, with force feedback being helpful with
concepts that are more obvious when felt.

Participants were 34 fifth-grade students from three schools. Students completed a
modal (visual, auditory, and haptic) learning preference assessment and a pretest. The
sessions, including participant experimentation and interviews, were audio recorded and
observed. The interviews were followed by a written posttest. These data were analyzed
to determine whether there were differences based on treatment, learning style,
demographics, prior gaming experience, force feedback experience, or prior knowledge.

Work with the simulation, regardless of group, was found to increase students’
understanding of key concepts. The experimental group appeared to benefit from the
supplementary help that force feedback provided. Those in the experimental group scored
higher on the posttest than those in the control group. The greatest difference between
mean group scores was on a question concerning the effects of increased gravitational

force.
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Chapter 1: Introduction

Science literacy among American students is not what it should be. Based on
findings from the Third International Mathematics and Science Study (TIMSS), U.S.
fourth graders’ scores ranked second in science achievement among participating nations.
That was the end of the good news. U.S. student performance declined between grades
four and eight in relation to that of other nations. By the twelfth grade, science
performance for U.S. students was below average, and physics performance was
particularly low (Stevenson, 1998; Greene, Herman, & Haury). The news is even more
dismal for girls. Girls and boys at the fourth grade level performed equally, but girls’
performance in relation to boys’ performance declined between grades four and eight,
and continued to decline between grades eight and twelve (Stevenson, 1998; Greene et
al.).

In Science for All Americans, the Association for the Advancement of Science
(1989) states that most Americans cannot be considered scientifically literate. This has
national and global implications as people are called upon every day to make informed
decisions about science and technology issues that they are not adequately prepared to
comprehend. As a nation with vast resources and a leadership role in science and
technology, clearly we need to do better.

Research Problem and Significance

Though still in its early stages, haptic feedback technology has shown promise as
a means to convey concepts of physical science to undergraduates. To date, most
educational applications of haptic technology have been focused on creating more
realistic virtual experiences of procedures that have a significant psychomotor
component. Examples include medical and dental procedures (e.g., laparoscopy, vascular

access, drilling and restoration) and flight simulation training. In applications such as
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these, students need to make judgments by determining through haptic feedback how
much force to apply, and under what conditions, to achieve a desired effect.

Because haptic technology is relatively new, extant research on simulated haptic
feedback and cognitive learning is sparse, particularly as it applies to children. For
instance, no study could be found that examined what effect haptic feedback within a
simulation may have on children’s reasoning about force and motion, a notoriously
difficult content area. Conducting a study in which children attempted to come to a basic
understanding of force concepts through an experience of simulated force feedback
seemed a natural and potentially useful extension of the work that has been done with
other populations.

This study examined the effect of haptic feedback within a computer simulation
on children’s reasoning about gravity, mass, force, and motion. The treatment group
used the simulation with both visual and haptic feedback. The control group used the
same simulation, but with visual feedback only. Qualitative and quantitative data were
collected, coded and analyzed.

Subjects completed a modal learning preference assessment and a survey
regarding prior experience with the science concepts, force feedback, and video games
prior to being assigned to groups. Subjects were assigned to groups on the basis of modal
learning preference and gender. Beyond the main research questions, this study looked
for effects related to learning mode preference, gender, and prior experiences.

This study investigated these questions with the goal of contributing to the body
of research in haptic technology and cognitive learning, with particular application for
elementary science education. The results of this study may provide useful information or
guidelines for educational software designers to apply to the design of more effective

learning environments for children.
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Overview of the Literature Review and Theoretical Perspectives

Haptic computer input/output devices provide force and/or tactile feedback to the
user. Consumer haptic devices such as joysticks, wheels, and mice for personal
computers have been in existence for several years, and are mostly marketed for use with
entertainment games. Relatively little research has been done with haptic computer
interfaces compared with typical graphical user interfaces. In particular, little research
has been conducted regarding the application of haptic technology to educational
purposes that do not have an essential psychomotor aspect. Mainstream educational or
edutainment titles such as Zoombinis Logical Journey™ that employ haptic feedback
have done so primarily to boost the entertainment value rather than the educational
effectiveness of the product. And yet, research has shown that nonessential visual and
auditory stimuli negatively impact learning (Mayer, 2001). The same could be true for
non-essential haptic stimuli.

Existing research has shown that performance can be improved with haptic
feedback as evidenced by quicker response times and fewer errors (e.g., (Burdea, 1996;
Richard et al., 1996; Sallnis, 2000). Haptic feedback has been used effectively for
specialized applications such as surgical simulators that have a critical tactile or
kinesthetic aspect. Some research has been done in the area of haptic computer interfaces
for visually impaired learners with some promising results both as an adaptive technology
and as an educational tool for math and science education (e.g., Van Scoy, Kawai,
Darrah, & Rash, 2000; Wies, Gardner, O'Modhrain, Hasser, & Bulatov, 2000). Some
research with haptic learning environments has been done in the physics domain with
college students to teach content related to forces and electrical fields (Reiner, 1999;
Wies et al., 2000). Perhaps haptic feedback can help to promote the development of
scientific concepts in younger students as well.

Much is known about how visual and verbal information is processed. For

instance, dual coding theory (Paivio, 1986) tells us that memory can be enhanced if both
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nonverbal and verbal channels are employed in instruction. However, an overload of
information in one channel may interfere with cognitive processing (Mayer, 2001). Can
memory be enhanced if the haptic sensory mode is employed along with the visual mode,
or is memory hindered due to interference with visual stimuli in the nonverbal channel? If
the non-visual information is not identical to the visual but is conveying information
(e.g., changes in gravity or mass) through direct sensory experience rather than through
secondary visual evidence, will this interfere with or enhance processing? In other
words, is the channel constraint verbal/nonverbal or is it sensory-based?
Rationale for the Study

At this time, scant research has been done on the subject of haptic interfaces for
educational purposes. The technology is in its infancy, and now is the time to begin
investigating how it can be used effectively, before quantities of time, money and effort
are expended on implementations that do not work, or even worse, have a detrimental
effect. Guiding principles need to be developed with regard to educational applications,
motivational factors, and implementation strategies. Since the relevant literature is scarce,
an exploratory study seemed appropriate to guide future research and application.

Elementary physical science education was selected as a content area for a
number of reasons. First, some of the related research with other populations has used
physical science as a content area with promising results. Second, the technology seemed
a natural extension of the content; after all, force feedback conveys forces. Third, a
suitable simulation was available for use. And finally, an innovative technology solution
could perhaps help learners to develop a better understanding of these difficult concepts.

Goals of This Study

The primary goal of this study was to investigate the effects of force feedback on

students’ reasoning about gravity, mass, force, and motion. This study adds to the limited

body of research on computer-based haptic technology with application to elementary
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science education. The findings provide information to help guide future software design
and research efforts.
Audiences for the Research Findings

The findings of this study may prove useful to science educators and instructional
designers. It would be useful to know whether or not and in what ways haptic technology
can offer an instructional edge in conveying difficult concepts. It would also be useful to
know when haptic technology does not benefit learning, so that scarce resources and
instructional efforts can be expended more productively. Where force feedback seems to
help convey some concepts but not others, the feedback or accompanying materials and
instruction can be designed so as to gainfully focus student attention.

Others who may benefit from the results of this study are educational software
designers and developers. Force feedback is difficult and expensive to implement
convincingly in a software program, often requiring the specialized knowledge of a
physics expert to calculate the appropriate forces for a particular application. Where there
is little or no beneficial effect, resources may be better allocated elsewhere. As is the case
in other fields that employ haptic technology, potential benefits should be weighed
against costs.

Manufacturers of haptic input devices may benefit from the results of the study,
particularly if the results show a positive effect of haptic feedback. Currently, there is a
dearth of affordable, effective haptic input devices, although there is a degree of
consumer and researcher interest. If the technology proves to benefit learning, this would
be a further motivation for current or future manufacturers to produce effective yet
affordable products for school and home use.

Research Questions

The main research question that this study will address is: Does force feedback in

a simulation have an effect on students’ reasoning about concepts of gravity, mass, force,

and/or motion? To answer this question, two questions that must be addressed are
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Does the simulation in question (regardless of feedback modes) have an effect on
learners’ conceptions of key concepts?

Do differences exist between the reasoning of learners who practice with a
simulation with visual and force feedback and those who practice with visual feedback
only?

Sub-questions that will be addressed in this study are as follows: Is haptic
feedback motivating (e.g., fun, novel) for the target population? Does the effectiveness of
the treatment vary according to modal preference? Is force feedback more effective for
learners who have a haptic preference? Is force feedback less effective for learners who
have a visual preference? Is there a difference among subgroups based on the following
factors: gender, socio-economic status, prior video game experience, prior force feedback
experience, prior knowledge?

Limitations and Assumptions of the Study

As with all case study research, this study is situated and specific to the particular
environment, treatment, and population. The researcher’s perspective is reflected in the
study, and the researcher’s expectations may have inadvertently influenced the results.
The interview results may have been affected by inadvertent cues from the interviewer.
This study assumed that the participants considered the questions seriously and gave
sincere, thoughtful responses.

The study included self-report and self-assessment data, which can be misleading.
The subjects are at the lower age limit for which reliability data have been obtained for
the instrument that was used to determine their modal preferences. The ability for
individuals to reflect on their preferred mode of learning is developmental, and this may
be a limitation of the study. Children at this age and grade are considered to be at the
beginning stage of being able to reflect on their preferred mode of learning (O’Brien,

personal communication, April 14, 2003).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Definitions of Terms

The following are definitions of terms as they are used within this study.

Haptic. The word haptic is derived from the Greek word for touch. It refers to the
tactile and kinesthetic senses.

Force feedback. In computer technology, force feedback devices convey a sense
of forces to the user. With force feedback, virtual objects can be made to feel solid, and
the user can experience simulated force effects such as gravity and friction.

Learning styles. Learning styles refer to the unique combinations of strengths,
weaknesses, and preferences with which people approach learning. Learning styles
encompass aspects of cognition, perceptual and environmental preferences, and
personality.

Modal preference. Modal preference refers to the perceptual mode or modes
(visual, auditory, or haptic) that a learner prefers during learning.

These and other topics are discussed in greater detail in the next chapter.
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Chapter 2: Review of the Literature

This study examined the impact of force feedback within a software simulation on
students’ reasoning about gravity, mass, force and motion. As noted in the previous
chapter, there is little extant research on this topic. Therefore, this review of the literature
focuses on literature related to various aspects of the research question: the importance of
touch to cognition and learning; the acquisition of concepts of forces in young learners;
theories of cognition that may shed light on the process of learning through multimedia
simulations and force feedback; prior studies related to learning through computer
simulation and haptic interfaces, and learning styles and modal preferences.

Sources for this literature review were located primarily through searching a
variety of electronic databases available through libraries at San Diego State University,
the University of California at San Diego, and the University of San Diego. Two primary
databases employed in this search were ERIC and PsycINFO. Some of the subject
headings searched were tactual perception, cognitive styles, science education, cognitive
theories, cognitive load, and modal preferences, both alone and in various combinations,
and among many others. I searched Dissertation Abstracts for dissertations related to
learning through simulations and haptics, and the design of haptic interfaces for learning
applications. Other reference materials came to my attention during coursework or by
way of colleagues who were aware of my interests. Many of the references cited were
available for download from the Internet, either directly or via article databases. Books
and other articles were available through the libraries mentioned above; others were made
available through the Interlibrary Loan service.

The remainder of this chapter will focus on a review and discussion of the
evidence that force feedback in a simulation may hold promise for helping to make

difficult concepts more accessible to learners.
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The Importance of Touch to Cognition and Learning

Touch is critical for normal human development. Infants who do not receive
sufficient touch contact fail to thrive physically, cognitively, or socially (Blackwell,
2000). As physical beings, we act upon and interact with our environment through force.
We become aware of our world through interacting with it from the day we are born. As
we strive to make sense of our experiences, our understanding of forces plays an essential
role (Johnson, 1987; Piaget, 1970). As infants and young children we explore our world,
developing schema for the patterns of forces that we encounter and attaching meaning to
them. We develop a sense of balance first by learning to totter about on two legs, and
eventually learning to run, dance and ride a bicycle. Later, we attach meaning to the word
“balance” that we first experienced physically. Thus, our physical experience helps to
shape our understanding of our language.

Much of our thinking is metaphorical and many of these metaphors have a spatial
or force basis (Lakoff & Johnson, 1980, 1999). For example, we speak of grasping a
concept, getting in over our heads, being bowled over or having a thought strike.
Abstract concepts come to be understood in terms of more concrete concepts through the
use of metaphor (Lakoff & Nuifiez, 2000). Metaphorical thought and language help to
shape children’s conceptions about the world and can also contribute to misconceptions
(Windschitl, 1995; Hart, 2002).

Our sense of touch helps us to form mental models of the shape and structure of
objects. This is why we can recognize objects by touch alone. We learn much about how
the world operates through direct experience, and through this experience our bodies
become more aware of natural forces than our conscious minds do. We learn to hit a
moving target such as a tennis ball by repeatedly trying until we are successful. Our
muscles learn how much force to apply and in what direction to place the ball where we
want. But, for all our expertise, this embodied knowledge is difficult to put into words.

Embodied knowledge is implicit, tacit, and based on non-propositional structures of
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meaning (Reiner, 1999), so it is difficult to describe exactly what we are doing when we
hit that ball to our opponent’s weaker side. Implicit memory is automated, expertise
gained through years of elaboration and practice under countless conditions (Anderson,
2000). Once, perhaps, we had to think through our movements at the direction of a coach
or teacher. But when we have gained expertise we do not need to think about it anymore,
and so the skill requires a low cognitive load. Implicit memory is an efficient use of
cognitive resources, and since it is constructed of physical connections developed over
time, these protein-based connections are fast and persistent.
Developing Understandings of Physical Science Concepts

Our embodied knowledge is essential to our successful day-to-day living. But our
experiences can also impede later learning. Many science concepts run counter to our
commonsense understanding of the world; this is one reason alternative conceptions of
science can be persistent and difficult to dislodge, even after substantial efforts at
instruction have been made. These commonsense ideas may continue to coexist with
conflicting ideas that have been gained through science instruction, so that an individual
may hold separate models for the real world and the science classroom. Since alternative
conceptions tend to be formed early on through direct interaction with the world,
particularly through our everyday visual, touch and kinesthetic experiences, we have
practiced and refined these ideas for years.

“...The invariants of ecological physics are not the same as the invariants of
physics” (Gibson, 1982, P. 217). Alternative conceptions can be viewed in the context of
ecological physics. Gibson defined ecological physics as what there is in the environment
to be directly perceived. An individual senses the environment and perceives affordances,
those invariant properties of objects in the environment that afford opportunities for
action by the individual. An individual’s goal-directed exploratory actions drive selective

perception, and attention and perception are honed and tuned through multiple
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interactions with environmental stimuli. In this way, learning often takes place directly
through perceptual means, rather than through propositional reasoning.

People perceive what they know to look for; their schemata together with the
information available in the environment drive perception (Neisser, 1976). Neisser’s
model of the perceptual cycle (Figure 1) holds that people anticipate and seek out
information in accordance with anticipatory schemata or plans. When the looked-for
information is found, it in turn modifies the schema. The modified schema in turn directs

further exploration.

Modifies o Samples

Directs Exploration

Figure 1. The Percel Cycle (after Neisser, 1976).

Learning to perceive specific affordances becomes automated through repeated
interactions in similar situations; in other words, this automaticity is situated. It is
unlikely that improving your tennis shots will improve your billiards shots. When an
affordance disappears from awareness, it has become “transparent” due to the unification
of effectivity (skill and ability) and affordance. The tennis racket disappears, becoming an
extension of the player’s arm and intention.

The propensity to predict plays a role in knowledge construction. For instance,

people tend to recall information and facts based on their plausibility within a story
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context, whether or not they actually appear in the story (Anderson, 2000). The concept
of plausible retrieval can also apply to predictions we make based on our understanding
of the way the world operates, whether these understandings are scientific or not.
Plausible retrieval plays a role in the sense that making predictions involves recognition
of patterns based on prior experiences, and most of us have more real world experiences
than experimental experiences or scientific knowledge of physics. For example, we know
that moving objects will eventually come to rest because we have seen them do so time
and time again. Learners cling to such commonsense beliefs because they are useful for
making predictions. Howard Gardner has likened alternative conceptions in science to
stereotypes in other fields (Viadero, 1999).

Palmer, (1999) found that learners sometimes reconcile seemingly contradictory
conceptions by using an “if-then” reasoning strategy. Students can hold contradictory
models that they use within different problem contexts. Because of this, they do not
perceive them as inconsistent. They may have a formal model that they use for science
class and a real world model that they use for everyday purposes. According to Landry
and Forman (1999), children use analogy to explain a new event or phenomenon by
comparing it with similar cases previously experienced.

Alternative conceptions can be difficult to dislodge if they continue to serve their
explanatory function. Posner, Strike, Hewson, and Gertzog (1982) assert that
dissatisfaction with a conception is a necessary impetus for conceptual change to occur.
Making the learner aware of an anomalous situation that does not fit a currently held
conception can serve to create cognitive conflict for this purpose. Additionally, a new
conception must be deemed intelligible, plausible, and potentially fruitful before the
learner will adopt it. However, Dekkers and Thijs (1998) reported greater success in
helping students overcome alternative conceptions by building upon students’ correct

conceptions than they did with the cognitive conflict method.
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Children’s Conceptions of Force and Gravity

A number of researchers have investigated children’s conceptions about force and
gravity. Piaget, (1970) examined children’s understandings of force and physical
causality and found that children often equated force with being alive, being large, or
having a useful purpose. Palmer (2001) interviewed 112 students in grades 6 and 10 to
uncover their ideas about gravity and whether these ideas could be deemed scientifically
acceptable. He found that 11% of sixth graders and 29% of tenth graders in the study held
scientifically acceptable ideas; the rest held a mix of acceptable and alternative ideas.
There was also a gender difference, with no sixth-grade girls and only one tenth-grade
girl expressing scientifically consistent ideas about gravity.

The nature of children’s misconceptions about gravity varies, and some of these
misconceptions can persist into adulthood. In Palmer’s study, some children expressed
the belief that gravity is a force that acts only in the presence of air. Some believed that
gravity only acts on a falling ball, not a ball traveling vertically upward. Some children
found no relationship between weight and gravity; others thought that heavier objects fall
faster (Palmer, 2001). This may have some basis in ecological physics; we can readily see
that a less massive object like a sheet of paper falls more slowly than things like
schoolbooks do. Other confusions may arise from differences between everyday language
and scientific language. In one study, students were found not to differentiate between the
use of the word ‘force’ to refer to physical forces and the metaphorical use of the word,
as in ‘my mom forced me to get up this morning’ (Hart, 2002).

Promoting Conceptual Development through Media

Computer-based simulations can serve as virtual laboratories and provide learners
with real-time feedback as they interact, modify variables, and repeat experiments that
are sometimes difficult to perform under normal classroom conditions. Computer
simulations can help learners visualize and comprehend difficult concepts. For these

reasons, they can provide a powerful means for developing scientific conceptions.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



14

Simulations provide a way of experiencing relationships among variables more
directly than can be done simply reading about them in a textbook. Simulations can
provide immediate feedback, linking cause and effect, action and perception of results.
They can provide opportunities to more quickly developing a knowledge base through
repeated experimentation. Since simulations typically require little set up time and
variables can be modified quickly, more experiments can be run in a class period than
could be accomplished with physical lab apparatus. And because effective simulations
tend to focus on the essentials, the problem of too much information with resulting
cognitive overload may be mitigated.

Many students find traditional lecture and textbook science education boring
because it is too abstract and removed from direct action and perception. In their study,
Hynd, McNish, Qian, Keith, and Lay (n.d.) found that students tended to avoid reading
texts, were most likely to read the textbook right before a test, and were most likely to
become disruptive during in-class reading assignments. Both students and teachers in the
study were somewhat negative with regard to texts, and textbooks were not very effective
in promoting conceptual change in concepts of motion. However, a benefit of both
textbook and lecture notes is that they allow for reflection. User-controlled simulations
afford the opportunity for reflection as well. The learner can stop, modify, and restart the
simulation, actions that often are not possible in actual laboratory experiments.

Feedback informs us when we are performing adequately and helps us adjust our
performance when necessary. Feedback is important for learning and it is also important
to maintaining an optimal level of challenge (Csikszentmihalyi, 1990). Technology can
provide this kind of immediate feedback that is conducive to maintaining flow and
constructing knowledge. Neisser’s (1976) model of the perceptual cycle (Figure 1)
provides a useful model of learning through interaction with a simulation. A learner
explores, perceives the result, modifies his or her schema, and then tries something else.

Under some conditions, student understanding may regress after using a simulation. This

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



15

may be due to a lack of understanding of the concept underlying the simulation, so that
feedback is misinterpreted. Students sometimes misinterpret and make a connection to
an instance that is not truly analogous (Monaghan & Clement, 1995).

This points to the need for guidance and structure. Computer-based simulations
are not a panacea or a substitute for instruction. Gredler (1996) noted that a systematic
strategy for conducting investigations is important for the effective use of simulation.
Unstructured investigation using simulation is as ineffective as unstructured
experimentation in a laboratory setting.

Simulation and Science Learning: Methods of Investigation

Interview is often used as a method of investigation to uncover the nature of
students’ understandings of science concepts. Piaget (1970) used interview methods to
investigate young children’s ideas about physical causality, including force. He had
children of various ages define terms, explain causes of phenomena, and conduct simple
experiments and explain the results. He used this as a means of describing the
developmental changes that children undergo in their reasoning about the concepts in
question.

Another approach to uncovering beliefs is to have subjects view diagrams or
graphics that represent a situation, concept, or event and then have them respond to
questions. McCloskey, Caramazza, and Green (1980) used this approach while having
subjects predict the paths of balls that were about to emerge from various curvilinear
tubes depicted in diagrams. Subjects responded by drawing a predicted path for each
situation.

Palmer (2001) used simple diagrams to probe children’s beliefs about gravity. The
diagrams depicted various objects in various conditions, and children were prompted to
circle the objects that gravity was acting upon. They were then interviewed about their

responses to uncover their reasoning about gravity.
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A benefit of interview is that one can ask follow up questions to clarify surprising
or confusing responses, and delve more deeply into the subtleties and complexities of
subjects’ knowledge constructions. In a descriptive case study, Monaghan and Clement
(1999) used interview methods to investigate the impact of a computer simulation on
students’ understanding of relative motion and whether they were able to use what they
had learned from interaction with the simulation to create mental simulations. They used
a think-aloud protocol with a predict-observe-explain format. That is, subjects predicted
what they expected would happen in a particular scenario, articulating the reasoning
processes used to reach that conclusion. They then watched the simulation run and
responded to the results by explaining whether the results were as expected or not, and
why. This approach is similar to the method that is being proposed for this study.
Imagery, Media and Modes of Perception

Sensory perception and feedback are invaluable tools for conducting inquiries,
real or simulated. Visual-spatial thinking is essential for creativity and communication in
the sciences, but tends to be neglected in science classrooms (Mathewson, 1999). Being
largely visually based, multimedia simulations offer an opportunity to practice and build
upon these skills. Indications are that at least some physics students make use of imagery
while working through problems and making predictions and that students may use recall
of simulated events to generate imagery. Students may also generate inaccurate imagery
(Monaghan & Clement, 1999).

Both real time multimedia simulations and video offer the benefit of motion,
which is difficult to ignore. It is likely that the learner will select and attend to something
that is moving, especially if everything else is stationary. Beichner (1995) capitalized on
this aspect of perception in the design of VideoGraph, a software program that links
video of physical motion events with graphs of the motion in real time. Students who
used VideoGraph had better scores on a standardized test of kinematics graph

interpretation skills than students who were instructed by more traditional methods.
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Different kinds of objects and media representations provide different benefits,
constraints, and affordances. A video can be paused at a crucial point or played in slow
motion to see a process in greater detail. Physical objects provide more of an opportunity
to learn through manipulation and tactile sense than a multimedia simulation does,
although virtual reality technologies such as haptic feedback are beginning to afford users
some of these opportunities as well. Perhaps haptic feedback can be instrumental in
helping learners to construct or reconstruct concepts by simulating direct sensory
experiences that are difficult to experience in real life.

Haptic Interfaces: An Overview

Haptic interfaces are less commonplace than the primarily graphical interfaces
that most personal computers employ today. High-end haptic interfaces are used for
applications such as flight simulators, laparoscopic surgical simulators, manufacturing,
and three-dimensional computer modeling. Inexpensive haptic input/output devices have
been in the mainstream consumer market for several years, mostly to add to the feeling of
presence or immersion while playing computer and video games. These devices take
various forms such as joysticks, steering wheels, mice, and game controllers, and the
haptic feedback they provide varies in quality and sophistication. Some of these devices
merely vibrate or “rumble,” others simulate finer textures, and still others also provide
force feedback.

Force feedback devices are powered by electric motors or other actuators that
exert forces on the user. Tactile feedback devices usually employ pin arrays, vibrators, or
rotating surfaces to simulate textures. Mice, joysticks and other kinds of haptic devices
have varying sets of features that may make them more appropriate for one application
than another. Force feedback devices can provide coarse feedback, fine feedback, or
both. Coarse feedback refers to arm motion while fine feedback refers to finger motion.
Coarse feedback systems without fine feedback, such as joysticks, will typically provide

a handgrip that keeps the hand in a fixed position (Hasser & Massie, 1996).
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Unlike tactile feedback devices, force feedback devices must be grounded. That
is, the device is not entirely free moving, but is attached to some sort of base that gives
the user something to push against with varying degrees of force. Inertial mice such as
the iFeel™ by Logitech are free moving (not grounded), but there is nothing to push
against to give a force feedback sensation, and so these mice can only provide tactile
feedback.

Uses and Potential Benefits

Additional modes of sensory feedback can help to improve performance,
particularly in situations where the primary mode (usually vision) is otherwise occupied
(Norman, 1988). Hasser and Massie (1996) identified a number of benefits associated
with haptic feedback. These included reduced training time, reduced task completion
time, reduced dependence on vision for some tasks, reduced errors, and an
increased sense of immersion in virtual environments.

A number of studies have supported the conclusion that haptic technology can
improve performance by reducing task completion time and errors dramatically,
sometimes by up to half (Burdea, 1996; Richard et al., 1996; Sallnds, 2000). Haptic
feedback can improve performance in tasks that require accurately locating (targeting)
and clicking a button or other onscreen object. In non-haptic computer interfaces, visual
(and sometimes auditory) feedback is used to confirm users’ actions. Users are able to
target their clicks more quickly and accurately with the addition of haptic feedback.
Without it, subjects tend to click in the center of the target object. With haptic feedback,
subjects tend to click as soon as the target is felt, and the target is felt as soon as the
cursor is within its boundary (Burdea, 1996).

Educational Applications of Haptic Feedback

Various studies with visually impaired mathematics and physics students have

shown that haptic technology may hold great potential for making computer- and Web-

based instructional materials more accessible. Van Scoy, Kawai, Darrah, and Rash (2000)
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developed a haptic interface for teaching math to visually impaired students. Users may
enter a function as a line command and the program will render the graphed line
haptically, so the user can feel the graphed result.

Wies, Gardner, O'Modhrain, Hasser, and Bulatov (2000) developed a Web-based
learning module with a haptic interface to help blind undergraduate and graduate physics
students learn about electric fields. The experimental mode of the application allowed the
students to test the electric charge on a sphere by feeling the force attract or repel their
hand. The students could record the force data at a particular radius by clicking. In
analysis mode, the student had the option of allowing the computer to take control of the
mouse and trace the shape of a curve, taking the student’s hand along with the mouse.
Student feedback indicated that this would be a useful learning tool even for students
with normal vision.

In studies (such as those described above) with visually impaired subjects, haptic
feedback is compensating for a lack of visual feedback. From a theoretical perspective, it
is not clear whether and under what conditions haptic feedback may interfere with visual
feedback. According to dual coding theory (Paivio, 1986), people process stimuli through
two channels, verbal and non-verbal. The verbal channel includes symbolic systems like
written words (visual system), spoken words (auditory system), and handwriting (haptic
system). The nonverbal channel includes visual objects, environmental sounds, the feel of
objects, taste memories, and olfactory memories. If a simulation presents a visual object
moving on screen together with the feel of the object moving, will the two sensations
utilizing the nonverbal channel create cognitive overload? Or, since the two sensations
are coming through two sensory modes, may the effects be complementary?

Oakley, McGee, Brewster, and Gray (2000) studied the effectiveness of force
feedback within a graphical windowing system as a means of relieving visual overload
that computer users may experience with desktop clutter and multiple open application

windows. Unlike most previous studies, their preliminary results showed that the test
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subjects did not complete their tasks more quickly. However, they did make significantly
fewer errors and also reported the perception of a decreased workload. This raises the
possibility that haptic feedback may help to reduce cognitive overload.

Mayer (2001) found that related visual and verbal information that was linked
temporally was more effective (as measured by greater learning and transfer) than when
the information was displayed separately. Mayer named this the “temporal contiguity
principle.” If, as in the case of the simulation to be used in this study, related visual and
haptic information is synchronized, it seems likely that this would also prove more
effective than presenting the two modes of information separately.

It is also likely that some content lends itself more readily to haptic treatment.
Like the application of haptic feedback to surgical simulators, its application to
simulations of physical forces for educational purposes directly relate to the content. In
the first case, though, the goal is for the learner to acquire a procedural skill that has a
critical haptic basis. In the second case, haptic feedback is being used to support the
development of conceptual understanding. Teaching about physical forces like gravity,
friction, elasticity, and inertia would seem to be a natural application of haptic
technology. The force sensations themselves are, in essence, the content. Reiner (1999)
studied the application of embodied knowledge to teach physics to learners who had a
minimal physics background. Subjects in Reiner’s study used a haptic trackball to sense
fields of forces that were invisible (not represented visually on the computer screen). The
subjects then drew diagrams depicting what they felt. The subject’s diagrams were
remarkably similar and accurate when compared with those that would result from
complex physics calculations. The students invented a symbol and concept comparable to
vector lines to describe their haptic experience.

A potentially powerful application of haptics may be to help students overcome
alternative conceptions, such as the notion that constant force results in constant motion

rather than acceleration. A computer simulation with haptic feedback can, for example,
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simulate a frictionless environment that does not exist in everyday life by providing a
basic sensory experience to help counteract the ingrained concept.

In summary, computer simulations with visual and haptic feedback may offer
features and benefits that can make them effective tools for helping students to construct
more powerful understandings of conceptual physics. They can allow more opportunities
for practice and trying out ideas; make concepts more “real” (concrete); support a more
meaningful experience, with learner action tightly coupled to the perception of results
(immediate feedback); and provide a multi-sensory experience.

Due to these qualities, computer simulations offer potential to help learners
acquire scientific conceptions, provided they are used with a sound pedagogy.
Simulations can provide a safe, non-threatening environment in which to experiment,
receive feedback, pause to reflect, quickly play with ideas, modify variables, and perceive
results.

Learning Styles and Modal Preferences

One definition of learning styles is “the preferences, tendencies, and strategies
that individuals exhibit while learning” (Thomson, 1997, page 1). Although there has
been interest in individual learning styles since the early Greeks (Lemire, 1998), in recent
decades there has been increased attention paid to meeting the needs of individual
learners with varying styles or modes of learning. One has only to type “learning styles”
into a Web search engine to be met with an enormous number of sites devoted to this
topic. Many of these are targeted at college students, adult learners, or the parents of
younger learners. Often these sites provide self-assessments and tips or strategies for
more effective learning.

The umbrella of learning styles covers a plethora of concepts. These include
aspects of personality, cognitive styles, and environmental preferences. One widely used
model known as the Dunn Model (or Dunn and Dunn Model) is also one of the most

comprehensive. It includes 21 elements grouped within five categories (environmental,
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emotional, sociological, physical, and psychological) that are said to influence learning.
Other models focus on a narrower aspect of learning preferences such as information
processing style or Jungian personality type.

One aspect of a learning experience or environment is the sensory mode or modes
(visual, auditory, haptic, or multi-modal) in which information is provided and/or
learning takes place. Best practices dictate that a classroom should offer learning
opportunities in a variety of modes to meet the needs of most learners. For example,
lecture or discussion may be more effective for those with an auditory preference, while
reading or viewing graphics may benefit those with a visual preference, and hands-on
work may tend to benefit those with a haptic style. Perhaps a simulation such as the one
to be used in this study that provides both visual and haptic feedback will be more
effective with haptic learners than a simulation that provides only visual feedback.
Conversely, it is possible that the added stimulation of force feedback could detract from
learning for those with a predominantly visual preference.

There has been criticism that the term “learning styles” is too broad or generic to
be of use. Lemire (1996) states, “learning style or modality should be confined to the
model which allows for visual, auditory and haptic preferences” (P. 47). Yet even within
modal preference models, terms are not so clear-cut. Some assessment instruments
separate the haptic dimension into tactile and kinesthetic; still others subdivide visual into
visual-nonverbal and visual-verbal (i.e., reading written text).

As previously noted, there are numerous instruments for assessing learning styles.
Many are free, informal self-assessments; others are available for a fee from various
publishers or coaching centers. Learning style instruments have been criticized for the
Jack of a research basis and weakness in (or nonexistence of) reliability and validity data.
For example, Deaton (1992) criticized the Learning Channel Preference Checklist
(LCPC) for lacking in so many areas (e.g., lack of research basis, no evidence of the

psychometric properties of the scores) as to prevent consideration of its use. In discussing
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the well-known and widely-used Learning Style Inventory (LSI) which is based on the
Dunn Model, Hughes (1992) states, “Research and test development in the field of
individual learning styles has been plagued by poor attention to issues of construct
validity and theoretical development” and further that the instrument “exemplifies all of
the problems characteristic of instruments designed to measure learning styles” (p. 460).
In a later review of the LSI, Knapp (1998) noted that the earlier harsh criticism seemed to
have had a dampening effect on the use of the instrument for research in the intervening
years.

Yet the instrument remains popular, and the Dunn Model is still being
recommended to teachers as having applicability to the classroom, including the math
and science classroom (Thomson & Mascazine, 2003). Lemire (1996) cautions against
discarding the idea of learning styles completely, noting that there is evidence for
congruence in subjects’ scores across various learning style instruments with inter-
assessment score agreement of 75% in one study, though he agrees that work needs to be
done in the areas of instrument validity and reliability.

There is evidence that learning styles are developmental (e.g., Lemire, 1996), and
that even in adults they are not fixed. In a large survey study of learning style preferences
among English language learners in U.S. colleges, Reid (1987) noted that respondents
varied widely in their preferences depending on their cultural background and their length
of time in the U.S. The longer subjects remained in this country, the more their
preference profiles resembled those of native English speakers.

Force Feedback as an Aid to Concept Development

This chapter has discussed literature that describes the importance of touch to
cognition and concept development, particularly in our interactions with the physical
world. Studies about the acquisition of science knowledge were discussed; numerous
studies have shown that alternative ideas about science can and do interfere with the

development of academic science concepts. The concept of gravity has been shown to be
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difficult for learners to comprehend adequately. In several studies, simulation has been
shown to be an effective tool for developing a more accurate understanding of science
concepts. One effective method is to have learners predict what will happen before the
simulation is run and then explain the results, whether the prediction was right or wrong.
Interviewing students about their reasoning can uncover some of the more subtle
conceptual relationships that may not be apparent initially.

Several studies have shown potential for force feedback as an aid to
learning. Several of these employed haptic feedback as a means of creating an accessible
interface for learners with visual impairment. But the most intriguing studies for the
purposes of this study were those that examined applications of force feedback to aspects
of physical science that could not be easily, or perhaps as effectively, conveyed by other
means. These studies are few, and they were conducted with young adults as subjects.
The goal of this study was to examine the effect of force feedback on conceptual

development with younger subjects, namely fifth grade students.
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Chapter 3: Method
Introduction

This research project was designed as a case study that employed both qualitative
and quantitative methods. It was exploratory in nature, and was designed to investigate
what, if any, effect force feedback had on children’s conceptions of mass, gravity, force
and motion.

A case study approach is appropriate for examining the thoughts of fewer students
in greater depth rather than more students in a cursory manner. Experimental and quasi-
experimental studies tend to focus on the outcome of instruction rather than the process
of learning, the study of which lends itself to a more naturalistic approach. Case study
research can uncover potentially useful ideas and hypotheses for further investigation
(Monaghan & Clement, 1999). Case study research takes place within a bounded system
(Creswell, 1998). The bounded system for this study is a single case, consisting of the
students who participate in guided inquiry with the paddleball simulation. The system for
this study was bounded by time (fall 2003; approximately 60 minutes instruction and
interaction with each participant), place (three elementary schools in the greater San
Diego area) and scope (34 subjects’ interactions with a technology tool and their
cognitive and affective responses to the experience).

The researcher anticipated that students’ understandings of the target concepts
might be affected by the addition of force feedback, especially in those instances where
the concepts in question were more obvious when sensed haptically (e.g., changes in
weight). Regarding concepts that do not have such a strong haptic component, it was
anticipated that there would be little or no difference in the two groups, or that haptic
feedback would interfere with learning,.

Figure 2 provides an overview of the main and subordinate research questions,

and a summary of how these questions were investigated.
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Question. Does working with the simulation affect students’ conceptions of gravity, mass,
force, and/or motion?

Data Used Method of Analysis

Pretest/survey o Classified and coded pretest responses
Guided inquiry worksheet based on their content using constant
Observation notes comparison,

Interview notes and recordings o Classified and coded interview data based
Posttest on content using constant comparison.

e Compared pretest with interview data to
determine whether there was a shift in
students’ understandings of basic
concepts.

e Compared interview responses to posttest
responses to check for consistencies and
inconsistencies in understanding.

¢ Analyzed content of students’ rules,
predictions, and posttest choices
qualitatively to look for themes and
relationships. Described the nature of
conceptual shifts.

Question. Does force feedback affect students’ conceptions of gravity, mass, force, and/or

motion?

Data Used Method of Analysis

Pretest/survey e Compared students’ comments, rules,
Guided inquiry worksheet predictions, and posttest scores to
Observation notes determine whether there is a difference
Interview notes and recordings between treatment and control groups in
Posttest their understanding of these concepts.

Analyzed content of responses
qualitatively and describe the nature of
any conceptual shifts.

¢ Used chi-square analysis (cross-tabs) and
independent t-tests to determine whether
any difference between treatment and
control group scores is significant.

Question. Does the effectiveness of force feedback vary depending on the subject's modal
learning preference, gender, or prior knowledge or experience?

Data Used Method of Analysis

LCPC scores ¢ Used independent t-tests to determine
Demographic data whether subjects’ rules, predictions, and
Pretest survey posttest responses vary by modal learning
Scores on rules, predictions, and preference, gender, or prior knowledge or
posttest data experience.

Question. Does the subject's satisfaction with the treatment vary depending on the
subject's modal learning preference, gender, freatment, or prior knowledge or experience?

Data Used Method of Analysis

LCPC scores ¢ Used independent t-tests to determine

Demographic data whether the subjects’ responses to

Pretest survey satisfaction with the treatment vary by

Interview responses modal learning preference, gender,

Posttest responses treatment, or prior knowledge or
experience.

Figure 2. Summary of research questions and methods.
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. Overview of the Methods

Within each of the three test sites, subjects were purposively selected and
assigned to one of two groups based on their gender and modal learning preference as
determined by the Learning Style Preference Checklist (LCPC) instrument. The aim was
to have equal numbers of students in each group with regard to gender and modal
preference. Having approximately equal gender groups was deemed important because
of the preponderance of data showing that gender differences develop and widen between
grades 4 and 8. An effort was made to distribute the various modal learning preferences
equally between the groups, though the vast majority of students had a visual preference,
and only one had a haptic preference. The experimental group (FF group) interacted with
the simulation with both visual and force feedback; the control group (No FF group) used
the simulation with visual feedback only. Demographic data and survey data regarding
students’ prior experiences with force feedback, video games, and content knowledge
were gathered.

The primary data collection effort focused on observations, student-recorded data
collection worksheets, and interviews. Subjects first interacted with the simulation using
a guided inquiry approach. They were given a sheet with step-by-step directions for
interacting with the simulation and a data collection worksheet on which to record their
observations. During the experimentation, students were free to ask questions, and the
researcher asked questions to elucidate students’ reasoning with regard to the
experiments. After completing the series of four experiments and recording the results,
subjects were asked to develop rules that described concepts related to the experiments.
Subsequent to this practice session, subjects were asked interview questions regarding
basic concepts. Following this, subjects were asked to predict what would happen under
various simulation conditions. They were then asked to carry out the experiment, and

observe and explain the results.
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The interview followed a semi-structured format. All subjects were asked the
questions contained within an interview protocol. However, depending on their
responses, some were questioned in more detail to further clarify the nature and shape of
their thoughts about the concepts in question. If in the course of answering one question
the subject answered another, their response was restated and they were prompted to
confirm and further explain or add more detail if they wished.

The entire session was audio recorded; this included the experimentation, rule
generalization, and interview portions. Subjects were encouraged to “think-aloud” and
explain their written responses as they worked through the experiments. Transcripts of
the recordings were coded and analyzed for the purpose of understanding the nature of
the subjects’ conceptions about gravity, mass, force, and motion within the context of the
simulation.

After the experimentation and interview, subjects completed a multiple-choice,
multiple-answer content assessment. This posttest assessment was scored and compared
with the results from the pretest and interview data to determine the extent of the
subjects’ consistency of thought with regard to the concepts in question.

Mixed methods were used to analyze the various data as detailed in Figure 2.

Design of the Study
The major steps of the study are given in Figure 3. The steps are generally listed

in chronological order, although some tasks ran concurrently.
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o Located and/or developed instruments (Summer 2003)

¢ Located school sites (August-September 2003)

¢ Piloted instruments/data collection and revised

e Scheduled data collection

e Secured permission from parents, students

¢ Assessed modal learning preferences

o Collected demographic data, pretest and prior experience survey data

o Assigned subjects to one of two groups (per school): visual & force feedback
(experimental) or visual only (control) based on gender and modal preference

e Had students conduct experiments with the simulation (with guidance sheets, audio-
recorded)

¢ Interviewed students (audio recorded); had students explain the results of their work,
define concepts, make predictions, observe and explain resuits

e Administered posttest

e Scored posttest

e Transcribed audio recorded data (transcribing service)

o Coded transcript data using constant comparison method

s Analyzed data, looking for patterns by treatment, modal learning preference,
demographic, prior knowledge, conceptual consistency

¢ Reported results

Figure 3. Steps in the study.
Software and Instruments

The paddleball simulation “FEELitPaddle.exe” was created by Immersion
Corporation and supplied as a demonstration program with the Logitech® WingMan®
Force Feedback Mouse (WFFM). The simulation interface consists of two interactive
windows. The main window contains the paddle, which the user can control and
manipulate with the WFFM, and the ball, which the user can manipulate indirectly by
striking it with the paddle. The smaller window contains four variable parameter controls.

These four variables are mass (of the ball), gravity (toward the bottom of the window),

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



30

stiffness (of the paddle), and damping (creates the sensation of playing while immersed in
water or a more viscous substance). For the purposes of this study, mass and gravity were
manipulated. The slider controls range on a scale of 5 to 100, signifying the strength of
the programmed haptic effect, so that 5 represents a minimal, barely noticeable effect and
100 represents a very strong effect. For conceptual purposes only, a setting of 5 for
gravity might represent the gravitational pull of the Moon and a setting of 100 might
represent the gravitational pull of Jupiter. For mass, 5 might represent a ping-pong ball
and 100 might represent a lead ball.

Only one window can be active at a time, so the variable parameters cannot be
changed while the subject is interacting with the paddle; the activity must be stopped and
then resumed with the new settings in effect. A screen diagram of the software and
control panel can be seen in Appendix A. The software control panel was used to control
mass and gravity settings. A photograph of the mouse that was used in the study is
included in Appendix A.

Learning Channel Preference Checklist-Revised (LCPC)

A number of instruments have been developed that purport to assess a learner’s
preferred mode of instruction (e.g., visual, haptic, or auditory), sometimes in addition to
other learning style preference factors like time of day, temperature, and so on. Some of
these are self-assessments, originally developed for use by college students; others are
observation checklists for teachers to use to assess younger students.

The LCPC has been widely used to assess modal preferences of learners of
various ages. The ability to reflect with regard to one’s own learning is developmental,
and usually is not sufficiently developed enough before about age eleven for students to
self-assess their optimal learning mode according to the author of the LCPC, Dr. Lynn
O’Brien (personal communication, April 14, 2003). According to O’Brien, the original
LCPC development began in 1979 for use by college students with learning disabilities.

Over the years, it has been tested and modified for use by other populations such as
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language learners (e.g., Kroonenberg, 1995). The Eleventh Mental Measurements
Yearbook identifies it for use with grades 5 to adult; the author recommends it for ages 11
to adult. A study of the LCPC with 6,000 students in grades 5-12 in the United States,
Hong Kong, and Japan found no statistically significant differences in modal preferences
based on age, gender, culture or ethnicity, but did find a preference for haptic learning in
all groups (O'Brien, 1991). In another study with language students at an international
school in Hong Kong, a slight visual preference was shown. Again, there was no
significant difference with regard to age, gender, or ethnicity. In many cases, students
were fairly balanced among the three modalities, and some students indicated a
preference of two modalities (Kroonenberg, 1995). This contrasts with another study,
which showed that students’ learning style preferences shifted as they aged, with children
being more equally divided among the modal preferences. Adults strongly preferred
visual, followed by haptic and then auditory (Lemire, 1996). Kroonenberg’s study also
contrasts with a study by Reid (1987), which showed marked differences among English
language learners from different cultures with regard to their modal preferences.

The reliability of the LCPC, calculated with Cronbach’s alpha (for consistency)
corrected by Spearman-Brown Prophecy Formula is .98. Individual scale reliabilities are
visual: .62, auditory: .62, and haptic: .69.

Face validity. The LCPC has been used by thousands of students over the past
two decades, including more than 200,000 students over the past three years at Sylvan
Learning Systems.

Predictive validity. According to Oxford, “In terms of validity, the LCPC was
helpful in predicting language achievement in a Japanese satellite program.” (letter from
Rebecca L. Oxford to Lynn O’Brien, dated December 23, 1992).

Examples of items included in the LCPC include:

I need to discuss things to understand them.

I take lots of notes on what I read and hear.
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It's easier for me to get work done in a quiet place.

I am able to visualize pictures in my head.

I take notes, but I never go back and read them.
Other Instruments

The following instruments have been developed by the researcher with input from
a content specialist and several colleagues, parents, and test subjects. They were pilot
tested and revised several times during the months of June-August 2003. Some of the
language was simplified or reworded, the worksheet was reorganized into table format
for easier comparison of data, and the number of experiments was reduced to four both to
shorten the treatment and to present only the most extreme conditions of the variables in
the experiments.

Pretest and survey. A brief self-report questionnaire was created to assess
subjects’ level of prior knowledge of major concepts (i.e., gravity, mass, force) and prior
experience with games and force feedback technology. The word “occasionally” was too
difficult for many students and was replaced with “once in a while” as suggested by one
subject. The instrument is included in Appendix B.

Directions Sheet. This instruction sheet presents a screen shot of the simulation
with brief instructions and guidelines on how to interact with the software. See Appendix
B.

Guided Inquiry Worksheet. This printed worksheet guided subjects through
experimentation with the simulation and provided a framework to record and compare
their observations. The subjects completed four experiments: low mass/low gravity, high
mass/low gravity, high mass/high gravity, and low mass/high gravity. A few questions
that asked subjects to make rules about the behavior of the simulation followed the
experiments. The researcher was present to observe and to clarify steps and answer
procedural questions, but subjects were asked to record their own data. The completed

worksheet was discussed with the subject during the subsequent interview.
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The worksheet was modified several times to be as self-explanatory and
standalone as possible, but during the pilot the majority of the students required some
degree of modeling and support during the experiments. This was the case during the
study as well. Students were encouraged, though not pressured, to “think aloud” during
interaction with the simulation. This happened spontaneously with one of the subjects in
the pilot, and her running commentary provided a vivid view into the developing process
of her ideas about the concepts. Participants were questioned about their results as they
worked through the experiments.

The follow-up questions were reworded to ask that the respondents ‘make a rule’
about a behavior of the simulation; previous wording asked them to ‘look for patterns’ in
the data which tended to cause them to look for sequential patterns rather than overall
patterns. One thought was that the word ‘pattern’ was causing them to think back to
previous math class experiences and the admonition to “find the next number in the
pattern.” Even with rewording, however, most students needed support to work through
the questions. This instrument is included in Appendix B.

Interview Protocol. As described previously, the format of the interview was
semi-structured. The interview protocol lists the questions that all participants were
asked. These included a review of their work with the simulation and having them
provide definitions for key terms. Depending on their responses, unscripted follow-up
questions were asked to elucidate their responses or elicit more information.

Students were prompted to predict what would happen under specific changes in
the simulation conditions. The students were also asked to elaborate on their thought
processes. The students then performed the experiment under the conditions described,
and explained whether their predictions were correct or not, and why.

Finally, students were asked to reflect on their learning and their satisfaction with

the experience. The interview protocol is included in Appendix B.
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Posttest and satisfaction survey. The content assessment consists of six items with
multiple-choice/multiple answer format. That is, there may be more than one correct
answer, and the subject may choose as many answers as he or she feels appropriate. This
instrument also includes three point Likert-scaled items designed to rate user satisfaction
with the experience of using the simulation.

One finding from the pilot of the instruments was that the word “speed” could be
interpreted in different ways. It was initially intended that speed refer to the general
impression in comparing low and high gravity situations. Many of the pilot subjects were
more discerning than this, noting that the ball moved more quickly at first, and then more
slowly the more times it bounced. Others also appeared to notice that the ball moved
quickly when it was struck with more force (since it had more time to accelerate), and
that it also bounced more times.

Mostly during the interview and especially during the posttest, it became apparent
that several subjects linked changes in mass to changes in speed. In referring to a high
mass/low gravity run of the simulation, one subject stated that the ball did not feel heavy
when it was just sitting there, but it felt heavy when she tried to move it. This was a good
description of inertia, and the only clear reference to the concept during the pilot. It
caused the consideration of whether subjects may have been equating increased effort
required to get the more massive ball moving with the concept of speed. For this reason,
the posttest items were reworded to refer to speed while falling. Since there were no
items that dealt directly with inertia, one answer choice was changed to “the ball becomes
harder to move” in response to a question about an increase in mass.

Sample and Population

Thirty-four fifth grade students from three elementary schools in San Diego
County, California participated in the study. The three school sites varied in many
respects, summary data regarding economic status and computer resources are shown in

Table 1.
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Table 1
School Data for 2002-2003

School Free and reduced ~ Number of No. of Students No. of Classrooms

price meals  Computers per Computer with Internet
School 1 158 (35.5%) 25 17.8 21
School 2 15 (2.7%) 71 7.9 29
School 3 546 (88.8%) 59 10.4 31

Fifth grade students were chosen for several reasons. By fifth grade, most students
are mature enough to reason and give thoughtful responses to written and verbal
questions. They are still in elementary school and preadolescent, and so are not subject to
some of the developmental and social factors that may affect receptivity to the treatment.
Fifth grade is at the beginning of the grade cluster 5-8 when girls’ performance in science
began to decline in relation to boys’ (Mullis, Martin, Fierros, Goldberg, & Stemler,
2000), and it was anticipated that most fifth graders have not studied the content in great
detail. Since many fifth graders are in a single classroom all day rather than a different
classroom each class period, and since the simulation practice and interview was
expected to take roughly one hour per student, a single classroom environment was
anticipated be the least disruptive and most expedient environment for data collection.
Subjects were required to be relatively proficient in English, because this study relied
heavily on interview data. During the pilot study it was determined that subjects needed
to be able to articulate the subtlety of their thoughts and conceptions with a degree of
precision. The sample was selected purposively according to the following criteria.

Group assignment was done on a per site basis. The experimental and control
groups were to be of equal size. Genders were to be approximately equally represented,
and genders were to be approximately equally represented per group. A total of 16 girls

and 18 boys participated in the study, with 8 girls and 9 boys per group. Modal learning
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preferences were to be approximately equally represented in each group, although due to
the other constraints this was not always possible. The modal learning preferences for

each group are shown in Table 2.

Table 2

Modal Learning Preferences by Group

Modal learning preference Total

Visual Vis./Aud. Vis./Aud./Hap. Auditory Haptic Hap./Vis.

FF 11 1 1 2 1 1 17
No FF 10 4 3 17
Total 21 5 1 5 1 1 34

The first subject of each gender and learning style at each test site was assigned to
the experimental group. After that, the assignments alternated. The determination of who
was the “first subject” varied from site to site. In the case of the first site, parental consent
forms trickled in, so assignment was done on a first-come, first-served basis. In the case
of the second school, the science teacher had created a master schedule with student
assignments, and this determined the order. In the case of the third site, order was
determined by the order that surveys were returned, so as not to reward the misbehavior
of a couple of students who had completed their surveys late because they were off-task.

Data Collection
Overview

Parental and subject forms were collected from all participants before any data
were collected. Observation field notes by the researcher supplemented the guided
inquiry worksheets and audio recording of the session. The researcher took notes during

the interview, and each student completed a posttest.
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The LCPC was administered to 34 study subjects. Participants were purposively
assigned to one of two groups on the basis of modal preference and gender.
Demographic data and experience survey data was collected from the study participants.

Subjects participated individually during the treatment and interview. The
researcher read through the directions with the participants and answered any questions
regarding the procedure. The participants had the printed directions available to refer to
during the simulation practice, though in practice this was rarely used. Participants were
given a few minutes for free exploration of the simulation prior to the guided inquiry
portion. A worksheet of printed questions and instructions (the guided inquiry worksheet)
was used to guide the student through the process, together with prompting from the
researcher. The participants provided written observation notes on this worksheet for
each of the simulation experiments, and these were analyzed for content.

After the guided inquiry period, participants were interviewed, following the
interview protocol. They were asked to provide definitions of key terms. They were
asked to predict what would occur under certain conditions of the simulation. They were
then asked to run the simulation under those conditions and to observe and interpret the
results. The experimentation and interviews were audio recorded. Once they had
completed the interview portion, each student concluded their participation with a written
posttest and satisfaction survey.

Description of the Data Collection Process

Data were collected from mid-October through the first week in December, 2003.
The scheduling of the data collection varied depending on the school. School 1 data
collection took place on Tuesday and Wednesday afternoons, during the time that
students would normally be studying either science or social studies. Data collection at
School 2 took place on Monday, Thursday, and Friday afternoons, during science
instruction time. Data collection at School 3 took place anytime after math instruction,

which was scheduled during first period. Interruptions to the data collection schedule
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included fire drills, special assemblies, student absences, safety duty, parent-teacher
conferences, holidays, and school closings due to wildfires.

Most students completed the subject consent forms, pretest and LCPC survey in
groups; a few did so individually. Following this, students were pulled individually from
class to complete their participation. The individual work took place in settings that
varied but were adequate, providing enough space and quiet for recording purposes. In
School 1, the only space available was the former computer lab, which had been re-
purposed as a crowded storage room. A small table and two chairs were found among the
clutter, and this was sufficient for the needs of the study. The room was usually quiet;
teachers and other staff entered occasionally, but they made an effort to keep their voices
low.

The science teacher at School 2 had reserved the literacy room for the duration of
the data collection. This was a small room with two tables and lined with bookshelves
filled with literacy materials. Occasionally teachers entered to browse the shelves, but
they were quiet. The only disadvantage of this space was that the speech therapist
occupied the adjacent office, so that small groups of young children would occasionally
burst into song or recite loudly. The digital voice recorder was able to adequately
minimize the effect of this background noise in dictation mode.

Space was limited and on a first come, first served basis at School 3. On most
days the new computer lab was available. This was a large, quiet space adjacent to the
library. Installation of the network and hardware was in progress, so the room was not yet
available for use by students and teachers. On the one day that technicians were working
in the lab, the after school program room adjacent to the cafeteria was available. This was
less desirable because of the cafeteria noise, but it sufficed. On this same day, the
electrical power was disrupted for about an hour, precluding the use of force feedback

during that time. In all cases, the individual testing area was removed from the classroom.
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This provided an opportunity for small talk about favorite school subjects and the like, as
well as a quick refresher of what the child would be doing in the next hour.

The individual participation followed a similar format, as illustrated in Figure 4.

Pretest
LCPC Survey §

$

Predict

4 experiments | Definitions

Attitudes | Posttest

outcomes

Each participant took a few minutes to become familiarized with the equipment and
software. The participants reviewed the experiment worksheet as it was explained to
them. They were encouraged to ask as many questions as they liked. They were also
encouraged to think aloud as much as possible, because the session was being recorded to
help the researcher understand how or whether the experiments were helping them learn.
They were also told that they would be asked questions about their work as they
progressed through the experiments.

Many participants were willing to talk freely; a few were more reticent initially
and then began to talk more freely as they forgot that they were being recorded. One
student whispered at first, asking whether he should state his comment aloud for the
record. Another student was very quiet and hesitant to take any action on her own
throughout most of the session. On each experiment, she kept bouncing the ball until she
was told that she could move on to the next step whenever she was ready.

For each experiment, participants were presented with following questions:

Speed of ball?
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How hard did you hit the ball?

Describe what you see and feel when the ball hits the paddle.

Number of bounces? (hit ball to top of screen)

For experiments 2 through 4, participants also were asked what had changed from
the last experiment. The first experiment usually took much longer than the remaining
three because the participants were learning the process. Spontaneously or with
prompting, participants described factors such as the apparent speed and motion of the
ball. When they came to the question about the number of times the ball bounced, the
researcher modeled how this should be done, explaining that it was important to keep the
method of bouncing as consistent as possible across the four experiments so that they
could compare their data. Many participants repeated this part of the experiment to see
whether the number of bounces remained consistent across multiple trials.

As participants continued on to subsequent experiments, they were asked what
had changed from the previous experiment. After completing the four experiments, they
were asked to generalize three rules, one about the number of bounces, one about the
speed, and a third about something else that they had noticed. This was too difficult for
the majority of students to do on their own; most required guidance to complete the
process. They were prompted to review the data that they had collected, to look at the
changing mass and gravity settings, and to think about and explain how the changing data
were related to the changing variables.

Following this, students were told that they could take a break from writing and
answer some additional questions verbally. These questions can be seen in the Interview
Protocol, included in Appendix B. They were asked to define mass, gravity, and weight.
Their responses often reflected the state of their prior knowledge as well as their
experiences with the software. They were then asked how they could make the ball as

heavy as possible.
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Next, the participants were prompted to set up two experiments, try them out, and
then predict what would happen if a variable were changed. They then changed the
variable and discussed whether or not the results were what they had predicted.
Following this, they were asked attitudinal questions about the experience. Finally, they
completed the brief posttest and returned to class. The length of time for this entire
process averaged about an hour for most students. A few students finished in fewer than
45 minutes, and one student took over 1.5 hours because he wrote very slowly and
carefully, erasing and rewriting until he was satisfied with the quality of his penmanship.

Treatment of the Data

After recording each session, the digital audio files were uploaded to a
transcription service. The transcripts were returned, usually several days later as email
attachments. These were reviewed against the original audio files and corrections were
made as necessary. These files were saved as plain text documents and imported into
QSR’s N6 qualitative analysis software for coding and analysis.

Transcripts were first coded by section or activity, then by content. Codes were
developed from the data using the constant comparison method. The researcher assumed
primary responsibility for the development of the codes, although the research assistant
also developed codes later in the process. The researcher coded all transcripts for
sections, as well as 26 transcripts for content. The research assistant coded the 8
remaining transcripts for content. The researcher reviewed these and adjusted the codes.

As codes were developed, similar codes were combined if they seemed redundant.
Often similar codes were kept separate if the participant arrived at response by a different
path, or if the response showed a deeper understanding than could be indicated by an
existing code. For example, if a participant noticed that the ball was “heavy,” that was
determined to be fundamentally different from a dawning realization that increased mass
makes the ball heavier, and so these were coded separately. Comments also were coded

separately depending on their focus, so that “mass makes the ball heavier” was kept
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separate from “weight = mass,” since in one case the focus was on the effects of mass and
on the other the focus was on defining weight. The codes were often combined later by
using search tools. For example, all codes that talked about mass and weight could be
examined together. As data were combined and analyzed by searches, some codes were
combined with similar codes. The codes are listed in Appendix C, together with the
number of documents that coded to them.

The pretest and posttest quantitative and demographic data were entered and
analyzed in SPSS. An alpha level of .1 was used because of the exploratory nature of the
study. These data were also imported into N6 so that qualitative responses could be
compared with demographic data and posttest responses. Figure 2 outlines the research

questions together with the methods of data analysis that were used to address them.
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Chapter 4: Results

The purpose of this study was to investigate the effects of working with a
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computer simulation on student reasoning about mass, gravity and related concepts, and

whether the addition of force feedback made a difference in student reasoning. This
chapter begins with a summary of the study. It then reports findings for each of the
research questions. The main questions focus on the development of students’
conceptions of gravity, mass, force, and motion, and so each of these concepts are
examined in turn. The roles played by prior knowledge, force feedback, gender, and
game play are considered, and themes that emerged from the interview data regarding
student reasoning are discussed.
Summary of the Study

The students’ participation followed a set procedure. First, they completed a

pretest and learning style survey. Following that, they worked individually as they

conducted a series of four experiments while completing guided inquiry worksheets.

Next, they answered interview questions and made predictions about the outcomes of two

experiments. Finally, they completed a posttest and attitude survey.

The simulation software used in the study was designed to simulate force
feedback sensations under varying conditions of mass and gravity. This force feedback
can be turned on and off. Figure 5 describes features of each of the experiments that

participants were likely to notice. It also shows the appearance of the simulation under

the varying mass and gravity conditions for each of the experiments. The line represents

the paddle and the shaded circle represents the ball at their resting positions. The effects

of the mass and gravity settings can be seen by the position and appearance of these
elements. From the evidence provided by the changing positions and behavior of the

software elements, participants drew conclusions about the effects of mass and gravity.
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Experiment 1: mass 5, gravity 5

Ball is light

Small force required to make the ball go a

great distance
e Takes along time to return, can be over a
minute if the ball was struck with strong
force
Paddle almost straight at rest
Paddle does not give when ball strikes
Bounces few times
Moves downward at a relatively slow rate
of acceleration

Experiment 2: mass 100, gravity 5
Ball is heavier than Experiment 1
More force required to push ball upward a
similar distance as Experiment 1
“Hesitation” or resistance to being pushed
(inertia)
Inertial force of ball pushes downward on
the paddle causing elastic force of the
paddle to shoot the ball upward
Paddle bends into a “V” when ball strikes
Ball bounces many times compared with
other experiments
Moves downward at a relatively low rate of
acceleration

Experiment 1: mass 100, gravity 100

Ball is very heavy
Great force is required to hit the ball

o Ball does not go very far (impossible to
apply enough force to make it go far)
Ball returns almost immediately
Paddie bends into a “V” when the ball is at
rest
Paddle extremely saggy when ball strikes
Ball bounces fewer times than experiment
2

« Ball moves downward at a great rate of
acceleration

Experiment 1. mass 5, gravity 100
Ball not very heavy
Significant force required to hit the ball any
distance
Ball does not go very far (impossible to
apply enough force to make it go far)
Ball returns almost immediately
Paddle bends little at rest
Paddle does not give when ball strikes (like
ping-pong)
Fewest bounces
Ball moves downward at a great rate of
acceleration

Figure 5. Key features of experiments and resting positions of the ball and paddle.

Participants

Participants were drawn from three schools, located in San Diego County,

California, that elected to participate in the study. As discussed in Chapter 3, the three
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school sites varied widely in many respects, including socio-economic status, percentage
of English learners, and available school resources. The selection process at each school
varied and was determined by the school. At School 1, the principal designated a fifth
grade classroom to participate. All students who returned signed parental consent forms
were able to participate; about one-third returned their forms. At School 2, the science
teachers determined that students from each of the three fifth-grade classrooms should be
included. They asked each of the fifth grade teachers to select students to participate, with
the instruction that students of varying abilities should be included. At School 3, as with
School 1, the principal selected a single classroom to participate. The teacher selected
students who had adequate English skills and who had not participated in the pilot study
over the previous summer. This resulted in an imbalance between boys and girls, because
several of the girls were either English learners or had participated in the pilot study. In
an effort to rectify the gender imbalance at School 3, an additional three girls were
recruited from another classroom. One mother asked for further clarification on the
nature of the study before she allowed her daughter to participate. Another student said
that her father thought mass had to do with church. He wondered why she was studying
mass in school, and she explained to him what mass meant in this context. All students
who returned signed parental consent forms elected to participate in the study. The ages
of the participants were one 9-year-old, thirty 10-year-olds, two 11-year-olds, and one
missing value.

Group assignment was done as follows. The “first” subject in each gender and
learning preference category was assigned to the experimental group. The order varied by
school. At School 1, consent forms trickled in over the several days, so the first students
were those who returned their forms first. The first participant volunteered to go first
because he did not have safety patrol that afternoon. At School 2, the science teacher
determined the order. This was because the fifth grade students rotated through three

classrooms and subjects (two per day) in a complex schedule, and study participants were
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to be pulled only from their science studies. At School 3, students were ordered by the
order in which they completed their pretest and LCPC surveys. Table 3 shows the

breakdown of participants per school.

Table 3

Number and Gender of Participants by School

Site Boys Girls Total
School 1 4 4 8
School 2 5 6 11
School 3 9 6 15
Total 18 16 34

Research Questions
The following sections will examine the findings as they relate to each of the study

questions.

Main Question: Did the Simulation Affect Student Reasoning?

Did working with the simulation affect students’ conceptions of gravity, mass,
force, and/or motion? In investigating this question, whether children’s understandings of
the concepts were affected by their work with the simulation, participants’ prior
knowledge as evidenced by their responses on the pretest and their developing
understanding as evidenced by their answers during the interview and posttest were
examined and compared. An effort has been made to discuss gravity, mass, force and
motion separately, although some overlap was unavoidable due to the interrelatedness of

the concepts as experienced within the simulation.
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Students’ Conceptions of Gravity
Gravity's not going to be fair with us.
-J, a 10-year-old boy

By fifth grade, most students have had some exposure to the concept of gravity.
One of the California Science Standards (California Department of Education, 1998) for
fifth grade holds that students should know that “the path of a planet around the Sun is
due to the gravitational attraction between the Sun and the planet.”

It was anticipated that working with the simulation would affect student reasoning
about gravity. In a pilot for this study, students often noticed that gravity made the ball
heavier and made it move faster.

Prior knowledge. All but one participant indicated some prior understanding of
the concept of gravity, though the degree of accuracy varied. Gravity’s role in keeping us
on the ground or keeping us from floating off into space was most frequently mentioned
in the pretest, and was often mentioned again in the interview. A few students expressed
some uncertainty about this. One stated that gravity makes us float in space, and another
stated that she has a hard time remembering whether gravity keeps us down or makes us
float.

Location and effects of gravitational force. Answers were more varied when
discussing how gravity keeps us on the ground. During the interview, several students
expressed the belief that gravity is a force in the air or atmosphere that pushes down on
us, or surrounds us “like a curtain” and holds us down. Of the students who ventured an
opinion about the location of gravity for someone on Earth, 6 participants said that it was
in the air, while an equal number said that it was in or on the ground. One student stated
that gravity is a force pulling us toward the Earth’s core. The student who had indicated
on the pretest that she did not know what gravity was stated in the interview that gravity
“protects us.” When questioned further, she said that without gravity, “we would have to

go live in the wild.”
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Gravity and weight. When asked to define gravity during the pretest, one student
mentioned weight. During the interview, few students explicitly mentioned a connection
between gravity and weight when defining gravity. However, 21 participants connected
the two at some point during the experiments or interview, and 7 equated weight with the
pull of gravity. During the interview, when asked what they would do to make the ball as
heavy as possible, the most common response was some variation of “set mass and
gravity to 100” (the maximum setting for both).

Posttest responses. During the posttest, 24 students agreed that the weight of the
ball would increase if gravity were increased when asked to identify factors that would
make the ball heavier, and 20 agreed that an increase in gravity would make the ball
heavier when asked to identify changes that would occur if gravity were increased. Figure
6 shows the frequencies of each posttest item by group and total. The control group,
without force feedback, is designated “No FF,” and the experimental group is designated
“FF.” T or F indicates whether the item is true or false. Students were told that they
should circle as many answers as they thought were correct.

Gravity and force. During the pretest, the most common ‘example of force given
was gravity. During experimentation, the majority of participants noted changes in the
amount of force required to hit the ball an equal distance under differing amounts of
gravitational force. During the course of the experiments, 21 participants noted that they
had to use more force in the high gravity experiments. Force is discussed in more detail

later in this section.
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Items TIF FF No Total
FF
1. How can you increase the weight of the ball?
a. Increase the mass of the ball T 15 12 27
b. Increase the gravity T 11 13 24
c. Decrease the gravity F 2 1 3
d. Decrease the mass of the ball F 2 3 5
2. What affects the speed that the ball falls?
a. The mass of the ball F 6 10 16
b. The force of gravity T 14 12 26
c. The distance the ball falls T 1 3 4
d. None of the above F 0 0 0
3. What happens when you increase the gravity?
a. The mass of the ball increases F 1 3 4
b. The ball becomes heavier T 13 7 20
c. The ball falls faster T 11 9 20
d. The ball falls more slowly F 0 3 3
4. What happens when you increase the mass?
a. The ball becomes heavier T 7 5 12
b. The ball falls faster F 8 8 16
¢. The ball becomes harder to move T 4 8 12
d. The ball falls more slowly F 4 4 8
5. What happens when you decrease the gravity?
a. The ball becomes heavier F 3 1 4
b. The ball becomes lighter T 11 13 24
c. The ball falls faster F 3 5 8
d. The ball falls more slowly T 11 7 18
6. What happens when you decrease the mass?
a. The gravity increases F 3 2 5
b. The ball falls more slowly F 7 11 18
¢. The ball becomes lighter T 11 8 19
d. The ball falls faster F 3 3 6

Figure 6. Frequency of posttest responses by group and total.

Summary of gravity findings. By far the most common description of gravity

given on the pretest was that it keeps us down or keeps us from floating into space, with

19 participants responding this way. Sixteen participants gave similar responses when

asked to define gravity during the interview. During experimentation, participants were
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likely to notice that increased gravity made the ball heavier and made it fall faster. This

can also be seen from the posttest responses in Figure 6. Speed is discussed in detail later

in this section.

Taken together from the pretest and transcription data, the most commonly

expressed ideas about gravity are shown in Table 4. Topics such as bounce and elasticity

are discussed later in this section.

Table 4

Most Common Ideas About Gravity

N

Idea

25
24
21
14
14
14

keeps us down, makes things fall

(more gravity) makes faster

(more gravity) makes the ball heavier
(more gravity) makes the paddle hang more
(more gravity) makes (the ball) less bouncy

force coming down, pulling

Conceptions of Mass

Well, because I thought mass was how much it takes up space. On this one it's

kind of like the weight, I think. Of; like, I think the ball changes its weight

because it just goes a lot heavier.

~T, 10-year-old girl

It was not anticipated that many participants would have prior knowledge of

mass. Mass as such is not mentioned in the California Science Standards until eighth

grade. During a pilot study with 12 students from one of the three school sites, none of

them could attempt a definition of mass. In earlier questioning of nine children ranging

from grades three to seven, only two could endeavor to define mass, and they were
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tentative in their responses. One was in sixth grade and the other was in seventh. During
the pilot study, students most often noted during experimentation that increasing mass
increased weight and caused the ball to bounce more, so it was anticipated that students
in the current study would notice these effects. Several students reported that mass
affected speed, so it was expected that a similar finding might result from this study.

Prior knowledge. Surprisingly, 23 participants provided a definition of mass.
Prior knowledge of mass as expressed on the pretest varied widely among the schools.
Probably the most important differences among schools with respect to this study were
the students’ prior knowledge of the concepts and the fact that School 2 was progressing
through their mass unit concurrent with this study. Additionally, School 2 had just
completed an astronomy unit in preparation for an “Astronomy Night” event for the
school and community. All but one of these students had at least some idea of what mass
is; most equated it with any object that occupies space. One student said it is
“everything.” Others defined it as having great size or weight. One student wrote,
“Anything that is matter and takes up space.”

In contrast, students at School 1 had not studied mass. All but one of the eight
students at School 1 could not come up with a definition of mass on the pretest. One boy
thought it had to do with the sail of a boat, mistaking mass for ‘mast.” The students at
School 3 were somewhere in the middle, with some students having some understanding
of mass and others having no idea.

Mass and weight. During the administration of the pretest at School 3, with 12
participants present, one of the students blurted, “I know what mass is. Mass is weight!”
Thereafter, all the students present wrote some variant of “mass is weight” as the
definition of mass on the pretest. Upon interviewing them individually, some thought
they had studied mass before, but others had no prior experience with the concept of
mass. One student at first said she was unsure. On reflection, she wondered aloud what

she had written on the pretest, deciding that she had put “mass is weight.” She had.
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Twelve participants defined mass as weight in the pretest. During
experimentation, more participants noted a relationship between mass and weight. In all,
26 participants defined mass as weight or said that mass affected weight during their
session.

Mass, space, and density. Next to the belief that mass is weight, the most common
understanding about mass was that it takes up space; eight participants stated this on their
pretest. Most students seemed to relate mass to size but not necessarily density.

M: Mass is anything that has matter.

LB: Okay.

M: Matter (Inaudible) has mass and occupies space. Mass. Mass is how big

an object is. How much room it takes up.
A few students seemed to understand that there is more to mass than just occupying
space.

E: I would describe mass like how much is mainly in something.

No participants used the word “density,” although the next student seemed to allude to it.

I Mass is almost it's like what how much of it there is. Or no, yeah.

LB: How much of?

J: It's almost like how much it weighs almost.

This student went on to describe a class project in which students compared the mass of
two identical containers, one filled with cotton balls and the other with pebbles.

Mass and speed. As happened in the pilot study, some students drew a connection
between mass and speed. Twenty-one students indicated by their comments and posttest
responses that they believed mass had an effect on speed. Of those, 15 believed that
heavier objects fall faster; to illustrate in the words of one student, “I think the mass made
it a lot easier to get it to go faster and it would become faster if you did a lot of mass.” On
the posttest, 16 students agreed that increasing mass makes the ball fall faster, and 18

students agreed that decreasing mass makes the ball fall more slowly.
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Fourteen participants said that more mass made the speed of the ball slower; 8
students said at different times both that more mass makes the speed of the ball faster and
that more mass makes it go slower. Clearly, there was a great deal confusion around this
concept. Speed is discussed in greater detail later in this section.

Perceptions of learning about mass and gravity. Toward the end of the interview,
participants were asked if they thought they had learned anything new about mass or
gravity. Almost all students thought they had learned something new, for example, “that
when you put mass and gravity to a hundred then the ball goes faster and goes, the paddle
goes lower.”

One student learned that both mass and gravity have an effect on weight.

R: That mass might not always be the heavier thing; it might be gravity. [...]

LB: [...] With mass, you learned that it might not always be the heaviest thing?

R: Yes.

LB:  You think that gravity also can make something heavy.

R: Yeah.

In some cases, what they had learned was incorrect. Another participant expressed
the common misconception that mass affects speed, “and that gravity's heavy and mass
makes it a lot faster.”

Summary of findings on mass. During the pretest, the most commonly expressed
ideas about mass were that mass is weight or that mass takes up space. During the study,
only a few participants expressed an awareness of the concept of density as it relates to
mass.

During experimentation, participants again noted the effect of mass on the weight
of the ball, but also noted that changes in mass affected the movement of the ball and
paddle, particularly with regard to the bounce of the ball, the sag or stretch of the paddle,

and the speed of the ball. These concepts are discussed in detail later in this section.
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Table 5 shows the most commonly expressed ideas about mass from the pretest and

transcription data.

Table 5

Most Common Ideas About Mass

N Idea
26 makes heavier
25 makes bouncier

16 makes the paddle sag
15 more mass=faster
14 more mass=slower

10 takes up space

Conceptions of Force

The California Science Standards identify standards for force and motion for
second graders, so the concept of force should be familiar to fifth grade students. The
Standards describe force as a push or a pull.

Prior knowledge. Students provided disparate definitions of force in the pretest. A
common response was simply “?” or “I don’t know.” Two students defined force in the
sense of being forced to do something, perhaps against one’s will.

force is like someone is making you do something

example of force: go to your room

force is making someone or something do something

example of force: go take out the trash now
A third student defined it less personally, but still with some sense of will being imposed
on an object.

force makes something do something
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example of force: force can make something fall
Two students seemed to understand force as having a protective quality, perhaps like a
force field or “The Force” of Star Wars fame, or as in the use of force in an armed sense.
As described previously in the subsection on gravity, a third student understood gravity
as being protective.

force: like you are perticting [sic]

example of force: gravity force

force: it is like a perticion [sic]

example of force: it is like you are perticting [sic]
However, most students who provided a response discussed force in terms of pushing or
pulling. Some examples follow.

force is the pull on an object

example of force: when you play tug of war

force: the push of an object on another

example of force: a car crash

force is something that can push something

example of force: waves
Two students described force as having strength.

force is some kind of strong object

example of force: wind

force is something that pushes something with great

strength

example of force: someone flying something in a

catapult or something else.
The most common examples of force given were gravity examples, perhaps because the
children had been prompted by the question that asked them to define gravity, and they

knew they would be doing and investigation of gravity and mass.
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force: force is some caned [sic] gravity

example of force: gravity is some force

force: gravity

example of force: gravity. It keeps you on the ground

force is like something that keeps the planets in orbit

example of force: force is like the force of gravity

Force in the experiments. In each of the four experiments, students were asked to
describe how hard they hit the ball. From these questions, a number of concepts arose
regarding force. These codes are included in Appendix C. The codes for actual force used
(hit the ball hard, didn’t hit hard) were kept separate from the codes for perceived need
for force (need to hit it hard, don't have to hit as hard) because participants would
sometimes hit the ball really hard to see how far it would go, even though they did not
perceive that they needed to hit it hard. Twenty-three students expressed that they needed
to hit the ball hard or very hard when the gravity was high. Fourteen noticed that how far
the ball went was determined by how hard they hit it with the paddle. Twelve noticed that
when they hit the ball hard and it went far, it was traveling faster when it finally returned.
The students were asked to decide whether they had to hit the ball as hard in relation to
other experiments to get the ball to go the same distance. Most identified experiment 3 or
4 (high gravity) as requiring the most force.

Summary of findings about force. While prior knowledge varied, the most
common responses to the question, “Define force:” were “?,” a push or a pull, and
gravity. During experimentation, students responded to varying degrees of mass and

gravity by indicating changes in amount of force required.
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Table 6

Most Common Ideas and Definitions of Force

N Idea

25 I hit it hard
23 I need to hit it hard
20 The ball is harder to move

17 I don't have to hit as hard

14 Amount of force controls distance of ball
12 Amount of force controls speed of ball
10 Definition of force: ?

8 Definition of force: a push or a pull

5 Definition of force: gravity

Conceptions of Motion: Speed and Acceleration
Oh, my God! This is really, really fast.
—C., 10-year-old boy

As mentioned previously with regard to force, the California Science Standards
identify standards for force and motion for second graders. According to the Standards,
students should know that the amount of change in the motion of an object is related to
the amount of force on the object.

Speed in the experiments. In each of the four experiments, participants were asked
to describe how fast the ball was moving. Since the two low gravity experiments were
first, students would sometimes say that they appeared fast, but then when they
conducted the high gravity experiments, they would say these were “really, really fast” or

even faster than before. This ordering of the experiments likely accounts for some of the
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difference in the number of students who said the experiment was moving fast versus
slow (32 to 23).

Many students noted that increased gravity caused the ball to go faster, but others
made a distinction between the speed of the ball when it was going up and the speed
when falling, often describing the upward speed as slow and the downward speed as fast.
This was sometimes reversed for low gravity conditions, as the ball required much less
force to launch it, but then fell at a lower rate of acceleration. Mass was often described
as affecting speed, as previously discussed.

Several participants reasoned that the ball traveled far when it was gone from
view for a long time, and some, like the following student, reasoned that the amount of
force and the distance traveled affected the speed of the ball.

K: So if you want it to go fast you have to hit it high and hard. Then if you

want it to go slow you would hit it just like a little bit.

Posttest results. On the posttest were several items that queried about the
relationship of mass or gravity to speed, and question 2 specifically asked, “What affects
the speed that the ball falls?”” Twenty-six participants answered “the force of gravity” in
response to this question, and sixteen answered “the mass of the ball.” Figure 6 gives the
frequency of posttest responses for all items.

The word “speed” was used on the posttest instead of acceleration because of the
level of the students, and because the overall speed (total time elapsed) of the high
gravity experiments were dramatically shorter than the low gravity experiments due to
the greater rate of acceleration.

Summary of findings about speed. Participants were most likely to relate changes
in gravity to changes in speed, although mass was often identified as affecting speed as
well. Table 7 shows the most commonly expressed ideas about speed during the

experiments from the transcription data.
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Table 7

Most Common Observations of Speed

N Observation

32 Fast
23 Slow
21 Faster coming down

17 Takes long time to come back
12 Goes up faster

12 Slower going up

10 Ex. 4 is fastest (high gravity)
10 Slower coming down

8 Ex. 3 is fastest (high gravity)

Speed was probably one of the more difficult concepts for students to describe clearly
because of changing force, velocity, and the effects of elastic force.
Conceptions of Motion: Bounce, Elastic Force and Inertia

In the simulation, one of the most noticeable affects of changes in mass has to do
with the number of times the ball bounces. A very massive ball pushes down on the
paddle until it is quite bent. At that point, the elastic force of the distended paddle shoots
the ball upward with great force. When the gravity is low, this elastic force keeps the ball
bouncing for a long time. If the gravity setting is high, this force will stop the bouncing
more quickly. When the ball has little mass and inertia, the resultant elastic force of the
paddle is negligible, and the ball does not bounce very times, particularly if the
gravitational force is high.

Experiments. In each of the four experiments, students were asked to bounce the
ball to the top of the screen, then hold the paddle still and count the number of times the

ball bounced. Most students discovered that experiment 2 (high mass and low gravity)
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resulted in the most bounces, and that experiment 4 (low mass and high gravity) resulted
in the fewest bounces. Twenty-five students were able to take this further, reasoning that
the more massive ball bounces more. Fourteen participants reasoned that more gravity
made the ball bounce less. The effect of mass was probably more obvious, though both
mass and gravity affected the number of bounces. The distortion of the paddle by the
massive ball increased elastic force of the paddle and caused the ball to keep rebounding.
This elasticity of the paddle also caused the ball to keep wiggling the paddle for a long
time, even though technically it was not leaving the paddle.

Inertia. Some students noted that the ball was harder to “budge” when the mass
was increased, or that there seemed to be a hesitation, even when the gravity was low and
therefore the ball was not at its heaviest. Others described the downward push of the
heavy ball onto the paddle that resulted in the upward force that kept it bouncing. One
student described this as the result of displacement by a massive object; the “circle thing”
she referred to is a trampoline.

W:  Yeah, mass I think and what mass is something that takes up the space.

LB:  Okay.

W: And if you would have mass, then if you only have gravity then you
would go faster but if you have mass then you would like if you'd go up to
the circle thing when you go up and jump. If you only have gravity then it
would like, you would go faster but not like bouncy. But if you have mass
then it would be really bounce because you take up the space of the circle
thing.

LB:  Uh-huh. Okay. So you're pushing on the thing with your mass and so it
makes it more bouncy.

W: Yeah.

Summary of findings on bounce, elastic force, and inertia. The majority of

participants noticed that the ball bounced more when mass was high, while fewer noticed
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that gravity decreased the number of bounces. Taken from the transcription data, the most
commonly expressed ideas about bounce and elastic force during experimentation are

shown in Table §.

Table 8

Most Common Ideas about bounce, elastic force

N Observation

25 Mass makes it bouncier

23 It is bouncy

20 Not very bouncy

16 Ex. 2 is the bounciest (high mass, low gravity)
15 Elastic force (bends, then pushes up)

14 Gravity makes it less bouncy

11 Ex. 4 is least bouncy (low mass, high gravity)

Conceptions of Weight

Weight is an important concept that is integral to an understanding of mass and
gravity. Students study weight beginning in kindergarten, but not necessarily in
conjunction with gravity and mass by fifth grade. In the software, feedback regarding
changes in weight is shown visually by the bending of the paddle. In the experimental
group, increased force feedback also serves to emphasize changes in weight.

Weight in the experiments. Many of the participants discussed weight changes in
the ball as a result of mass or gravity changes. Some posttest items addressed changes in
weight as a result of changes in mass or gravity. Students who had previously learned
that ‘mass is weight’ tended to use that definition for mass in the interview as well as the

pretest. Yet, when asked to define weight, most students were stumped. A typical
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response was, “weight is how heavy someone or something is.” When asked whether
mass or gravity had anything to do with weight, student answers varied, but some
students remained uncertain or answered negatively. When asked how to make the ball as
heavy as possible using the software, 15 students said to increase both mass and gravity.
Maximum mass and gravity is equivalent to experiment 3. Of students who had studied
mass, some said to increase mass but not gravity. Others said gravity, but not mass,
affected weight.

Posttest results. On the posttest, the first question asked, “How can you increase
the weight of the ball?” Twenty-seven participants selected “increase the mass of the
ball,” and 24 selected “increase the gfavity,” with 18 selecting both answers. Other
posttest items included answer choices regarding the relationship of mass or gravity to
weight. Twenty students agreed that an increase in gravity makes the ball heavier, 12
agreed that increasing the mass makes the ball heavier, 24 agreed that decreasing gravity
makes the ball lighter, and 19 agreed that decreasing mass makes the ball lighter.
Frequencies for all posttest items are given in Figure 6.

Summary of findings about weight. During the experiments, interview and
posttest, most participants related changes in weight to changes in mass, gravity, or both.
Table 9 shows commonly expressed ideas about weight from the pretest and transcription
data.

Seven participants or about one-fifth indicated some understanding that weight is
gravity or is similar to gravity. When asked to define weight, one student said, “[...] like

the pull of gravity, like how much the pull of gravity on an object is.”
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Table 9

Common Observations About Weight

N

Observations about weight

27
26
21
15
15
12
10

Ball is heavi(er)

Mass makes the ball heavier

Gravity makes the ball heavier

Ball is light(er)

Maximum mass and gravity creates the heaviest ball
Weight = mass

Causes paddle to sink

Ex. 3 is heaviest

Ex. 4 is heaviest

Weight equals the pull of gravity

Use of Metaphor and Analogy in Student Reasoning

Most students relied to varying degrees on metaphor and analogy to describe the

behavior of the simulation during the experiments and interview, with 23 participants

making at least one such connection and a few making several references to real things or

situations. In describing the actions and attributes of the simulation, students often used

comparisons to real objects or games that shared similar traits. The behavior or attributes

of the ball under differing experimental conditions was compared to those of various

kinds of real balls: plastic, ping-pong, basketball, pool, and so on. The most common

comparisons to the actions of the simulation were “like a slingshot,” “like a trampoline,”

and “ping-pong.”

J:
LB:

It's like a trampoline.

Okay. What makes it like a trampoline?
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J: Because every time I bounce it hard it doesn't go that high.

LB: Okay.

I And every time it lands on it, it keeps on (inaudible). It's bouncing a lot
like that.

Some metaphors implied volition on the part of the simulation. The ball and
paddle were sometimes described as having wills of their own; for example, the ball
doesn’t want to go away from the paddle, or “the ball is not letting the paddle to hit it.”

A couple of participants in the experimental group used metaphor to describe

haptic feedback.
J: It feels like it's trying to force me to go back into my hole. Like a hole.
J: It feels like I need to move a hundred pound cat.

W:  Ican see that it kind of sticks to the paddle. Like for example with this
one it feels like a real ball. And if you have something like a rubber band
and a marble in it and it would first it would stick a little bit then go up.
Metaphor can be a useful tool when trying to understand something unfamiliar; if
carried too far it can foster misconceptions.
Reasoning and Math Connections

Almost half of participants indicated the belief that there is some sort of balance
or equation relationship between mass and gravity, with “equal” mass and gravity often
preferable. In the following example, it seems that there is a belief that mass and gravity
cancel each other with regard to speed.

J: Okay, it doesn't go as fast as mass is a 100 cause the mass cancels speed,
but since the gravity is 5, it makes goes a little faster, so it's kind of like,
55% fast kind of. I guess.

In this example, an equal “amount” of mass and gravity make the speed faster.
E: Maybe I think, it was faster because it had the same amount of mass as the

gravity.
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In the next example, there is a sense of shared effort on the part of mass and

gravity.
I

LB:

J:

LB:

LB:

LB:

LB:

Then the gravity will be more powerful than the mass.

Okay.
And the mass it just does a little bit of work while the gravity does
everything else.

Okay.

And if the mass is up higher than the gravity then the mass is the one
doing all the work instead of the gravity.

So do you see them as kind of balancing each other or they're kind of, I'm
trying to figure out how you think they're working together?
Because like if the gravity and mass are to a hundred then it hangs down
because of gravity.

Because it's hanging a lot.

And because the mass and the gravity they're like trying to make the ball
hang.

Okay.

And if the gravity is set to a hundred then the gravity will have advantage

of the ball.

A few participants expressed the belief that mass and gravity are opposing forces,

for example, that mass causes the ball to come down and gravity causes it to float

upward. In the next example, the participant saw mass and gravity as opposing forces

controlling the weight of the ball.

R:

It was a lot heavier. So I think that it's gravity that makes it heavy and

mass that makes it lighter.

In the next instance, equal mass and gravity are thought to be better than unequal

mass and gravity.
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W: Yeah, that's right. You have a lot of gravity and it would be better if you
have the same but equal size of the mass and gravity that they would be a
lot because then if you have more gravity then it would come faster. And
go down fast. So it would have a lot of gravity, but if you oh. It would be
better, better if you have the equal size, no it's not size but equal how do
you call that, equal size, yeah, equal size of mass and gravity.

When questioned further, she thought it was better because she expected that the ball
would bounce more, and she liked that.
Units of Measurement

Aside from the issues of equality, a few participants used inappropriate units of
measure or math concepts when reasoning about mass and gravity. In the following
example, the participant seemed to be discussing varying temperatures of mass and
gravity.

A: So, what I would say about the first question, about how to make a rule
that fit in the number of bounces, I would say that it depends on the mass
and the gravity temperatures.

A: Yeah. I was looking at the gravity to see if they had high gravity, but I
guess they don't. So they have low mass, and different degree in gravity.
(Inaudible) experiments two and three, they both have high mass, and
different degree in gravity. This time you can feel something.

In the following example, the student seems to be making odds on the speed of the ball.

R: Like a 50/50 chance. It's either slower or faster but I say it's in the middle.

The software controls for gravity and mass are identically numbered on a scale from 5 to
100. This was likely a factor in the tendency of some students to see them as equal or

unequal amounts.
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Matking Connections to Prior Knowledge

Prior knowledge had an effect on reasoning and how participants interpreted their

experiences with the simulation activities. In previous sections, there has been some

discussion of the tendency of some participants to recall prior knowledge and disregard

their experimentation with the simulation when asked to define terms during the

interview, even though they had just completed an activity wherein they exhibited

increased understanding of the concepts in question.

LB:

J:

LB:

J:

So first of all, what is mass?

Mass? The weight.

The mass is the weight. The weight of...?
The ball.

The following example is from a participant who had previously studied mass, but had

forgotten momentarily.

LB:

LB:

LB:

LB:

So first of all, have you studied mass before in school, ever or not really
or...?

Yeah.

You did study it? Do you know what grade you were in when you studied
it?

I think in fourth.

Okay. And so what is mass?

When it comes down it's like heavier.

Okay. And so you think the ball like in this program the ball would be
heavier? Is that what you're thinking? (Y: yeah) Okay. Oops. And what
is gravity?

Gravity, oh like this, is I forgot! Mass is like the big thing maybe?
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On the pretest, this student had defined mass as “like a big round thing.” So it seemed
that she first recalled her experience with mass in the simulation and then recalled her
definition of mass from memory.

Participants who had no prior knowledge of the concept could only reflect on
their immediate past experience to formulate a response, so their answers tended to be
specific to the simulation experience.

LB: Okay? Okay so first of all I'm wondering, did you say you've studied

mass before at all?

N: No.

LB: No? Okay. What do you think mass is, after having done this?

N: Well I think mass is what makes it...heavy, I think.

LB: Okay.

N: Mass, if you like put it really high, it's really heavy.

Some students were able to recall prior knowledge if prompted, and conversely,
participants who recited rote definitions of concepts like mass could draw upon their
experiences with the simulation when asked specifically to reflect upon it.

Main Question: Did Force Feedback Affect Student Reasoning?

Does force feedback affect students’ conceptions of gravity, mass, force, and/or
motion? Force feedback provides additional information about the changing effects of
mass and gravity on the state of the simulation, but it can also distract the participant’s
attention from the visual information display. Much of the essential feedback within the
simulation can be discerned by the visual sense alone. For instance, most participants

indicated either verbally or by posttest responses that they had concluded that the ball
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changed weight under different simulation conditions, regardless of whether they were in

the control (No FF) or experimental (FF) group. An important question is whether the

positive effects of force feedback outweigh the potentially negative effects.
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The posttest questions, shown in Figure 6, were perhaps somewhat unusual in that
participants were to select as many answers as addressed the question. That is, it was not
simply multiple choice, but multiple answer and multiple choice. Participants were given
written and verbal directions that they should circle all the correct answers. There were
totals of 11 correct items and 13 incorrect items possible on the posttest, as all but one of
the six questions had two correct answers.

Initially participants were given a score for the number of correct items they
selected and a separate score for the number of incorrect items they selected. In analysis,
this sometimes led to a significant difference between groups in the number of correct
answers but not incorrect answers, or vice versa. Subsequently, a point score was
assigned for each of the 24 answers. One point was given for a correct response, meaning
that it had been selected if it were correct and had not been selected if it were incorrect. A
score of zero was awarded if the answer was correct and not selected or if the answer was
incorrect and was selected. This means the scoring was done essentially as if it were a
true-false quiz. A score from 0 to 24 was possible; among these participants, the lowest

score was 10 and the highest score was 22,

Table 10

Correct, Incorrect and Total Posttest Descriptive Statistics

N  Minimum Maximum Mean
Correct selected 34 2 10 6.09
Incorrect selected 34 0 7 2.76
TOTAL (all items scored) 34 10 22 16.2353

Tables 11 and 12 show that posttest scores of subjects in the experimental or force
feedback (FF) group were slightly better than those of the control or no force feedback

(No FF) group when using the separate correct and incorrect scores. They had both more
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correct responses (though not significantly so) and significantly fewer incorrect

responses.

Table 11

Posttest Correct Scores by Treatment Group

Group N Mean ¢ df p
FF 17 6.47 1.059 32 297
No FF 17 571

Table 12

Posttest Incorrect by Treatment Group (lower is better)

Group N Mean ¢ df p

FF 17 235 -1.8771 32 .070
NoFF 17 3.18

Tp=.1, two-tailed.
When the 24-point scale posttest scores were analyzed, there was a near

significant difference between the two groups.

Table 13

Posttest Total Scores by Treatment Group

Group N Mean t df p
FF 17 169412 1595 32 121
No FF 17 15.5294

Next, the participant scores were divided into two groups, those above and below
the mean of 16.2353. As posttest scores were given in whole numbers, the High scoring
group had posttest scores >17, and the Low scoring group had posttest scores <16. There
were 19 in the Low group and 15 in the High group. A crosstabulation count of High and

Low groups by FF and No FF groups in Table 14 shows that 10 FF group participants
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were in the High scoring group compared with 5 No FF group participants in the High
scoring group. A Pearson Chi-square test showed a significant result (X>=2.982, df=1,
p=.084).

Table 14

Crosstabulation of Posttest Score by Treatment Group

Low High Total
FF 7 10 17
No FF 12 5 17
Total 19 15 34

After the scores as a whole were analyzed, the four items for each question were
grouped and a total score based on a 4-point scale was computed for each question. Each
item was also analyzed individually. Of the six questions, the only scores that showed
significant differences between the groups were those for Question 3, which asks: “What
happens when you increase the gravity?" The FF group scored significantly higher on

Question 3, with p=.011 (Table 15).

Table 15

Question 3 Scores by Treatment Group

Group N Mean ¢ df )4

FF 17 33529 2.689* 32 .011
NoFF 17  2.5882

*p=.05, two-tailed.

There were significant differences between the groups on two of the four

individual items under Question 3. On the first item, 3b, significantly more participants in
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the FF group agreed that increasing gravity makes the ball heavier with 13 in the FF

group and 7 in the No FF group =2.173, df= 31.318, p=.037).

Table 16
Item 3b by Treatment Group

Group N Mean ¢ daf p
FF 17 .76 2.173* 31318 .037

NoFF 17 41

*p=.05, two-tailed.

The second item, 3d, was the false statement that increasing gravity makes the ball fall
more slowly. This was a significant result, though the number was small (Table 17).
Fewer than 10% of participants agreed with this statement; none in the FF group and 3 in

the No FF group.

Table 17

Item 3d by Treatment Group

Group N Mean ! df p
FF 17 1.00 1.8521 16.000 .083
NoFF 17 .82

tp=.1, two-tailed.

The frequency scores for individual posttest items (Figure 6), while not
statistically significant, show a few interesting differences between the FF and No FF
groups. Fewer in the FF group agreed that mass affects the speed that the ball falls (6 in

the FF group and 10 in the No FF group). While equal numbers (8 in each group) agreed
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that increase mass makes the ball fall faster, 7 in the FF group agreed that decreasing
mass makes the ball fall more slowly, compared with 11 in the No FF group. 11 in the FF
group agreed that the ball falls more slowly when gravity is decreased, compared with 7
in the No FF group. And interestingly, more in the No FF group (8) agreed that
increasing mass makes the ball harder to move compared with 4 in the FF group. It was
supposed that force feedback would make it easier to tell that the ball was harder to
move, but it did not in this case.

During the experiments, 12 in the FF group and 8 in the No FF group described
the ball as harder to move. More of these were in reference to the higher gravity
experiments, but 4 in the FF group and 2 in the No FF group described Experiment 2 (the
high mass-low gravity experiment) as harder to move.

When asked what mass referred to in the software, 11 respondents (7 in the
experimental group, 4 in the control group) thought that mass referred to the ball, but 4 (3
in the control group) thought it referred to the paddle. One of the respondents in the
experimental group stated that mass had to do with the force or weight of the ball or
paddle. The following example illustrates how one student reasoned that the weight of the
ball remained the same, but the stiffness of the paddle decreased when mass increased.

T: Or yeah how much mass it has in it. Or how light the paddle was, like the

ball could be normal but the paddle could be.

LB: The paddle was?

T: Like light. Really light. And then it just bends (inaudible).

LB: Okay. Okay. And if you were going to make the ball weigh as much as

possible, how would you set the mass and gravity?

T: Oh on like really heavy, like make the ball really heavy? ifI didn't want it

to get really heavy and drop something like that?

LB: If you just wanted to make it as heavy as you possibly could. If somebody

said make a really heavy ball how would you do that?
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LB:

LB:

LB:

T:

LB:

T:
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I'd make I probably make the mass down to like five because (inaudible).
It just doesn't bounce but then the gravity would stay there so it would stay
on better. Like that if when you stiffer to hold the ball. Then...

You mean if the paddle's stiffer?

Yeah if the paddle's stiffer then the heavy ball won't like fall. If you made
the mass go down. Like when the paddle went down really deep.

Uh-huh. When do you think the ball... so when it is going down, do you
think the ball's heavy then? When the paddle's bending down, do you
think that's a heavy ball?

Yeah.

Is that heavier than when the paddle is straight?

I think they're kind of the same it's just that yeah the mass gets stiffer a lot.
And it holds the heavy ball.

Okay.

Like the ball weighs the same thing.

Okay. So the mass has to do with the paddle?

Yeah.

This subject was in the control group, so she was unable to feel the changes in weight that

accompanied the changes in mass. If she had been able to feel weight changes, it is likely

she would not have concluded, “the ball weighs the same thing.”

During their interaction with the simulation, the participants in the FF group

commented on how things felt as well as looked. For example, they noted whether the

ball felt lighter or heavier, or pushed harder or softer. Some also expressed pleasure in the

way that it felt.

H:

LB:

H:

Oooh, this one feels better.
Feels better?

Actually it feels good.
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Interestingly, those who expressed pleasure in the way it felt had a mass setting of 50 or
100 and a gravity setting of 5.

Participants in both groups expressed unanimous approval of the experience when
asked whether or not they enjoyed it, with “cool” being the most frequently used word to
describe it. However, the FF group was more given to spontaneous outbursts of approval
during the course of the experiments.

C: Oh. Not that heavy. Whoa this is cool. Did you get this program from

the Internet?

J: Well, this is the first time I've ever felt something on a computer. It's

weird. It's pretty cool, too.

When asked to explain what they liked about it, some in the FF group identified
the way that it felt.

Cl: Because the, it yeah it feels like pretty cool once you change the mass and

gravity.

C2:  1liked it because it was cool to feel the ball bouncing.

Some of the drawbacks or potentially negative effects of force feedback noted by
the participants were fatigue, “hand feels weird” from the vibration, and the necessity of
holding the paddle while bouncing the ball. Without force feedback, participants could
simply set the paddle in the path of the ball and watch it bounce. Because of this, full
attention could be paid to the visual display rather than to monitoring the equipment, and
accidental mouse bumps while the participant was attempting to count bounces could be
avoided. With force feedback, the paddle would be knocked to the bottom of the screen
when the ball struck if it was not held in place. Several participants explored this feature
with evident enthusiasm.

Question: Is Force Feedback More Effective for Some Learners?
Does the effectiveness of force feedback vary depending on the subject’s modal

learning preference, gender, or prior knowledge or experience? To investigate this
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question participants’ data were examined qualitatively. They were analyzed
quantitatively if there were sufficient subjects in the subgroups being examined.

Modal Learning Preference. Modal learning preference was assessed prior to
participation with the Learning Channel Preference Checklist (LCPC), a 36 item, 5-point
Likert-scaled survey instrument. The participants were scored on their visual, auditory,
and haptic preferences based on their responses to the survey questions. According to the
scoring instructions, a two-point difference is enough to differentiate a preference,
whereas a one-point difference is not.

As shown in Table 18, modal preference was not evenly distributed among the
participants; the overwhelming majority had a visual preference, and only one participant

had a clear haptic preference.

Table 18

Modal Learning Preference Frequency

Preference Frequency Percent
Visual 21 61.8
Visual/Auditory 5 14.7
Visual/Auditory/Haptic 1 2.9
Auditory 5 14.7
Haptic 1 2.9
Haptic/Visual 1 2.9
Total 34 100.0

Because of this, it was not possible to address the question of whether the haptic
learners benefited more from force feedback. However, in interacting with the single
haptic learner during the experiments and interview, he sometimes required prompting to
direct his attention to visual feedback; he seemed to be more focused on the force

feedback than most participants were.
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So you're all set. And we're just gonna go ahead and do the same things
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you've already done, so go ahead and you know bounce it and see how it's acting, how it's

changed and how it's the same.

C:

LB:

C:

LB:

C:

LB:

C:

LB:

C:

LB:

C:

LB:

C:

LB:

C:

LB:

C:

LB:

LB:

Oh. It's kind of hard.

Huh?

It's kind of hard.

It's hard to push?

(inaudible).

Harder to push it. Okay.

(inaudible).

It went pretty far though, too, right?

Well it's really hard. It's (inaudible)

You feel it?

Yeah.

Yeah?

So yeah mass is, mass I think is like the weight.

The weight of it?

Yeah.

Okay.

And I'm pretty sure that's what I wrote in the other paper too.
Probably did. I think that's what everybody wrote. [...] What do you
notice when it's hitting? What's it doing now? It looks a little different,
doesn't it.

Yeah. It's like when it bounces it's a little bit higher.

It's bouncing higher once it bounces, yeah.

Yeah.
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LB: And do you think you have to hit it as hard as you did the last time or? Is
it different? Or is it about the same? To make it go as far, do you think
you have to hit it...?

C: I have to hit it a little bit harder.

LB: Harder? Okay. Okay. And do you think it's moving about as fast, would
you say? Or is it different? It seems like it's...does it still seem like kind
of slow or does it seem...”?

C: It seems...

LB: Faster or slower?

C: Pretty, pretty slower because it has more weight in it and so when it
bounces it's like trying to pull me down.

Reasoning that the ball is moving slower because of the perception that it weighs more
was an unusual response, but since he noticed that it was pulling down, he may have
meant that it was slower going up.

The information provided by the simulation is predominately visual, aided by
haptic feedback in the experimental group, so either treatment could be seen as
advantageous to those who expressed a visual preference. Conversely, neither treatment
would seem especially advantageous to those who had expressed an auditory preference.
Comparing the mean scores of the participants with a visual preference with those with
an auditory preference, the visual group outperformed the auditory group on some
measures. A two-tailed r-test showed a weak difference between the two groups on the
total posttest scores (+=1.477, df=24, p=.153). Since the interview portion would seem to
possibly favor those with an auditory style, the transcripts were reviewed with that idea in
mind. However, the auditory learners did not stand out as being particularly strong during
the interview. The ability to use visual (and in some cases, haptic) feedback to draw

conclusions seemed the more important factor, even in the interview portion.
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Table 19

Posttest Total Scores by Visual and Auditory Preferences

Preference N Mean t df p

Visual 21  16.6667 1.477 24 153
Auditory 5 14.6000

However, those with a mixed visual-auditory preference did as well on average as did
those with a visual preference (Table 20). Those with a visual or visual-auditory

preference had significantly higher total posttest scores than those with other preferences

(t=2.253, df=32, p=.031, two-tailed).

Table 20

Posttest Total Scores by Visual and Visual/Auditory Preferences

Preference N Mean t df p

Visual 21 16.6667 -416 24 .681
Visual/auditory 5  17.2000

Dividing those with a visual preference into FF and No FF groups and analyzing
posttest scores, the FF group means were 7.09 correct and 2.27 incorrect. The No FF
group means were 5.90 correct and 3.20 incorrect. There was a significant difference
between groups on posttest incorrect scores (=-1.897, df=19, p=.070, two-tailed).
Comparing the total posttest scores, the FF group still performed better. Mean scores are

shown in Table 21. A two-tailed t-test showed a weak difference between the two groups.

Table 21
Total Posttest Scores for Visual FF and No FF Groups

Group N Mean t df p

FF 11 17.5455 1.586 19 129
No FF 10 15.7000
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Gender. Little difference was evident between girls and boys in their interaction
during the experiments and interview. The most obvious difference between genders was
the use of language by a handful of individuals. A couple of boys used comparisons to
weapons to describe the simulation, such as: like a bomb, like being shot at, like a
torpedo. On the other hand, girls were more likely to describe aspects of the simulation as
having free will or behaving like people or animals:

K: Like it doesn't want to go far, it just wants to like a cub and its mom they
don't want to get separated. They want to stick next to each other so like
the ball and the paddle don't want to go away from each other.

Some boys and girls asked to try the controls for damping and stiffness in the
simulation to see what they would do. They were told that they could try these controls
after they had completed everything, since it would be confusing to introduce more
variables in the middle of the session. Most of the students were satisfied with this, but a
couple of the boys were extremely persistent. One asked several times if he could try it
now. In the end, he could only be dissuaded by closing the laptop until he had completed
the posttest.

On the posttest, boys’ mean score for the number of correct responses was slightly
higher than that of the girls. A two-tailed #-test found no significant difference between

the two groups (Table 22). Other posttest measures were similarly insignificant.

Table 22

Posttest Correct Scores by Gender

Gender N  Mean t df p
M 18 633 713 32 481
F 16 5.8l
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To reiterate, the gender differences were observed in just a few individuals.
Among the majority of participants, gender differences were not apparent.

Prior Knowledge or Experience. As was previously discussed with regard to the
first research question, prior knowledge affected student reasoning, both positively and
negatively. Participants’ prior knowledge varied widely, and was particularly evident
with regard to mass. It is useful to examine the effect of prior knowledge by school,
because there was wide variance among the three sites with regard to student knowledge
of the key concepts. Students at School 1 had not previously studied mass; only one
student attempted to define mass, mistaking mass for mast and writing “a sail” as his
definition. Students at School 2 were studying mass concurrent with this study. They also
had a brief refresher on the solar system in preparation for their school-wide Astronomy
Night event, and so had an opportunity to revisit planetary motion. As previously
discussed, all but one of the School 2 participants provided a definition for mass. At
school 3, students’ prior knowledge fell between the extremes; some students had studied
mass and others had not. Table 23 shows the mean correct posttest scores for students at
the three schools. A two-tailed #-test of the difference between mean correct scores for

Schools 1 and 2 showed a significant result (/= -1.960, df=17, p=.067).

Table 23

Posttest Mean Correct and Total Scores by School

School N Mean Mean
Correct Total

1 8 5.25 15.1250

2 11 6.91 17.4545

3 : 15 5.93 15.9333
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Table 24 shows the mean total posttest scores for students at the three schools. A
two-tailed s-test of the difference between mean total scores for Schools 1 and 2 showed a
significant result (= -1.906, df=17, p=.074).

Regarding computer availability, Table 24 shows that 32 subjects had a computer
at home. One student indicated that she did not have a home computer, and another
indicated that her home computer was broken, but for most participants the lack of a
home computer was not an issue. This was of interest, because participants varied widely

with regard to socio-economic status.

Table 24

Number of Students with a Home Computer

Frequency Percent

No home computer 1 2.9
Have home computer 32 94.1
Broken computer 1 2.9
Total 34 100.0

School computer availability was below average for all three schools, with 5.3
given as the statewide average number of students per computer, according to the
California Department of Education’s DataQuest database (2004). Comparing Table 25
computer data with Table 23, the relative availability of school computers correlates with
higher posttest scores by school and degree of prior knowledge.

Using the percentage of students who are eligible for free and reduced price meals
as a proxy for socio-economic status (SES), it can be seen by comparing Tables 23 and
25 that posttest scores did not correlate with school SES. Individual SES data were not

tracked.
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Table 25
School Lunch and Computer Data for 2002-2003

School Free and reduced No. of Computers per  No. of Students per
price meals School Computer

School 1 158 (35.5%) 25 17.8

School 2 15 (2.7%) 71 7.9

School 3 546 (88.8%) 59 10.4

Question: Is Force Feedback More Satisfying for Some Learners?

Does the subject’s satisfaction with the treatment vary depending on the subject’s
modal learning preference, gender, treatment, or prior knowledge or experience? Is haptic
feedback motivating for the target population? Regardless of group assignment, gender,
learning preference, prior knowledge, or experience, the students were overwhelmingly
positive about the experience. They all “liked it”, typical responses were because it was
“fun,” “cool,” and “like a game.” Almost all of the participants thought they had learned
something from the experience.

A: I thought it was fun. Because since I like science and I'm getting to learn
more about science and it's not like a boring way that the teacher teaches
us in class. Not that they are ever boring or anything, but and I'm playing
a game and actually learning something.

As discussed previously, participants in the force feedback group were more
likely to spontaneously exclaim, but there were not enough instances to analyze by
demographic attribute.

Participants were asked what kind of software they would design, if they could
make any kind of software that they wanted. Those in the FF group were asked for ideas
that incorporated force feedback. No two responses were alike, but some topics were:

more mass and gravity, horses, machines and friendly robots: “but not killing ones,
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though,” feeling forces in sports, feeling forces with construction tools, music, dance,
math, computers and the Internet. While not strictly a software design idea, one student
wanted to lobby the president for universal WFFMs:

W: I would make a talk to Presidents that every people would get this these

mouse very cheap and (inaudible). And I would make a program for every
computers and so people can study how they work and students can get a
better grade about it.

LB: Okay.

W:  And it's like a game, it's fun.

Summary of findings about motivation. There was no significant difference
between the FF and No FF groups in post survey responses of satisfaction. All but two
participants in the No FF group answered “yes” to the question, “Did you enjoy this
activity?” One responded “not sure.” The other had skipped the back page of the posttest.

During the interview, all 34 participants stated that they liked the activity and
gave various reasons, some of which are described above. Five participants specifically
identified the haptic effects as the reason they liked the experience, but every participant
identified something that they liked about it.

Participants in the experimental group were intrigued by the technology as
evidenced by their questions and comments. This was partly to do with the fact that they
had never seen anything like this before, and partly to do with the sensations generated in
response to changing variables in the software.

Any differences in satisfaction, motivation and enjoyment between the two
groups were subtle, a matter of degree rather than simply liking or not liking the activity.
This perhaps could have been measured with a 5-point Likert scale of satisfaction rather

2% ¢c

than the “yes,” “not sure,” and “no” responses provided.
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Question: Does Game Experience Matter?

Is there a difference among subgroups based on prior game experience or force
feedback experience? How often the participants played video or computer games, and
how often they played games with force feedback were not related to how well they
performed on the posttest. Mean total posttest scores are shown in Tables 26 and 27. The

overall differences were not significant.

Table 26

Frequency of Game Play and Mean Posttest Score

Game Play N Mean
Daily 11 16.9091
Weekly 8 16.1250
Once in a while 11 16.0909
Never 3 14.6667
Table 27

Frequency of Force Feedback Game Play and

Mean Posttest Score

FF Game Play N Mean

Daily 8 15.8750

Weekly 7 16.2857

Once in a while 11 15.7273

Never 8 17.2500
Summary

These findings indicate some positive effects of simulation and force feedback on
the acquisition of key concepts by the study participants. Force feedback seemed

particularly effective with regard to understanding the effects of an increased
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gravitational force. Force feedback was not shown to be either more or less effective for
subgroups based on gender, modal learning preference, or socio-economic status. All
children indicated that they enjoyed their participation, and those in the experimental

group were enthusiastic about the force feedback technology.
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Chapter 5: Discussion and Recommendations for Further Research

The purpose of this study was to investigate whether work with a software
simulation affected children’s reasoning about mass, gravity, and related concepts.
Further, this study was designed to examine whether students who used the simulation
with force feedback differed in their reasoning from students who used the simulation
with visual feedback alone. Prior research with adults has shown some positive benefits
from the use of haptic feedback in learning situations. This study was conducted with 34
fifth-grade students from three schools. As previously discussed, little prior research
exists that addresses the effect of haptic feedback on children’s reasoning.

Summary of the Study

Students’ participation in the study consisted of the following. First, each
participant completed a pretest and survey concerning prior experience with key
concepts, computers, and video games. They also completed a learning style preference
survey. Following this, each participant was called from class individually to work with
the simulation. Each participant followed and completed a guided inquiry worksheet
while conducting a series of four experiments. Following the experiments, students
generalized rules about the relationships of the variable mass and gravity to concepts
such as speed. Next, participants responded to interview questions about key concepts
and made predictions about the outcomes of two experiments. Finally, they completed a
posttest and attitude survey.

The software used in the study was designed to simulate force feedback
sensations under varying conditions of mass and gravity. The software uses a special
force feedback mouse, shown in Appendix A. This force feedback can be turned on and
off. Figure 5 shows the appearance of the simulation at rest under the varying mass and
gravity conditions for the four experiments that were conducted by the participants. The

line represents the paddle and the shaded circle represents the ball. Some of the effects of
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the mass and gravity settings can be seen by the position and appearance of these
elements while at rest; others are only apparent while in motion. From the evidence
provided by the changing positions and behavior of the software elements, participants
drew conclusions about the effects of mass and gravity. With force feedback, effects such
as changes in weight can be felt as well as seen.

The main research questions examined whether work with the software had an
effect on student reasoning, and whether force feedback impacted student reasoning
about the key concepts. Subordinate questions examined whether force feedback was
more effective or motivating for various subgroups.

Summary of the Findings

Participants who were able provided brief definitions of key concepts on the
pretest. During their work with the simulation, participants noted aspects of the key
concepts that they had not conveyed in the pretest, such as changes in the weight or speed
of the ball. During the post-experiment interview, students with prior knowledge tended
to articulate definitions of key concepts similar to those that they had given in the pretest.
When prompted, students could discuss the key concepts in terms of the experiments.
Students’ had gained knowledge, but it seemed compartmentalized; it was not well
integrated with their prior knowledge.

Participants who used the simulation with force feedback tended to score higher
on the posttest. The higher score was largely due to a significantly higher score on one of
the questions. Question Three queried about the effects of increased gravity. The force
feedback effect of weight under maximum gravity is arguably the most powerful example
of force feedback among all of the experiments, and thus the scores for this item resulted
in the greatest difference between the groups (f = 2.689, df=32, p=.011, two-tailed).

The effectiveness of force feedback was not shown to vary with regard to learner

attributes such as modal learning preference or gender. There were differences among
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learning styles; those who had a visual or combined visual-auditory preferred style scored
significantly higher than those who did not .

Participants found the experience fun and engaging; this was true regardless of the
treatment group. The participants who used force feedback expressed a high degree of
interest and enthusiasm for the novel technology and the force feedback effects.

Effects of the Simulation on Student Reasoning

The question of whether working with the simulation had any effect on
participants’ reasoning about the key concepts was examined by comparing their pretest
responses with their comments and their posttest answers. Students’ comments during the
course of the session also served to illuminate their reasoning processes and developing
understanding.

A: Well I learned what mass is, and what happens when you change mass and
gravity. And I found out that if balls are in 100, it's very heavy and it's
complicated to get it up really high. It's almost impossible to get it up
high.

J: Well, I kind of had to think about it, cause in one of my “Calvin and
Hobbes” books, Calvin was pretending that he was immune to gravity and
he started floating up, so I had to think what, how that happened.

Compartmehtalization, Generalization, and Prior Knowledge

In most cases the new experience gained from work with the simulation was not
connected or integrated with parﬁcipants’ prior knowledge. This is not surprising, given
that the treatment was a brief, one-time event. Students who defined a term in a certain
way on the pretest tended to answer the same way on the interview portion, often
verbatim, even though in most cases they had given more complex and richer
explanations during the course of the experiments. If prompted to think back to the
experiments they had done, the majority were able to elaborate on their responses. For

instance, when asked to define mass or gravity, many students went back to their original
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definition as given on the pretest. In the case of gravity, a typical response was that
gravity is a force that keeps us on the ground or keeps us from floating. Yet when they
were asked to “make the ball heavier,” their definition often changed, since most students
realized at some point that when they increased the gravity variable the ball became
heavier. The simulation experience helped their reasoning about a simulation-related
situation, but did not tend to affect their general understanding or definition of the
concept, which remained specific and compartmentalized. Still other students had not
studied the concepts previously, and so were not affected by prior knowledge because
they had none.

Prior knowledge proved helpful on the posttest. Students from School 2, who had
prior knowledge of key concepts and were studying mass scored significantly higher than
students at School 1, who had no prior knowledge of mass. School 2 also has a dedicated
resource teacher and science lab, and these students are accustomed to conducting
experiments. The processes of scientific investigation are part of their prior knowledge
base, along with their knowledge of the content.

The difficulty with generalization was most evident during interactions with
students during the Rules portion of the session. The majority of students struggled with
the questions that asked them to generalize rules to describe how the simulation worked;
all but a few needed support to reason through the process. Again, this is not surprising
given the brief, one-time exposure to the treatment. The following example shows one
student’s struggle to make a rule about the number of times the ball bounces.

A: So, what I would say about the first question, about how to make a rule
that fit in the number of bounces, I would say that it depends on the mass
and the gravity temperatures.

LB: Okay, and in what way?

A: Like if you just did, like if you did five and five, then it would be more

bounces on the top, and then if you did experiment four, five and 100, and
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then you wouldn't have very many and experiment three you wouldn't
really, it would really be like experiment one. And then experiment two,
you get a lot more because it goes slower. So I would say it depends on
the mass and the gravity.

Okay so how would you write that so that I would know?

It would depend on how you put the mass and the gravity, and how fast
the ball goes. That's what I would say.

Okay, but how would you - so if I want to bounce a lot, how would you
set the mass and the gravity to make it bounce a lot?

Well if you want it to bounce a lot, then I would put it on experiment two,
and then really try and hit it.

Okay so experiment two, it bounced the most times?

Yeah so if you want it to bounce a lot you would do experiment two.

(Inaudible) depends on mass and gravity degrees.

At this point, the student could be prompted to notice what the settings were for

mass and gravity, then to notice which experiment did not bounce very much and how

those mass and gravity settings were different, then to draw conclusions about the

relationships of mass and gravity to bounces. Given individual differences in cognitive

development, students varied widely with regard to their ability to do this kind of

reasoning and how much support they needed to draw a conclusion about the effects of

mass and gravity. In Piagetian terms, most were probably in the concrete operational

stage, while a few were in the formal operational stage (Voyat, 1982).

Likewise, some benefited from prompting that helped them to recall prior

knowledge and relate it to current experience. In the next example, a boy had stated that

gravity had nothing to do with weight.

LB:

So what does weight have to do with all of this, do you think? How is

weight related? What is weight?
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J: How much a person weighs. I don't know how to explain that cause
gravity can work on anything, like even a really fat person, but I don't how
it can be viewed, be related to weight really.

LB: So would a person always weigh...like if you, if a person is in different
gravity, would they weigh the same?

J: Oh, yeah, yeah!! Like if someone weighed a 100 pounds on Earth and
then like, if they went to, I don't know, Pluto, they would weigh like 5
pounds.

This example shows that participants may have had some understanding of the
concepts, and sometimes more than they realized, but the knowledge is not connected in a
coherent fashion. They had perhaps memorized definitions, facts and other prior
knowledge, and they had just completed some activities, but they had not integrated the
new with the old.

Sometimes students’ prior knowledge, often incomplete (e.g., mass is weight),
sometimes inaccurate (e.g., heavy things fall faster), became a barrier to or tinged their
interpretation of what they were seeing and doing. For instance, one student understood
mass to be “an object or thing that takes up space.” When discussing the changing
weight of the ball, she said, “Yeah, maybe it was bigger but I didn't see it was bigger, but
maybe that's just an illusion.” Her eyes did not register an increase in size, but her mind
told her it must be bigger. Her prior knowledge affected her interpretation of what she
saw.

The Concept of Speed

Participants’ reasoning about the concept of speed proved to be complex and ever
changing. Different students interpreted the word differently, and it also meant different
things at different times to the same student. Sometimes speed meant time elapsed: in
high gravity experiments, the whole experiment concluded in a few seconds, while in low

gravity an experiment could take minutes. Other times, it meant the perceived speed of
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the ball as determined visually and perhaps haptically. This led students to sometimes
give seemingly contradictory responses, even contradicting themselves from one moment
to the next. It became apparent that students perceived the acceleration of the ball; its
speed was continually changing. The varying amounts of force with which the ball was
struck and the elastic force of the paddle further complicated judgments speed and the
factors that affected it.

Ten students (8 of 17 in the FF group and 2 of 17 in the No FF group) stated
during the interview that experiment 4 was the fastest, even faster than experiment 3,
though they both have the same gravitational force. This may have been because the
effect of maximum mass and gravity settings causes the paddle to hang very low, and the
overall impression is one of stretching and bouncing on the paddle rather than movement
through the “air.” Once the ball hangs on the paddle, the speed really is slower, though
when falling, the rate of acceleration is the same. The difference between the FF and No
FF groups may have been due partly to the haptic sensation of the elastic force
emphasizing the longer contact with the paddle. When the ball strikes the paddle in
experiment 4, the rebound is instantaneous, like a ping-pong ball or plastic ball, as some
participants described it, so the perceived speed is almost always quick.

Another way to understand speed is by elapsed time. Seventeen participants
noted that it took a long time for the ball to come back when it was hit, most often with
regard to experiment 1. In the following example, this participant notes both that the ball
is taking a long time to return and that it is moving “pretty fast.”

H: Slow. I've been waiting for ten minutes for this (inaudible).

LB: Okay so you hit it, what, did you hit it pretty good, you think?

H: Yeah.

LB: And it's taking a long time to come back?

H: Uh-huh.

LB: Okay.
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H: Mm-hmm. Pretty fast.

LB: Soit's moving pretty fast but is it moving.

H: It's not coming down [...]

Another common occurrence was for a participant to first say the ball was moving
slowly and then to say it was moving fast on the same experiment. When asked whether
it traveled the same speed in both directions, often the answer was that it went faster in
one direction than the other. The ball was sometimes perceived as moving more slowly
going up and faster coming down in experiments two, three, and four. These three
experiments required more force than the first experiment because of increased mass,
gravity, or both, and so students had to work harder to achieve the same upward velocity.

On experiments three and four the maximum gravity setting caused the ball to fall
very quickly. It is not clear why the ball in experiment two was sometimes perceived to
fall more quickly. The idea that more massive objects fall faster is a common
misconception that may have contributed to this perception. For some, the mass of the
ball distorting the paddle may have made it seem faster. All of this serves to explain why
the simple question, “speed of ball,” was not so simple after all.

Effects of Force Feedback
Attitudes and Attention

The addition of force feedback to the visual feedback provided by the simulation
appeared to affect student outcomes in a variety of ways. One was due to the novelty of
force feedback. None of the participants had used a similar mouse previously, and they
were focused on the device for its own sake. Of those who had experienced force
feedback before, most experienced it with game controllers that have a “rumble” feature,
a less refined form of tactile feedback. Participants found it intriguing to be able to feel

changes in the simulation as a result of changing variables.
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E: Well I thought it was kind of fun to see like what would happen if you like
changed the gravity and mass. And I think it was fun because I got to see,
it was and I really liked it. Cool.

E: Like how much force really would be on something if you changed the
gravity and mass.

LB:  uh-huh.

E: Usually we don't have like more gravity or less mass.

LB: Yeabh, it's hard to do that in real life, isn't it?

E: Yeah. It kind of shows you how it feels if you had so much gravity on
you.

Participant’s attention seemed caught to varying degrees by the haptic feedback,
and this provided additional information, but it also meant that less of their attention was
on the visual feedback. A certain amount of mental and physical attention is required to
monitor the position and action of the mouse with force feedback. That is not to say that
it required a large effort, but it factored into the level of student fatigue over the course of
the session. With force feedback, the participant’s hand must control the mouse at all
times. Without it, participants could take a break and just watch the ball bounce.

Force Feedback and Reasoning

Force feedback may have helped participants grasp certain concepts. For instance,
a small number of students (3 of 17 in the No FF group, 1 of 17 in the FF group,) thought
that the mass control had to do with changes in the mass or elasticity of the paddle, with
the one participant in the FF group uncertain of whether it had to do with either the
weight of the ball or the paddle. It may be that the force sensation of the ball striking the
paddle caused the experimental group to focus more on the changing mass of the ball and
results of those changes such as increased weight. With visual feedback only, these few
participants concluded that the mass setting controlled attributes of the paddle, with

increased mass causing it to become more flexible. In an example from the previous
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chapter, a participant from the No FF group reasoned that the weight of the ball was
unchanging, but that the mass of the paddle “gets stiffer and holds the heavy ball.” If she
had been able to feel changes in weight, it is likely that she would have concluded that
the weight of the ball did in fact change. On the posttest, almost twice as many in the FF
group agreed that increasing gravity makes the ball heavier (13 of 17 in the FF group,
compared with 7 of 17 in the No FF group).

More in the No FF group (8) agreed with the posttest item that increasing mass
makes the ball harder to move compared with 4 in the FF group. This is of interest
because it was expected that force feedback would make it more obvious that the ball was
harder to move. During the experiments, 12 in the FF group and 8 in the No FF group
described the ball as harder to move. The majority of these were in reference to the
higher gravity experiments, but 4 in the FF group and 2 in the No FF group described
Experiment 2 (high mass, low gravity) as harder to move. It was thought that the ability
to feel changes in mass would make the effect of inertia more obvious. That did not
happen consistently in this case, though some FF group participants did comment about
feeling a “budge” or hesitation with increased mass. The way that the participants struck
the ball may have helped some to feel the effect more than others. For instance, the force
feedback effect of inertia is more obvious when the user pushes the paddle forward to
meet the ball than it is when the paddle is held stationary. As this is an exploratory case
study and these are small numbers, it would be worth investigating further.

Modal Learning Preferences and Force Feedback

One of the questions being investigated was whether force feedback was more
effective for students who preferred certain modes of learning, whether visual, auditory,
or haptic. It was not possible to investigate statistically whether haptic feedback benefited
those with a haptic preference because there was only one haptic participant in the group.
However in interacting with him, his attention seemed more focused on the force

feedback and less on the visual feedback than most students. It appeared that haptic
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feedback could potentially have a negative effect if it caused him to neglect essential
visual feedback.

The proportion of visual learners was greater than expected, based on prior
research studies that showed children usually have a more varied preference profile (e.g.,
(Lemire, 1996). There were 21 participants with a visual preference. Perhaps children are
developing a visual preference earlier due to an increased amount of time spent in highly
visual pursuits such as television viewing and video game play. Those with a visual
preference performed somewhat better than those with an auditory preference, even
considering their performance on the interview. The interview portion would seem to
possibly favor those with an auditory preference, but because the simulation was
primarily visual or visual with force feedback, the participants needed to make sense of
information gained through these sensory channels before they could communicate their
ideas. Since the essential information was visual, and if those with a preferred visual
mode of learning tend to have more skill in visual reasoning, those with a visual learning
preference may have had an advantage. Of course, visual preference does not necessarily
go hand in hand with strong visual reasoning skills, but it is likely that there is overlap
between preference and skill because people often prefer to use their more developed
skills to their weaker ones. Students with a mixed visual and auditory preference did as
well as or better than the average visual preferring participants on both the interview and
posttest portions. During their sessions, two of these seemed particularly adept at
“reading” visual information and then articulating their processes of reasoning.

In comparing the posttest total scores of the visual and visual-auditory preferring
students with those of the other students, the visual and visual-auditory preferring
students performed significantly better (== 2.253, df=32, p=.031, two-tailed).

It was thought that perhaps force feedback would be more effective for some
students, depending on their modal preference. There is some evidence for this, but not in

the way that was anticipated. Visual learners, rather than being distracted in a negative
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way from their preferred mode of learning, appeared to benefit from the added feedback.
In analyzing the posttest scores of those participants with a visual preference, the FF
group performed marginally better than the No FF group. From these results, it does not
appear that haptic feedback was detrimental to the learning of those participants who
expressed a visual preference. Instead, it seemed that might have added information
without detracting excessively from their generally strong visual reasoning skills. In the
case of the haptic learner, observational data raised the question of a possibly negative
effect if the added stimulation distracted him from essential visual information. However,
no preference groups or subgroups were shown to have had a negative outcome from
interaction with force feedback; all groups performed significantly or marginally better.
Prior Game Experience

In examining the frequency of computer and video game play, a clear relationship
between frequency of game play or force feedback game play and performance was not
found. However, those participants who play games with force feedback on a daily basis
had slightly lower than average scores on the posttest. Perhaps the kinds of games being
played were a factor here; games with force feedback are usually played on game
consoles or at an arcade, and typically would not be considered educational or
edutainment games. It could also be that the amount of time devoted to game play was
displacing other activities such as homework. This is speculation; participants were not
questioned about the amount of time spent or kind of games played, only about their
frequency of game play.

While there was no statistically significant evidence for an effect from game play,
there was anecdotal evidence from two boys who did better than average and who
commented individually on their personal interests. The first boy asked about the
development of the software. He then said that he wanted to learn to be a 3D animator

because he wanted to make graphics for video games some day.
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The second boy said that he loved computer games and played them almost every
day. His favorite game was Minesweeper, the ubiquitous Microsoft® game. Even though
it is not an educational game per se, the game does require logic and visual reasoning
skills. He was proud that he had conquered the game in “expert” mode over the course of
two days. He went on further to describe a computer game that he played with his father.
Though it was ostensibly a baseball game, players could only score a homerun by
answering a math problem correctly. It may be that their experience with the simulation
meshed well with these students’ interests and skills, and their prior interests helped to
prepare them for their participation.

Instructional Design Issues

The software that was used in this study was not designed for educational
purposes. It was designed as a demonstration program to showcase the capabilities of the
force feedback technology. Because of this, the software is simple, and certain features
that would be helpful from an instructional standpoint were not included. For instance,
the identical mass and gravity slider controls, while simple to use, may have added to
participants’ confusion about the relationship between mass and gravity. Numeric
displays of information such as the rate of acceleration and the mass of the ball would
better convey the meaning of the mass and gravity variables and help children understand
that they are not measured with similar units.

Another confusing aspect of the software for a few students was where the ball
went when it left the screen. The majority of students who expressed an opinion reasoned
that the ball traveled far when it was gone for a long time, but some still wanted to know
where it went. One girl wished specifically for a version of the software with a bigger
screen. Given the distance that the ball travels with low mass and gravity this is probably
impossible to accomplish, but a numeric display could serve to convey the distance

traveled.
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Aside from these shortcomings, the software provides an effective demonstration
of paddleball under extreme and varying conditions of mass and gravity. A great benefit
of force feedback is that it can simulate the effects of gravitational force and allow
students to manipulate objects under varying conditions, something that is prohibitively
difficult and expensive to do in real life. The software could be used as-is for various
purposes, such as a class demonstration and discussion of multiple forces acting on an
object, perhaps for eighth grade students.

Conceptual Development

Some findings from the study did not relate directly to effects of the technology,
but to participants’ reasoning processes and beliefs. One finding was that students who
had expressed almost identical definitions of gravity, when questioned further, had
widely divergent mental models, with half of these believing that gravity is a force in the
atmosphere that pushes down. The prevalence of this belief was more surprising than the
divergence. The extent of this belief was not readily apparent from the pretest and initial
questioning; it only became apparent when one of the students said something intriguing
that caused further questioning. It is likely that many of the students who were not
questioned further held similar beliefs or other beliefs that would affect the way that they
interpreted and assimilated related information.

Another finding was that about two-thirds of the students used metaphor in
discussing the experiments and concepts. While it is often useful to relate new
information to known models, it can also create problems if carried to extreme. For
instance, some of the participants described the action of the ball and paddle as if they
had volition. This was acceptable for descriptive purposes, but could create problems if
taken literally. Educators can help to address both of these issues through awareness,

questioning and discussion.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



101

Suggestions for Using Haptic Feedback
The following suggestions may be helpful to researchers, educators or instructional
designers who are interested in researching or using haptic feedback in learning
situations.
Instructional Design

Haptic feedback is probably best used where it can promote an understanding of
the content. While force feedback was not shown to be detrimental to visual reasoning, it
does draw the learner’s attention. It may be helpful to use it to reinforce concepts with
instruction, but consider turning off force feedback initially when the new information
being presented is primarily visual (e.g., to focus attention on numeric displays within a
simulation). It is advantageous that force feedback can be turned off and on. Previous
studies have found it also can be used effectively to aid in the performance of tasks where
accuracy and speed are important factors, since it reduces the need for reliance on visual
perception.

User testing is an essential component of instructional software design, but it is
even more important with a new and relatively untried technology for which best
practices have not been developed. Designs that look promising on paper can have
unintended side effects, and the only way to uncover these is through testing.

Science Education

Students without strong visual reasoning skills may be at a disadvantage when
working with simulation software. Though force feedback was shown to be at least
marginally helpful for the study participants regardless of learning preference, those with
weaker visual reasoning skills should be encouraged to develop those skills. It is
advisable to turn off the force feedback to focus learner attention on visual feedback
when necessary, particularly for those learners who find it difficult to focus on visual

information.
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It is also important to assess the state of learners’ knowledge and beliefs prior to
experimentation. This not only affected the participants’ ability to understand and build
on their content knowledge; it was also shown to affect how participants interpreted the
results of their experiments through visual and haptic feedback.

Limitations of the Study

The treatment was designed as a series of structured but open-ended experiments
to organize students’ experience with the simulation. In other words, it was not designed
to teach the concepts, but to investigate how the children learned and reasoned by
working through the activities with the software, as the central purpose of this project
was to study the effect of the technology on students’ reasoning. This design was
intended as a middle ground between offering a completely open-ended, but potentially
chaotic environment for experimentation and offering a structured instructional unit. This
approach had an impact on the outcome of the study; the effect of the technology cannot
be separated entirely from the effect of the supporting materials and the structure of the
study. For instance, the order of the experiments probably had an effect on the way
participants described the relative speed of the experiments, since they were comparing
subsequent experiments to the previous one.

The simulation software that was used in this study was not designed as a learning
tool. Because of this, participants were required to make judgments mostly based on their
sensory impressions rather than on measurements. On the one hand, this was a useful way
to see the effects of the visual and haptic senses on participants’ reasoning and the effect
of their thought processes on their interpretations of what they were seeing and feeling.
But the software’s effectiveness as a learning tool could have been enhanced if, for
example, the software displayed the rate of acceleration, velocity, distance traveled, and
elapsed time. One way that the software probably misled participants was in its use of

identical scales for mass and gravity. Students tended to discuss mass and gravity as

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



103

balancing each other or as being in equal or unequal amounts, and the control panel scale
probably promoted this line of reasoning.

The intervention was very brief considering the number and complexity of the
concepts in question. Contrast this with the fact that the students at one of the schools had
spent several weeks on just one of the concepts.

Although this was a short-term study, the individual sessions could be somewhat
long and therefore tiring. Ideally, students would have been able to use the simulation
over a number of sessions to build on their understanding. Recent research has shown
that learning is maximized when people have a chance to process recently learned
knowledge during sleep (Bower, 2004; Cromie, 2003). Participants may have been better
able to integrate their experiences and connect them to their prior knowledge if their
participation took place over time. Another benefit would have been that discussions
could have continued; sometimes conversations were cut short due to time constraints
and participant fatigue.

Another limitation of the study was that it took place over several weeks; this
could have had some impact on student performance, particularly among those students
who were concurrently studying mass. In discussing this with their science teacher, no
obvious instances of time-sensitive improved performance could be pinpointed, but the
effect could exist nonetheless.

Because this was an exploratory case study and given the time constraints of the
individual sessions, the posttest was very brief. As a result, it is likely that it was not
powerful enough to pick up differences that existed. Also, it did not include several of the
concepts that the participants described during their experimentation, just those that were
deemed most important. It would be useful to have more concepts included in the posttest
to compare students’ understanding of the concepts that were discussed.

Another potential issue with the posttest was its unusual design. Participants were

to select as many answers as were correct for each question. This design made the scoring

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



104

and evaluation process less obvious and straightforward. The design did not seem to
confuse the participants, and children this age do this sort of activity regularly, but it is
unusual for testing purposes. Single answer multiple-choice questions are more common.
On the other hand, it may have been easier than a comparable true-false quiz, because the
items were grouped by question (topic) rather than randomly mixed. This provided an
organized structure for considering the concepts.

The distribution of the visual and visual-auditory participants between the control
and experimental group may have inadvertently statistically advantaged the control group
slightly. In an effort to distribute at least one of each learning style in the experimental
group and other constraints, more of the visual-auditory students were placed in the
control group. The total number of visual and visual-auditory students in the control
group was 14, compared with 12 in the experimental group.

Further Research

In exploring the question of how force feedback impacts student reasoning, this
study followed a middle ground between unconstrained exploration and a fixed lesson in
the subject matter. Because of this students of varying abilities could participate and
derive benefit from their participation. The detriment of this approach is that the question
of the effect of force feedback is somewhat compromised, since the structure of the
experiments also affected outcomes. The benefit is that the student could be guided in a
direction that would provide a coherent experience in an abbreviated time frame.

Another approach to a similar problem would be to devise a case study that
focused more on the content. The study could follow a complete instructional unit; this
would be of interest to see whether students who practiced with the simulation and force
feedback benefited more than those who did not. One way to implement a longer-term
intervention (over weeks) would be to have students practice on their own. They could
keep a written record of their activities and answer journal prompts as evidence of their

participation.
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A more ambitious and expensive study could be done by first developing a new
version of the software. The new software could be enhanced with features that would
make it easier for students to compare and contrast experiments, and measure distance,
rate of acceleration, and velocity, though this would also shift the focus away from
sensory reasoning.

Although participants as a whole generally performed slightly better with force
feedback than without, those who professed a visual or visual-auditory preference
performed significantly better than the others. It may be that they preferred the visual
mode because they have strong visual reasoning skills. A similar study that grouped
participants by visual reasoning skills rather than modal preference could investigate this.

Because this was an exploratory study, the focus was wide. This limited the depth
of research into any particular aspect of the study, but offered glimpses into several
intriguing aspects of students’ reasoning that could be explored further in more narrowly-
focused studies. For instance, a focus on the development on one or two of the concepts
such as speed or gravity and weight could provide fertile ground for investigation.

The current study is only a starting point for research into the effects of haptic
feedback on children’s cognition. But it suggests several potentially fruitful directions for

research that could further knowledge in this relatively unexplored area.
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Appendix A: Screen Layout, Control Panel, and Force Feedback Mouse
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Software Control Panel

Reproduced by permission of Immersion Corporation.
Copyright ©2004 Immersion Corporation.

All rights reserved.
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WingMan Force Feedback Mouse

Logitech® WingMan® Force Feedback Mouse.

Photograph courtesy of Logitech. Used with permission.
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Appendix B: Instruments
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Pretest

Directions for questions 1-5: Answer as many as you can, the best you can.

1.

5.
6. Iplay computer or video games:

Every day or
almost every day

What is mass?

What is force?

What is an example of force?

What is gravity?

I have a computer at home.

At least
once a week

Yes No

Once in a while Never or almost
never

7. Thave played computer or video games where I can feel what is happening in the

Every day or
almost every day

8.

home  library Video arcade

game (bumps in the road, crashes).

I play at (circle all that apply)

At least
once a week

Once in a while Never or almost
never

Other
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Directions

e The ball always returns straight down the middle of the screen. “Bank shots”
don’t work.

e If you hold the mouse button down, the ball will stick to the paddle.

e The paddle works better if you keep it away from the bottom. Try to keep it in

the part of the window shown below.

FEELii Paddle Denio o . _ TFrelthe force with

Pick up the ball and
feel the forre of the
ball bouncing,

a FEEL1H mouse!

Hold ihe left mouse
buiton to feel the
force of a slingshot.

Move the mouse around
and feel the force of
the walls

Go ahead and play with it for a few minutes before we get started...

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



e Repeat each experiment several times
before moving on to the next.

¢ You can always go back to a previous
step if you want to.

¢ For each step, describe what i1s

happening. Pay attention to changes 1n:

B the ball [ speed
[ the paddle [ feel (touch)

] motion 1 the mouse
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Experiment Worksheet

1. For each experiment, change the mass and gravity settings to match the settings below.
Bounce the ball several times to get the feel of it.

2. Give the ball a good whack and let it bounce until it stops. Keep your hand on the mouse so
the paddle does not move.

Experiment 1 Experiment 2

Speed of ball?

How hard did you
hit the ball?
Describe what
you see and feel
when the ball hits
the paddle.
Number of
bounces? (hit ball
to top of screen)
What has changed |
from the last ‘
experiment?

Stiffness = 100 Experiment3 Fxperiment 4

Speed of ball?

How hard did you
hit the ball?
Describe what
you see and feel
when the ball hits
the paddle.
Number of
bounces? (hit ball
to top of screen if
you can)

What has changed
from the last
experiment?
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Look over the data you have collected as you complete the following:

Make a rule that describes the number of times the ball bounces.

Make a rule that describes the speed of the ball.

Make a rule that describes what you see and feel when the ball hits the paddle.
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Interview Protocol

1. Review (skim) each of the student’s recorded observations and ask for

clarification, if necessary.

2. What is mass?

3. What is gravity?

4, What is weight?

5. How can you make the ball as heavy as possible? (Describe.)

6. Have the student bounce the ball with the paddle set on low to medium gravity.
Ask: What do you think will happen if we increase the gravity? (Have student try
it and observe results. Have student explain results.)

Settings
Mass 50
Gravity 5-
>50
Stiffness 100
Damping 5

7. Have the student bounce the ball with the ball set on low mass. Ask: What do you
think will happen if we increase the mass of the ball? (Have student try it and
observe results. Have student explain results.)

Settings
Mass 20
->100
Gravity 50
Stiffness 100
Damping 5
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8. What did you think of this activity? (If s/he just “liked” or “didn’t like” it, elicit
more detail)

9.Did you learn anything new? (If so: What? If not: Why not?)

10. Did this help you learn about mass and gravity? (If so: How? If not: Why not?)

11. Imagine you can design a software program that uses this technology to help
people learn about something else. What could the software you design help
people learn?
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Posttest

1. How can you increase the weight of the ball?
a. Increase the mass of the ball
b. Increase the gravity
c¢. Decrease the stiffness
d. Decrease the mass of the ball

2. What affects the speed that the ball falls?
a. The mass of the ball
b. Gravity
c. Both the mass of the ball and gravity
d. None of the above

3. What happens when you increase the gravity?
a. The mass of the ball increases
b. The ball becomes heavier
c¢. The ball falls faster
d. The ball falls slower

4. What happens when you increase the mass?
a. The ball becomes heavier
b. The ball falls faster
c. The ball becomes harder to move
d. The ball falls more slowly

5. What happens when you decrease the gravity?

a. The ball becomes heavier
b. The ball becomes lighter
¢. The ball falls faster

d. The ball falls more slowly

6. What happens when you decrease the mass?

a. The gravity increases

b. The ball falls more slowly
c. The ball becomes lighter
d. The ball falls more quickly
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7. Did you enjoy this activity?

Yes Not sure No

8. Would you like to do an activity like this in school?

Yes Not sure No

9. What topic(s) did you learn about? (circle all that apply)

Mass Gravity Weight Force

10. What topic(s) have you studied before? (circle all that apply)

Mass Gravity Weight Force
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QSR N6 Full version, revision 6.0.
Licensee: Linda Bussell.

PROJECT: dissertation, User Linda Bussell, 5:36 pm, Mar 30, 2004.

REPORT ON NCDES FROM Tree Nodes '~/Experiment 1°'
Depth: ALL
Restriction on coding data: NONE

kkkhkdkhkhkhkhkhhhhkhkhkhkhhbhkdhhhkhhhkkhhhhhhhhhkdhhbhbhbh bbb bdbhhdhhh bbbk d kb bbb bbb bdkdxx

(1) /Parts of Interview

This node codes 0 documents.

R R R R R R R R Rl i I g g A I I b A e b b b b I 2 33
(1 1) /Parts of Interview/Experiment 1

This node codes 34 documents.

B E R R e R E R R R E R E R S R R I R I i R R I I R I R I R I R e
(1 2) /Parts of Interview/Experiment 2

This node codes 34 documents.
dhkhkkhkhkkhkhhhkhkhkhkhkkhhkhhkhkhkhhkhhhkhkdhkhkhbdhkhhkdhhkhirhhbhhhkhkhrhhhhbhdhhhhbhhbdhkrdhbrhhrhhddhhrnk
(1 3) /Parts of Interview/Experiment 3

This node codes 34 documents.

ek khkhkhkhkd Ak hkhkdkrAhbhkhhhrhhbkhkddhbkdbhhbhkhkhkhhdhhhhdkhddhhhhkdkhkhdhkhkhkhkdhdhhkhhkhkkhkkdhhkhkkdhkxk
(1 4) /Parts of Interview/Experiment 4

This node codes 34 documents.

B I b 2 A A I A R b g e b I I R i
(1 5) /Parts of Interview/Rules

This node codes 33 documents.
*kkkhhkhhkkAhhkhkhkhkhkhhhdhkhkrhbhkhrhhkhkhhhkhkdbdhhkhkdhhhkhkkhhkdhdkhhhhkhkdhhhkhhkdhdhdhdkhkdhhkhhdkhdhdhhkihsh
(1 6) /Parts of Interview/define/describe mass

This node codes 34 documents.

Ak hhkhkhkhkhkhAhkhkhkhkhhbrbhkhkhrbhkhhkhrhhhhhkhkrohkhbhhhhrhhdhhhhhhkddhhkkhkdhhhhdhdkhkkhkokkhkhikkh ki
(L 7) /Parts of Interview/define/describe gravity

This node codes 34 documents.

deodk ko ok ok ke kot ok ke ok sk ok ek sk sk ke sk ke ke ke sk ke ke ke ke ke ok ke ke ke ke sk sk ke ke sk ok sk sk ke ke ke ke ke ke sk ke ke sk ke ok ok ke ok ok ok ke ok ke ke ke ke ok ke ok ok ok
(1 8) /Parts of Interview/define/describe weight

This node codes 33 documents.

B R R R R e R R R R R R R R T R I I R R A I R R e
(1 9) /Parts of Interview/make heaviest ball

This node codes 34 documents.

ook ok ok ke ok ok ok ok sk ke sk ok ok ke ke ke ke ok ke ke sk e ke sk ke ke ok e sk sk ke ke sk ok ke sk ke ke sk ok ke sk ok sk e sk ke e sk sk ke sk ke ke ok e ke ok ke ke ke ke ke ok ok ke ke ok ok
(1 10) /Parts of Interview/make prediction 1

This node codes 34 documents.

B R S i S e e R e R R R R R R R R R R R R R R R R R R R R R B b e g o R R o S
(1 11) /Parts of Interview/make prediction 2

This node codes 34 documents.
Khkhkhkhkhkhkhkhhkhhkhdkhkhkhdhhkhkhhkhbhhkhkdhhihkhhdhkhkdhkhkdhhhhkhkhhkhkhhkkdkkhkkhhkkhkkdhkkkhkkkk
(1 12) /Parts of Interview/attitude re experience

This node codes 34 documents.
khkkhhkrhbdhhhhdhhhhhhkdkkhhhkdhkkddohdkdhhkdkhkdhdkhhdk ok hkdkhhkhhkhodhhkhkkhkhkkhkhkdkdhkhdkkhkdkkki
(1 13) /Parts of Interview/software design ideas

This node codes 34 documents.
hkkkdkkhhkhkkhkhkrhkhrrhhkkkhhhdhhhhkhhkhhhhhdhhkhhbhbhhkhdhhbhkkhhhhbhhdkhhhhkkhkkhkhhdhhhdkkk
(1 13 1) /Parts of Interview/software design ideas/dance
This node codes 1 document.

N E E e R R R R R R I R R R R R TR EE R EE L L TR R RS R RS RS

(1 13 2) /Parts of Interview/software design ideas/air
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This node codes 1 document.

PR IR 2 2 I R R I I I R I I R I I O I I R R I I g
(1 13 3) /Parts of Interview/software design
ideas/reading, writing

This node codes 3 documents.

Fok ke ke sk ok ko ke ok ke ke ke ke e ke ke ok sk sk ke ke ke ke sk ke ke ke ke sk ke ke sk ke ok ke ok ok ok ke vk ke ok sk ke ok ke ke Kk ok ke ke ke ok kR ke ok ok ok ok ok ke kK Rk ke
(1 13 3 1) /Parts of Interview/software design
ideas/reading, writing/spelling

This node codes 1 document.

R AR R T i i i i i T S i Y i i i I S I T I S o 3
(1 13 4) /Parts of Interview/software design
ideas/computers, internet

This node codes 2 documents.
Ahkkhkkhkddhhkhkkhhbhkhbdhhkhbhkhkbkhkhbhkhbhhkbhbhkdhhbhkdhkhhbhrbhhhhhhdhhbhhhkhhohkdbhhhhkhhkhkhdkhkkhkkhkhkk
(1 13 5) /Parts of Interview/software design ideas/music
This node codes 2 documents.

* ok ke ke ok ok ok ek ke ke sk ke sk ke ok sk ke ke ke ke ke vk ok e sk b sk ok sk ke ke ke Sk sk vk ke Y ke sk sk sk sk ke ke ke ke e sk ke ke Sk ke ke ke ke sk ke ke ke ke ok ke ok ke ke ke ke ok ok
(1 13 6) /Parts of Interview/software design ideas/art
This node codes 2 documents.

R R R R R R I I g R R b i b b S I I I O
(1 13 7) /Parts of Interview/software design ideas/being
a doctor

This node codes 1 document.
hkhkkhkhhkhhkhkhkhkhbhkhkhbhbhdhhkdhhkhbdhdbhbdhhbhbhbdbhbrkhhhhhhhbhbhdhrhdhhbhbhbhhkhhdhkdhhhkhhkhkddkhkkkkhkdt
(1L 13 8) /Parts of Interview/software design ideas/math
This node codes 5 documents.

B Y R R S S N R S R I b R R R I R R R R I R R R R R R T R
(1 13 9) /Parts of Interview/software design ideas/mass &
gravity v

This node codes 3 documents.

ok ke ke ko ok ok ke ke ek e ke ke ke ke ke ke sk ke e ke sk ke ok ok sk ok ke ke ke ok sk K sk sk ke ke sk ke ok ok sk ke ok ek ks ke ke ok ok ok ok b ok ok ok b b ok b ok ok ok ke ok
(1 13 9 1) /Parts of Interview/software design ideas/mass &
gravity/define with examples

This node codes 1 document.

R R R R R R R R g b R R I b B I R R R b I R R R R R
(1 13 9 2) /Parts of Interview/software design ideas/mass &
gravity/game to test

This node codes 1 document.

Kk kdkkkkdk ok ks khkhk kb ko hkkok ok kkokdkokokok ko k ok ok ok ok ok ok sk ok ke ke ok ek ok ke ke ok ke ke ke ok ke ke ok ke ke ok ke ok ke ke ke ok
(1 13 9 8) /Parts of Interview/software design ideas/mass &
gravity/higher mass & gravity

This node codes 1 document.

B R N R R R R e R R R E R R A R R A R R R R RN E N R R R R R R R R R R R R R EEE RS REREREEEEE RS S
(1 13 10) /Parts of Interview/software design ideas/space
This node codes 2 documents.

B R R L R R R R R R R E R E R R R R R R I I R R R R R R R R R
(1 13 11) /Parts of Interview/software design ideas/bigger
screen

This node codes 1 document.
hhkkhkkhkdkhdkhkhhkhkhkhkhkrhkdrhrhkhkbdhkhkhkhkhkdrhkrhohkrhkkrhkhkrrkdhdhhhkhhkhhkhkhkhhkhkhhhrhkhkhkhrhhhsk
(1 13 12) /Parts of Interview/software design ideas/horses
This node codes 1 document.

B T T e e S R R R R R R E R R R R R R R R R R R R SRR EEERE SRR EE SRR R R RS
(1 13 13) /Parts of Interview/software design
ideas/history

This node codes 1 document.
B P L A A R T 2 R R g g e e e R R R S R R R RS SRR RS S SR RS SRR RS S S S SRS
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(1 13 14) /Parts of Interview/software design ideas/feel
effects of tools, flight

This node codes 1 document.
Khkhkhkhkhkhkhhhkhhhhhkkhhkhkhbhkhhkhhkhhkdkhhkhdhhhkdkkhkhhhkdkhkhhhhkhhdkhhkkhkdkkdkdkkhhdxkhkhkdhhdkhrhtxk
(1 13 15) /Parts of Interview/software design ideas/cool
games like this

This node codes 2 documents.

B R N R R R E R E R R R R R R R I R R I I I L R O I
(1 13 15 1) /Parts of Interview/software design ideas/cool
games like this/teeter-totter game

This node codes 1 document.

B L S g S L D R b b a0 I R R
(1 13 16) /Parts of Interview/software design ideas/feel
forces in sports

This node codes 2 documents.

B R R R N e e e L R R R A R R R R R R R E R R R R i I I R R i R R R i I 3
(1 13 17) /Parts of Interview/software design
ideas/weighing different objects

This node codes 1 document.

B R R R R R R R R R R R E R R R R R R R R R R R R R R R R R R R R R I
(1 13 18) /Parts of Interview/software design
ideas/science

This node codes 1 document.

e vk sk ok sk ok e e e e ok ke e e e e ke sk e e etk e ke sk ok ek ke sk ke ke ke sk ke e ke ke ke ke ke e ke ke ok ek ok ke ke ke ke kR ke ok ek ke ok ok ok
(1 13 18 1) /Parts of Interview/software design
ideas/science/water cycle

This node codes 1 document.

hdkhkhkh ko h ok kA hkh ok khk b d A dhhdhbkddhh ok bk ddod ko dd sk ok s bk kb ok ko oh sk ko okkok ok dkkkkkk ki
(1 13 18 2) /Parts of Interview/software design
ideas/science/couldn't teach science

This node codes 1 document.

BT R P 1 N T T Y b RN S R S T R 2 b 2 A 2 R R I i S I R R R R R R R R R L R
(1 13 19) /Parts of Interview/software design ideas/Yu-gi-
oh cards

This node codes 1 document.

gk ko ok ok ko ok K ok ok sk sk ke ks ke ke sk ke gk ok ke ke ok ke ke ke sk ke ok ok sk sk ke ke ke e sk ke ke ok sk sk ok ek sk ke ke ke ok ke ke ok ke ks sk ke ke ok ke ke ok ok ok ko
(1 13 20) /Parts of Interview/software design ideas/feel
objects with VR glove

This node codes 1 document.

B R T T S L L L e R R R R R R A R I I R R R R R R
(1 13 21) /Parts of Interview/software design

ideas/ (friendly) robots, machines

This node codes 1 document.
dkhkhkkkhkhkhkdhkkhkhhhkhrhkhrhbkhhhhhhhhdbhbhhkbdhkrdhrrrhkrrhhkhbrhrhkdhhhrhbhkhkhbhkrhhdkhkhkhkhkkrk
(1 13 22) /Parts of Interview/software design ideas/have
President give WFFM to everyone

This node codes 1 document.
kkkkhkhdkhhhkhkdhhkbhkhkhhhrhhhkdhkkhohkhkhkhkhhkddhkkhkhkdhhhkdhhhkhkkhhkkhhkkhkhkdhkkhhkkhhhkhkhkkhkk
(1 14) /Parts of Interview/pretest definitions

This node codes 33 documents.

B R R R L R R R R R E R R R R R R R R E R R R R R R R R R R R R R R R R S E
{2) /Gravity

This node codes 0 documents.

N R R R e R R R R E R R R R R R R R R R R R R R R R R R R R R R R R R R R ERE SR
(2 1) /Gravity/surrounds us, in the air

This node codes 6 documents.
khkkkhkhhhkkrkhkdhkrrhhhkrhhhkrhhkhhkhbhkhkrhhhkhdkrhhhbdhkbhkhkhkhrhbhkhhhhhkdhkdhhhkhhhhkhdtkhk
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(2 2) /Gravity/holds us, keeps us from falling over
This node codes 3 documents.

ok ek kk ok ko k ok k ok ko ke ke ke sk ke ke ke ok gk ke sk ke ke ke ke sk ke ke ke ke ke sk sk ke ke ke ke ke sk sk sk ke e ke ke ke sk ok ok ke ok ok ke ok ke ke ok
(2 3) /Gravity/makes heavier

This node codes 21 documents.

P R R R R e R R R R R R E R i I g I R e e I g L e L I g 3
(2 4) /Gravity/makes paddle hang more

This node codes 14 documents.

gk ke ok ok ok ok ko ok ok ke ko ke ke ke ke ok ek ke ok ke ke ke ke ke ke ke Sk sk ke ke ek ke ke ke sk ke ke sk sk sk ek ok ke sk e ke ke v e ke sk ke %k ok ke sk e b ke ke ok ke ke ke ke
(2 5) /Gravity/makes bouncier

This node codes 7 documents.

dodkodk hk ok ok kk ok ok ok ok k ok ko ko ko sk ks ke ke ok ke ke kR ok ke ke sk ok ke ke ok ke ke sk ke sk ke ke ok ok ke ke ke ke ke ke ok ke ke ke ke ke ok ke ke ke ke ok ok ke ok ok
(2 6) /Gravity/pushes down

This node codes 2 documents.

*ok ok ok hok ook Ak vk s sk R e sk sk sk ok Tk e ok A ke sk s e ke b R ke ke e sk sk Sk sk sk ok ke Sk vk sk ke ke e sk e sk e ke sk Sk sk ke ke sk Sk e ke ke ke ke ke ke ok ke ok ke ke
(2 7) /Gravity/makes less bouncy

This node codes 14 documents.

ok ok sk ke vk sk g ke sk ke sk e ke ke Y sk ke ke ok sk ok ke ke sk ke ke sk ke ke ke ke ke ke ke ke sk d ke ke sk ok ok sk ke e ke e ke ke sk sk ke ke ke ke ke ke ke ke ok ke ke ke ke ke ok
(2 8) /Gravity/more makes slower

This node codes 7 documents.

deok ke ko ok ok ke ok ke sk sk Kk ek ke ok ek ke ke sk sk ke ke Sk sk e etk ke ke sk e sk sk ke ke Sk ke ke sk Y ke ke sk ke e sk ke ke ke ke ke ke ke ke ke ke ke ke ke ok sk ke ok ke ke ke ke ke ke
(2 9) /Gravity/more makes faster

This node codes 24 documents.
khkkhkrhhkdhhhkhkhkhhkhbkhkkhkhbhbkhkhhhbhkhkdhbhkdkhhhhbhkdhkdkhkhkdhhkohkdhdhkhkdhhhkhhdhhdhhdhkkhkdkhhkdhkkkhtkh
(2 10) /Gravity/makes ball go higher

This node codes 6 documents.

*k ok ok k ok ok ok ok ko k ok k ok k ok Kk ok ok ke k kR ok ok ke ke sk e sk sk ke ks ke ke sk e sk ke ke ke ok ke sk ok sk ke sk ke e ke ke ke ke ok ke Rk ok ok ok ok ke ok ok ok ko
(2 11) /Gravity/makes us float

This node codes 5 documents.

ok de ok ke ok ke ke Kk sk Yk %k ke vk sk e sk ke ke ke sk ke ke sk ke ke ke sk ke ke ke ke sk S e sk ke ke ks ke ok ok sk ke kb ke ok ke sk ke ke ke ke vk ke ke ok ke ek ok ke ke ok ok ok ke
(2 11 1) /Gravity/makes us float/if there's no air

This node codes 1 document.

de e Sk Fok ok e sk ok ke sk ke ok ke ke ke ke ke ke sk ke ke ke ke ke ke sk ke ke ke ke ke ke e ke ke ke ke sk sk ke ke sk sk Sk ke ke e ke sk ke ok ke ke ke ke sk ke kR ok ke ke ke ke ok ok
(2 12) /Gravity/keeps us down, makes things fall

This node codes 25 documents.

B Y T T S T R e S e e R R R R R R R R AR R E R R R R R R R RS S R R RS R R RS TR E R R R R EE R RS
(2 13) /Gravity/makes paddle hang less

This node codes 1 document.
*hkdkhkhkhkFrhkhkhkhhhhkhkhhkhkhkhbhkhkhhkhhkhkhkdhkhkhkhkhkhhkhdkkdhhkdkhhkhkhhdkhhkhhkkkdkhhkhhkhkhkkhhhkkhhhk
(2 14) /Gravity/protects us

This node codes 1 document.

R N R R R R R R R R R R R R R R R R R R R R R AR R R R R R R R R R R R R E R R R R RE R RS EE R
(2 15) /Gravity/in the ground

This node codes 6 documents.
hhkkhkhkhkkhkdhkhkkrhkhkhrhkhhhrhbhkhbhkhrdhhrdhhkdrhkhhhkdkhkhkdkhddhhhdkkodkkhkkhhkhkhdkkdkhhkhhhhk
(2 16) /Gravity/ball stays on the paddle

This node codes 5 documents.

B R R R R R A R R R R R E R R E R R R i R I I R I R R R R R
(2 17) /Gravity/changes in gravity change mass

This node codes 2 documents.

B R R R R R R e N R R R E R R E R TR R R R R R R R R R R R R R R R R R I
(2 18) /Gravity/gravity is in space

This node codes 2 documents.

Kk khkhkhdkhkhkhdhkrhrbrhkdrhkrkhbdrhbdhhohhkhhkhhkhkrhhhkdhhhkkhhkdrdrhkhhhkhhkhkdhhhhdhdkhhhkhhdhhdtx
(2 19) /Gravity/force coming down, pulling

This node codes 14 documents.
R R L R R R R R R R RS TS TR EEE R EE R RS SR LR R R RS S SRS SR R
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(2 20) /Gravity/pull of object on another object

This node codes 5 documents.

P R I I R R R R R I e I I I I L i I I I I I R I I g R I I I I
(2 21) /Gravity/pulling toward Earth's core

This node codes 1 document.
hhkdkhkhkhhhkhAhbhkhkkhkhhbhhhhhkhkhbhhhbhhkbhhkdhbhkhhkhdhkhhdhkhkhdhdhhhkkhkdrkdhhkhhhkhkdhhkhkhdhdkhkidkhhkhhkhx
(2 22) /Gravity/centrifugal force

This node codes 1 document.

Hok %k ke ke ke sk ke ke ke sk sk e ke ok ek sk ke ke ke ke ke ke ke sk sk sk sk sk ke gk sk b sk ke sk ke ke ke sk ke ke ke ok ke sk R ke ok e ke ke sk sk ke ke ke e sk ke ke ok ke ok ke ok ok ok ok ke
(2 23) /Gravity/controls planetary motion

This node codes 1 document.
hkhkhkhkhkhhkhkhkdkhkdhhkhkhhhhhhhbhrkhhkhbhhbhrbhkhrbhhkhkhkbhbhdrhhhhhkhdhrhhdhbhrbhhdhkhbhrbhhbhhrdkhhdhhhkrh
(2 24) /Gravity/has mass

This node codes 1 document.

B I R I I b I b b e b I I 3
(2 25) /Gravity/pushes up

This node codes 1 document.
hhkdhkkhkkhkhbhhbbhkdhkhbhbhbhbdbhbhrhkhdbhbddbhbhobhbhbddbhrhhbhbhdhbhbhbdhhbhbhhhhhhhhhhdhdkhkhkddkhhkkkhhdtkhkkhk
(2 26) /Gravity/changes speed

This node codes 1 document.

P R E R R R R R R R I R I I I 3 b I S I
(2 29) /Gravity/high gravity- ball doesn't go far

This node codes 1 document.
*hkkhkkhkhkkhkhhkhbhkhkhhhhkrbhkhhkhkhkhkhbhkhkhbhkhhbhkkhkhbhkkhhkhkdhhbhkhbkhbhbhkhhkhhdhhbhhhhdhhhhkhkhthkkhkhdhhkhk
(2 31) /Gravity/is in the ball

This node codes 1 document.
*hhkhkhkhkhkhkhhkhhkhkrhkhhhkhhhrhdhkhkhkhhkhkhbhhhkhkhhbhkhhhbhkhhkdhkhhhkhkhhdhhhhdhdhhhkdhdkhhdhdkhhhhkhtr
(2 34) /Gravity/does NOT control bounces

This node codes 1 document.

ek ek kok ok ok ok ok ok sk ok ok ko ke ke ks ke ke ke ke ke ke ke sk s ke sk ke ke ke sk ke sk sk ke sk ke sk ke sk ke ke ok ke ek ke ke ke ke ke ok ke ke ke ke ke ke ok ke ok ok ok ke
(3) /Mass

This node codes 0 documents.

hk ok hkkkhk ko ok ok dkk ok ko hk ko kododk ok ko ke ke ko k ok ke ke sk ke ok ke ok ke ke e ke ke ke ke ke ke ke ke ke ke ke ke ke sk ke ke ke ke ke e ek ok ok ok ok
(3 1) /Mass/takes up space

This node codes 10 documents.

ok hkhhkhkhkdhkhkhhhkhkhkhhkhhkkhkhkhkhkhkdhdhkhkdkhhdkdhkkhkhkdhhkhdhdhdhdhhhkkhkhkhhkhdkhhhhkhhhdkhkhkshkkhkhhkhhkh
(3 2) /Mass/makes ball go farther

This node codes 9 documents.

dhhkhhkhhkhkhkhkhkhhkhkdhdkhdhhhkhk hkhkkhhkddhkhkhhohkdkhhdkrhkkkdhkhkhhkdhhhkhkhhkhhkdhkhdhkdhkkhhkkhhkk
(3 3) /Mass/refers to the paddle

This node codes 4 documents.
hhkdkhhkhhhkhkhhkhkhkhkhhbhkhkdbhbhhhhhbhbhkdbhhkbhbhbkhhkbbhkdhkhbhkkbhbhkhkdhhkhbhdhkhbhbhhbhhhhhhkdhkdhkdhdkhhikkh
(3 4) /Mass/doesn't do much

This node codes 1 document.

* ok ke k ke ke sk ke ke ke sk e ke ke ke sk ke ke ke e e ke ke ke ke ke ke ke sk ke sk sk ke e ke ok sk sk ke ok ke ke ke sk sk sk sk ke e ke ok ke ke ke ke ok e sk ke ke ke ke ok ke ke ok ok kR
(3 5) /Mass/makes bouncier

This node codes 25 documents.

ok ke ko ok ok ok koo sk sk ke ke sk ke sk ke ke ke ke sk ke ek sk e ke sk ke sk sk ke sk sk ke sk Sk ek ke ke ke ke sk ke ke sk ke vk ke sk ke sk e ke ke ke ke ok ok ke ke ok ok ok ok ok ke ok
(3 6) /Mass/makes heavier

This node codes 26 documents.

B R N e R R R R R R R R R R R R R R R R R E R R R R R R R R RS R R R R R R R R R R
(3 7) /Mass/same as gravity

This node codes 4 documents.
hhkkhkhkkdhkhkhkhkhdhhdbkhdhhkrrhrhhbhkhkhkrhkhkrhhkhkhkrhrbhbhhhkdkdhdrhhkdkhhkokhkhkhkdhdhkhdkhhddhkhkktxx
{3 8) /Mass/how much force is in object

This node codes 2 documents.
B S S R S R R T I L e e R L R R e e SR E E R R R R R R R R R R R EE R R R RS SRR R EEEEEERERE RS
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(3 9) /Mass/studied mass

This node codes 10 documents.
khkhkhkdhkhkhkdrhhkhkhkhhrbrhkhhbkrbhbkdhhkrhkhkhbdhhhhhhhkhkhbbhhhbbhbhhhhbhhhkhdhhhhkhdhhhhhhhkhkhhhkikhk ki
(3 10) /Mass/refers to the ball

This node codes 11 documents.

*ohkkhkhhkkk Ak ok hdkkhhkohkohdh ok khkkk ok ko ok ok kkokdkok &k k ok kok ok ok k ok kb ok ok kok ok k k sk ke k vk ok ke ke ke ke ok ko ko ok ke
(3 11) /Mass/how much of it there is

This node codes 2 documents.
hhkkhkkhkhkkhkhkhdhkhkhbhrbhkkhkhkhbhhkhkhkhbhrbhkrbhhbhbhkhbrhbkhbhbhkhkrdrhbhbkrhbdrhkhbbhhbhhbkhrbhhhhbdhkhdhhhhkhhhk
(3 12) /Mass/more mass=slower

This node codes 14 documents.

Ak hkdhhhkhkrhhkkhdrbhbhbdrhdbhbrbhkdbdhohrbhbdbhhkhhbhbhhkhhbrbhkhrbrhdhkhhkhhkhkhhhkhkhhkhkdhhkhdhdkdkdhkdhhkkhkkhkhkhik
(3 13) /Mass/doesn't change speed

This node codes 4 documents.

D R R R A B B 2 R R R R R e e 3
(3 14) /Mass/more mass=faster

This node codes 15 documents.

ok ke sk Kk sk s e ke sk sk sk e ke sk vk sk ke ke ke ke ke e ke ke sk ke ke sk ke ke ke ke ke ke ok ke ke ke ke sk sk ke ke sk ke ok ke sk ke ke ke ke ok ke ke ok ke Yk ok ke ek ok ok ke ke ke ke
(3 15) /Mass/makes paddle sag

This node codes 16 documents.

Jeodk ko ok ek ok ok ke ko sk ke ke ok sk sk ke ke ke ke ok ke ok sk ke sk ke ok Kk e ok sk ke ke bk ke ke sk ko kb ok sk sk b ok ok ok ok ok ok bk ok ok ke ok ok ok ok ke
(3 16) /Mass/forces downward

This node codes 6 documents.

ok hkhhkhkhkkhkhkhkhkhhhkhkhkkhkbhbhkhbhhkhhkhhdhdhhdhkhkhkhdhhdhkhhhkhddhkdhhdhkhkhdhhhkdhdhhkhkkhkdhkkhdhk
(3 17) /Mass/doesn't make ball go further

This node codes 2 documents.

* ok ok ke v sk ke ke sk ko e ke ke ke sk sk ke vk ke ke ke ke ke ke ok ke sk ke sk ke ke ke ke ke ke ke ke ok sk ke ke ke sk ek ke ok ke ke ok Sk ke ke sk ok ok ok ke sk ke ke ke ke ok ok ok ok
(3 18) /Mass/has matter, density

This node codes 4 documents.

B R N R R R R R e R I I I b i g b o S b I R L R
(3 19) /Mass/makes less bouncy

This node codes 2 documents.

Kok koK ok ok ok ke ok ke ok ok ke ke ke sk ke sk ke ke ke e ke ke sk ke ke sk sk ke ke ke ke sk sk ke sk sk ke ke sk e ke ke Sk ke ok sk ke ke ok sk ke e ok ok ke ke ke ke ok b ke ke ke ke ke ok ok ok ok
(3 20) /Mass/makes ball lighter

This node codes 2 documents.

B R R A e R R R R R R R R R R R R I I I I R I I I b I I I S I e I b I I I
(3 21) /Mass/more mass=more feel

This node codes 1 document.

ddk ko k ok ok ke ok ok ke ok ok ok ok ko ke sk ok ke sk ke ke ke sk ke ke ke sk s ke ok sk ke ke ok sk ke sk sk e ke de sk sk ok sk ke ke vk ok ke ke ke ke ok ok ke ke ok ok ke ok e ok &
(3 22) /Mass/everything around you

This node codes 2 documents.
hkkkhkhkhkhkhhkhhkhhkhrhkhbhkhdrhkhkhkhkhkhkkhkhkhkhkhkhkrhkhkhdhhkhkhkhkkhkhhbrhhbhhdhhhhhrhhdhhkhdhhhkkhdhdthhhkk
(3 23) /Mass/force of ball or paddle

This node codes 1 document.

hhkkhhhkdhkhdkrk bk khkhkhrhhbhrkhrhkrbhkhhkhbdrdrhhhhbhkhrkhhdhkhrhhhkhkhkhdhkhhdkhhhhkhkkkhkhhkkkkkk
(3 24) /Mass/related to gravity

This node codes 1 document.

R R R R R R R R E E R R R R i I I R I I I R I R R R R R
(3 25) /Mass/changes speed

This node codes 2 documents.
*hhkhkhkhkhhkhkhdkhhhkkhbhkrhrhkhhkrkdhkhkhkhhkrhhrbhhkhhhkhhkhhkhhhhhkhhhdhkhhhhhdkhhkkhhdkihkhthk
(3 26) /Mass/affects how paddle moves

This node codes 1 document.

R R R R R R E R R R R E R R R R R R R R R R R R R R e R R R R R R R R
(3 27) /Mass/mass and gravity are different

This node codes 2 documents.
B A R S e N e N A R R R R R L R R R R R N R S R R R R R R SRR R R R IR R R I e I
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(3 28) /Mass/= force

This node codes 1 document.

B R R b R R R R R e i L D I R I e e R I I e I S I 3
(3 29) /Mass/a sail

This node codes 1 document.

R R R R b g L e R e e D R I I b b b e S I I I
(4) /Sees

This node codes 0 documents.
*hkhkhkhkhkkhkhkhhkhkdhkhkhkhkhbkhkhkhkhkhkhkhkhbdhkhkhkhkhkhdhbrbhhkhbhbhhhkrhkbbbhdhhkhhhkhhhhdhhkhkkhkhkkhkhkkkkkhkhhkh
(4 1) /Sees/multiple balls, color change

This node codes 11 documents.

Kode Aok ko ke ke ok ok ok ke ko ke ke ok ke ke ek sk ok ok ke ke sk ke ke ke ke ke e vk sk ok ke ke otk ke vk sk e ke ke b ke e ke ok ke ek ok ke sk ke ke ke ke ke ke ke ke ke ke ok ke ok
(4 1 1) /Sees/multiple balls, color change/indicate
speed

This node codes 4 documents.

*k ok okkk ok k ok ok ok ok ok ok ok kkkok ok ok ok kok ok ok skt ko ko ke sk ek sk ke ke ke e sk ke ke sk ke sk ok ke ke ke ke ke ke ke ke ke ke ke ke ke ok ke ke ke ok ok ok ok ok ok
(4 2) /Sees/bent paddle

This node codes 21 documents.

sk sk e ko ke ke ke ke ke ke sk sk etk ke sk sk e ke ke sk ke ke ke ke ke sk sk ke sk ke ke sk ek ke ke ke ke sk s ok e ke sk ke sk sk ke ke ke ke ok e ke ke sk ke ke ke b ke ke sk ok ok ke ke ke
(4 3) /Sees/straight paddle

This node codes 20 documents.
Khkkhhkkhkhkhkhkhkhkkhkrhbhbhkbhbhhkdbhbhhhkhhbbrhhhbhhbhbbhdkhhkdhhbhhhhhkddhhkkhkhhkhkhkkdkhhkkdkdkdhkkt
(4 3 1) /Sees/straight paddle/paddle is harder, stiffer
This node codes 4 documents.

P R R R R E R R i i I I I R R b b b R R I I I I e o R e i
(4 4) /Sees/hanging or V paddle

This node codes 27 documents.

ok ke ok ok ok ok e ke ke ok sk R sk ke sk ke ke sk ke ke vk ke ok ke ke e ke ke sk sk ke sk ke ke ke ke ke e ke ek ke sk ke ke ke ke ke ke ke ke ke ok ke ke ke ok ok ke ke ke ke ok ko ke ok ok
(4 4 1) /Sees/hanging or V paddle/3 makes biggest V

This node codes 4 documents.
khkhkhkrhhhkhkrthhdhhhkhbrhbhkhkrhorbhhbhhhhrhdbhbhhkhkhdhhkhhkhdhdhhkhkhdkhkhkkhkhdkhkkdhdhhhkhkhdkkihkdkhhkkhh
(4 4 2) /Sees/hanging or V paddle/goes down farther

This node codes 1 document.

P R R e R R R R R R R R L E R R R R R R R R R R R R O R
(4 5) /Sees/leaves at the bottom of screen

This node codes 1 document.

P R R R R R R R R R E S R R R R B R R e R R R R R
(4 6) /Sees/makes dizzy

This node codes 1 document.
dkkhkkkhkhhkhhkhhkhhkhkhkhdkhkhkhkdhd ok kkdhkdhhhkhkhkdhdkhkkhdkkhkkkkkdkhk ok kkkkhdkkkkkdhkkhkkkokkkki
(4 13) /8ees/ball sticks to paddle

This node codes 12 documents.

B I S R g S e S R R 2 R R R R R R R R R R R B R I I I R I S g R b I I b I P I I I I b e e
(5) /Feels

This node codes 0 documents.

B R R e e R R R R R R R R R R I I L
(5 1) /Feels/feel it more

This node codes 9 documents.

B R o R R R R R R R R R R i A R R R R R R R R R A R R R RS R I
(5 2) /Feels/feels good

This node codes 5 documents.

B R e L R R R R R R R R R R R E R R R S R R R R R R SRR TR RS R RS RN
(5 3) /Feels/can't feel anything

This node codes 1 document.
kkhkhkdkhkhkhkdkkhhhkhkhkrhhhkhhhorhhhhhhhhbhhbhdhhhhhbhbhhhhhkhhhkdkhdhhkkhkhkhkhhddkkkhkkdx
(5 4) /Feels/can feel something

This node codes 7 documents.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



133

hhkhhkhkhkkhkhkhkhhhkhbhkrbkhrArdhkhkhkhkhkhhhhkhhdhhkhhhorhhhbddhdhkdhhkhhhkhhhhhhhhdkhkhkkhkkkdrkht

(5 5) /Feels/vibration when ball hits

This node codes 7 documents.

R R R R R I I e b b b b I b b
(5 6) /Feels/feel push, bounce

This node codes 8 documents.

R R R R R R R Rt I I R b O R b b L O I I S b b 0 Ik SR e 3 3
(5 7) /Feels/feel it less

This node codes 4 documents.

B o g i 3 R L e e S R i S Y I S S S S i
(5 8) /Feels/feels lighter

This node codes 10 documents.
hkkdhdhhhhkhhbhkdhhkhhbrkhkhdhkhrhhkhkhkhbhhhkhbhbdhhbhkdhkhkhhhhkhbhbhbhbhhkhhbhhdhhhhkhhhhhddkhkhkhhhkhokkxk
(5 10) /Feels/feels heavy

This node codes 16 documents.

ok ok kok ok ke ke ok sk sk ke ke ek ke ke e ke sk e sk ke ke ke ke ke ke ok e ke ke ke sk ke ke sk ke ke ok ke ke ke ke ke ke ke ke ke ke ke ke ke ke ke ke ke sk sk ke e ke ke ok ke ek ke ok ke
(6) /Motion

This node codes 0 documents.
hhkhkhkhkhkkhkhkrrhkhkhkdhbhbhbhhdbkhrhkhhkhkhhkbhbhkdbdbhhkhbhkhbhbbhbhbhhdhhkhkbhhkhbhhhbhhkhhkdhkhdkhkhkdhhdhk
(6 1) /Motion/Speed

This node codes 3 documents.

R R R R E R R R RS R I R R I 2 R I I I R R I I S I I I I I I e g b I S b S S U
(6 1 3) /Motion/Speed/more bounciness = more speed

This node codes 2 documents.

hhkhk Kk Ik hhkhhkhkhkhkhk ko khk ok hkhk ok ok dhk ko kohk ok k ok ko k ok k ok ok ok ok ok k ok hok ok ok ok ko ok ok ok ok ko ok ke ok ok ok ke ok ke ok ke ok ke ke ke
(6 1 5) /Motion/Speed/same as before

This node codes 1 document.

B AR R R e A A b bk R R A b S R b S I b b S I
(6 1 6) /Motion/Speed/fast

This node codes 32 documents.

B R R R R R R A I I R R R R R R R R
(6 1 6 1) /Motion/Speed/fast/faster coming down

This node codes 21 documents.

B IR I R R g S R I R I 2 R R R R R A R A R R R R R R R R R R R R R R R R R R R
(6 1 6 2) /Motion/Speed/fast/as fast as 3 and 4

This node codes 1 document.

Kok ok ok ok ok ok ok ok ke ke ko ke ke ke ke ke sk e ek ke sk Sk ke ok sk e ek ke ke ke sk ke ke ke ke sk ke ke ok ke ke ke sk sk ok ok ok ke ke ok ke ke ok ke ke ke ke ke ke ke ke ok ke ke ke
(61 6 4) /Motion/Speed/fast/4 is fastest

This node codes 10 documents.

B B e b b i S R i S g b b L b e S I R R R
(6 1 6 5) /Motion/Speed/fast/goes up faster

This node codes 12 documents.

IR I I I I R g i R b b b I I b b R I I I I
(6 1 6 6) /Motion/Speed/fast/1 is fastest

This node codes 3 documents.

dohk ok k ok dk ok ok ok ko kk ok ok ok k ko sk ok ok ok Rk ok ok ok ok ke ke ok ke ke sk ke e ke ke e ke ke ke sk ok sk sk sk ke ok ke ke ke ke ke ke ke ke ok ok ok ok ok ke ke ke ke
(6 1 6 7) /Motion/Speed/fast/3 is fastest

This node codes 8 documents.
dhhkhhkhkdhkhhkhdrhhkhkhkhkhkdrkhhkhrdhkdrhkrbrbhkhkhhkhhrrbdrrdrhhhhhhdkhkhdhkdhkhkhhkdhhhkhhkdkkhhhkhhdkk
(6 1 8) /Motion/Speed/medium speed

This node codes 12 documents.
kkdhkkhkhhkhkrhkhkhrrdhrbhkhhbhhbhhhkrhbkdhbhkhkhkhkhhhdkhhdhkhhkhhkhkhkhhkdhkhkhkdhkhkhhdhkhkokkkhkdhdhhkhkdhx
(6 1 15) /Motion/Speed/slow

This node codes 23 documents.

B R R R T R I I I R R R R R R I
(6 1 15 1) /Motion/Speed/slow/slower going up

This node codes 12 documents.
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khkdkhhbhk kb bk hd kbbb hkhbhhhkhkhkhkbhhkhhhhkhhhhhhkhkhkhhkhhhkdhhhkhdhhhkhkhhkhkhkhkdhhdkhkohkhkhhkkti

(6 1 15 2) /Motion/Speed/slow/slower coming down

This node codes 10 documents.
khkdhkhkhkkhhhkdkdhkhhkdkhhkhhkdkkhhdkkhkdkdhkdhhkdhdkhkkhkhkhkhhddkddhkhkkdhkhdhdhkhohkdhkhkhkkkhkdkdkkkdhtkh
(6 1 15 3) /Motion/Speed/slow/long time to come back

This node codes 17 documents.

ek Ak ke ko sk ok ke ke e e e ke ok sk ok ok ok Yk sk ke ke ok sk ok ok gk e ke sk ke ok sk ke ke sk ke ke sk ke ke ke sk ke s ke ke ke ke ke ke vk ke ke ke ke ke ok ke ke ke Sk ke ok ok ke ke ke ok
(6 1 15 4) /Motion/Speed/slow/2 is slowest

This node codes 1 document.
hkhkkhkhkhkhkhkhhkhkdhhhkhhkhkhhhhhhhhhrhhdhdhhhhdhdhdhhokkdohkhkhkhkhdod dohkohkd ko ddhdodk bk hkdkkhkkhkhhkhhk
(6 1 15 5) /Motion/Speed/slow/slows down over time

This node codes 4 documents.

e ok sk e e e sk e e e ke sk ke ke ko R ok e ok ok sk ke ke sk e e sk ke e sk sk ke ke ke ek ke e e ke ke ke ke ke sk ek e ke ke ok ke ke ke ok ke ok ke ke ok ke ok ke ok
(6 1 15 6) /Motion/Speed/slow/slow first-inertia

This node codes 1 document.

B T R R S N N R R Y I R i b R I I I O R I R R R R R R I T
(6 2) /Motion/Distance

This node codes 0 documents.

ook ok ok Kok ok e A ok ke ke o ok sk ok e vk ok sk sk ok sk ok sk kb b sk e b sk sk e e b e e ke b ke sk e sk e sk ke ke sk Sk ke ke e gk ke ok e e ke ek ok ok ko kK
(6 2 1) /Motion/Distance/controls speed

This node codes 2 documents.

ok ok ok sk ok ok T ok ke ok sk ek ke sk sk ke ke Tk sk sk ke R ok ke sk ke ke sk ke ke ke ke sk ke e sk sk ke ok e ke ke ok e gk ke sk e ok e sk ke e ke ke sk R e ok ke ke ke ke ke ke ok ke ke ke ke
(6 2 7) /Motion/Distance/goes far, high

This node codes 22 documents.

R R R R E E R R E R R R R A R R R L T R R
(6 2 12) /Motion/Distance/doesn't go very high

This node codes 15 documents.
*hkhkkhkkhkdkhhhkhhhkdrhhbhkrhhkhhkhkdkhhhdhhkhdkrhkdhkkhkkhkhhdkkhhdkhkhkhkhhkdkhhhkdkhhhkkhkshkkkkk
(6 3) /Motion/Floating

This node codes 1 document.

ok ok gk ok ko ko ko ok ok ok ke osk ke ke ok ke ok ok sk ke ke sk ke sk ke ok ke ke ke ke ok ek ok ok ke ok ke kK ke ok sk ok ke ok ok ke ok sk ok ok ke ke ok ke ke ke ok Kk kK ke ke
(6 4) /Motion/bounce/elasticity/inertia

This node codes 4 documents.

hkkhhkkhkohk ok k ok khkkhkhkdohhdhkdhhkkhhdkhd kkkkokdkhkdkdhhkhkdhdkkddhhkhhkhkhkkhkdkhkhkhkdhhhkhkhkh
(6 4 1) /Motion/bounce/elasticity/inertia/2 is the
bounciest

This node codes 16 documents.

etk ko ke ok ke s sk sk ke sk ok ke ke ke ok ke e ke e ke ke ke ke sk ke ke sk sk e ke ok ke ok ek ke e ke e R ke ke sk ke ke ke gk ke ke ke ko ke ko ok ke ke ok ok ok ke ke ok ok ke
(6 4 2) /Motion/bounce/elasticity/inertia/4 is least
bouncy

This node codes 11 documents.

ko kkhkFkkk ko kkk ko ok ok ok kok ok ok ks ke ok ok ko ok ke ok ok ok ko k ok ke ok ke ke ke ok ke sk sk ke ke ok ke ke ke ok ke ok ok ke ok ok ok ok ok ok ke ok
(6 4 3) /Motion/bounce/elasticity/inertia/Bouncy

This node codes 23 documents.
kkkhkkhkhkkhhkhhhkhhhrrhhhkhhhhhbhohhkdhhhbhbhbhhhhhhhhkhkhkhkdhkdhhhkdhhhhhkhhhhohkdkdhhkdkdhhkhk
(6 4 4) /Motion/bounce/elasticity/inertia/elastic force
This node codes 15 documents.

dededk ok h ok ook ko ok ko ok ok ok ok sk ok ke ok ok ke ke ke ke ke ke ke ke ke ko ke ke ke ke ke sk e ke ke ke sk sk sk ke ke ke ke sk ke ke ke ke ok ke ke ok ok ke ke ke ke ke ke ok ok ke ok
(6 4 5) /Motion/bounce/elasticity/inertia/not very
bouncy

This node codes 20 documents.

B R R R R R R R R R R R R R R R E R R R R R T RSN e R RS E R SRR SRR R R RS R
(6 4 6) /Motion/bounce/elasticity/inertia/bounces longer
This node codes 3 documents.

B N R R R E R R R R R LR R R R R R R R EEEE SRS SRR
(6 4 9) /Motion/bounce/elasticity/inertia/l is bounciest
This node codes 1 document.
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kok ok kok ok ke ok ok ke ke ko ke ok ke ke ke ke ke ke ke ke ki ok ke sk ok ke sk ke sk ok ok ke ke ke ke ko ke ke sk ok ke ke ke ke ok ok ke ke ok ke ke ok ke ke ke ke Rk ok ok kb ok ok ok ke ok

(6 4 11) /Motion/bounce/elasticity/inertia/in the middle
This node codes 1 document.

Kk hkhkhk kA hkdkrhhkddddhhhdhdhhhkdhdkhkdhddkhkdhhhkdhdkhkdhhkdhh ok dhhkkhkdhhkdhkhhkdhhkhkdkkhhkokdkdhkkhhkhhks
(6 4 22) /Motion/bounce/elasticity/inertia/inertia

This node codes 3 documents.

sk g e sk ok sk ke sk ke ke ke ke sk ke ke ke ke ke sk ke ke ke sk sk ke ke sk ke ke sk e ke sk e ke sk ke ke sk ke ke sk ke ke ke ke ke ke ke ke ke ke ke ke Sk sk ke sk ke Sk ke ke ke ke ok ok ke ke ok
(6 5) /Motion/acceleration

This node codes 3 documents.

*hk kR Kk KA Kk hhkhhkdhkhhk ok hhkhkhkdkhkhkhkdkdhhhkhohkohkhhhkhk ik hkhhkhokokhkhkdhhhohkkd ko hkkde ok kb kb khkk ko
(6 6) /Motion/doesn't keep bouncing

This node codes 1 document.
hkhkhkhkhkhkkrhkhkhkhkrhbhkhkhhhhkhhhbhbhdhkhbhhhbhkhkdohhhkhkkhkhkhkdhhkhkkhkdhhdhhkdhhkhkhkhdhhkhkkdhhkhkkkhhkkhkhhi
(6 7) /Motion/can't control ball

This node codes 1 document.

PR R R R R R i i i i i A A B B I R b e D R R I L I e I b I R I b 3
(7) /Force

This node codes 1 document.
hhkhkhkhkhhkhkhkhkhkrbhkhkhkhkhkhhbkhkhkhhhbbhkhrhbhdhhkrhkhhohbkhkhbhbhbdbhbhbhhhbhbhkhbhhhbhkhhhbhhdhhhhhhkhhkkkdik
(7 1) /Force/don't have to hit as hard

This node codes 17 documents.

ek ok ok ok ko ok ke ke ok ke ke ke sk sk e e e ke ke e e ke ke sk ke e e ke sk sk ke ke Sk e ket ke ke sk s e ke ok ke ke s Sk ke ke sk ke sk ke ke ke ke ke ke ke sk ke ok ok ke ke ke ke ok %
(7 2) /Force/force controls speed

This node codes 12 documents.
khkhkhkhkhkhkhkhkhrhhkhhkrhhhbdhhbhdhhhkhkhkhbhbhhrrbhhbhkdhbhhdhhhhhkhhkhkhhkhhkdhkhkdhdhhhdhkdhkdhddhkhhkhkd
(7 3) /Force/force controls distance

This node codes 14 documents.

Hook v vk ke ke ok vk e ke ke ke vk e ke ke sk sk ke ke ok Tk sk ke sk ke ke ke Sk e ke e ke sk ok sk sk Sk ok ke ke sk sk ke ke ke ek ok ke ke ke sk ke ke ke ke ke ke ke ok ke ke ok ok ke ok ok ke ok
(7 4) /Force/the force is the same

This node codes 5 documents.

R A R R R R R R R R E R E R E R R R R R i I R I I R R R R i B e i
(7 5) /Force/harder to move

This node codes 20 documents.

ok ok ok ke ok gk ke ko ke ke ok ke etk ke v sk ke ke ke ok vk sk ke ke ke ke ke sk ke sk ke ke sk sk ke ke Sk ke ke ke ke ke ke sk ok ek sk sk e ke ke ke sk e ke ke ke sk ke ek ke ke ke ok
(7 6) /Force/forcing me back

This node codes 3 documents.

ok khkhkhkhhkhkdkhrhkhbhrrkhbhkrhkhhkhrhkhkhdhhbhhkrhkhkhhkrdhhdhhkhhhdhhkhdkhkhhhhhhhdkdhhixkhhkkkkhkkhkhkk
(7 7) /Force/drags me down

This node codes 3 documents.

Kk hkhhkhhkkkhkhhkhkhhhkhdhhhkhkhkdohkdhhhdhhkdkk ks kohkdhkhkkhhhkh ko kkhhhkhkhkkhdhdhkhkhkdkkhkkhdkhkdhhkhkk
{7 8) /Force/hit it hard

This node codes 25 documents.
*hkhkhhkhkhkkhkrkhkhkhkhkrrhbhkkhkdrhhhkhkhhkdkhhhhhkhkdhhdhdhkhhohkdhdhhkhkhkddhkhdhhkhhkkhkdhkdhkkdkhkkhdkhdhtkhkx
(7 9) /Force/ball moves mouse/paddle

This node codes 4 documents.

R R N R R e R R R R R E R R R R R R R R A R R R N R R R R R
(7 10) /Force/the force is less

This node codes 4 documents.

R R e R R R R R i R B R R R R B I R R R R
(7 11) /Force/need to hit it hard

This node codes 23 documents.
************************************************************************
(7 12) /Force/force controls bounces

This node codes 5 documents.

B R N L R R R R R R R R R R R R 2 R E E E R R R R R R EE R EREREEEEEEEEE R
(7 13) /Force/didn't hit hard

This node codes 14 documents.
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khkhkhkhhkhkhhkhhhkkhbhkhkhkhhkhbhbrkhbhkhhhbbhkhbhbhkhhbrhhbhbhhhbhhhhkrhdhhhhhhkhkhkhhhhkdhhhhhdkhhhkhkhkk

(7 14) /Force/more force creates more force

This node codes 3 documents.
*hkhkhkhkhkdhhhhkhkdkdhbhbhhkdbkhhbhhbdhkhhhhkhkhrkhhbhhhbhbrhkhhbhkhhhbhbhhhbhdbrbrbhhhkddhhhhhkhhhkhdhdrhkt
(7 15) /Force/ball hits paddle hard

This node codes 2 documents.

P R R R R R R R i I g I I I e g I b b b I I I 3
(7 16) /Force/a push or pull

This node codes 8 documents.
R R B A 2 kA I L I S I 3 3

(7 17) /Force/gravity

This node codes 5 documents.

AhkhkhAhA A bbb dd bbb bbb hdddbbbdddbddbrbrdbbbrbhbbdbdddbbbrhbbdhdbhbbddhkhbhdkddhhhhhddhdhdkhkk
(7 18) /Force/makes us move

This node codes 1 document.

Fok ok ok ok ok ok ok ok ok ok ok ok ko ke ko ke ok ke ke ke sk ke ke sk ke e kR ks ke ke sk ke ke s sk bk ke ke sk sk ke ke sk ok ke ke ok ke ok ke R ok ke ok ok ok ke k h ok ke ok ok sk ok
(7 19) /Force/strong object

This node codes 1 document.

Kk ok ok ok ok ok ke ok ke sk ke ke ke ke sk ke ke ke ke ke ke sk ke sk Sk ke sk ok ke ke ke gk Sk ke ke Sk ke ke ke sk ke ke ke ke ke ok ke ke sk ke ok sk e ke ke ke ke ke ke ok ke ke ke ok ke &
(7 20) /Force/coerce

This node codes 3 documents.

P R R R R R R R R R R R B I I b R I I e e o R 3
(7 21) /Force/protecting

This node codes 2 documents.

hok ke ok ko k ok ok ok ok ko ko ko kok ok ke ke ke ok sk ke ki ok ke ke ks ke ke ke ke ok ke ke ke ke ke ke ke ks ke ke ke ke ke ke ke ke ke ke sk ke ke ke ke ek ke ok ok ke ke ok
(7 22) /Force/momentum

This node codes 1 document.

ek ok ok ok ok ok ke ok ok ok ok ke ok ke ke ke ke sk e sk sk ke sk ke ke ke ok sk ek ke ke ke ke ke ke ke ke ke ke e sk sk ke ke ok ke e ok ke ke g ke ke ke ke ke ke ok ok ke ke ok ke ok ok ke ke ok
(8) /Weight

This node codes 0 documents.

B I I I I N R R R R R R R R R R R R R R R ERE SRR R EREEESEREEEEREEREEREEEEEREEE RS
(8 1) /Weight/heavi(er), heaviness

This node codes 27 documents.
hhkkhkhkhkhkhkhhkrdhkhhkhkhkhrhkhkdkrdhhkrbhhkhhkhkrhhbrbkhkhkhkhhkhbhkhkdhbhhbhkhdhhkhhhhdhhhhdhhdkkhhhsk
(8 2) /Weight/3 is heaviest

This node codes 8 documents.
dhkdkhhkhrdhkhkhkhkdkhkiArrhhbkhhkhhdrhkhrhbrrkhbhhkrhhbrbdhbhhhhkhkhbhhhdkkhhkhkohkhhkhhkkhhkhkhkhhkdhkkhhih
(8 3) /Weight/bigger

This node codes 1 document.

B N TN R St S Y Y T I N O g S S R i I S L R S R R R R T R R I R R R R R R R T R R R R
(8 4) /Weight/causes paddle to sink

This node codes 10 documents.
hhkkhhkhkhkhhkhhkhkhhkhkhkrhhbhhbrhkhkhkrhkhbrkhkhrdhhhkhhkdhhhdkdhhkhhkhhhkhkhkdhhkhohdhkdhhhkhkdkhhkhkhrhhhsk
(8 5) /Weight/heaviness makes it slower

This node codes 1 document.

P R R R R R R R R R e R R I I I O e b b g e A R e b e R R U 1
(8 6) : /Weight/heaviness makes it (fall) faster

This node codes 3 documents.

R R R R R R R R R I R R R R R R R R R R R R R R R R R R R R R R
(8 7) /Weight/damping and/or stiffness make it heavier
This node codes 2 documents.
kkkhkkkhkdkhkhbhkhhkrbhbrhhdhhhkhhkhkrdrhhbdhhbhkbdhkhhhrrhhhhkkhhkhhhkhhkhhkhkhdhhhhkhkhhkkhkhkkhkkkhkhk
(8 8) /Weight/more makes it bouncier

This node codes 2 documents.
hkkokdkdkkkhkhhkhkhhkrhhdhkhkhhrrdrhhbhkhbrhhkhbhhkhhdhhbdbhkhhhbhhhrhkhbhhhhhhbhhkhkdhhhhdhkkhddrk
(8 9) /Weight/middle weight

This node codes 3 documents.
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hhkkhkhkkhkhkhhhkhhhhkhkhhkhhkhkhbhkhbhkhkhkdhhhdhhrbhbhkhbrhrhbdhhhhhhhdhdhdkhhkhkdkhdhdhhdhhhdkhtdhit

(8 10) /Weight/4 is heaviest

This node codes 6 documents.

B T i b b i R R I I R R I e R R I 2 I o
(8 11) /Weight/weight=mass

This node codes 12 documents.

ko ke ok ok oh ok ok ok ok ok sk ke ke e ke sk ok sk ke ok e skt ke sk sk ke ke sk ke sk sk ke sk ok ke e sk sk sk ke e ke ke ke sk ke ke ke kR ke sk sk ke e ke ke sk Kk ok ok ke ke sk ke ok ok ok ok ok
(8 12) /Weight/refers to ball

This node codes 1 document.
R I R R S S I I I b b i Y e R I I I 3

(8 13) /Weight/weight=force in things

This node codes 2 documents.

Kook ko ok ok ok ok ok sk ok ok b bk ke ok ok sk sk sk sk Tk sk sk sk sk sk sk Sk ok ke sk ok ok sk ok ok Tk ke ok sk ok ok Sk ke gk ok ok ke ke ok ok sk ke ke sk ok vk ke ko ke ke ok ke ok K
(8 14) /Weight/light (er)

This node codes 15 documents.

dek Kk ok ok ok ok ok ok ke ks ok ke sk ke ok ok ke ke ke ke ke ke ke ke ke vk ke sk sk ke gk ke Sk sk vk ke sk ok ek sk e ke ke ke ke ke ke e ke ke ke ke ke ok sk e ke ke sk ok ok ok ok ke ok ke ke e ok
(8 14 1) /Weight/light (er)/lighter=easier to bounce

This node codes 2 documents.
khkkhkhkhkhkkhkhkhkhkhkdhhkkhkhhkhkhbhrhddrhbkhbhbhkhhrbhhhbhbbhbhhkhkhhkdhhhhkhhhdhdohkhhhdhdkhdhkhkdkhhdkhkkhkhik
(8 15) /Weight/=matter

This node codes 1 document.

kkdk ok ok ok ok ok ok ok ok ok ko k ok ok k ke ok sk ke kR ke sk ke ke ke kK ke ke ke sk ok ke ke ok ke kR sk ek ke sk sk ok ke ke ok ke ok ke ke ke ok ke ok ok ok ok ke ok ok ok ke
(8 16) /Weight/=pull of gravity

This node codes 7 documents.

hhkhhkkhkhkhhhkhkhkhh ok hh kkd ok sk kkok ok ok ok k ok ok kk ok k ok dh ok kk ko ko kkok kk ok kokok ok ok ok ok ok ok ok ok ke ke ke ke ok ok ok ok ok ke ok
(8 17) /Weight/how much person weighs

This node codes 1 document.

hhkhkhkhkhd kb hkhkhkhkhkhhhbhhhdhdhkhhhhhhkhhhhhdkhhdhdddhdhdbhbdhkdbdbbhbhbdbhdbhkhbdhdddbdtst
(8 21) /Weight/mass & gravity = heaviest

This node codes 15 documents.

sk sk ok vk ke e e s sk ke sk ok ok ke ok e ke ke ke ke e sk sk sk ke sk sk ke ok sk sk s gk sk sk ke sk ek ke ke ke ke ks ke ke ke e ke ke ke ek ke ok bk Rk ke ke b ok ok ok ke ok kK
(8 21 1) /Weight/mass & gravity = heaviest/50-50
mass&gravity

This node codes 2 documents.

dhkkhkhkhkhkh bk hkhkhkhhrhkhkkhdhkhkhkohkkkkhkk ok khkhhkhkdhhhkhhkhhhkkhhkkdkdhhkhkkdhdhhhhdkhkhkkdhhkkhkhkk
(8 21 2) /Weight/mass & gravity = heaviest/lots of
gravity = a lot of weight

This node codes 2 documents.
hhkhkhkhhkkhkhbkhhkrkhkhkkrhhrhkhbhkrkhbhkhkhkbhkhkdbhhkdhkhkhdhhbhbdhhhodbrhhbhkhdhirrhbhhkhkhhhkhbhkhhkdihdk
(8 21 3) /Weight/mass & gravity = heaviest/weight depends
on gravity

This node codes 1 document.
hkkhkhkhkkrhkhkhbhkhkhkhkhkhkrhhrbrbhrrhhhbhhkhkdbhhkhkhhkhhhhhhkhhkhhhhkhhhdhhkdhhhhhkkhkhhkhhdkhkithkk
(10) /Repeated experiment

This node codes 19 documents.

ok ok ok ok ok ok ok ok ok ke ke ok ke ok k ok ke ke ke ke ke ok ke ke kR ok ke ke sk ok ok ke ok sk ok ke sk ek sk kR ok ke ke ke ok ke sk ke ok Kk ok ke ok ke ok sk ke ok ok ke ok ok ok ok ok ke ok
(11) /Metaphors and similes

This node codes 1 document.

hhkkhk Ak kA hdhkhhkhkhk kA hdddddbdbdrhbrbhbbbdbbbdbbdbddbbdbbbdhhdrbrhbdbbdbbbbbbbbdhrk
(11 1) /Metaphors and similes/like ping pong

This node codes 3 documents.
hkkhhkkhkkkkhkhkhhkhkhkhhkhkhhhkhdhhdbhkhhkhkhbhdhkhdhhhkhkhbhhhbkhhhbhhhkhkhkrkhkkdkhdhhkhkhkhhkhkdkkdd
(11 2) /Metaphors and similes/like trampoline

This node codes 3 documents.
dhkkkhkhkhkdhhkhkhkhkhkhkhbhhdkhhkhhkhhkhhrbhhkhkhhhbdhdhkhhhhhkhdhdhkhhkhkdrhbhhkrhkdddhdd kb hhdxtx
(11 3) /Metaphors and similes/ball doesn't want to go
away
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This node codes 2 documents.

B R A I R I e R L e I I O I I R e
(11 4) /Metaphors and similes/like being shot at

This node codes 1 document.

B A AR g R R R R R R R R I R R R A I R R L I e I
(11 5) /Metaphors and similes/like a slingshot

This node codes 8 documents.

Heodk e ok ok ok ek ok Sk kS e sk Sk Sk otk sk ok sk sk ke ke sk sk ke ke ok ke ke Tk sk sk Sk e ok vk ke ke ok sk ke ok sk ke ok sk sk ke ok b sk ke ok ek ke ke ke ke ok ke ke ok ke ke ke ke ok
(11 6) /Metaphors and similes/pushed into a hole

This node codes 1 document.

ok sk deok e Sk ek ke ke sk Sk ke ke gk ek ke ke e ek ke ke ok sk sk ke ke ke ke ke ke ke sk sk ke sk Sk ke ke ke sk ke ke ke ok ke ke sk ke ke ke ke ke ke ke e ke ke ke ke ok ke ke ok ok ke ke ke ok
(11 7) /Metaphors and similes/feels like moving 100#
cat

This node codes 1 document.
hkhkhkhkhkhkhhkhkkhkhkhkhhkhkhkkhhhkhhkhhhkbhhkhhhhhhkkhhhkdohdhdhhkhhkdhohkhkhkdhhkhhkohhhhkohkdhdhhdhohhkikhhik
(11 8) /Metaphors and similes/feels like weight-lifting

This node codes 1 document.
hkkhkkkkhkhkhkrhkhhhhkhkrAhkhbkhkhkhbhhbrhohkhkhhhhkhkhkhhhkhkhkbhhhkhhohbhdhhbhbhhdhhdhhhhhhkhhkhkkhkdxkhkkhk

(11 9) /Metaphors and similes/like a boulder

This node codes 1 document.

R R R R R R R i I A A g I b I R L L I g R g e b b b e I e 3
(11 10) /Metaphors and similes/like a bomb

This node codes 1 document.
hhkhkhkkhkhhhkhkhkhkhhkhkhhhkhkhhbhhkhkdhhhkdhdhhhhhkdhhkhkdkhhdhhkhkdhkdhkhkhhkhkhhkdhhkhhkhkhkhkhhhkhkhkhidkhkhk
(11 11) /Metaphors and similes/like a bulldozer

This node codes 1 document.

ok e hodk ko ok ok ok ke ok kot ok sk sk ke ok ke ke vk e ke ke ke sk ke sk R e sk ke ke ke sk sk sk ke ke ok e sk ke ok sk ke sk sk ke ke ke ke ke ke ke ok e ke ke ke ke ke ke ok ok ke ok ok ke
(11 12) /Metaphors and similes/like a pebble

This node codes 1 document.

deok ok ke ok ke ok ok sk ke ok ok sk sk sk sk ok ke ke sk ke ke ke Sk ek ke ke ket ke ke ke ke ke sk ke ke ok ke sk ke sk sk ke ke ke ek ok ke ok gk ke bk ke e ke ke ok ke ko ke ke ke ke
(11 13) /Metaphors and similes/like the Roadrunner

This node codes 1 document.
*hkkhkdhkhkhkkhkdhhkhkhkrkhkdhhbhkhhkhhbhkhhkhbhkhbhbhbhhhhrhhkdkhkhkhkhkhhhkhhhhkdhkdhdkkdhhkhkhkdhhkhhdhkhkhhik
(11 14) /Metaphors and similes/like a catapult

This node codes 1 document.
hhkhkkhkkkhkbkrhkhkdbbhhbhbhdhhdbhrbhkhkhhbhkrhbhkhbhhkhhbhhkhbhkhkhbrbrhdhhbhdhhkhbhbkhkhhkhrhhhkhhbhdhdhkhkdhhkhhkhi
(11 15) /Metaphors and similes/ball doesn't let paddle
hit it

This node codes 1 document.

B R N R R R R R R R R R R R R R R I R B R
(11 16) /Metaphors and similes/like water

This node codes 1 document.

R R E R R E R E R R R R R R R R R R R R R R R R R EEEERER R R SRR R EE R
(11 17) /Metaphors and similes/like paddleball

This node codes 2 documents.
*kkhkhkhkdkhhkhhdkhhkhkdkhdhhkhkhhkkdhkhdhhkhkhhkhkdhhdkdkhkhkdhhkdkdhkhkhhkddhdkkdhdkhkhkdhdhdhhkkhhdhhdix
(11 18) /Metaphors and similes/like a torpedo

This node codes 1 document.
B T T R I g N e T I A e 2 2 I I A I R R R R R R R R R R SRR R R R R R EEEE R R R RS

(11 19) /Metaphors and similes/like a curtain

This node codes 1 document.
hkdkhkhkdhkhkhkkkhkhkhkdkhdk khkhhk sk kkhkkkkkdhdh ok ok ko hkdhkhkhhkhkhkhkhkkkkkkhkdkkhkkkkkhkhdkhhkkhkkk

(11 20) /Metaphors and similes/like jumping on the bed

This node codes 1 document.
Ak hkhkkhkhkhkrhhkhkhkhkhkrhkhhkhkhkrrrkhkrkrbrhkrkhkhbhbhbhkhkhhhkhhhhkhhhhkhkhhkhkhkrbhkhhhkhkkhhhkhhkdkhkhkhhhdhk

(11 21) /Metaphors and similes/like a comet going up
This node codes 1 document.
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ko ok de ok ke ok ok ok ok ok ke ok ek ok ok ok ke ke ke ke ke sk ok ke sk ke ke ok ke ok ke ok ok ke ke ke ok ke ke ke ok ok ke sk ok ok ok ok ok ke sk ok ok ke sk ok ke sk sk sk ke ok ke ke ke ke ok K ok

(11 22) /Metaphors and similes/like the speed of light
This node codes 1 document.

B Y R g N R R R R R R R R R R R R R I R R R R R R R R
(11 23) /Metaphors and similes/like a spring

This node codes 2 documents.

Kk ok kokdkkkkh ok hhkk ko hkhkhkdk ks dk ok k ko hkkdhkdkhkhkkkdrk ok dkkhkkdkhkkdkk kokhdk kokkok ok ok okk ok hok ok ok k ok
(11 24) /Metaphors and similes/like a cub and its mom
This node codes 1 document.

R I I L I b b b T i I I o b b I I 2 2
(11 25) /Metaphors and similes/like being at mall with
adult

This node codes 1 document.
hkhkhkkhhkkrAhkhkkhkhkhkrhkhkdbhhbhkhkhkhbkhbhkhhbrbhdhhbhhhhkdohbhkdhhbhrhdhhhbkrbhhhhkhrhhkhhdhhkhhhhkdhkkhkdikhhk
(11 26) /Metaphors and similes/like a hammock

This node codes 1 document.

ok ke g Fok ok sk e ke ok ke ke e ke ok e sk ke ok ek sk sk ke ok ke sk ke Sk ke ke sk ke ke ke e ke sk Sk sk sk e sk etk Sk ke ke sk ke ek ok ke ok ke ke ke ok ke ok ke ok ke ok ke ke ke ke ok ok
(11 27) /Metaphors and similes/like a rubber band

This node codes 3 documents.

ok kok ok ke ke ek ke vk sk ke ke ke ok ok ke ke ok kR vk ok sk sk ok ok sk ok ok ke ke ke sk ke sk sk ke sk sk sk vk sk ke ke sk ok sk ok ok ks ok ok b sk ke ok ok b e ok ok ke ok ok ok
(11 28) /Metaphors and similes/compare to various kinds
of balls

This node codes 3 documents.

hhkdkhkhkhhkdkhhkhkhkhkdhhhhkddhhhhkhohkhkhdhdk khkdkhkhhkhkhkdhhkhdkhhkdhhhhkhkkhdhdhkhhkkhkhhkhkkdkkkhkhhkhkkkhkdk
(11 29) /Metaphors and similes/like lightning

This node codes 1 document.
*hkkkhkhkhkhkhkhkhkhkbkhkhhbkhkhbhbhrhkhkhkhbhkhhhkdhkhkhbhhbrbhhkhbhhkhbhbrbhbdhbhkhbhbhdhkhhdhdkhrkhkdhhrhhhkhkkhk
(11 30) /Metaphors and similes/immune to gravity-goes
far

This node codes 1 document.

Fhhkdkhkhk Ak hkkhhhkhkhhrd kb d kb k bbbk bk dbb kbbb dook sk e dosk s e ok ok e ok sk e ke ke ke ke ke ke ke sk ek ke ke ke ok ke ke ke ke ke ok
(11 32) /Metaphors and similes/like a magnet

This node codes 1 document.
*hhhkhhkhhkhkhhkrhkdhrbhkhhkhkdrdhkrdhbrdhhhkrhkkhkhkhhkhkddhkhkdhhhkhhhkhdkhhhkhdhhhhdkkhkkkhhkkhdikk
(11 33) /Metaphors and similes/standing against wall
This node codes 1 document.

ok ke ok ok vk ok ek ke ke s e ke ok sk sk sk ke ke sk sk ke ok ke ok sk ke e sk e ke sk ke ek ek ke ke ok ke ke ke ke sk ke ke Rk ke ok ke ke ke ke ke ok e ok ke ke ok ok Rk ke ok ok
(11 34) /Metaphors and similes/like throwing a rock

This node codes 1 document.

B R R e O R R e R E R R R R S R R AR R R R I R R R R S R R R R S R &
(12) /attitudes and learning

This node codes 0 documents.

R R R R R R R R R A g I g R I S b b R i R O g S R R S R R R R R
(12 1) /attitudes and learning/liked it, fun, cool,
etc.

This node codes 34 documents.

hkhkkhkhh Ak hhkdkdkkhkhkhkhdkdkkdekdhdhdhdhdhhdhkkdhhhkhhhdhdkhkdhkhkhhhkkkdhhkhkhkdhhhkhkhkkhkhhkhkkhhkkkk
(12 2) /attitudes and learning/like a game, playing
This node codes 11 documents.

ok hkkkhkkhhkhdhkhkhkhkhkhkhkhkhhhdhhbhkhbhrhhhhbhhkhkhdhhkhdkhkhkdhdkhkhdkhkhkhhkdhhkdkhhhdhhkhkkhkhkkkdhkidk
(12 3) /attitudes and learning/like science

This node codes 6 documents.

Ahkdrhkdd bbbk h bk dhhkhkhkhhhkhdkhkhkkhkhkhkdkkhkkdhhkhkkhhdkhkkkhkkhkhkhkhkkhhhhkhhodkkhkkhhdkdhkhkx
(12 4) /attitudes and learning/like learning

This node codes 5 documents.

B R N R R I R R R R R R R R R R R RS R

(12 5) /attitudes and learning/likes doing experiments
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This node codes 6 documents.

B T R S e N T e 3 S R R L R R R R R E R E R R R R R I R R B R R R R i
(12 6) /attitudes and learning/writing helps me learn
This node codes 1 document.

B S T I e S e N R R R R R R R i I R R R R
(12 7) /attitudes and learning/liked being able to feel
changes

This node codes 5 documents.

khk ok ok k ko ko dkk ok ok ok ok ok ok ok ok hok ko sk ok sk ok ok ke sk ke ke sk ok ok ke ok ok ke sk e sk ke ke Sk sk ke ke ke ok ke ke ok ke ke ke ke ke ke ok ke ke ke ok ok ok ke ok ke
(12 8) /attitudes and learning/not good at
mass/gravity/science

This node codes 1 document.

R R R R R R R E R R R R R R R R R R R R o R B R R R R R
(12 9) /attitudes and learning/makes science easier to
learn

This node codes 1 document.

deodke de ek ke ok ke ke ok ok ke ko ke ek ke ke e ke ke ke ke sk ke ok sk ke ke Yk ke sk ke sk ke ke sk ke ke ke sk ke ke ke ok sk ke sk ke e ke ke ok ke e ke ok ke ke ke kK ok ke ok ok ok ok
(12 10) /attitudes and learning/learned what mass and
gravity are

This node codes 4 documents.

dek ok okok ok ok ko ko sk ko ke ok ke ok ok ok ok sk ok ke ke ke ke ke ke ke ok ke ke ke ke ke sk ke ke ke e ok e ke sk ke ke e ke ke ke ke ke ke ke sk ke ke ke ke ke ke ke ke ke ke ke ke ke ok
(12 11) /attitudes and learning/liked getting out of
class

This node codes 1 document.
khkhkhkhkhkhhkhkhdkhhhhhhdkhhkdhkhkhhkhkhhk Kk hkkohkhd ok kodkdkokkhokdkhkhdkdkdhohkdhdkhkhkhhkhhkhkdkhhkdkhhdi
(13) /Equality/inequality/opposites

This node codes 16 documents.
AhkhkhhkAhkkhrkhhhkrAhbrrhdbrbrhkkbrrbhhkhbbdrhbddhhkhhdkhhhhhhhkhkhkhdh khkhhkhhkhkhkdhdhkhkhhikhkdhkkhkdk
(13 1) /Equality/inequality/opposites/results of 5 & 6
similar

This node codes 1 document.

deodk ok okok kg ok ok ke ok ok sk ok ke ke sk ke ek ok ke ok ek sk Rk ke ke ke ke ke ke ok ok ke sk ke sk e ke ke kR ok ke ke ke ke ke ke ke ko ke ke ke ke ke ke ke sk ok ok ok ok
(14) /math/measurement/units

This node codes 6 documents.

Kk khkhkhkhkkhkhkhhhkhkhkhhhhkhkdkh ik dhdhhkhkhhhhdhhkhdkhhkdkh bk hkhkhkhhhkohkhkhdhkhkhkdhdkhkhdkkhhkkkhkk
(15) /FF

This node codes 17 documents.

B R T T T T e S e R R L R R R R R R R R R R R R R I R
(15 1) /FF/have to hold paddle

This node codes 4 documents.

kdkdkkrkhkhhhkrh kb hkkhkhhkhk Ak rkrrrrhhhkrkrkrkhrrkhkhkhkhkhkhkhhkhkhkhkhkkhkhhhkhhhkdkhdohhhhdkhhkrkdkkkd
(15 2) /FF/Ball slips off paddle

This node codes 1 document.

Ak khkhkrhrhkhkhkhkhrhkbhkrkdhkhdbhrkhkdhhbhkhhhhkhkdrhkhkhkdhhkhkhhkhkhhdhhhkhhhkhhhhdhhdkhhkhkhhthkkhhkdthid
(15 3) /FF/hand feels weird

This node codes 1 document.

N R R R R R R R R R R R R R R E RS B R I R R R R TS T A R R R
(15 4) /FF/tired

This node codes 1 document.

kA A AR A A bbb b dr kb kb r bk bk kb dhkdhkhkd kb hkhbdhkhk bk ko hkhhkdhkrhhhkhdhhhhrhrhhhdhhhrhkhkxr
(16) /no FF

This node codes 17 documents.

Ik hkrkhk bk hkhhdhkkhhkkhhkhkhkh ko khk ko hkkdkkkhkhhkokkkkkhkhkdkkhkhkhkdhhkhkkdkdhhdhdkhhkhkkkhhdhkhh
(16 1) /no FF/no need to hold mouse

This node codes 2 documents.

kdkokhhk ok hkkkkhk gk hkkdkkh ok kokhok ok ok ok kok ok ko kok ok ok ok ok ok ok ke ke ok ok ok ke ok ke ok ok ke ke ok ok ke ke ke ok ok ok ok ok ok ke ok ok ke ok ok

(20) /base data
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This node codes 0 documents.

B R T B R R R i I I A b b b b g I I I R e I I 3 I I R R
(20 1) /base data/CONTROL

This node codes 0 documents.

B R R R e R R R R R R R R R I I e e I I I I I b g b e I b I 2 e e
(20 1 1) /base data/CONTROL/Y

This node codes 17 documents.

sk ok ok ek sk ok ke ke sk ke ke ke ke ke ke ek sk ke ke ke ke ke ke ok ke ke Sk ke e T sk ok ok ok ke ok ok ke sk ok ke ke ke ke ke ke ok ok ke vk ke ok sk ok ok ok ok ke ke Kk ok Kk Kk
(20 1 2) /base data/CONTROL/N

This node codes 17 documents.

B R I R R R i I I B A R A R R R R R R R R R R R R AR SRR R TR R R R EREREREE RS EE]
(20 2) /base data/GENDER

This node codes 0 documents.

kkkkkhkhhk ok hdkhhkkhkkokkkdk ok k ok ko kkkhkk ok ok ok k ok ok ko kok ok oh ok sk ok ko k ok ok ok ok ok ok ok ok ke ke ok ok ok ok ke ok ke ok ok ok ke
(20 2 1) /base data/GENDER/F

This node codes 16 documents.

B i g S b g R
(20 2 2) /base data/GENDER/M

This node codes 18 documents.

ko khkhk ok kok ok hkkhkokh ko h ok ok okkk ok okok ko kok ok ok ok ok ok ke ko ke ek ke ke ok ke ke ke ke sk sk ke ke ok ke ok ke ok ke ke ok ok ok ok ke ok ok kX
(20 3) /base data/SCHOOL

This node codes 0 documents.

B R R R R g S R R R R R R R R R R R I
(20 3 1) /base data/SCHOOL/C

This node codes 15 documents.

Ak khkhkkhkhdhhkhhkhhkdhkhkhkhdkhkhhkhkhhhkhkhkdhhkohkhkkokdkdkhhkdkhhkhkkhhkhhkhkhkhhkkhhdkhkhkdhkkhkhkhhk
(20 3 2) /base data/SCHOOL/B

This node codes 8 documents.

TR 3 B TR R Y R T S A g R R R R R R R R R AR TR R EE S EES AR SRR SRR R R RS
(20 3 3) /base data/SCHOOL/D

This node codes 11 documents.

khk Kk hkhkhhhhkdhkhkdhdkhkdkhkdhkhrhrhhkhbdhhkhkhhkhbhhrkdkhhkkhhkhkhhdkhhdhhhhkdhkhkohkhkhkhkskhhhddkhkdkkhtk
(20 4) /base data/PREF

This node codes 0 documents.

B R R R R R R R R R E R R SR R R R R R R R R R R R R R R SRR R SRR R RS R
(20 4 1) /base data/PREF/VA

This node codes 5 documents.

R R R R R R R E E R R R R R R R A R I R R R R R R R R R R R R R R
(20 4 2) /base data/PREF/V

This node codes 21 documents.

kkdkhkkhhkhkhkhkhhkhkh kb khkkhdkhhkhhkhkhkkokkhdkhkdkkkhkdkkhkdkhohkhhkhkdkhkhkdhkdhhkhkdhkdhkhhkhhdhkhkhhkdkik
(20 4 3) /base data/PREF/VAH

This node codes 1 document.

ek hkhkhkdkhhkdhkhkhhdhhhkhhhhhkhkhhdhkhkdhdkhdhhhkdhkhkdkhhkhkdhhkdkhhkkhkdhkhodhkdhhkhhkhhhkhkhkhdkkhkhdhkhkkk
(20 4 4) /base data/PREF/H

This node codes 1 document.

R L A R R R R R R R R R R R E R R RS R SRR REEREEEEE RS
(20 4 5) /base data/PREF/A

This node codes 5 documents.

R R R L R R R R E R E R R E R R E R R R R T SRR R EE SRR SRR EE R R RS SN
(20 4 6) /base data/PREF/HV

This node codes 1 document.

ek kkhkhhkhhkhkhkhkhdhkhkdhrhkhkhbrrrbhkhkrrdrhkhbhkhkhhkhhbhhkhkhkdhdhhrhhhrhhbhhrbhhkdkhhhhhkkhhkhhkk
(20 5) /base data/POSTCOR

This node codes 0 documents.

ok ok ok ko vk Sk k k ok ok k ok ok Kk sk ok ke ok ke ke ke ke ok sk ks sk sk ok sk sk s b ok ok ok ok ok sk sk ok ok A ok sk sk ok b ke ke ok b ke e b b sk sk sk e Sk ke ok ke R

(20 5 1) /base data/POSTCOR/7
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This node codes 4 documents.
hhkhkkhkhhkhkhkhkhbhkhkhkhrbhkdhhkhhbkdkhhkhkdbhkrhkdhrhrhhbhbkbrbhbhbdhkhkhhhhkhkhbkdhhkdhhkhhhkhhbdhkhkdhhkhbhhhkkdrhk
(20 5 2) /base data/POSTCOR/6

This node codes 7 documents.
hhkkhkhhkhkhkdhkhxhhkdhhhrhhkhhhhkhhhhkhkhhhkdhkdhhkhdkhkhkdkdkhokhhkhhohkdhdhdkdkdkhkhkddhkhkkhhkhhkdkhdhdhhkksh
(20 5 3) /base data/POSTCOR/5

This node codes 8 documents.
hhkdhdkhkhdhdhbhhhkhdhkhkhhhkhhkhdhhkhhdkhhkdhdhkhkhkdhhkdhhkhkhdkhhhhhkdhkhhhhkhkhdhhkhkkhkdhkhkdhkhdtxkhkdi
(20 5 4) /base data/POSTCOR/8

This node codes 3 documents.

R R R I I A I I I R I I I I I I A I I R I I R e R I I e
(20 5 5) /base data/POSTCOR/10

This node codes 4 documents.

Ak Kk krhkhkhkFdhhkhkkhhkhkhkhkhkdrhkhbkhbhrhkhbhbhbhhthhhhhhhhkdhhhhkhkkdhhhkhkhkhkkkhkhkdhkhhdhhhkhkdhkkkhdhkixkhkhk
(20 5 6) /base data/POSTCOR/3

This node codes 2 documents.

Kok kok ok ok ok ok ok ok ko ok ke ok ke ke ke gk ke ok ke ok e sk sk ke ke sk ek ke ke sk ok ke ke sk ke ke sk ke e ke Sk vk ke sk sk ke ke sk sk e e ke ok ok sk ke ke sk ke ke ke ke ke ok ke ke ke
(20 5 7) /base data/POSTCOR/4

This node codes 4 documents.

B I R R D e e R I I I I I S
(20 5 8) /base data/POSTCOR/2

This node codes 1 document.

Kk e ke vk ke sk ke ke sk ke ke ke ke ke sk ke e ok ke ke ke ke ke ke ke ke sk e ke ke ke ke ke ke ke sk ke ke sk ke ke ke sk Sk ke sk ke e ke ke sk e ke ke ke ok Sk ke ke ke ke ek ke sk ok ke ok ke
(20 5 9) /base data/POSTCOR/9

This node codes 1 document.

vk ok ok sk kT ok ok ok Yk ok ke vk sk ok ke sk sk sk sk ke sk ok ke ket kR sk ke ok sk ko b sk ke ok A b e sk ok sk sk sk b ok e ke ok Sk ok b ok sk ke kR ok ok ok A ke ok ke ke ke ke
(20 6) /base data/POSTINC

This node codes 0 documents.

dok ok gk ok ok ke ke ke ks ke ke ok ke ke sk e sk sk s ke ke otk ke ke ke ke ke sk ke ke ke sk ke ke Sk ke sk ke sk ke sk ke ke ke ok ke sk ok ke sk ke sk ok ke ke ke ke ke ok ke ke ke ke ke k%
(20 6 1) /base data/POSTINC/4

This node codes 6 documents.

ok ke gk ok sk ke e ke ke e e ke ok ek ke ke ke ke ke ok ok ke ke ke ke ke ke ke ok ke ke ke ke ke ek ke ke e ke ke ke ok ke ok ke ok ke ke sk ok ke ke sk sk ke ke ke ok ke ke ok ke ke
(20 6 2) /base data/POSTINC/0

This node codes 1 document.
hhkdkhkhhkhkkhkhhkhhkrhbhhkhkdhdhkhkhhhhkdkdhkhhkhkhkhdhhhkhhkhkhkdhhkhhdhdhdhhhkkhhdkhdhkkhkdkhkdkhkkhhkkhhk
(20 6 3) /base data/POSTINC/3

This node codes 12 documents.
Akkhkhkhkhkhkhkdhkhhhhkhkhhdkhhkhkdkhhhk ok hkhkhhhkdhkhkhkdhk ks hdkdkhkkdhdk okt kkhkdhhdkhhkhkhhkdkkkhkkkhk
(20 6 4) /base data/POSTINC/2

This node codes 9 documents.

ek keok e ko ok otk H ok vk kK kb s sk sk b ok sk b sk sk sk ok b b sk sk ok sk ok ok b b ke sk sk e ke sk sk ke sk ke e e ke ke ke e sk sk e ek ok ko ke ok ek ok ke ke ek ke
(20 6 5) /base data/POSTINC/1

This node codes 4 documents.
hhkhhhkhkkhkkhkhkhkhkhhhkhhkdhbhhkdhrbrbhbdbbhbhhhbdhbhbhhbhhbhrhhbhhdhhhhkhkhkhhdhhhhkdhkkhkhhkhdhhkhdhdx
(20 6 6) /base data/POSTINC/5

This node codes 1 document.

B R R R R R R R R R R R R R R R R R R o R
(20 6 7) /base data/POSTINC/7

This node codes 1 document.

gk ok e ke ke ke ke vk ke e ke vk Sk ke ke ke R ok sk ke R ke ke ke ke ke ke sk ke sk e ek ke ke ks ke ke ke ke ok e sk sk ok ek bk ke ke ke ke ke ke ke ok e ks K e ke ko ke ke ok
(20 7) /base data/POSTI1A

This node codes 0 documents.

B R R T T R N e e . L L R R R R R R R R R S R R R R R R e R SRR R TR R TR R R R R R R R R
(20 7 1) /base data/POSTI1A/1

This node codes 27 documents.

ook Rk ook ok kh kv ko ok ke sk ok gk bk sk e b bk e sk e ke sk e e sk b A ke ok e e ke sk e ke ke ke Sk o Sk ke ke ke ke ke ke ke ke ke ok ke ok ke ke ke ke ke ke ok ke ok

(20 7 2) /base data/POST1A/0
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This node codes 7 documents.

ko keok ok k ko ok ok ok ok ok ok ke ke ok de ok ok ke ke ok ke ok ks sk ok ke ke ke ke ke otk ke ke ok ke ke ek ke ke ke ke ke ke ok ke sk ke ke ok ke ke ke ke ok ok ke ok ke ke ke e ke ok
(20 8) /base data/POST1B

This node codes 0 documents.

ok hkhkdkhkhkkhhkhkkhkhkhhhhkhhkhhhkddhhhhhkhhkhkhkhkdhhkhkhhhdkhhdhohhhhkhdhhhhhkhkkdkhkhkkhkhhkhdkhdhhkhkx
(20 8 1) /base data/POSTIB/1

This node codes 24 documents.

vk ek k ok ke gk ok ok vk ek ko ke ke ke ke sk ke ke ke ke s e e ek sk ke ke ke ke e e sk sk sk sk ke s ok sk Sk ke ke ke ke ke ke ke ek ke ok e ke e ke ke ok ok ke ke ke ok ok k&
(20 8 2) /base data/POST1B/0

This node codes 10 documents.

B R N b S I i R e R I b b b L O I I b b I I P b S I I I 3 R e a3 3
(20 9) /base data/POST1C

This node codes 0 documents.

Kok sk e ke ke ke ke sk ok ke vk sk ok ke ke sk sk ke ke ke ke ok sk ke ok ke ke ke ke ke ke ke ke sk sk etk Sk ok ok ke ke ke ke ke sk ok ke sk ke ke ke ke ke ke e R ke ke ke ek ke ke ke ke ke ke e ok
(20 9 1) /base data/POST1C/0

This node codes 31 documents.

Fodke ok sk ke vk ke e sk sk sk ke sk ke sk sk sk ke e ke ke e ke ke sk ke ke ke ke ke ke ke ke ok ke ke ke ke ok ke sk kR vk ek ok ke ke ke ok ek gk ke ok ke ke ke ke ke ok ke ke ok Kk ok K
(20 9 2) /base data/POST1C/1

This node codes 3 documents.

B R N S S b D S D L L R R R R R I R i R R i R R R I S S R
(20 10) /base data/POST1D

This node codes 0 documents.
dhkkkhkhkhkhkhhkrrkrhkhkhkdhkhkhrkhkhkhkhhkhkhkdhhkhhhhhbhkhbhkhhkhkhhkhhhkhkhbhkdkidkhhhkhkhhhkhkhhdkdhkhkkkhkk
(20 10 1) /base data/POST1D/0

This node codes 29 documents.

ko k ko kodk ok khk ok ke ok ok kok ok ok ok ok ok ok ok ko k ok ok ke ki ke ke ok kR ke ke ke ke ke ke ke ok ok ok ke ke ke ke ke ke ok ok ke ok ke ok ok ok ke ko ke ok ok ok ke ok ok
(20 10 2) /base data/POSTI1D/1

This node codes 5 documents.

Jek ok ok ok ok ke ok ko ko ok ke ok kv ek sk ke ke ks e ke ok ke ke ke ke ke ok ok ke ke ke ke ke ke sk ke ke sk ok sk ke ok ke ke ke ok ke ke ke ke ke ok ke ke ke ke ke kR ok ke ok
(20 11) /base data/POST2A

This node codes 0 documents.

dodk ok ok ok ko ok ke ok ko ok ok ok ke ok ok ke ke ke ok ke sk ke e sk ke ke ke ok ke sk ok Kk sk ke sk Tk ok Sk ok sk ko ke sk ke ke ke ok ke sk ok b b ok b ok b ok ok kb ok
(20 11 1) /base data/POST2A/0

This node codes 18 documents.

Tk kh ok ko k ok ko ok ok ok ok ko ok ok ok ke bk ke ek otk ek ke ok ke sk ek ke ok ke ke ke ke ok ke ok Sk ke ke ke ke ke ke otk ke ke ok ke ke ke ke ke ek ke ok Rk ok ke
(20 11 2) /base data/POST2A/1

This node codes 16 documents.

B R e N e R N R R e R R E R E R R R R R R R R R R R R R R R R R R R E R ERE SRR R RS RS
(20 12) /base data/POST2B

This node codes 0 documents.

Kok ok ke kok ok ok ok ek ok Rk ke ke ok ok ke hk sk ke ke e ke ke ok ke ke ke ke ke ke ke ke ke e ok ke ke ke sk ke ke ke ke ok ke sk ke ke ek ok kb ke ok ke ko ke ok ke ok ke ok ke ok
(20 12 1) /base data/POST2B/1

This node codes 26 documents.
dkkhkhkhkhkhkhkhkhkhhhkhhhbhhkhhkbhhdhhkhhkhhkhkhhhhkhkhkhhdrhbrhdrbrbhhdrdhbdhddddhddthdhkhdhdkdhth
(20 12 2) /base data/POST2B/0

This node codes 8 documents.
dhkkkkkkhkhhkhkdkhkhkhkhkhhhkhkkhhhkhhkhkrkhkhrkhkhhdkhkhdhhdhhkddhhhkhkhdkhdkhkkhhkkhdkhhkxkdhkhikkhkhk
(20 13) /base data/POST2C

This node codes 0 documents.

B A A N L R R e R R R R R R R R R R R R R R R U
(20 13 1) /base data/POST2C/0

This node codes 30 documents.

Sk kkhkhkhkhkhkhhkhkhkhrkhkhdrkhrhhkrhkhkhkhkhkhdhhhkdkhhihhkkdhhhkhhhkdhhhkhdkhhhhkkhhdkhkdhhkhkkkkhkhkk
(20 13 2) /base data/POST2C/1

This node codes 4 documents.
kkhkkkhkhkhkhkhkhkhkhkhkhkhkhhdhkhkhhhhkrbhhhhhhhhhkhkhhhhhdhddbdhddhddbhbrbhbbhbdbbhkbkbhbhdbdhbdkddkddt

(20 14) /base data/POST2D
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This node codes 0 documents.

B R A R D R I R b R R I b b S b b b b e I '3
(20 14 1) /base data/POST2D/0

This node codes 34 documents.
hhkhkhhhkhkdhkhkhkhrhrhkhbhkhhkdbhhkdhkhbhhkdhhkdhbhbhhkhkhkhbhrhkhbhhkhkhbhkhhhkhkhhkhkhhhdhdhdkhkhkhhhkhhhkkkhkihk
(20 15) /base data/POST3A

This node codes 0 documents.
khkhkkhkhkhkhkhkhkhkdbhkhhkhkhkhhhkdkhkhhhkhkhhkhkhkhkhbhbkrkrhohkhkrhkkdkhhbkhbrdhhkkhkhhddkhhhhkhhkhhhkhkhhkhhhdik
(20 15 1) /base data/POST3A/1

This node codes 4 documents.
kkkkk ok ok k ok ok kk ok ok ok ok ok k ok kkk ok ko kk ok k kb sk kk ok kok ok ko k ok ok k ko ok kkk ok ok ok ok ok ok Kok ok ok kK Rk ok

(20 15 2) /base data/POST3A/0

This node codes 30 documents.
hhkhkhkkhkhkdhkhkhkhkhkhhkhhbhhkdkhbhhkdhkdhhbhhkhhkhkhhbhhkhkhbhkhkhhhhkhhddhhhkhkdhhhkhhhkodhkhkkdkhkokdkdkdkhdkkhkdhi
(20 16) /base data/POST3B

This node codes 0 documents.
hhkhkhkkhkhkkhhkhkhkhkhhkhkhkhhbkhbhkhkhkhbrhhkdhkhdhhkhbhbrhbhkhrhbhirrdhkhkhbhbhhhhbhbhhhhhhkhkihhhkhkdkhkdhkkkkhk
(20 16 1) /base data/POST3B/0

This node codes 14 documents.

Kk kkhkhhkdhkhhhkhkhdhhkhhhkhhkhbhkhkdkrhkkhbhkhkhbhhdhbhkdhhhdkhkhdhhhdhhkhkdhdkhkdhkhkdkhkhhkhhhdhdkhhkdisk
(20 16 2) /base data/POST3B/1

This node codes 20 documents.

Kk hkhkkhkhhrhhkhkkhkhkrbhhkhdhbhhhrbhbbhkhkhbhhbhhkhbdkhhkhkhhhkdkhkhkdhkhkhdhkhhkkhkdhdkhhkhdhdkhkhkhkkhkhkdkhkdkkkk
(20 17) /base data/POST3C

This node codes 0 documents.

R R R R R R R i I I R I I I e g I b i b b i e g O I i R b e I I e 3
(20 17 1) /base data/POST3C/1

This node codes 19 documents.

ok ok ok ke k ke ke ke ke ke sk ok e ke e sk sk e e sk ke sk ke sk sk ke ke ke ke ke ke ke ke ek ke ke ke ok sk sk s ke e ke ok ke ke ke ke ok ke ke ke ok ke ke ek ke ke ok ok ke ok ok k&
(20 17 2) /base data/POST3C/0

This node codes 14 documents.
hkhkhkrhkhkhkhkhkhkhkhkhkhkhkhkdkhhbkhkhkhkhkhbrbrhbhhbhhhhkhhhkhhhkhhkdkhhhhkokhhhkdhokhkhkhkhdhkhkhhkhkkhkhkkhkkhkhhkhkhkki
(20 17 3) /base data/POST3C/10

This node codes 1 document.
khkkhkrhkhhkhhkhkhkdhrbrbrhkhbhbhbkdhkdhbkhkhdbhbhkhbrbkhkdhkhhhkhhbkdhhbhbhkdbhrbhkhhhbhkdhhbhbhhkhhhbhkhkhkhkdhhkhhkhkdhkx
(20 18) /base data/POST3D

This node codes 0 documents.
khkhkhkhkhhkkhhkhkkhkhhhkhbhkhkhkhhhkdhkdhhhdhdkdhhkhkhkhkkhkhdhkhkhdhdhhhhdkohkdkhkhkhkhdhdkdhkhdhdkhkhhhkhkhhkk
(20 18 1) /base data/POST3D/0

This node codes 31 documents.
hkkhkhkhkhkdkhhbhhddbrhkhkhkhkhbhhkhkbhhbhbhkhhrhbrrhhkhkhkhkhkhrhbhhkhkhhkhkhhhkhhhkhkdkhhhkhhdhkhkdhkit
(20 18 2) /base data/POST3D/1

This node codes 3 documents.

kok ke ke ok ok ok ke e ke ke ok ke ke ke ke ke Yo ke ke ke ok e sk ke ke ke ke ke sk s ke s ke ke ok ke ke ke sk ke ok ke sk ke ke ke sk ke ke ke ke sk ke ek ke ok ok ke ke ok ke ok ke ke ok ok ok ke
(20 19) /base data/POST4A

This node codes 0 documents.

B R R L R R g R R R R R R R R R R R R R R R R I R R I I I S e ]
(20 19 1) /base data/POST4A/1

This node codes 12 documents.

o N L L L R R R R R R R R R R R I R R I R R R R R R R
(20 19 2) /base data/POST4A/0

This node codes 22 documents.

ok kkhkhkhkhkhdhkrbhkdhhhbrhhkhkhbbhrhkhkhkhhhkhkhbhkhkhkhdhhdhhhkdhhhdhkhhhhkkhkhhhhkkhkhhhkhkhkkkhkikk
(20 20) /base data/POST4B

This node codes 0 documents.

hhk ok ok hkkkhhkkd ok h sk deok ok kok ok h ok kkok ok k ok ok ko ke k ok kk ok koh ok ok ko ke sk ok ke ke ke ok ke ko ke ok ke ke ok ok ke ke ke ok ok ok ok ok ke ok

(20 20 1) /base data/POST4B/0
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This node codes 18 documents.

PR 2 AR IR 2k AR A b D R R R e b I b I I R I R I I b I I 3
(20 20 2) /base data/POST4B/1

This node codes 16 documents.

dok sk ko ok ok ok ok ok ok ko ok ke ok ok ke ke ek ke ke ke ok ke ek sk ke ke ke ke ke ke e sk ke ok ke ke sk ke ke ke ok ke ke e ke ke ek ok ke sk ke ke ke ke ok ke ke ok ke ke ok ke ok
(20 21) /base data/POSTAC

This node codes 0 documents.
*hkhkhkhkhkhkhbkhkhkhkhdhkdhhbkhkhkdhhkhbhkhkrdhdhbhbhbddhhhkhkhbhbhbhbkrrbrbbhhhbrbhbdhbbhhhihhbdhdhkdhhhhdkhhdkkk
(20 21 1) /base data/POST4C/1

This node codes 12 documents.
Ahkdkhkkhhkhkhkhhkhkdhkrbrbhbhkhbrhbhhkdhhhkhkhhhkdhkrbdhkrhhkhhdhhhdhhhhkhkdhkhdhkdkdhhhhhdhhdhdhkkdkhhhkhhkk
(20 21 2) /base data/POST4C/0

This node codes 22 documents.

I R R EE R R R AR R R R R R R R I I R I R R R o O I L I
(20 22) /base data/POST4D

This node codes 0O documents.
kkhkhkhkhkhkhkhkhkhkhkhkhhkhbhkhkhbhhkhhbhbhkhhhkhkhkhhbhkhbhbhbhbhkdrhdhbhbhhhhhbhhhhhhkhkhhkhhkhkhhkkhhhkkhhkh
(20 22 1) /base data/POST4D/1

This node codes 8 documents.

ok hkhkhkhkkkhhkhkkdkhdhbhkhkhkhhkhhkkhhkdhhhhbhhdhhhhkhhdhkhkdhhhhkhkdkdhhkdhdkhkdkhkhdhhhkdhdkhkkhkkhkhkdhhhkhi
(20 22 2) /base data/POST4D/0

This node codes 26 documents.

R R R R R R R R I R R i I R R R R R R R R S R S S R R R R
(20 23) /base data/POST5A

This node codes 0 documents.

gk ok ke ok ks ke ke sk ke ke e e ke ke vk ke ek e ke ke ke ke ek ke e ke ok ke ke ke ke ke ke ke sk ke ke ke sk ok ke ke ke ke ke kb ke ke ok sk ok ke ke ke ke ok ke ok ok ke ke
(20 23 1) /base data/POST5A/0

This node codes 30 documents.

B A A B i D R i b b S L D R L b R S I I 3 3
(20 23 2) /base data/POSTS5A/1

This node codes 4 documents.
Ehkkhkkhkhkhkhhhkhkhhhkhkhhhbkhkkhkhkhkhbrbddbhhhbhkhhbhkhbkbdhhhrhhbhbhhhhhhbhhkhhhbhhkdhkhhhhkkkkhkhhhkkk
(20 24) /base data/POST5B

This node codes 0 documents.
khkdkhhhkhkrAhkhkhhkhbrbhkhkdhhhbhkdhdhhbhhhkhbhhbhhhbhkdhbhdhhhhbhdhhhdhkhdhdhrhdhhkh bk hhdbrh bt hthitst
(20 24 1) /base data/POST5B/1

This node codes 24 documents.
dAkhkhhkhhkhkhkhkhhkhkdhkhkhkrhhhkdhhhkhkhhbhkrkhkkhkhkdhkkkhkhkhdhhkdkhhkdkhkdhkhkhkkkhhdkhhdhhkhkhhkkhhkhkkkkkikk
(20 24 2) /base data/POST5B/0

This node codes 10 documents.

Tk hkhkhkdhkhkhkhkhkhkhkkhkhkhkhhkhhkdhhhhkhkhkhrhkhkdhhkhdhkdkdhkdhhkhkhkhkhkhkhkhdhdkhkhkdhdhkhhkkhkdkhhkhhhkhkdhhkhkdhkkx
(20 25) /base data/POST5C

This node codes 0 documents.

ko ke ke ok ke ke ke ok ok sk sk ok ek ke ke ke ke ke ok sk ke ke sk Sk ke sk ke sk ke ke sk Sk ke ke sk ke ke ke ke ke ek ke ok sk ke ke ke ok ke ke ko ke ke ke ke ke ok ok ke ke ke ke ok ke ok
(20 25 1) /base data/POST5C/1

This node codes 8 documents.
khkhkhkhkhkhkhkhkrhhkhhkrrbhkhrhdrbhbkhkhohkkdhbhkbhbhhkrbhkrhhhhbhhhkhhhdhkdhhhhkhkhhdhhkhdhhhkhkhhkhkkkhkx
(20 25 2) /base data/POST5C/0

This node codes 26 documents.

Kk h ok dhdk bk hhhhkkhhhkhkhhkkhkdk ok hkkhkkdhkohkdkdhdhdk ok ddhkhkkdhdhohhkhkhhkdkhkhkhhdhdkhdhkhkdkhkkhkhkkdhhkhs
(20 26) /base data/POST5D

This node codes 0 documents.

B R R R R R R R R R R R E R R R R R R R R I I I e I R e I I b I I I b e e
(20 26 1) /base data/POST5D/0

This node codes 16 documents.

ok ok ok ok ek sk sk e ke ko ke ke ke ok ke sk ke R ke sk ke ke ke ke ok ke s e ke ks ke sk ke ke sk ke ke Sk g ke ke sk ke ke sk ke ke ok e sk ke sk ke ke ok ke Y ke ke ke ke ke ke ke ke ke ke ok

(20 26 2) /base data/POST5D/1
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This node codes 18 documents.

B R A g b I R R I R R R R R R I O
(20 27) /base data/POST6A

This node codes 0 documents.

PR R R R R R R R i i A I R I e R L AR I I I I I T I I I b b S S e I
(20 27 1) /base data/POSTGA/0

This node codes 29 documents.

R R R R R R R R R i I I b R b i e A b b b e I e e a3
(20 27 2) /base data/POST6A/1

This node codes 5 documents.

R R R R R L R R A B I I I I O b I I I R
(20 28) /base data/POST6B

This node codes 0 documents.

ok e ko ok ok sk ok ke ok sk ke ke e sk ke e ke ke ke ok ke ke ke s ke e ke sk sk ke ke ke ke ke sk e ke ok ket ke sk ke e sk ke e ok ke sk ke ke ok ke ke e e ke ok g ke ke ke ke ok ok ke ke
(20 28 1) /base data/POST6B/1

This node codes 18 documents.
hkhkhkhkhkhkrhAhkhkhkhhhbhbkhhbhbhrbhbdrhkhbdkhhkhhhkdbdohdhbhbhhbhbhhhbhhhhhhkdhhkhhhhhkdhhkhhkhdhdkhhdkhhkdk
(20 28 2) /base data/POST6EB/0

This node codes 16 documents.
FThkhkkdhkhkhkhkhrhdkhhhkhkhhkhkhkhkhohkhkhkhkhkhhkdkhdhkhkhhhkhhhhkhkdhhhhkhkhhkkhkohkhohhkhkkhkhdkhhhkhhkhhkhr
(20 29) /base data/POST6C

This node codes 0 documents.
P R R R R i A 2 R I e e I b g I b L L e g

(20 29 1) /base data/POST6C/0

This node codes 15 documents.

hohkdk ok ok khk ok ok ok ok ok ok ook ko ok ok ke ke sk ek ok ke sk ok ke ke sk ok ke ok ke ke ke ke ke sk ke ke ke sk e ke ke ke kb sk ke sk ke sk ok ke ke ke ok ke ok ok ok ok ok ok ke ke
(20 29 2) /base data/POST6C/1

This node codes 19 documents.
khkhkhkhkhkrhkhrkhhkhhhkrhkhbdkhdkhhhkhkhkhhdkhhkdhkhkhkkhkhrdhhdkhkhkdhhhkhkdkhkkhkkhkdkhhkkhhkdhkkkhkkdkkk
(20 30) /base data/POST6D

This node codes 0 documents.

sk ke ke ke ke ke sk s o e ok e e ke sk sk ke ke ke ke okt ke ke ke Tk sk ke sk e sk sk ek ke ke ke ke ke ke ok ek ke sk ke ke sk ke ok ok ke ke ke ke ke ke ke ke ok ok ke ke ok ok ke ke ok ok ok
(20 30 1) /base data/POST6D/0

This node codes 28 documents.

Akdk bbb hdrbkb bbb bddbdbhbhbrhdbhbdbdbhrdbhbbhkhkbhkhkhhhkhkdhhkhkhkhkhdkdhhhhhkhkhhkhkdhkhdhdhhkhdkkkik
(20 30 2) /base data/POST6D/1

This node codes 6 documents.

ok ke ke ke ke ke sk vk ke sk ok ke ek ke ke ke ke sk ke otk ke ke ke ok ke ke ok ke ke sk ke ke ke ke ke sk e ke ke ket ke sk sk e e sk ke e ke sk ke ok ke sk sk sk ke ke ok e ke ok ok ok ok ok ke ok
(20 31) /base data/GAMEPLAY

This node codes 0 documents.

B R S R L g g b b b g b e A R L R
(20 31 1) /base data/GAMEPLAY/3

This node codes 11 documents.

B R i N R g e R R R R R R R S R R R R R R R R I R S R o R R L g
(20 31 2) /base data/GAMEPLAY/2

This node codes 8 documents.
khkhkhhkhhkkhkhkhrhhhkhkhohhhkkhrbhkhhkhhbhkhkhkhkhbrbhkhkdbhkdrbhbhrbrhkhkhbhbrrhhkhhdhhkdhdkhhhkkhkhkkhkdkhkkhhhkdhk
{20 31 3) /base data/GAMEPLAY/1

This node codes 11 documents.

R R R R R R R R R R R R R I I g g I b I I I e e b I R
(20 31 4) /base data/GAMEPLAY/O0

This node codes 1 document.

A hkkkhkhkrhkhkhhhhhhrhkhkdhhkhhkdkhhkdkhkhkdkdhhkhkkhdkhhkhdkkdhhkkhkhhkkhkhhkhhkkkkkhhkkkkkkkkhhkkk
(20 31 5) /base data/GAMEPLAY/4

This node codes 3 documents.
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Appendix D: Parental and Subject Consent Forms
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Parental Consent Form

San Diego State University and University of San Diego
Parental Permission/Informed Consent to Participate in Research
(The Effect of Force Feedback on Student Reasoning about Mass and Gravity)

You are being asked to allow your child to participate in a research study. Before you give
your permission for your child to participate, it is important that you read the following
information and ask as many questions as necessary to be sure you understand what your
child will be asked to do.

Investigators:
Linda Bussell, graduate student. College of Education, San Diego State University and School of

Education, University of San Diego
Dr. Susan Zgliczynski, faculty advisor. School of Education, University of San Diego

Purpose of the Study:

The purpose of this study is to see if “force feedback” in a software program may affect a child’'s
understanding of science concepts like mass and gravity. Force feedback means that the child
can feel things in the program, as well as see them. Some children will use a special mouse that
allows them to feel changes in force and weight. Others will use the same software program and
mouse without force feedback, to determine whether the force feedback makes a difference.

Approximately 30 children will participate in this study. They must be able to read, write, and
speak English because the written directions and the interview questions will be in English.

Description of the Study:

Fifth grade students are being recruited for this study through elementary schools in San Diego
County. Your child is being asked to participate because your child’s teacher thinks it will be a
worthwhile experience for him or her. If you agree to allow your child to participate, he/she will be
asked to use a computer-based simulation of paddieball to do some experiments. This will take
about 30 minutes. The work with the computer will take place in a quiet room outside of the
classroom such as a conference room, testing room, to be determined by the principal, teacher or
other school administrator. The child will be asked to do a set of experiments that involve
changing the mass (density) of the ball and the gravity acting on the ball. Participants will be
asked to record their observations. They will be asked questions about their observations, and
will be asked to make predictions. They will be asked questions about how they like the software.

Your child’s participation in this study is completely voluntary. Your chiid will be audio recorded
while he/she uses the software and answers interview gquestions.

What is Experimental in this Study:
None of the procedures used in this study are experimental in nature. The only experimental
aspect of this study is the gathering of information for the purpose of analysis.

Risks or Discomforts:

Your child may become tired or frustrated when trying to complete a task or activity that is being
measured. If your child begins to feel uncomfortable with the required tasks, he/she may stop
participating in the study, either temporarily or permanently.

Benefits of the Study:

Your child will be given the opportunity to learn about mass and gravity through a software
program. There is no guarantee, however, that you or your child will receive any benefits from this
study.
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The results of the study may aid those who create educational software to design more effective
environments for learning.

Confidentiality:
To protect your child's confidentiality, your child’s name will not be shared with anyone, unless

required by law. We will store written and recorded information about how your child uses the
computer program. Only the principal investigator and research assistant will have access to this
data. Data will be kept for a minimum of five years. Your child's information will be kept
confidentiat until it is destroyed.

incentives to Participate:
Your child will not be paid for his/her participation.

Voluntary Nature of Participation:

Participation in this study is voluntary. Your decision of whether or not to allow your child to
participate will not prejudice your future relations with your child's school, San Diego State
University or the University of San Diego. If you decide to allow your child to participate, you are
free to withdraw your consent and to discontinue his/her participation at any time without penalty
or foss of benefits to which you are otherwise entitled.

Questions about the Study:

If you have questions regarding your child's rights as a human subject and participant in this
study, you may call the Committee on Protection of Human Subjects at University of San Diego
for information. The telephone number of the University is (619) 260-4600. You may also write to
the Committee at: USD Institutional Review Board, University of San Diego, 5998 Alcala Park,
San Diego, CA 92110-2492. Alternatively, you may contact the Institutional Review Board at San
Diego State University for information. The telephone number of the Committee is 619-594-6622.
You may also write to the Committee at: SDSU Institutional Review Board, 5500 Campanile
Drive, San Diego, CA 92182-1643.

You may contact the Principle Investigator by phone at (619) 275-5243. You may contact the
Principle Investigator in writing at: Linda Bussell, PO Box 82928, San Diego, CA 92138-2928 or
by email at Ibussell@san.rr.com.

Agreement:

The San Diego State University and University of San Diego Institutional Review Boards have
approved this consent form as signified by the Committee's stamp. The consent form must be
reviewed annually and expires on the date indicated on the stamp.

Your signature below indicates that you have read the information in this document and have had
a chance to ask any questions you have about the study. Your signature also indicates that you
agree to allow your child to be in the study and have been told that you can change your mind
and withdraw your consent to participate at any time. You have been given a copy of this
agreement. You have been told that by signing this consent document you are not giving up any
of your legal rights.

Name of Child (please print)

Signature of Parent or Guardian Date

Signature of Investigator Date
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Subject Consent Form

San Diego State University and University of San Diego
Assent to Participate in Research
(The Effect of Force Feedback on Student Reasoning about Mass and Gravity)

1. My name is Linda Bussell.

2. We are asking you to take part in a research study. We are trying to learn more about how to
make learning on computers better.

3. If you agree to be in this study, you will be asked to spend about 30 minutes doing a science
experiment on the computer. After you use the computer, you will be asked some questions
about what you have learned. We will record your answers on a tape recorder.

4. You may get tired or frustrated during the computer lesson. If you do, please tell me right away,
and you will be able stop.

5. By participating in this study, we hope you'll learn a little about mass and gravity. You will have
an opportunity to use a software program and a different kind of computer mouse that you
probably haven't tried before.

6. Please talk to your parents about this study before you decide whether to participate. We will
also ask your parents if it is all right with them for you to take part in this study. If your parents say
that you can be in the study, you can still decide not to participate.

7. You can ask me any questions that you have about this study and | will try to answer them for
you. If you have questions that you think of later, you can call me at 619-275-5243.

8. Taking part in this study is up to you. No one will be upset if you don't want to participate. If you
decide to participate, you ¢an also change your mind and stop any time you want.

Please mark one of the choices below:

No, I do not want to be in this study Yes, | want to be in this study
Write your name here Date
Project Representative Date
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Appendix E: Copyright Permission
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Permission to Use

Permission is hereby granted for Linda Bussell to copy and distribute, in the man;ler(s)
specified below, the digital images owned by Immersion Corporation (“Immersion”) and
attached as an Exhibit to this document (the “Materials™).

Publications: You may include copies of the Materials in printed format in the following
publication(s) or books(s), tentatively titled:

The Effect of Force Feedback on Student Reasoning about Gravity, Mass, Force and Motion
(the “Publication”).

The Materials may be used in this and all subsequent editions of the Publication,
including versions made by nonprofit organizations for use of blind or physically
handicapped persons and in all foreign-language translations and other derivative works
from the Publication for distribution throughout the world.

You agree to give Immersion proper credit, in the following form:

“Reproduced by permission of Immersion Corporation, Copyright © 2004 Immersion
Corporation. All rights reserved”

You may not modify or otherwise alter the Materials; provided, however, that the
Materials may be re~drawn in a style consistent with the Publication. Immersion reserves
all rights to the Materials not expressly granted herein, including the right to grant third
parties the right to use the Materials.

Immersion makes no representations or warranties regarding third-party rights that may
be necessary to exercise the permission granted herein.

Immersion Zorpration Agreed to and Accepted by:
By: By; -
Name: Patrick Reutens Nelnsé: Liskda Bussell !
Title: Sr. VP Corporate Development &  Title: _ Au 7402
Legal Affairs
Date: k([ﬂl°‘f Date: 3/36/07l
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