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ABSTRACT

Overcoming students’ misconceptions is a real problem for science teachers.
Much of what we understand about the world comes from personal experience and if that
experience led to an incorrect conception, then that incorrect conception can be very hard
to overcome. This study aims to help determine if using the Conceptual Change Model
can help students overcome misconceptions better than a traditional teaching approach.
Two units were compared. One was taught using the conceptual change model and one
using the traditional model of teaching. Students were given a pre- and post-test of
conceptions for each unit, a pre- and post-survey of attitudes and pre- and post-interviews
were conducted. Results indicated a small difference between the improvement of scores
for the two unit. The unit taught with the Conceptual Change Model resulted in a slightly
larger increase in scores than the unit taught using traditional methods.



INTRODUCTION AND BACKGROUND

| remember my high school science teacher holding up two balls and then
showing us that one was heavy, and one was light. Then she asked us which would hit
the ground first. |1 remember being sure that the heavier one would hit the ground first. It
did not. Although I was not aware of it then, my science teacher was employing parts of
the conceptual change model to help me overcome my misconception. The Conceptual
Change Model is a strategy that “helps students to become aware of their private views
and to confront them” (Stepans, 2006, p. 6).

It wasn’t until I was an undergraduate student that I realized what had happened
and my battle with common science misconceptions began. Over the years, | have
worked hard to help my students learn and change their understanding. However, after a
decade in the classroom, | have reached the conclusion that it is hard for learners to
overcome misconceptions. When working with my students, | have found that one of the
most common misconceptions is the idea that weight and mass are the same. | realize
that this is due in large part to the way we use the terms in everyday life. To find the
mass of an object you weigh it; we associate our weight with the size of our bodies.
Because we have such a concrete connection between the words weight and mass, getting
students to understand that they are not the same is a major challenge. People are very
committed to their misconceptions because misconceptions have been developed from
personal experiences. This is one of the main reasons why misconceptions are so hard to
overcome. Because they are created by the students experiences they feel very real, often

more real, than the ideas presented by the teacher. For example, looking back at the
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falling objects, if you were to knock a piece of paper and a pencil off the table, the pencil
hits the ground first. When you pick them up, the paper is lighter; leading to the creation
of a misconception. The lightness of the paper is the obvious difference between the
paper and pencil and thus is the foundation for the belief that a pencil hits the ground first
because it is heavier.

| currently teach at the Manson Northwest Webster Junior/Senior High School
(MNW) in Manson, lowa. Manson Northwest Webster Community School District has
328 students in the middle school and high school building. We have an 11:1 student-
teacher ratio. The student body consists mainly of white students, who comprise 97.6% of
the student population with the remaining 2.4% of our students being other races (D.
Hock, personal communication, October 12, 2017). The school district has 33% of
students on free and reduced lunch programs (D. Wood, personal communication,
October 12, 2017). The students at MNW have a wide range of ability levels, and since
all students take a science class their 9" grade year | feel that this is the most
representative group to work with. Manson Northwest Webster also has a very
supportive and cohesive staff, | have a very good support system in place to help me
complete my action research project.

My experience with misconceptions led to this study. In this study, | aim to
answer the question: Will using the Conceptual Change Model help 9th grade students to
overcome their physics misconceptions? The additional sub questions below will help

me to better understand my primary question:
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1. Do misconception probes allow students to engage in the first step of the
Conceptual Change Model by having “Students become aware of their
own preconceptions about a concept by thinking about it and making
prediction (committing to an outcome) before an activity begins” (Stepans,
2003, p. 7)?
2. Does the Conceptual Change Model improve student attitudes about
science?
CONCEPTUAL FRAMEWORK
The Oxford Dictionary online says that a misconception is “a view or opinion that
is incorrect because based on faulty thinking or understanding” (Misconception, 2017).
This definition is important because it uses the wording faulty thinking. Misconceptions
are not a lack of knowledge but rather they are incorrect knowledge or understanding.
This incorrect knowledge that students develop is based on personal experiences. In an
example modified from The Physics Classroom (2016), a person might drop a feather and
a penny and they see the penny hits the ground first, because of this observation they
deduce that the penny falls faster because it is heavier than the feather. The incorrect
conception that is the source of a misconception is supported through the person’s life
with many repeated experiences that tell the person that they are correct. Then, when that
individual takes high school physics and learns that due to Earth’s gravity all things fall
at the same rate, they are faced with conflicting conceptions: the one that is correct and
the one that is based on experience. The answer based on experience receives more

weight and the students will often fall back to that conception although it is incorrect
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(Eaton, Anderson, & Smith, 1983). Research suggests that it is very difficult to change
the conceptions of students, especially if they differ dramatically from the explanations
presented by their teachers. Therefore, restructuring student’s knowledge is necessary to
overcome misconceptions (Chi, Slotta, & de Leeuw, 1994). In fact, even with instruction
most students won’t give up on their misconception entirely. Rather, “they change their
mental models in a way that allows them to retain as many as possible of their
experiential beliefs without contradicting adult teachings” (Vosniadou, 1992, p. 352),
meaning they reinforce their misconceptions by adding to them what they consider to be
the correct scientific explanations.

One instrument used to identify students’ understanding of correct science
explanations in physics is the Force Concept Inventory (FCI). The instrument is used to
assess students’ understanding of force and illustrates misconceptions (Hestenes, Well &
Swackhammer, 1992). The FCI is most commonly given as a pre and posttest, at the
beginning and end of a course or unit. Students who have overcome their misconceptions
through instruction tend to score higher on the post-test than on the pre-test.

One example of the use of the FCI was conducted with 20 secondary science girls
in Somayeh High School in Tehran, Iran. The goal of the study was to determine if
traditional instructional methods resulted in changing misconceptions identified by the
FCI. The results indicated that traditional teaching methods were not effective in
correcting misconceptions related to force as identified by the FCI (Fadei & Mora, 2015).

There are several ways to deal with misconceptions. The results of a meta-review

of misconception research articles, it was determined that misconceptions are something
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teachers should be concerned about because misconceptions are difficult to correct.
However, when researchers looked at the data provided in the review, they show that
students keep missing the same questions regardless of age. This is verified by many
different researchers; misconceptions are real and they will not go away on their own.
There is no simple answer to the question of what to do about misconceptions, but
present research by several researchers suggests that to overcome misconceptions we
need to approach learning science in a conceptual manner. They then go on to say that
they do not think that conceptual change is possible without methodological change. In
their opinion, the teaching must be explicit and focus not just on the what, but also the
how of science (Gil-Perez & Carrasosa, 1990).

One group of researchers wanted to see the effect of group work on
misconceptions of 9" grade students learning about Newton’s Laws. Their goal was to
place students in groups of two and allow them to work through activities that included
worksheets, concept cartoons, case studies, writing a story, dramatization, debates
between groups and performance homework and experiments. After they had finished
their activities, students presented their results to their peers. Students were given a pre-
and a post-test to compare their misconception before and after the instruction. The
results of the comparison between pre- and post-tests for the experimental group showed
that for each misconception tested there was a small but significant drop in the number of
students with that misconception. The researchers reflected that in some cases where
students were working in groups, collaboration may have led to strengthening of the

misconception. The trend was especially strong if one student presented the
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misconception with a compelling argument and the partner did not argue to the contrary.
They made it clear that the teacher needs to keep a close eye on the groups to prevent this
type of thing from happening. According to the author, for teachers who want to apply
this method, the appropriate order is to first focus on conceptual teaching and hands on
activities, and then move on to examples that have numbers (Ergin, 2016).

To change misconceptions, teachers need a concrete plan that will lead to a
conceptual change. The Conceptual Change Model is a framework for teaching science,
specifically with the goal of overcoming misconceptions (Stepans, 2003). Investigations
such as “A Private Universe” have highlighted students’ misconceptions around universal
topics such as seasons (Schneps & Sadler, 1987). The video shows how Harvard
graduates have essentially the same misconceptions as 9th graders. This demonstrates a
need for a new approach to teaching and learning. The Conceptual Change Model is the
answer to the problem. Posner, Strike, Hewson and Gertzog (1982) and Strike and
Posner (1985) outline the conditions necessary for a conceptual change to occur:

e One, the students must be dissatisfied with their existing views.

e Two, the new concept must appear somewhat plausible.

e Three, the new concept must be better or more attractive in some way.

e Finally, the new concept must have the power to explain and predict future events

(Stepans, 2003, p.6).
Conceptual Change Model (CCM) helps a teacher to meet the conditions

necessary for conceptual change. The CCM incorporates six phases into lessons that will
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allow a student to examine and change their current conception. The six parts of the

CCM requires:

1.

o

Students become aware of their own preconceptions about a concept by thinking
about it and making predictions (committing to an outcome) before an activity
begins.

Students expose their beliefs by sharing them initially in small groups and then
with the entire class.

Students confront their beliefs by testing and discussing them in small groups.
Students work toward resolving conflicts (if any) between their ideas (based on the
revealed preconceptions and class discussion) and their observations, thereby
accommodating the new concept.

Students extend the concept by trying to make connections between the concept
learned in the classroom and other situations, including their daily lives.

Students are encouraged to go beyond, pursuing additional questions and problems
of their choice to the concept. (Stepans, 2003, p. 7)

Stepans (2003) explains how to use the materials provided and that when looking

at a time frame the best way to determine how long is enough is to spend as much time as

necessary. As with all teaching, the goal when using CCM should be to uncover student

understanding not cover material. Since there will always be a conflict between teachers

and time, it is up to each individual teacher how best to balance uncovering student

understanding and covering material.

The final step of the CCM is assessments, which are viewed as an important part

of the learning process and that help align student expectations, student experiences and

assessment. While there is no single way to assess student understanding, strategies such

as interviewing, observation, performance assessments, projects and pen and paper tools

are effective. If teachers align their instruction with their assessments and use a variety

of assessment strategies, then the assessment will be an accurate reflection of their

students understanding (Stephans, 2003).
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There has been a lot of research on how the Conceptual Change Model helps
students to overcome misconceptions. Akbas and Gencturk (2011) explored the effect of
conceptual change approach to eliminate ninth grade high school students’
misconceptions about air pressure. They used the Conceptual Change Model as well as
texts and concept maps specifically designed to help students to change their conceptions.
They had 45 control students and 45 students who received the conceptual change
materials. Students were given a pre-and post-test to see if their misconceptions had
changed. The results showed that using the Conceptual Change Model and conceptual
change materials were more effective than traditional methods. It was observed that
during the testing, some new misconceptions occurred and some of the misconceptions
increased. It was also observed that a student’s prior misconceptions can cause that
student to form more misconceptions. The students used the old conception to
understand and create their new understanding and if the old conception is faulty then the
new conceptions will be faulty as well and a misconception is created. They suggest that
it is important to know what your student’s misconceptions are before you teach them so
that you can avoid any adding of misconceptions.

METHODOLOGY

This study implemented the Conceptual Change Model to help students overcome
misconceptions in a unit of motion and forces. The Motion and Forces Unit was then
compared to a unit on chemical reactions to see if there were fewer misconceptions at the
end of a unit that was taught using the Conceptual Change Model. The research

methodology for this project received an exemption by Montana State University's
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Institutional Review Board and compliance for working with human subjects was
maintained (Appendix A).

The unit on motion and forces that | taught my physical science students took 13
days to complete (Appendix B). This unit covers basic Newtonian physics. My class
was at the Manson Northwest Webster High School in Manson, lowa. There were 39
students of which 18 were male, and 21 were female, 36 of these students were in ninth
grade and three were in eleventh grade. This was a mixed group of students with some
high achieving, some average, and some who are repeating the course due to academic or
behavioral challenges. As a result, they are very mixed in their attitudes about school;
some are very interested in their learning while others are just trying to get through.
There was no ethnic diversity in this class; it was composed entirely of white students.
As for the culture of the school, | feel that as a whole the culture of learning could use an
improvement. Most students try to get by with as little effort as possible and seemed to
find little value in learning.

The Motion and Forces Unit was taught using the Conceptual Change Model
(CCM), the goal was to help students overcome their misconceptions. | used the Force
Concept Inventory (FCI) as a pretest to see what misconceptions students had (Appendix
C). The results of each student’s test were compared to the FCI posttest and analyzed
using a normalized gain statistical analysis and a t-test. The results were reported in box
and whisker plots.

Then students were given the Test of Science Related Attitudes (TOSRA) to

determine student attitudes (Appendix D). The TOSRA utilized a Likert scale where
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students could strongly agree, agree, take a neutral stance, disagree or strongly disagree
with each statement. This survey was administered using a Google form. The results of
each student’s survey were compared to the TOSRA post-survey. The TOSRA is scored
with five points awarded to strongly agree, four for agree, three for neutral, two for
disagree, and one for strongly disagree. Half the questions have a reverse score of one
point awarded to strongly agree, two for agree, three for neutral, four for disagree, and
five for strongly disagree. Scores are summed, and then 50 points are subtracted. Higher
scores indicate a more positive attitude related to science, with the maximum score being
200 and the minimum score being zero. The TOSRA responses were analyzed for
themes and frequency. They were also analyzed using a t-test to see if a statistical
difference existed between the pre-test and post-test scores.

Additionally, three students were chosen at random to be interviewed. These
interviews were conducted via the FlipGrid platform and consisted of three questions
from Waller’s Interview Questions (Appendix E).

Then I chose misconception probes based on the most common misconceptions.
The misconceptions that were identified by the FCI were on the topics of Newton’s First
law, Newton’s second law, Newton’s third law, and gravity (Appendix F). The probes
allowed students to work through the first two steps of the CCM, committing to a
position and exposing beliefs. The basic format for the unit was at the start of a concept
students were given a misconception probe. This allows students to commit to a position
and expose their beliefs. Once the beliefs were exposed, students were given an activity

to help them to confront their beliefs. Then, as a class, we engaged in direct instruction



11

and discussion to accommaodate the concept. Finally, depending on the concept, a short
writing assignment or additional conceptual practice was given to go beyond. For
example, one of the misconceptions was that weight affects how fast objects fall.
Students were given the misconception probe, “Which Will Hit the Ground First?”” The
students were asked to pick which will hit the ground first: a heavy steel ball or a light
wooden ball. Students were able to pick the steel ball, the wooden ball or that they will
both hit the ground at the same time. They were also required to write an explanation of
their beliefs. Then they were given the activity “Which Will Fall Faster an Elephant or a
Mouse?” which has students compare sponges and blocks of wood of equals sizes and
then compare those to a sheet of paper and a wadded-up ball of paper (Appendix G). At
that point, I provided direct instruction on gravity and free fall. Finally, students were
given a writing assignment that required them to use the Claim Evidence Reasoning
Framework (CER) to construct a scientific argument that answers the question: “Which
will fall faster in air a small round plastic ball or a large Styrofoam block?” (Appendix
H). The Claim Evidence Reasoning Framework is a system to help students explain
phenomena. The CER Framework breaks explanations into three parts: the Claim, the
Evidence and the Reasoning. The claim is a statement that answers the original question.
The evidence section is the observations that students collected to support their claim.
The reasoning is the explanation of why the evidence is the evidence to support the claim.
(Appendix H).

Once the Motion and Forces Unit was completed, the FCI was given again in

order to determine if students decreased their misconceptions. The TOSRA was also
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given a second time to see if using the CCM improved student attitudes. To finish the
Motion and Forces Unit, the three students that were initially interviewed were
interviewed again using four questions from Waller’s Interview Questions that were
asked and answered through the FlipGrid system (Appendix E). The data from these
interviews were analyzed for common themes and used as evidence to support other data
analysis claims.

The Chemical Reactions Unit took 13 days to complete and was taught using
traditional teaching methods, a mixture of direct instruction, practice, quizzes and labs.
At the beginning of the unit, each student was given a packet of notes and practice that
they would be expected to fill out over the course of the unit. In addition to the packets,
one lab comparing the different types of chemical reactions, and one online simulation of
balancing equations was done (Appendix J).

Before beginning the unit, a pre-test for misconceptions was given; the pre-test
was created using the American Association for the Advancement of Science (AAAS)
bank of questions (Appendix K). This bank of questions was written specifically to test
for students’ misconceptions on a variety of science topics. The results of each student’s
tests were compared to the AAAS post-test and analyzed using a normalized gain
statistical analysis, and a t-test. The results were reported in box and whisker plots.

The FCI normalized gains were compared to the AAAS test normalized gains to see if
there was a greater improvement in one of the two units. A high normalized gain has a
value that is greater than or equal to 0.7, a medium normalized gain is less than 0.7 and

greater than or equal to 0.3, and a low normalized gain is less than 0.3 (Hake, 1998). A t-



13
test was run to see if there was a statistical difference between the two sets of normalized
gains.
The variety of data collection tools used to answer the primary and secondary

questions are outlined in Table 1.

Table 1
Data Triangulation Matrix
Data Source Questions

Focus Question: Will | Secondary Secondary
using the conceptual Question: Do Question: Does the
change model help 9th | misconception conceptual change
grade students to probes allow model improve
overcome their students to engage | student attitudes
physics in the first step of about learning?
misconceptions? the conceptual

change model?

Pre and Post
Motion and
Forces Content X
(FCI) Test
Pre and Post
Chemical
Reactions
Content (AAAS) X
Test

Pre and Post
Student attitudes
survey X
Interview
Questions X X

DATA AND ANALYSIS
The results of the FCI pre- and post-test showed a range of scores on the pretest of
3 to 17 with a median score of six (N=39). The FCI post-test showed a range of scores
from 3 to 29 with a median score of 10 (N= 39). When the pre- and post-test scores were

compared the lowest scores remained the same but the lowest score of the interquartile
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range of the post-test scores was higher than the highest score of the interquartile range of
the pretest. The normalized gain was calculated for the FCI pre-test and post-tests; this
showed to be .22, which according to Hake (1998) is considered low. The normalized
gain indicated a small increase in the post-test score as compared to the pre-test score
(Figure 1).
Force Concept Inventory Pre-test Score

3 5 6 & 17
e N i

Force Concept Inventory Post-test Scores

3 8 do 12 29
T =

rIIJ 123456 rlr 8 0 10111213 14151617 18192021 22 23 24 25 26 27 28 29 30
Force Concept Inventory Scores out of 30
Figure 1. FCI pre- and post-test box and whisker plot, (N=39).

The FCI questions with the most correct answers were related to the topics of
gravity and how objects fall (#’s 1,6,7). The questions with the fewest correct responses
were on Newton’s second law, friction, and projectile motion (#’s 11, 13, 21).

Data was analyzed from the Test of Science Related Attitudes (TOSRA) survey.
The results of the pre-survey show a range of scores from 46 to 148 with a median score
of 90. The post-test scores show a range from 52 to 200 with a median score of 100.
When the scores are compared the interquartile range of the post-test scores was smaller

than the interquartile range for the pre-test scores, and the post-test had a higher

maximum score (Figure 2).
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TOSRA Pre-survey Scores

46 7790 116 148
| I F———

TOSRA Post-survey Score

52 90 logd 116 200
I T 1 I

| | | | I | | | | I | | I | | | | I | 1
040 30 el FOO&F 90 JO0 110 120 130 140 150 Jeqr 170 180 190 200 210 220
Survey Scores

Figure 2. TOSRA pre- and post-survey box and whisker plot, (N=39).

The TOSRA pre- and post-survey results were broken into the five main
categories and the scores for each were put into a box and whisker plot. The category
“career interest in science” had the greatest increase score, followed by “attitudes to
scientific inquiry.” The category that had the lowest score was “enjoyment of science
lessons.” All the categories had a similar interquartile range and all but “leisure interest
in science” showed very little shift in scores of the interquartile range. “Leisure interest
in science” showed a larger decrease in the interquartile range than the other categories.
“Attitude to scientific inquiry,” “adoption of scientific attitudes,” and “enjoyment of
scientific lessons,” had a shift in interquartile range of one point. The interquartile range
for “career interest in science” decreased by approximately one point, and the
interquartile range for “leisure interest in science” changed by three points.

The next analysis was done to two statements from each category, one positive

and one negative. The statements chosen are considered to be representative of the

category as a whole (Table 2 and 3).
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Table of Positive Statements Chosen to Represent Each Category

Category

Statement

Attitude to scientific inquiry

I would prefer to find out why something
happens by doing an experiment than by
being told (#3).

Adoption of scientific attitude

| am curious about the world we live in
(#18).

Enjoyment of science lessons

Science is one of the most interesting
school subjects (#33).

Leisure interest in science

I would enjoy visiting a science museum
at the weekend (#62).

Career interest in science

I would like to be a scientist when | leave
school (#70).

Table 3

Table of Negative Statements Chosen to Represent Each Category

Category

Statement

Attitude to scientific inquiry

I would rather find out about things by
asking an expert than by doing an
experiment (#38).

Adoption of scientific attitude

Finding out about new things is
unimportant (#25).

Enjoyment of science lessons

I dislike science lessons (#12).

Leisure interest in science

I get bored when watching science
programs on TV at home (#13).

Career interest in science

I would dislike being a scientist after |
leave school (#7).

When the pre-survey positive statements responses were analyzed for frequency it

was observed that a majority of students chose neutral, agree, or strongly agree. The

statement that most students agreed with or strongly agreed with was “I am curious about

the world we live in” (#18). The statements with which most of the students disagreed or

strongly disagreed was, “I would like to be a scientist when | leave school” (#70). A

higher percentage of agree and strongly agree responses were recorded for the categories

of attitude to scientific inquiry and adoption of scientific attitudes. The other
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three categories had a higher percentage of disagree and strongly disagree responses.
When the post-survey statements responses were analyzed for frequency it was observed
that for the statement, “I would like to be a scientist when | leave school” (#70), there
was an increase in the responses agree and strongly agree. This was the largest change in
frequency of all the positive statements examined. For the statement, “I am curious about
the world we live in” (#18), the number of agree and strongly agree responses decreased
by a very small amount. “I am curious about the world we live in” (#18), also had the
lowest frequency of disagree and strongly disagree responses. For the statements, “I
would prefer to find out why something happens by doing an experiment than by being
told” (#3), “science is one of the most interesting school subjects” (#33) and “I would
enjoy visiting a science museum at the weekend” (#62), the number of agree and strongly

agree responses decreased by a more noticeable amount (Figure 3).
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I would prefer to find out why something
happens by doing an experiment than by being

told (Pre-test)
I would prefer to find out why something

happens by doing an experiment than by being
told (Pos-test)

I am curious about the world we live in (Pre-
test)

I am curious about the world we live in (Post-
test)

Science is one of the most interesting school
subjects (Pre-test)

Science is one of the most interesting school
subjects (Post-test)

| would enjoy visiting a science museum at the
weekend (Pre-test)

I would enjoy visiting a science museum at the
weekend (Post-test)

| would like to be a scientist when | leave
school (Pre-test)

| would like to be a scientist when | leave
school (Post-test)

m Disagree m Strongly Disagree m Neutral = Agree m Strongly agree

Figure 3. Graphs of frequency of responses to positive statements, (N=39).
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When the negative statements were analyzed it is important to note that a desired
response to the negative statements would be opposite of those for positive statements. A
desired response to the statement, “I dislike science lessons” (#12), would be strongly
disagree. In this case we see that there are increases in the number of disagree and
strongly disagree statements for all but, “finding out new things is unimportant” (#25).
For all negative statements neutral responses occurred almost as frequently than they did
for the positive statements. The statement with the highest frequency of strongly disagree
and disagree was “finding out new things is unimportant” (# 25), even though the
frequency of desirable answers dropped in the post-test, the decreased results were higher
than any of the other statements. One student when asked what they were most excited to
learn about said, “nothing exact, I just like learning new things.” The same student when
asked what they enjoyed most about this unit said, “all the hands-on labs, it was more fun
to learn new things by doing stuff.” The statements that had the lowest frequency of
strongly disagree and disagree was, “I dislike science lessons” (#12) and the pre-survey
score for, “I would rather find out about things by asking an expert than by doing an
experiment” (#38), this makes sense as one student explained when asked what they
enjoyed most about this unit said, “nothing, you did too many labs and didn’t tell us the

answers, that makes it too hard” (Figure 4).



I would dislike being a scientist after |
leave school (Pre-test)

I would dislike being a scientist after |
leave school (Post-test)

I dislike science lessons (Pre-test)

I dislike science lessons (Post-test)

| get bored when watching science
programs on TV at home (Pre-test)

I get bored when watching science
programs on TV at home (Post-test)

Finding out new things is unimportant
(Pre-test)

Finding out new things is unimportant
(Post-test)

I would rather find out about things by
asking an expert than by doing an

experiment (Pre-test)
I would rather find out about things by

asking an expert than by doing an
experiment (Post-test)

m Disagree  ® Strongly Disagree

20

Neutral m Agree mStrongly Agree

Figure 4. Graphs of frequency of responses to negative statements, (N=39).
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One way students understanding was assessed during the Motion and Forces Unit
was students were asked to complete a Claim Evidence and Reasoning Framework for
the question “Which will fall faster in air a small plastic ball or a large Styrofoam block?”
After completing a discussion over Newton’s second law, students consistently answered
the question correctly by claiming that the heavier block will hit the ground first.
Additionally, many students were able to back up their claim with evidence, and some
were able to explain the reasoning behind the evidence using Newton’s second law. In
the example of student work shown below, the student has a clear claim and uses

evidence and reasoning to back up their claim (Figure 5).
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The students used the slops af the hast fit line 1o determine the acceleratian (A ak) of =ach object.
After Faoking et the resulis, ore of the stucents remarked, “Wow, eth abjects had an acceleration of
0.8 myfs’. ThAat's exactly the acoeeration dus 1o the Farce af gravity ar the surface of the Eanh, | wander
what the accelerations of the abjects would be (f they were Falling through air”

Scientific Question: Which of the twg objects do you predict would have the greater

acceleration when dropped Tn aic?
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Figure 5. Example of student CER work.

Finally, analysis was done using the AAAS Chemical Reactions pre- and post-test

data (N=39). The AAAS test contained 26 questions on the nature of chemical reactions
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and conservation of matter. The results showed a range of scores on the pre-test of four
to twenty-three with a median score of ten. The AAAS post-test showed a range of
scores from four to twenty-five with a median score of thirteen. The interquartile range
increased dramatically between the pre and post-test. The upper quartile of the post-test
scores was larger than the whole interquartile range of the pretest. The average
normalized gain was calculated for the AAAS pre-tests and post-tests; this showed to be
.20. This value is considered low. The normalized gain indicated a small increase in the
post-test score as compared to the pre-test score (Figure 6).

AAAS Chemical Reactions Pre-test

4 & I 12 23
T T 1 i

AAAS Chemical Reactions Post-test

4 825 i3 1975 25
B I } |

! [
T S e e e e e L — Tt T 111 | —
g 0 2 3 4 5 6 F & @ JOINI2 i3 I4 05 1617 I8 1920 20 22 23 24 25 26

AAAS Chemical Reactions Test Scores out of 26

Figure 6. AAAS Chemical Reactions pre- and post-test box and whisker plot, (N=39).

The AAAS question with the most correct answers was related to the topic of
products of chemical reactions (#4, and 15) with 30 correct responses each. These
questions were related to the topic of products of chemical reactions. The question with
the fewest correct responses was on the topic of conservation of matter, (#17) with nine
correct responses.

The last method for analyzing the AAAS and FCI test data was the Wilcoxon

Signed Rank Test (N=39). In this test, | compared the normalized gains for the AAAS

and the FCI to see if there was a significant difference in gains. The results showed the
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W-value is 24. The critical value was 271. If the W-value is less than the critical value,
then we reject the null hypothesis. The null hypothesis states that there is no difference
between the two sets of normalized gains. Since the W-value is lower than the critical
value, there is a significant difference between the AAAS normalized gains and the FCI
normalized gains. This is consistent with the results observed when comparing the
average normalized gains for the FCI and the AAAS scores. Both tests show an
improvement in scores and that the FCI scores improved more than the AAAS.
INTERPRETATION AND CONCLUSION

My primary question was “Will using the conceptual change model help 9" grade
students overcome their physics misconceptions?” The pre-test vs. post-test data
collected suggested meaningful positive growth in student learning of motion and forces
and chemical reactions. For example, looking at the average normalized gain for the
Motion and Forces unit, which was taught using the Conceptual Change Model, the data
shows a score of .22 which is a small but measurable positive improvement of
understanding. The average normalized gain for the Chemical Reactions Unit, which was
taught using traditional methods, was .20 which is also a small but measurable
improvement. The normalized gains for the Chemical Reactions Unit were slightly lower
than the improvement for motion and forces. Misconceptions are very hard to overcome,
and these data show that the Conceptual Change Model has a small benefit in overcoming
misconceptions. When asked “How do you feel about using the conceptual change
model in class, do you feel that it helps you learn?”” one student reflected, ““it helps me

figure out what I’'m doing wrong but, | would like it better if you just told me the
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answers.” Another student was more enthusiastic with a response of, “Yes, I love doing
hands-on work, I didn’t really think I liked science, but this is fun!”

In the future, 1 would like to use the AAAS test of motion and forces for my pre-
and post-test of conceptions for the Motion and Forces Unit. This tests for a smaller
number of misconceptions and contains questions that are worded more similarly to the
AAAS Chemical Reactions test. | believe that this would show more accurately the
improvement using the CCM. The FCI tests for 30 different misconceptions related to
motion and forces and the AAAS tests for 20 different misconceptions related to
chemical reactions and conservation of matter. | focused on nine misconceptions for the
Motion and Forces Unit and five misconceptions in the Chemical Reactions Unit. |
would like to compare these units more evenly in the future to better show how well the
Conceptual Change Model works on misconceptions. | would also be interested in giving
my students the post-test again at the end of the school year to see if they retained the
post-test gains for if one model showed improved retention of information over the other.

My first sub-question was “Do misconception probes allow students to engage in
the first step of the Conceptual Change Model by having students become aware of their
preconceptions about a concept by thinking about it and making predictions (committing
to an outcome) before an activity begins (Stepans 2006, p. 7)?” The results of the motion
and forces test show that the questions that had the most common correct answers on the
posttest were to questions that were on the same topics as misconception probes that we
conducted. The first question of the FCI had the most correct answers and was worded

very similarly to the misconception probe given to students. When asked, “Do you feel
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that the misconception probes helped you identify the ideas you were understanding
incorrectly?” many students answered with an affirmative. One student commented, “it
was pretty frustrating to keep getting the answers wrong.” While another noted, “that if [
know I’m wrong now maybe I won’t get the wrong answer on the test.” Additionally, |
noticed that the most common question missed on the AAAS test was on the topic of
conservation of matter; this was a concept that was emphasized during traditional
instruction, but no misconception probe was used to reveal the misconception to the
students. As a result, fewer students were able to overcome that misconception.

Also, when students were asked, “Based on the learning targets posted for the
upcoming unit, do you feel like there are any concepts in the upcoming unit that you do
not understand correctly?”” One student responded, “No, I might not know everything yet,
but know | understand right.” There was an interesting connection between students that
felt a lot of confidence about their understanding and their scores on the FCI.
Anecdotally, students with high confidence did not seem to have as high of scores as
those who were less confident in their understanding. It would be interesting in the future
to see if a connection exists between confidence and student’s ability to overcome
misconceptions.

The second sub-question I posed was, “Does the Conceptual Change Model
improve student attitudes about science?” Based on the results, | would say the answer to
this question is not by a measurable amount. Students seem to hold on to their opinions
about things more strongly than their misconceptions. There was some shift in the third

quartile of scores with at least one student having changed their attitudes, but the first
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quartile scores change very little, and interquartile range shifted very little. When the
parts of the TOSRA were examined by section, some positive shifts in attitude were
observed but also some negative shifts. The overall shift was positive but to a very small
degree.
VALUE

This study was about more than just implementing the Conceptual Change Model
(CCM). The purpose of any change to a curriculum is to improve student understanding
of the content. Overcoming misconceptions is very challenging and complex. It can be
very difficult to replace the incorrect explanations that students develop. This project
involved expanding my understanding of how my students learned and how the CCM
helps students to form new correct conceptions. In addition to looking at concept
learning, | was also interested in student attitudes, and this project taught me that attitude
has a direct impact on achievement. This project helped me to deepen my teaching skills
by forcing me to evaluate how I have my curriculum organized. Also, this project helped
me to see more clearly how what | do directly affects what my students learn. | feel that
this project more than any other part of my graduate education allowed me to grow
professionally and gain new skills as a teacher.

During this project, | learned that the CCM works to help students overcome
misconceptions but that traditional teaching also has an impact on changing conceptions.
| learned that using the misconception probes as part of the CCM was one of the most
effective tools in overcoming misconceptions. Students really enjoyed the discussion and

demonstrations that came after the misconception probes and their improvement on these
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concepts in the testing was noticeable. 1 learned that the CCM didn’t change my student
attitudes, but that my students value learning and enjoy experimenting with hands-on
materials. My students also really enjoyed the interview portion, in which they found a
fun and creative way to give me feedback. | learned a lot about what they were taking
away from the lessons by their responses to the interview questions. Finally, | learned
that this project has created as many questions for me as it has answered. | will continue
to use the CCM in my future lessons, and | will modify my methodology to achieve the
results I am interested in, and to answer the questions that have been generated in this
project.

Perhaps the most valuable part of this project was the knowledge that | can make
positive changes in my own classroom. Learning how to systematically plan and conduct
research in my own classroom will allow me to continue to grow and develop as a
teacher. Additionally, I also learned how much information can be gathered about
student understanding in the form of a simple pre-test. If students already understand a
concept, it is not important to teach it no matter how fun or interesting the topic.
Knowing what they don’t know and how they are misunderstanding a topic can allow you
to do a better job of structuring your lessons to help them overcome those

misconceptions.
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MOTION AND FORCES UNIT OUTLINE

DAY INSTRUCTIONAL OBJECTIVE HOMEWORK/PRACTICE
DAY1 SPEED NOTES PRACTICE PAGE 1-3
DAY 2 GRAPHING SPEED PRACTICE PAGES 4-6
DAY 3 ACCELERATION PRACTICE PAGE 7-9

DAY 4-5 GO OVER PRACTICE CONCLUSION
SPEED AND ACCELERATION LAB QUESTIONS
DAY 6 GO OVER CONCLUSION ?S CONCLUSION
NEWTON’S 15T LAW PROBE QUESTIONS
(#20,21,24)
NEWTON’S 15T LAW LAB
DAY 7 GO OVER CONCLUSION ?S PRACTICE PAGE ---
NEWTON’S 15T LAW NOTES
DAY 8 GO OVER PRACTICE
NEWTON’S 15T LAW CONCEPTIONS
JIGSAW
DAY 9 NEWTON’S 2NP LAW PROBES CONCLUSION
K’NEX LAB QUESTIONS
DAY 10 GO OVER CONCLUSION ?S CONCLUSION
FRICTION PROBE QUESTIONS
FRICTION LAB
DAY 11 GO OVER CONCLUSION ?S CONCLUSION
GRAVITY PROBES QUESTIONS
GRAVITY LAB
DAY 12 GO OVER CONCLUSION ?S PRACTICE PAGE
NEWTON’S 2P LAW NOTES
DAY 13 GO OVER PRACTICE CER WRITING
NEWTON’S 2N° LAW CONCEPTIONS ASSIGNMENT
JIGSAW
DAY 14 NEWTON’S 3R° LAW PROBE CONCLUSIONS
NEWTON’S 3RP LAW LAB: TUG-O- QUESTIONS
WAR
DAY 15 GO OVER CONCLUSION 7?s PRACTICE PAGE
NEWTON’S 3R° LAW NOTES
INTRODUCE THE MOUSE TRAP CAR
PROJECT
DAY 16 GO OVER PRACTICE PROJECTS DUE
MOUSE TRAP CAR WORKDAY ___DAYS
DAY 17 WORKDAY




37

APPENDIX C

FORCE CONCEPT INVENTORY



38

Fevised form 08169581

Force Concept Inventory

Originally published in Yhe Physics Teacker, March 1992
by
Phavid Hestenes, Malcolm Wells, and Graqge Swackfiamer

Revised August 1995
by
Tbrattive Hallown, Fichard Hoke, and Eungene Misca

The Force Concept Inventory (FCT) 15 a muliple-chodes "test” designed o assess student
understanding of the masr haoe concepts 1 Mewlonian mechames, The PCL can be wsed for
srveral Eurpmn—s but the most imporiant one is 1o evaliate the effectiveness of instruction.

“or @ full urderstanding of what has gore inio development of this imstrument and how it

can be used, the FCL papers (refs, 102) should be consulied, a3 well as: (a) the papers on the FCI

poesaor, the Mechames Diapnosthe Test (refs. 3, 4), (b} the paper on e Mechanics Baseline

ean (ref. 5), which s recommended a5 an FCT companion test for assessing quanbilative problem

solving skills, ard (cp Richard Hake's paper {ref. ) on data collecton on univessity and high
srhool physics tanght by many diffesent teachers and methods across the U5 A,

Befa. 1-5 are onlire @ <hnp:moedeling asuedwBE& EResearch himb= Bef. 6 i3 oaline as
ref. 24 at <hitp:Swww phyaies indiana edu'-hakoes.
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1. [}, Hestenes, b, Wells, and G. Swackhamer (1992). Foroe Concept Invemory, The Phyiics
Teqeher 30 141-151.

2. . Hespenes and 1. Hallown (1995} Interpreting the Force Concepl Investory, The Physics
Tewcher 33, 502-506.

3. 1. Halloun ard D, Hestenes (1985). The inital knowledge swaie of college phyvsics students.
Am. X Prys. 53, 1043-1035.

4. ]'Egii“u&iljm . Hearenes (1985). Common sense concepls aboul mollon, Am. J. Phys. 53,
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5. Ua{[i'lrﬂtfu:ﬁ and M. Wells (19925 A Mechanes Bascline Tear, The Physies Teacker 30, 159-
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4. K. Hake (1998}, Inleracive-eagagement v, rsditional meethods: A six thousand-studest survey
of mechanies test data for intreductory physics courses. Am. J. Phys 66, §4-T4,
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Teacher: these are sugpesied direcibons 1o give yvour stadents:

Yowr parficipation i velduntary, b strongly encourgped.
Dy meo wrile anyiiiing e URis questomniee.
Mark vour enswers on the scaniron
Make paly one mark per item.
D ol skip ary guestion.
Averidd guessing. Youwr answers showld reflecr whar pou personsily think,
(i the searatra:
Uike o Wo. 2 pencil, and follow marking instraciions.
Fill in yoner mame ard closs pertod.
Fill in phe " Fram Mo given by your teacker (if any).

Plean fo finich s questionnsire n 20 minules.

Mobes o 1 Teacher:
The FCI is closed-book, o notes, no equations,

Mt important! 1o maintain secunity, please don't call it the Foree Concepr Inventory; rather, give
it another name fex. mechanbes survey, big foroe diagnestich, of po name. (This i because the
original 1992 \'n:rsinuap%ca.:s on b el Prose tee 1o toe, unprotected, We are uralde o
prevent this, unformunately )

Make i cowunt for a grade or exiza credit, sothat studests sill take it seroasly.
Calbect the test and destroy i, or keep 1t under lock and key, sothat it deesat get nio student files.

D"t photooogy this page or the fast pape.

Thank you for your cooperation.
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. Two metal balls are the same size bat coc wetghs iwice as much & the other. The balls are

drapped from the roof of & single stoey budlding an the same instamt of o, The tme it akes
the balls o reach the ground below wall be:

(A} aboui half as loag for the beavies ball as for the lghter ane.

(B} aboat half as loag for the lightes ball & for the beavier one.

(C} aboat the same for both balls.

(¥ conshderably less foe the beavier ball, but pot necessanly half as Jong.
(E} considesably less for the lightes ball, but pod necessarily hall as loag.

. The two metal balls of the previous problem moll off a bostzontal table with the sames speed.

L s situation:

(A} b-ncrl::balls It the floor at approzimately the same horizontal distance froe the base of the
Lalle.

(B} the heavier ball hits the floor at abowt half the borizontal distanee from the base of the
tabbe than does the lighier ball.

(C} the lighter ball hits the foor at alsout balf the hosieontal distance from the base of the
table than does the heavier ball.

(I3} the heavier ball hits the floor considerably closer ot Bese of the table than the lghters
beall, bt st mecessaraly an balf the borizontal distano:,

(E} the ]iEh'u:: tall hirs the floor comsiderahly closer o the base of the table than the heaviers
ball, bt st pecessanly at balf the bosizontal distanes.

. & szoae dropped fromm the ool of a single story butlding w the surface of the carth:

(A} reaches a maximumm spoeed gobie seon after relezse and then falls at a constant speed
theseafier.

(B} speeds up as i falls becawse e graviiationsl stiraction geis considerably sironger as the
gloiue pels closer o the canh.

(C} speeds up becanse of an almest constant fosos of gravity acting upon it
(¥} falls because of the natural weadency of all olgjects w rest on the surface of the canth,

(B} falls because of the eoonbined effects of the foree of gravity pushing i1 dowrwand and the
force of the air pushing i downward.

. A lasge ruck collides head-on with a small compact car. Duning the collision:

(A} the treck exens a greater amount of force on te car than the car exerts on the truck.
(B} the car exerls a greater amount of feres on the truck than the treck exests on the car.

(C} meither exerts & foree on the other, the car pets smashed stmply because i gets i the way
of the truck.

(¥} the reck exerns a foree on the car but the car does oot exert a foree on the truck.
(E} the ruck exens the same amount of fosoe on the car as the car exerts on the truck.



41

LUSE THE STATEMENT AND FIGURE BELOW TO ANSWER THE NEXT TWO
QUESTIONS (5 and &).

The accompanying fpwure  shows a P *
frictionless charmel in the shape of & segment

of a circle with cemier ai "0, The chanmel 0
s been anchoned o a frictionless bortpontal

lable . You are looking down al the labbe. r
Fonces exemed by the air are pegligible. A ball

i5 shot &1 high speed imo the channel an “p®

and exits g1 "r.”

5. Consider the following distines forees:
1. A downward force of gravity.
2. A foros exeried by the channel pointing from g io O,
3. A foroe in the dipection of maotion.
4. A foroe poanting from O o q.

Which of the above forces B8 (an2) acting on tbe ball when i s within tbe friciionbess
clannel & posithon “g*7?

(A} 1 only. =]
(B} 1 and2. *
(C} 1 and 3. I - [
(D 1,2, and 3. (A) =~ e >
(E} 1,3, and 4. \“.. I ]
'\.l:a . R "‘l:l
o Y-
. Which path in the figare at right would * r

ihe Ball most clossly follow afier i
exils the chanpel &t “r® and moves
across the frictionless wable wop?

T. A seel ball 5 anacked 10 a string and is . (&0

swung In a2 circular path inoa horizontal - T, +
ame as Hlustrated im the accompanying - " (E)

Lpure. : . -
AL the point P indicated bn the figuse, the ! o
satring suddenly breaks neas the ball. b L
If these everts ane observed from directly X Jee
abowe 38 in the fgore, which path would kY (
the ball most closely follow afier the K5 [ C:E
aring breaks? hL T 2
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USE THE STATEMENT AND FIGURE BELOW TO ANSWER THE NEXT FOUR
QUESTIONS (8 through 11).

The figure depicis a hockey puck sliding with constant speed v, in a siraight line from point
"2 10 point "b° on a frctionless boszontal sarface. Forees exerted by the air ane negligible, You
are looking down on ibe puck. When the pack reaches peant b il recebves & swifl horizonial

kick im the direction of the heavy peim arrow. Had the puck been at fest an poamt *b,” thea the
kick would have set the pack i.n"imu'ir.unual molion with a speed v in the direction of the kick.

a

b
bl -------r-------|-------|-------r-.
& Wiach of the paths below would the puck most closely Follow after receaving the kick 7
a

() ) (8) (c) ) (E}

t 1 t t 1t

Q. The speed of the puck just afler 1l receives the kick s
(A} egual tothe speed “vy" it bad befone it received the kiek.
(B} ogual o the speed "v, " resulting from the kick amd independent of the speed "v,".
(C} equal woihe arithmetic sum of the speeds v, " and " "
(D} smaller than cither of the sposds *v,* ar "w .
(B} greater than etiher of the speeds "v," or "v", bul less than the aritbhmetic sum of these

twin speads.

10, Along the frictionless path vou have chosen noguestion B, the speed of the puck afier
recerving the kick:
[A} 15 constant.
(B} contimsously incnsases.
(T} contimeously decreases.
(¥} increases for a whibe ard decreases thereafier.
(B} is corstan for 2 while and decreases ihereafier.

11. Along the frictionless path you have chosen in question B, the main force(s) acting on the
puck after receiving the kiek s (are):
(4} adownward force of gravity.
(B} a downward force of gravity, and a horizosial foree in ihe dissction of motion.

(T} a downward foeoe of gravity, an upward force exemed by the surface, and a horzontal
force bn e direction of molkon.

(I3} a dowsward feree of gravity and an upwarnd foroe exertsd by the surface.
(B} none. (Mo forces act on the puck )
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12, A ball i fired by a cannon from the wop of & cliff as shoon inotbe Ggare below. Which of
the paths woald the cannon ball mest closely follow?

13, A bov throws & steel ball stralght up, Comsider the motion of the ball ealy after 1t has lefl the
oy's ard bat befoee it wuches the ground, and assarme that Forees exerted by the air ane
negligible. For these conditions, the force(s) acting on the ball i (an):

(A} a dowrward Force of gravity along with a steadily decressing upward force.

(B} asteadily decreasing upward foree from the moment i leaves the boy's hand until it
reaches its hghest point, on the way down these 18 a steadily increasing downward
fomee of gravily as the ehject pets eloser 1o the earth.

(C} an almest constant downward foses of gravily along with an upward feece that seadily
decreases unlkl the ball reaches its hghest pont; on the way down there 18 oaly a
constant downward foree of gravity.

(¥} an almost constant doomwand foeos of gravity only.

(E) mooe of the gbove, The ball falls back 1o ground becanse of its natural iendency 0 fest
o the surface of the earth.

14, A bowling ball accadentally falls out of

the cargo bay of an alrliser as i flbes
along ina horizontal direction.
As observed by a person starding on
the el and viewing the plase as in
the Diguse at right, whichk paih wouald the
bovwhing Ball mwst closely follew afier
Deaving e aisplane?
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USE THE STATEMENT AND FIGURE BELOW T ANSWER THE NEXT TWO
QUESTIONS (15 and 1a).

A larpe truck breaks doom cal on the roed and reeeives a push back into town by a small
compe] car as shown in the Agure below.

15, Whale the car, il pushing the treck, i speeding ugp o gl up 0 cruising speed:

(A} the amoant of foree with wibeh the car pushes or the truck 15 equal 1o that with which
the treck pushes back on the car.

(B} the amount of foree with which the car pushes on the trock 15 smaller than that with
which the truck pushes back on the car.

[T} the amoant of foree with wibeh the car pushes on the truck 18 prester than that with
which the truck pushes back on the car,

([} the car's engine is mammng so the car pushes against the wruck, but the truck's engine =
ol running o the treck cannol push back aganst the car. The truck is pushed forward
simply becanss it ks 6 the way of the ear.

(B} neither the car nor the truek exert any foros on the ofleer. The truck 18 pushed forwand
simply becanss it s in the way of the car.

1. After the car neachwes the constant cruising speed at whicl its deiver wishes w push the rock:

(A} the amoant of foree with wibeh the car pushes or the truck 15 equal 1o that with which
the treck pushes back on the car

(B} the amount of foree with which the car pushes on the trock 15 smaller than that with
which the truck pushes back on the car,

[T} the amoant of foree with wibeh the car pushes on the truck 18 prester than that with
which the truck pushes back on the car,

([ the car's engine is rapnang so the car pushes againsl the weck, but the truck's engine s
ol running so the treck cannol push back against the car. The truck I8 pushed forwand
simply because it s in the way of the car.

[E} neither the car nor the truck exert any foros on the ofleer, The truck 18 pashed forsand
simply becanss it s in the way of the car.
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17. An elevaior i being lifted up an elevatoe shafl ai a constani speed by a svoel cable as shown
in the fgure below, All frchenal effects ane neglipible. [n this situstion, forces an the
ehevator ane such that:

(A} the upward force by the cable is greater than the downswand foeos of gravity.
(B} the upward force by tee cable i equal io the downward force of gravity.
[T} the upward foree by the cable is saaller than the downward foree of gravity.

(D3 the upwasd foree by the cable s preater than the surm of the downward foree of gravity
amd a dowrwarnd fosce due io the air.

(E} nmone of the above, (The clevator poes up because the cable 1s being shortened, not
Iecause an upwand force 15 exented on the elevator by the cable).

(@)

| sleal
cable

*
-

Ebevator going up
al constan spesd

18. The figure bebow shows a boy swinging on & rope, slasting at a point higher than A
Consider the following distinet forces:

A dowrwarnd Foroe of graviny.

A foros exerted by the rope poiating from A o0,

A force mnthe direction of the boy's motion, o

A foros polnting Froay 0w AL

R I

Which of the above forces is (ane) acting on the oy
when he ts &1 posiion AT

[A) 1aonly.
(B} 1and 2.
(Ch 1and 3.
(D) 1,2, and 3.
(E) 1,3, amd 4.

Py
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1%, The positions of two blocks ai successive 0. 20-second ume inlervals e represenied by the
nurmbered sguares in the figure below. The blocks are moving toward the right.

i 2 3 4 5 -] T
| I | | | | | | |
| | ] u n | u | | [ ]
1 2 3 4 3 G 7 [i]
Dt bibocks evier have the sanme speed?
[A) Mo,

(B} Yes, ar instant 2.

(C} Yes, an instanl 5.

(¥ Yes, at instanis 2 and 5.

(E} Yes, a some time during ihe interval 3 io 4.

2. The positions of two blocks at sweeessive 0.20-sscond Ume inbervals ane represeniod by the
numtbered sgquares in the figune below, The blocks are moving wovard the right.

i 2 3 i -] 5 T

Block & | | [ | | | | | |
[ ] [ | [ | [ | [ |
Block b : 2 S r s

The accelesations of the blocks are relaied as folbows:
(A} The sccelesation of "a® s greates than the acoeleration of * b°

(B} The accelesation of "a* equals the acceleration of *b°. Both scoslerations ane preater
than #ero.

(C} The acoeleration of *b" 15 greaber than the acceleration of "a".
(I} The sccelesation of "a® equals the sceeleration of ", Both sccelerabions are zer.
(B} Mot easugh information is given to answer the guesiion.
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USE THE STATEMENT AND FIGURE BELOW T ANSWER THE NEXT FOUR
QUESTIONS (21 through 24).

A rocket diifis sideways in outer space from point "a" 10 point *b° as shown below. The
rocked bs subject wo no owiside forces. Starting at position *B", the rocket's engine 18 med o
and produses & constant theust (foree on the rockel) al right angles wo e lee "ab®. The constant
thrust is meaiiained uniil the rocket reaches a point "e® in space.

21, Whach of the paths below best represents ihe path of the rocket between points “b® and “¢"?

-, C [_NH *C C
.-'" t. __" lr
I . I J.’ r.-

S : S K i
(h B (c) (o (E
] ' el ! -
i ' s d <

e 3 ---m@bh ---=@bh  --e@ph---" -.m@b

22, Asthe rockel moves from position*b® 0 postison "c” s speed is:
[A) constant.
(B} continwously mereasing.
(C} continwously decreasing.
(¥ increasing for a while and constani thereafter.
(E} consiant for & while and decressing theresfier.

230 A0 point "e® the rocker's engine s tarmed off and 1he thmst immediaiely drops w0 zesa.
Whach of the paths below wall the rocker follew bevond point "e™?

A 0

ce--(A)--—p «C wC ac cw

2. Beyond position “¢® the speed of the rocke is:
[A) constanl.
(B} continwously mcreasing.
(C} continwously decreasing.
() inecreasing for a while and constant thenafier.
[E} consiant for & while and decressing thereafier.
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25, A wornan exerts 8 constant boeizontal foroe on a large box. As a resuli, the box moves

across @ horlzonial floor a1 2 constant speed “v,”,

The cormstan! hostpontal foree applisd by the weman:

(A} has ibe same magniiude =5 e weight of the box.

(B} is greater than tee welght of the box.

[T} hes the same magnimde a3 the total foree which fesists the motion of tee box.

(D3 is greater than the total foree which resists tee mobion of the box,

(E} s greater than eather the weight of the box o the rotal foros which resigis s motioa.

. If the wornan in the previous question doubbes the constant horizontal force that she exerts

o dhe box b pash 1 on the saoe bortzontal foes, the box then moves:

(A} with a conziznt speed that is dowble the speed “vy™ in ihe previous question.

(B} with & consiant speed that is grester ihan the spesd “v,," in the previous question, bt
ol mecessarily DWIce a8 greal.

(C} for & whibe with 2 speed that & corstant and greater than the speed “vp'* inthe previous
questin, then with a speed that ineneases theneafler,

(¥ for a while with an increasing speed, then with a constant speed thereafier.

(E} with & continuously increasing speed.

. 1 the wossan in question 25 suddenly stops applving a borizontal foree wo the boa, then the

b sl

(A} immediate]y come 10 a swop.

(B} continee moving ala corstant speed for a while and then slow tooa slop.
[C} imemediately slast slowing 10 a slop.

(¥ contimee ai 8 constant speed.

(E} increase is speed for a while and then start slowing 10 a stop.
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28, Imthe fgure at right, student "2 has g Hhyt

amass of 93 kg and stodent *b" s &
mass of T7 kg, They sit in identical
oiffice chairs facing each other.

Student “a" places his bare feet o the
knees of stsdest “B%, as  shown.
Studert "2 then suddenly  pushes
outward with his feet, causing both
chairs 1o move,

During  the push and  while the
studenis ase still wouching ooe another:

[A) meither student exests a foree o the ather.

(B) stwdent "a" exerts & force on student b, but *b" does not exert any force on “a®.
(C) each stodent exerts & fonce on the other, bat "b* exeens the larger force.

(¥ each student exeris & force on tee other, bul *a* exerts the larger fonce.

(E} each student exerts the sanve amount of force on the otber.

26 An empty offioe chair 15 ai rest ona floor. Consider the following forces:

30

1. A dowsward force of gravity,
2. Anupwand foros creried by the floor.
3. A retdownward force exeried by the air.
Which of the forces is (are) acting on the office chair?
(A1 1 only.
(B} 1and 2.
(C) 2and 3.
(1, 2,and 3.
(E} mope of the forozs. (Since the chair 15 at resl teene are no forces acting upon i)

Dwspine a very strong wind, & Weanis player manages 1o bl @ teams ball with her rsequet o
thar the ball passes over the net and lands in her opponent's court.

Congider the following forces:
1. A doweward foroe of gravity,
2. A foree by the “hic®,
3. A force exerted by the air.

Which of the alsove foroes is (ane) acting on the teanns ball after it has befl comtact with the
racque? and before it wouches the ground?

(A) 1 only.
(B} 1 and 2.
(C) 1 and 3.
(¥ 2 and 3.
(E} 1, 2,and 3.
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APPENDIX D

TEST OF SCIENCE RELATED ATTITUDES (TOSRA)
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TORSA Test of Science Related Attitudes
This test contains a number of statements about science. You will be asked what you
yourself think about these statements. There are no 'right' or ‘wrong' answers. Your
opinion is what is wanted. Select the answer that best represents your opinion.
Questions in bold will be left off the survey
1. Money spent on science is well worth spending.

Strongly Disagree  Disagree Uncertain  Agree Strongly Agree

2. Scientists usually like to go to their laboratories when they have a day off.

Strongly Disagree  Disagree Uncertain  Agree Strongly Agree
3. 1'would prefer to find out why something happens by doing an experiment than by
being told.
Strongly Disagree  Disagree Uncertain Agree Strongly Agree

4. | enjoy reading about things which disagree with my previous ideas.

Strongly Disagree  Disagree Uncertain Agree Strongly Agree
5. Science lessons are fun.

Strongly Disagree  Disagree Uncertain Agree Strongly Agree
6. 1 would like to belong to a science club.

Strongly Disagree  Disagree Uncertain Agree Strongly Agree
7. 1'would dislike being a scientist after | leave school.

Strongly Disagree ~ Disagree Uncertain Agree Strongly Agree
8. Science is man's worst enemy.

Strongly Disagree  Disagree Uncertain  Agree Strongly Agree
9. Scientists are about as fit and healthy as other people.

Strongly Disagree  Disagree Uncertain  Agree Strongly Agree
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10. Doing experiments is not as good as finding out information front teachers.

Strongly Disagree  Disagree Uncertain Agree Strongly Agree

11. 1 dislike repeating experiments to check that I get the same results.

Strongly Disagree  Disagree Uncertain Agree Strongly Agree

12. 1 dislike science lessons.

Strongly Disagree  Disagree Uncertain Agree Strongly Agree

13. I get bored when watching science programs on TV at home.

Strongly Disagree  Disagree Uncertain Agree Strongly Agree

14. When | leave school, I would like to work with people who make discoveries in
science.

Strongly Disagree ~ Disagree Uncertain Agree Strongly Agree

15. Public money spent on science in the last few years has been used wisely.

Strongly Disagree  Disagree Uncertain  Agree Strongly Agree

16. Scientists do not have enough time to spend with their families.

Strongly Disagree  Disagree Uncertain  Agree Strongly Agree

17. 1 would prefer to do experiments than to read about them.

Strongly Disagree  Disagree Uncertain Agree Strongly Agree

18. | am curious about the world in which we live.

Strongly Disagree Disagree Uncertain Agree Strongly Agree

19. School should have more science lessons each week.

Strongly Disagree Disagree Uncertain Agree Strongly Agree

20. 1 would like to be given a science book or a piece of scientific equipment as a
present.
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Strongly Disagree  Disagree Uncertain Agree Strongly Agree
21. I would dislike a job in a science laboratory after I leave school.
Strongly Disagree  Disagree Uncertain Agree Strongly Agree
22. Scientific discoveries are doing more harm than good.
Strongly Disagree  Disagree Uncertain  Agree Strongly Agree

23. Scientists like sport as much as other people do.

Strongly Disagree  Disagree Uncertain  Agree Strongly Agree

24. 1 would rather agree with other people than do an experiment to find out for
myself.

Strongly Disagree  Disagree Uncertain Agree Strongly Agree

25. Finding out about new things is unimportant.

Strongly Disagree ~ Disagree Uncertain Agree Strongly Agree
26. Science lessons bore me.

Strongly Disagree  Disagree Uncertain Agree Strongly Agree
27. | dislike reading books about science during my holidays.

Strongly Disagree  Disagree Uncertain Agree Strongly Agree
28. Working in a science laboratory would be an interesting way to earn a living.

Strongly Disagree  Disagree Uncertain Agree Strongly Agree
29. The government should spend more money on scientific research.

Strongly Disagree  Disagree Uncertain  Agree Strongly Agree
30. Scientists are less friendly than other people.

Strongly Disagree  Disagree Uncertain  Agree Strongly Agree



54

31. I would prefer to do my own experiments than to find out information from a
teacher.

Strongly Disagree ~ Disagree Uncertain Agree Strongly Agree
32. 1 like to listen to people whose opinions are different from mine.

Strongly Disagree ~ Disagree Uncertain Agree Strongly Agree
33. Science is one of the most interesting school subjects.

Strongly Disagree  Disagree Uncertain Agree Strongly Agree
34. 1 would like to do science experiments at home.

Strongly Disagree  Disagree Uncertain Agree Strongly Agree
35. A career in science would be dull and boring.

Strongly Disagree ~ Disagree Uncertain Agree Strongly Agree
36. Too many laboratories are being built at the expense of the rest of education.

Strongly Disagree  Disagree Uncertain  Agree Strongly Agree

37. Scientists can have a normal family life.

Strongly Disagree  Disagree Uncertain  Agree Strongly Agree
38. I would rather find out about things by asking an expert than by doing an
experiment.
Strongly Disagree  Disagree Uncertain Agree Strongly Agree

39. I find it boring to hear about new ideas.

Strongly Disagree  Disagree Uncertain Agree Strongly Agree
40. Science lessons are a waste of time.

Strongly Disagree ~ Disagree Uncertain Agree Strongly Agree

41. Talking to friends about science after school would be boring.
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Strongly Disagree  Disagree Uncertain Agree Strongly Agree
42. 1 would like to teach science when | leave school.

Strongly Disagree  Disagree Uncertain Agree Strongly Agree
43. Science helps to make life better.

Strongly Disagree  Disagree Uncertain  Agree Strongly Agree
44. Scientists do not care about their working conditions.

Strongly Disagree  Disagree Uncertain  Agree Strongly Agree
45. 1 would rather solve a problem by doing an experiment than be told the answer.

Strongly Disagree  Disagree Uncertain Agree Strongly Agree
46. In science experiments, | like to use new methods which I have not used before.

Strongly Disagree  Disagree Uncertain Agree Strongly Agree
47. 1 really enjoy going to science lessons.

Strongly Disagree  Disagree Uncertain Agree Strongly Agree
48. | would enjoy having a job in a science laboratory during my school holidays.

Strongly Disagree  Disagree Uncertain Agree Strongly Agree
49. A job as a scientist would be boring.

Strongly Disagree  Disagree Uncertain Agree Strongly Agree
50. This country is spending too much money on science.

Strongly Disagree  Disagree Uncertain  Agree Strongly Agree
51. Scientists are just as interested in art and music as other people are.

Strongly Disagree  Disagree Uncertain  Agree Strongly Agree

52. It is better to ask the teacher the answer than to find it out by doing experiments.
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Strongly Disagree  Disagree Uncertain Agree Strongly Agree
53. I am unwilling to change my ideas when evidence shows that the ideas are poor.

Strongly Disagree  Disagree Uncertain Agree Strongly Agree
54. The material covered in science lessons is uninteresting.

Strongly Disagree  Disagree Uncertain Agree Strongly Agree
55. Listening to talk about science on the radio would be boring.

Strongly Disagree  Disagree Uncertain Agree Strongly Agree
56. A job as a scientist would be interesting.

Strongly Disagree  Disagree Uncertain Agree Strongly Agree
57. Science can help to make the world a better place in the future.

Strongly Disagree  Disagree Uncertain  Agree Strongly Agree
58. Few scientists are happily married.

Strongly Disagree  Disagree Uncertain  Agree Strongly Agree

59. I would prefer to do an experiment on a topic than to read about it in science
magazines.

Strongly Disagree  Disagree Uncertain Agree Strongly Agree
60. In science experiments. | report unexpected results as well as expected one.

Strongly Disagree  Disagree Uncertain Agree Strongly Agree
61. I look forward to science lessons.

Strongly Disagree Disagree Uncertain Agree Strongly Agree
62. 1 would enjoy visiting a science museum at the weekend.

Strongly Disagree Disagree Uncertain Agree Strongly Agree

63. | would dislike becoming a scientist because it needs too much education.
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Strongly Disagree  Disagree Uncertain Agree Strongly Agree

64. Money used on scientific projects is wasted.

Strongly Disagree  Disagree Uncertain  Agree Strongly Agree
65. If you met a scientist, he would probably look like anyone else you might
meet.
Strongly Disagree  Disagree Uncertain  Agree Strongly Agree

66. It is better to be told scientific facts than to find them out from experiments.

Strongly Disagree  Disagree Uncertain Agree Strongly Agree
67. I dislike listening to other people's opinions.

Strongly Disagree  Disagree Uncertain Agree Strongly Agree
68. | would enjoy school more if there were no science lessons.

Strongly Disagree  Disagree Uncertain Agree Strongly Agree
69. | dislike reading newspaper articles about science.

Strongly Disagree  Disagree Uncertain Agree Strongly Agree
70. I would like to be a scientist when I leave school.

Strongly Disagree  Disagree Uncertain Agree Strongly Agree
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APPENDIX E

WALLER’S INTERVIEW QUESTIONS
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Waller’s Interview Questions
Pre Unit
1. What do you look forward to learning in the upcoming unit?
2. Based on the learning targets posted for the upcoming unit, do you feel like there
are any concepts in the upcoming unit that you do not understand correctly?
3. What strategies do your teachers use that you feel are most effective in helping
you to understand new material? Is there anything else you want me to know

going into this unit.

Post Unit

4. What did you enjoy most about this unit?

5. Do you feel like there are any concepts that you do not understand correctly?

6. Do you feel that the misconception probes helped you identify the ideas you were
understanding incorrectly?

7. Can you explain why when you drop a bouncy ball and a marble (that is the same
size but heavier) they hit the ground at the same time?

8. How do you feel about using the conceptual change model in class, do you feel

that it helps you learn?
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APPENDIX F

MISCONCEPTION PROBES
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Mass, Welght, Gravity, and Other Toplcs (
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Experiencing
Gravity

Whar kinds of objects experience gravitational force?
Put an X in the correct boxes.

Object Yes No It depends. (Describe the condition it depends on.)
Sall thrown up in the ak

Rock falling off o chif

Rock resting on the grourd

Flying bira

Bied perched on a branch

Astronaut on the Moon

Astronsut In orbit in the
Space Shuttle

Star in outer space

Fish swimming in water

Person floating in water

Stone siniing in water

Speck of dust

Speeding car

Hadlum balloon floating up
in the air

An object buried In the

ground

What rule or reasoning did you usc to decide if an object experiences gravita-
tional force?

Uncovering Student ldeas In Physical Sclonce
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WHICH WILL HIT THE GROUND FIRST
Mrs. Waller is holding one ball in each hand. One is a heavy steel ball the other is a light wooden ball. They
are both about the same size. If she drops both of the balls at the same time which will hit the ground first.

A) The steel ball
B) The wooden ball
C) They will both hit the ground at the same time.

Why did you pick the answer you picked, give reasoning based on evidence if possible?
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.

Mass, Welght, Gravity, and Other Topics

Apple on the Ground

M. Rosenberg's tree is full of apples. Some of the apples
fall off the tree and land on the ground. Circle the best
description of the gravitational force acting on the apple
as it sits on the ground.

A A force pushing the apple down onto the ground
B A force pulling the apple toward the ground
€ ‘There is no force on the apple when it sits on the ground.

Explain your chinking. Why did you choose that description to explain the
gravitational force acting on the apple as it sits on the ground?

Uncovering Student Ideas in Physlical Sclence
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’
forces and Newton's Laws ( Q‘O@

Equal and Opposite

Newton’s third law of motion is often stated as, “For every
action there is an equal and dpposite reaction.” Place an X
next to each of the statements where the described forces are
examples of Newton's third law:

A You push on a wtee with your hand and the teee
pushes back on your hand.

B A small car tows a large truck and they move at con-
stant speed, The truck pulls back on the car and the
car pulls on the truck.

C A small car tows a large truck and they speed up.
‘The truck pulls back on the car and the car pulls on
the truck.
‘The Earth pulls down on you (your weight) and the
fioor pushes up on you.
E Billy pushes Johnny and causes Johnny to fall down. Johnny exerts a force on
Billy and Billy exerts a force on Johnny.

F You pull on the door of the classroom and the door opens. Your hand exerts
a force on the door and the door exerts a force on your hand.

G A horse is pulling on a cart and the cart is speeding up. The horse exerts a
force on the cart and the care exerts a force on the horse.

H You hold a book against the wall. You apply a force to the book and the wall
applies a force on the book.

Explain your thinking. Describe the rule or reason you used to decide whether a state-
ment fits Newton's third law.

R T T T T T T

Uncovering Student Ideas in Physical Science
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sk iawiadie Eome (‘_’
Pulling on a Spool

Newron'’s second law of motion states that the net force acting on an object will cause
the object to accelerare in the direction of the nert force.

Suriya wants to use wooden spools 1o make a toy. She first has to figure our how 10
make a spool roll. She wraps a string around a spool as shown. When Suriya pulls
the string slowly to the right, what do you think will happen to the spool? Circle the
answer that you think is the best.

A The spool will accelerate to the righe in the direction of the pull.

B The spool will accelerate w the left, opposite to the direction of the pull.

€ The spool will accelerate neither to the right or lefe—it will move straight ahead.

Explain the reason for your answer.

L I I R N N N N R R R R R R R T T Y Y Y s

119
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fForces and Newton's Laws

Lifting Buckets

Seth needs to life a heavy bucket of sand to the second-floor balcony of
his house. He ties a rope to the bucket and then stands on the balcony
and pulls the bucket straight up. Once the bucket starts moving, how
should Sech pull it to get it to move up at a constant speed? Cirdle your
answer.

A With a force equal to the weighe of the bucket and rope
B With a force greater than the weight of the bucket and rope
€ With a force less than the weight of che bucket and rope

Describe your thinking about forces. Provide an explanation to support
your ideas.

D T T T T

Uncovering Student Ideas in Physical Sclence
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Forces and Newton's Laws

Outer Space Push

A box is lying on the table. You give
the box a quick shove and motice
that the box slides on the table for
a short time and then comes to a
stop. You then do the same thing on
a smooth floor. With the same push
from your hand, the box slides for
a longer time, but then evenrually
comes to a stop. You wonder what
would happen if you could push
the box in outer space, away from
any other plancts or atmosphere. If
you could give the box the same push, whar do you think would happen? Circle the
answer that best marches your thinking.

A The box will move forever because nothing is slowing the box down.
B The box will slow down because the push that you gave it will eventually wear

out.

€ ‘The box will slow down because it will eventually lose all its energy.

Explain your thinking, Describe the reasoning you used for your answer.

R R R R R R R I I L
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Riding in the Parade

Cindy is very excited—she has been asked to ride in a parade! During the parade, she
stands in the middle of the float and waves to the crowd while the float is moving down
che street at a constant speed. While she is waving, she sces her friend standing on the
sidewalk. She jumps straight up as high as she can 5o that her friend will see her.
m
S

When Cindy lands back on the floar, where will she land?

She will land in the same place on the float from where she jumped.

B She will land closer to the front of the foat than where she was before she
jumped.
€ She will land doser to the back of the float than where she was before she
jumped.

Draw where Cindy will land on the float (below).

_
Explain your thinking. Describe the reasoning you used to make your prediction.
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Forces and Newton's Laws (\ [

Ball on a String
| o

|

Philippe is playing a game ar the county fair. He is trying to hit a target—a long pole—
by twirling a ball on a string. ‘The ball is making a circular motion over Philippe’s
head (see the diagram below). The arrow shows the direction the ball is ewirding in.
When do you think that Philippe should let go of the string in order to hit the targe?
Clircle your prediction (A, B, C, D, or E) on the diagram below.

A
Y C

DI R R R

Explain your thinking. On the diagram, draw the ball’s pach after it leaves the point
marked by the letter that you circled.

Uncovering Student Ideas in Physical Sclence
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APPENDIX G

CONCEPTUAL CHANGE MODEL ACTIVITIES
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NEWTON’S FIRST LAW LAB
Name

Purpose:
What is the relationship between mass and inertia? What does Newton’s First Law say about
inertia? How do unbalanced forces and balanced forces affect an object's motion?

Read the directions for each station, conduct the experiment, and then complete your
guestions before moving to the next station.

Station 1: Swirling Washer

Place washer and string completely flat on the floor. Hold the string by the end and spin the
washer around your hand, while it is touching the floor. Let go of the string. Write your
observations.

Explain how this demonstrates Newton’s First Law.

Station 2: Plastic Hoop Trick

Balance a plastic hoop on the graduated cylinder and place the chalk on the top of the hoop. Your
task is to use one hand to quickly remove the hoop so that the chalk drops into the graduated
cylinder.

After you have mastered the task, explain what you did to master the task.

Explain how this demonstrates Newton’s First Law.

Station 4: Crash Test Dummy

Place the dented ping pong ball on cart and put cart at top of the ramp to collide with the testing
divider. Make observations about the changes in motion of the car and the forces acting on the
ball.

Use the rubber band to attach the ball to the cart (like a seat belt) and repeat the collision. Make
the same observations about the changes in motion of the ball.
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Explain how this demonstrates Newton’s First Law.

Station 5: Tablecloth Trick

Place only the aluminum pan on top of the mini-table cloth (handkerchief). Quickly remove the

table cloth out from under the pan so it stays on the table. Second, put the larger massed item on
top of the aluminum pan. Quickly remove the table cloth from under the pan and massed item so
they stay on the table.

Which test made it easier to pull the table cloth out? Why did it work better?

Explain how this demonstrates Newton’s First Law.

Station 7: Index Card and Coin

Place index card on top of the clothespin on the table. Place the washer on the card over the
clothespin. With the other hand, determine a method of removing the card quickly so the coin
remains on the clothespin. Describe your method and why it works.

Conduct the same test with a dime. Which test was easier? Explain why.

Explain how this demonstrates Newton’s First Law.

Station 8: Road Trippin’ (conceptual lab station)
A boy stands in the center aisle of a bus moving down the highway at 55 mph. If the boy tosses a
ball straight up toward the roof of the bus it falls back into his hands. Why?
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If someone was watching the boy doing this from a stationary position outside of the bus, what
would the ball have appeared to do?

Explain how this demonstrates Newton’s First Law.

Station 9: Gyroscope
Hold the bottom of the Gyroscope with your fingers. Use your other hand to spin the inside of
the Gyroscope. Let it spin until it stops.

Why did the Gyroscope spin for so long?

**How is the Gyroscope different from the spinning a top?

Explain how this demonstrates Newton’s First Law.

Station 12: The Hair Dryer

You will use four different spheres to conduct this test (tennis ball, ping pong ball, golf ball,
weighted metal ball). One partner will release the ping pong ball at the top of the ramp. The
other partner will place the hair drier next to the path of the ball near the bottom of the ramp
(perpendicular to path of the spheres), attempting to make the ball change its path. Repeat test for
the other three spheres. —use balance to find the masses!

Complete the table below, listing the spheres from smallest mass to largest mass.
Sphere Did it deflect from path? Was it a large or small
deflection?

Use Newton's First Law to explain why each of the spheres moved the way that they did.

Station 13: David vs. Goliath Sling Shot
Using the “swirling method,” swing the plastic ball around and hit the target on the front board.
Explain how you know when to release the string.
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What happens when you release the string at the wrong time?

Why does this happen?

Explain how this demonstrates Newton’s First Law.

Summary:
Based on what you have seen in this lab, answer the experimental purpose questions for this lab.

What is the relationship between mass and inertia?

What does Newton’s First Law say about inertia?

How do unbalanced forces and balanced forces affect an object's motion?

CONCEPTUAL QUESTIONS
NEWTON’S FIRST LAW
1. If you were in a spaceship and fired a cannonball into space, how much force

would have to be exerted on the ball to keep it moving once it has left the
spaceship?

2. Many automobile passengers have suffered neck injuries when struck by cars from
behind. How does Newton's law of inertia apply here?
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- How do headrests help to guard against this type of injury?

Suppose you place a ball in the middle of a wagon, and then accelerate the wagon
forward. Describe the motion of the ball relative to the ground.

- Describe its motion relative to the wagon.

threatening. But if you zigzagged, its mass would be to your advantage. 2

bt}
If an elephant were chasing you, its enormous mass would be most J
Why?

Two closed containers look the same, but one is packed with lead and
the other with a few feathers. How could you determine which has more mass if
you and the containers were orbiting in a weightless condition in outer space?

A metal ball is put into the end of the tube indicated by the arrow. The ball is then
shot out of the other end of the tube at high speed. Pick the path the ball will follow
after it exits the tube.  Note — you are looking down on these tubes, they are not
vertical.

A B C D E
How much support force does a table exert on a book that weighs 15 N when the book is
placed on the table?

- What if a hand pushes down on the book with a force of 20 N?

- What if a rope lifts up on the book with a force of 10 N? (The hand is no longer
there.)

When a 100 N bag of nails hangs motionless from a single vertical strand of rope, how
many newtons of tension are exerted in the strand?

- What if the bag is supported by four vertical strands?
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11.

12.
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The little girl in the diagram at the right hangs at rest from the ends of the rope.
How does the reading on the scale compare to her weight?

If the force of friction acting on a sliding crate is 100 N, how much force must be
applied to maintain a constant velocity?

- What will be the net force acting on the crate?

- What will be the acceleration?

How much does an astronaut weigh out in space, far from any planets?

If suddenly the force of gravity of the sun stopped acting on the planets, in what kind of
path would the planets move?

I

TENSIoN = ?
("

Ay
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NEWTON’S SECOND LAW

If the forces exerted on a 2-kg object are 50 N east and 30 N west, what is object’s
acceleration?

Suppose a cart is being pushed by a certain net force. If the net force is doubled,
by how much does the acceleration change?

Suppose a cart is being moved by a certain net force. If a box is dumped into the
cart, so its mass is doubled, by how much does the acceleration change?

If a loaded truck can accelerate at four m/s2 and loses its load so it is only half as
massive, what acceleration can it attain for the same driving force?

A rocket fired from its launching pad not only picks up speed, but also has a
significant increase in its acceleration as firing continues. Why is this so?

Harry the painter swings year after year from his boson’s chair.
His weight is 500 N and rope unknown to him, has a breaking
point of 300 N. Why doesn't the rope break when he is
supported as shown in the first figure to the right?

=

- One day Harry is painting near a flagpole, and for a change,
he ties the free end of the rope to the flagpole instead of to &
his chair. What happens to Harry?

The force of gravity is twice as great on a 2-kg rock as on a 1-kg rock. Why
then does the 2-kg rock not fall with twice the acceleration?

What is the net force acting on a 10 kg freely falling object?

- What is the net force when it encounters 15 N of air resistance?

- How much air resistance does it experience when it falls at terminal velocity?

If you pulled a low but heavy crate with a rope and greased the bottom to reduce
friction, would it help more to use a short rope or a long rope?
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10. An elevator (mass = 1000 kg) is supported by a single cable.

a)

b)

c)

d)

f)

When the elevator is at rest, what is the tension in the cable?

The elevator starts to move upwards at 1m/s/s. Is the scale reading
more, less, or the same?

When the elevator is ascending upward at a constant speed, is the
tension more, less, or the same as (a)?

¢
|~&

The elevator begins to slow as it reaches the proper floor. Is the
tension more, less, or the same as (a)?

The elevator now starts to descend at an increasing speed. Is the
tension more, less, or the same as (a)?

If the cable snapped and the elevator fell freely, what would be the tension?
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NEWTON’S THIRD LAW

When a hammer exerts a force on a nail, how does the amount of force
compare to that of the nail on the hammer?

Why does a cannon recoil when it fires a cannonball?

When you jump up, does the world recoil downward? Explain.

Why is it easier to walk on a carpeted floor than on a smooth, polished floor?

When a rifle is fired, how does the size of the force of the rifle on the bullet
compare to the force of the bullet on the rifle? 1, E‘L'
- How do the accelerations of the rifle and bullet compare? ]

If a bicycle and a massive truck have a head-on collision, upon which vehicle is the impact
force greater?

- Which vehicle undergoes the greater change in acceleration?

A pair of 50 N weights are attached to a spring scale as shown in the
diagram. Does the scale read 0, 50, or 100 N?

The strongman will push the two initially stationary freight cars of
equal mass apart before he himself drops to the ground. Is it
possible for him to set either of the cars in greater motion than the
other? Explain.
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9. Suppose two carts, one twice as massive as the other, fly apart
when the compressed spring that joins them is released. Afterwards,
how do their speeds compare?

10. Two people of equal mass attempt a tug-of-war with a 12-meter rope while
standing on frictionless ice. When they pull on the rope, they each slide toward
each other. How far does each person slide before they meet?

11. Suppose in the preceding example that one person has twice the mass of the other. How far
does each person slide before they meet?

12. A horse pulls a wagon with some force, causing it to accelerate. Newton's
third law says that the wagon exerts an equal and opposite reaction force on
the horse. How can the wagon move?
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Will an elephant fall faster than a mouse?

Problem
Does Mass affect the rate of fall?

Hypothesis:

Procedure
1. Hold the wood block the sponge and the paper. Rank them by
weight.

Which is heaviest, which is lightest?

2. Hold the block and the sponge horizontally at arm's length, so
that
the flat edge is down.

3. Release the objects and observe if they land at the same time or
if one
hits the ground before the other.

4. Repeat steps 2 and 3 for the different object pairs

Observations Comparing fall

rates
Object Trial 1 Trial 2 Trial 3
Example hit the ground | Hit the Hit the
Tennis ball at the same ground at ground at
w/sand time the same the same
Vs time time
Tennis ball
w/out sand
sponge
vSs wood
sponge vs
paper
sponge vs
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crumpled
paper

Wood vs
crumpled

paper

Wood vs Paper

Paper vs
crumpled

paper

Analysis and Conclusions
Answer the questions using complete sentences.

1. Galileo stated that 2 bodies with different masses fall at the
same rate. Do your observations verify his hypothesis? Explain
your answer.

2. Did crumpling the paper have any effect on its falling
rate? Explain why or why not.

3. Now answer this question: Would an elephant fall faster than a
mouse? Explain your answer.
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Understanding Newton’s Second Law of Motion

Describe Newton’s Second Law of Motion in your own words.

What is Newton's Second Law of Motion also known as?

Define the terms listed below. Be sure to write the definitions in your own words.
Acceleration -

=
-
e
-
7]
O
el
L
()
7]
-
m
Py

Veloeity -

Initial Velocity -

Newtons -

888-ABC-KNEX 37
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/‘ Conduct a simple experiment with your K'NEX Rubber Band Powered Dragster.
Step 1: Attach the rubber band to the rear axle of your racer and turn the axle two full rotations.

Step 2: Place your racer on the floor and measure the distance that the vehicle travels, Record the
distance.

Step 3: Add a 100g mass to the mass holder on the vehicle, and repeat the previous two steps.
Step 4: Which vehicle traveled the greatest distance?
In the space provided below, describe how Newton’s second law relates to the results you found,

Distance traveled with no added mass. meters
YA
-
Distance traveled with 100g of added mass. meters
>
e

KnexEducation.com
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Vehicle Performance Evaluations

Directions:

Test your K'NEX Rubber Band Powered Dragster as you alter the independent variables (number of rubber
bands, axle rotations, and mass) as directed. DO NOT wind your vehicle’s rubber band in excess of the
specified rotations as breakage and unsafe conditions can occur.

For each of the four activities below you will collect and record the following data in the charts provided:
« The mass of the vehicle.
« The distance the vehicle travels.
* The time it takes to travel that distance.

Once you have this information, calculate the velocity (final) and acceleration of the vehicle using the
formulas below.

Velocity:
Distance (m)
Velocity . (m/sec) =
Time (sec)
Acceleration:
Velocity . (m/s) - Velocity | (m/s)
Acceleration (m/sec/sec) =
Time ,__ (sec) - Time ___ (sec)

Given that the car is not moving at the start line, the Initial Velocity and the Initial Time are both zero (0).
By placing two zeros in the formula above for those values, the formula is simplified to:

Velocity ,, (m/s)

Accoleration (m/sec/sec) =
Time ,_, (sec)

Single Rubber Band & Axle Rotation Tests

* Use a fresh, un-stretched rubber band for these two activities.
* Find the mass of your dragster and enter the mass in the data table.

« Place a masking tape starting line on the floor. Wind the rubber band the specified number of rotations,
and then place your dragster at the starting line.

* Let go and time the dragster and measure the distance it travels.
» Record your results in the data table.
« Compute the velocity and acceleration for each trial,

888-ABC-KNEX 39
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W N -

Add a 100g mass to your K'NEX Dragster and repeat the previous activity. Remember to replace your
rubber band. Record your results below.

Did the vehicle perform differently with the added mass? Explain why.

Paired Rubber Bands & Axle Rotation Tests

» Remove the rubber band from your dragster and replace it with two fresh, un-stretched rubber bands,
» Follow the same directions as you did for the pravious two activities.
* Record your data in the tables below.

Vehicle Mass:

l

KnexEducation.com
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Add @ 1009 mass 1o your dragster and repest tha activity, Remamber to replace your rubber bands,

Distanca Tima Final Valocity Final Acceleration
# of Rotatians (m) (Seconds) Im/sec) (misecsee) |

Did tha drageter parfarm differsntly with an additionsl rubber band? Explain swivy.

Do you think the addition of & third rubbser band would result in an Incrasss or decreass
In parformancs? Explaln why.

:
g
:
-
9
B
3

Calculating & Graphing Forces

Uging the data collected during the activitias and the Tormula below, caloulate the foros baing exerted by
th renr axle to povwess your dragster, Remamben 1o Conven your mass messuramants 1o kilograms befora
complating your eomputations,

Foree (N) = Mass (kg) x Acceleration (m/sec/sec)

Single Rubber Band Force Results

+ Caloulate tha forces for all ten of the trials that used a single rebbar band in your Dasign Journal,
« Organize thi data in a data table of your ewn deilgn.

+« Takw & shoet of graph paper and place the number of rotations on the X-axis and the force in Newtons
(Nb o thie Yeinla.

« Graph the points for the two sets of dite on the same graph, {Use red data polnts for thie emply
drsgatar and bus Tor the trals with added mass.)

« Use o rad line for thi graph of the emply dragster dats and & blue line for this graph of the dats Tram
tha dragster with added mass,

« D & smooth eurve through the pelnts for each set of dats using the proper color curva,
« Label and tinle the graph,

888-ABC-KNEX i
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Compare the red and blue curves on the graph; describe how the force changed when the mass of the
vehicle was increased.

Double Rubber Band Force Results

« Follow the same directions as the single rubber band force results for this double rubber band activity.
Use green points and lines for the empty dragster data and black points and lines for the dragster with
added mass to make your graph,

Review the red, blue, green and black lines on your graphs. Explain any patterns, similarities and/jor
differences you observe based on your understanding of Newton's Second Law of Motion?

Can you predict your dragster’s acceleration if you 1o increase or decrease the mass of your dragster by
50g? If so0, explain how you would accomplish this. If not, why not?

KnexEducation.com
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Falling Objects Claim-Evidence-Reasoning (CER) Writing Assignment

Directions: Read the following Prompt. Then construct a scientific argument, using the Claim-
Evidence- Reasoning (CER) framework, that answers the Scientific Question below. Use what
you learned in class about falling objects.

Prompt: A group of students performed an experiment to investigate the acceleration of
different falling objects on Earth. In the experiment, the students dropped each object from a
height of 5.0 meters, and carefully measured the speed (in meters per second) and the time (in
seconds), using electronic sensors. The objects included a small round ball (3-inch diameter
round plastic ball) and a large rectangular block (5-inch cube shaped Styrofoam block). The
Styrofoam block’s weight was four times the amount of weight of the plastic ball.

Table 1.
Data resulting from an investigation in which objects inside a large vacuum tube were dropped
after removing the air inside the tube.

Time Speed (m/s)
(s) Small ball | Large block
0 0 0
25 2.45 2.45
50 4.9 4.9
75 7.35 7.35
1.00 9.8 9.8

The students created the following velocity (speed) vs. time graph of the data for the
experiment. After plotting the data points, they drew the best fit line through the points, as
shown below.

Experiment: Objects Dropped in Vacuum (No Air)
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Experiment: Objects Dropped in Vacuum (No Air)

! | Block

“Welocity (mJfs)

Tirmee L=

The students used the slope of the best fit line to determine the acceleration (Av/At) of each
object. After looking at the results, one of the students remarked, “Wow, both objects had an
acceleration of 9.8 m/s2. That’s exactly the acceleration due to the force of gravity on the
surface of the Earth. | wonder what the accelerations of the objects would be if they were falling
through air.”

Scientific Question: Which of the two objects do you predict would have the
greater acceleration when dropped in air?
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Neme Periocd

Date

Chapter 6: Newton’s Third Law of Motion—
Action and Reaction

I 18 mug-of-war

Purpose

To investigate the tension in a string, the function of a simple pulley, and
a simple “wug-of-war.”

Required Equipment/Supplies

5 large paper clips 2 low-friction pulleys
2 large identical rubber bands 2 ring stands

2 m of strong string spring scale

2 500-g hook masses measuring rule

L
Discussion

Suppose you push on the back of a stalled car. You are certainly aware
that you are exerting a force on the car. Are you equally aware that the
car is exerting a force on you? And that the magnitudes of the car’s force
on you and your force on the car are the same? A force cannot exist
alone. Forces are always the result of interactions between two things,
and they come in balanced pairs.

Now suppose you get a friend to tie a rope to the front of the car and
pull on it. The rope will be pulling back on your friend with exactly the
same magnitude of force that she is exerting on the rope. The other end
of the rope will be pulling on the car and the car will be pulling equally
back on it. There are two interaction pairs, one where your friend grasps
the rope and one where the rope is attached to the car.

A rope or string is a transmitter of force. If it is not moving or it is
moving but has a negligible mass, the forces at its two ends will aiso be
equal. In this activity, you will learn about balanced pairs of interaction
forces and about the way a string transmits forces.

Pneoh'o

Step 1: Suspend a 500-g load from a string that is held by a spring scale
as shown in Figure A,

1. What does the scale reading tell you about the tension in the string?

Chapter & Newton's Thisd Law of Motion—Action and Reaction

")

B

Fig. A

Put tension on a string.
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Hang weight over pulley. Step 2: Drape the string over a pulley such that both ends of the string
hang vertically, as shown in Figure B. Hold the scale steady so that it sup-
ports the hanging load.

2. What does the scale read, and how does this force compare with the
weight of the load?

3. How does it compare with the tension in the string?

Meove spring scole to different  Step 3: Move the spring scale first 1o a higher, then to a lower position,
positions along vertical. keeping the strings on each side of the pulley vertical.

4. Does the reading at the higher position change?

5. Move the scale to a lower position. Does the reading at the lower

position change? Briefly explain these results.
H
3
ﬂ | |
Fig.B Fig.C Fig.D Fig.E Fig. F g

62  Lsboratory Manual (Ixperiment 16)
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Name Period

Step 4: Move the spring scale to various angles to the vertical, until the
scale Is horizontal, as shown in Figure C.

6. Does the reading on the scale ever deviate from what you measured
in the previous steps? Briefly explain your result,

Step 5: Remove the string from the pulley and drape it over a horizontal
rod. Repeat Step 4, as shown in Figure D,

7. Do you find a difference between the results of Steps 4 and 57
Explain.

Step 6: Attach a spring scale to each end of the string. Drape the string
over the pulley and attach equal masses to each end, as shown in
Figure E.

8. What do the scales read?

Move spring scale to different
positions away from vertical.

Hang weight over rod.

Pull on both ends of string
over pulley.

Chapleré Newton's Third Law of Motion—Action and Reaction 63



Have mini tug-of-war with two
spring scales.

_—

Attach string to wall and tug.

amn

Think and Explain
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9. What role does friction play in the function of a pulley?

Step 7: Have your partner hold one end of a spring scale stationary
while you pull horizontally on the other end. Pull until the scale reads
the same force as it did when suspending the mass. Record the following
observations.

force you exert on the scale =

force the scale exerts on you =

force your partner exerts on the scale =
force the scale exerts on your partner =

Step 8: Autach strings on both ends of the spring scale, Fasten one end
to the wall or a steady support. Call this String A. Pull horizontally on the
other string, String B, until the scale reads the same as in the previous
step. Record the following observations,

force you exert on String A =
force String A exerts on scale =
force the scale exerts on String B =
force String B exerts on the wall =
force the wall exerts on String B =

10. What is the essential difference between the situations in Step 7 and
Step 82

11. From a microscopic point of view, how does the spring or string
transmit the force you are exerting on your partner or the wall?

Step 9: Study Figure F and predict the reading on the scale when two
500-g loads are supported at each end of the strings. Then assemble the
apparatus and check your prediction.

predicted scale reading =

actual scale reading =

¥ tne. All dghts
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APPENDIX H

CER FRAMEWORK
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SCIENTIFIC EXPLANATIONS

CLAIM

Statement about the results of an investigation
o I Ouid ot Sl o et O DO,
o 11 0UE Sl T hSoral D Detmoon Sopendend and Independent varialies

EVIDENCE

Scientific data used to support the claim

Evidence mant be:

o SUMCHnE — Uvh 0000 Oendd 10 werdr® e Ol

« Apoesorale e s 1hit uscort your o, Lo O raltnn that & WOOOr v Chiee
v Qualtattep — {Unnyg Iha oriis) am\'um M), OF 3 CORDAraon Of Lo

REASONING

Ties together the clalm and the evidence
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* Paovioe r::.-‘“o’ o b -‘ D evidence b & t"u‘ M tem
o (o O (000 SIS DEnCIDiet Tt e gttt 0 Sl a3 eV,

W 2 Tvaeledmang com




97

APPENDIX |

CHEMICAL REACTIONS UNIT OUTLINE AND LESSONS
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Chemical Reactions Lesson Outline

DAY INSTRUCTIONAL OBJECTIVE HOMEWORK/PRACTICE
DAY1 Students read from book and take notes PRACTICE PAGE
DAY 2 Teacher Instruction on writing chemical PRACTICE PAGE

equations
DAY 3 Teacher Instruction on balancing PRACTICE PAGE
chemical equations
DAY 4-5 Balancing Equations lab CONCLUSION
QUESTIONS
DAY 6 Go over conclusion ?S PRACTICE PAGE
More teacher instruction on balancing
equations
DAY 7 In class activity balancing equations race PRACTICE PAGE

DAY 8 Teacher instruction on types of chemical PRACTICE PAGE

reactions

DAY 9 Types of Chemical Reactions Lab
DAY 10 Student worktime to finish lab CONCLUSION

Turn in for lab for grading and feedback QUESTIONS
DAY 11 | Worktime to work on making corrections --
to the types of chemical reactions lab
DAY 12 Kahoot review Study for test

DAY 13

Test
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APPENDIX J

CHEMCIAL REACTIONS UNIT MATERIALS
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Chemical
Reactions

1. Describe ways that matter can change physically and
chemically and explain what a chemical reaction is.

2. Distinguish between endothermic and exothermic
chemical reactions.

3. Classify reactions as synthesis, decomposition,
single displacement, or double displacement.

4. Analyze energy changes that accompany chemical
reactions, such as in heat packs, cold packs, and
glow sticks.

5. Discuss the laws of conservation of matter and
energy as they relate to chemical reactions.

6. Write balanced equations to represent simple
chemical reactions.

Name:

Chemical Reactions
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What is a chemical reaction?

A chemical reaction is a process in which one or more
are changed into another

We know a chemical reaction has occurred when we get
something new and we see the following indicators

There are two main types of chemical reactions

and
Endothermic reactions are reactions where energy is

You can tell its endothermic because it will often get

Example:

Exothermic reaction are reaction where energy is

You can tell is exothermic because it will often produce
heat and light.
Example:

Chemical reactions always involve a change in

Note that while energy can

be neither created nor destroyed in a chemical reaction, it can be
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Chemical reactions either absorb energy or give off energy and are
classified respectively as either endothermic or exothermic.

We can break down reactions into more types based on what happens
to the molecules in the compounds.

Types of reactions

In a synthesis reaction two becomes one

Two element or compounds combine to form one
compound

Hz + Oz -> Hzo

In a decomposition reaction one becomes two or more

One substance become two or more simpler substances

NaCl -> Na + Cl,

There are two types of displacement reactions
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Single and double
Single- a single element kicks out a similar element

Single-

Double- two compounds switch partners

Double-

Homework: Types of Chemical Reactions worksheet

Types of Chemical Reaction Worksheet

Balance the reactions 1 to 7 and indicate which type of chemical reaction
(synthesis, decomposition, single-displacement, double-displacement) is being
represented:

4. ___NaBr+ _ Ca(OH).— __ CaBr.+__ NaOH
Reaction Type :
5. _ NH:+ _ H.SO.— __ (NH.).SO.

Reaction Type :

6. __Pb+__ HPO.— _ H.+ Pb,(PO.).
Reaction Type :

7. Li:N+__ NH.INO.— _ LINO.+__ (NH.):.N
Reaction Type :

8. __HBr+__ AI(OH).—___ H.O+__ AIBr.
Reaction Type :

9. _ NaPO.+__ KOH— __ NaOH+ _ K,PO.
Reaction Type:



https://docs.google.com/document/d/1Xvv4bsxIGu6cljZQC361fLAJmVm71ePtIAMcgz03qyk/edit?usp=sharing

10.
Reaction Type:
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__ MgCL+__ LiCO. —__ MgCO.+ __LicCl

Indicate which type of chemical reaction (synthesis, decomposition, single-
displacement, double-displacement) is being represented in 8 to 17.

8. Pb + FeSO. — PbSO. + Fe Reaction Type
9. CaCO, — CaO + CO:. Reaction Type
10.P.+ 30, —> 2 P.0O, Reaction Type
11. 2 RbNO: + BeF. — Be(NO.). + 2 RbF Reaction Type
12. 2 AgNO. + Cu — Cu(NO.). + 2 Ag Reaction Type
13. 2 CH, + Fe — Fe(C:H.). Reaction Type
14. SeCl; + O. — SeO:. + 3Cl. Reaction Type
15. 2 Mgl. + Mn(S0O:). — 2 MgSO. + Mnl. Reaction Type
16.0. - 0O +0, Reaction Type
17.2NO, —> 20O, + N, Reaction Type

Conservation of Matter and Energy
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In the previous section you learned about chemical reactions and
about exothermic and endothermic processes.
o Think about how atoms in the reactants change into the
products as a chemical reaction proceeds.
It is important to understand that atoms are neither created nor
destroyed as chemical reactions take place.

Atoms are only . It is also important to

realize that regardless of whether a reaction is exothermic or

endothermic, new energy is created or

destroyed; it must come from somewhere, and it must go
somewhere.

o Neither nor ever
disappears, though both can

change and through
space.

Chemical Reactions and Energy
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Energy Transformations
e

Chemical Motion
\
~ \ J «"/,
Radiant Chemical

Chemical
1 — B
Electrical Thermal

o One of the most important concepts of energy is that is it is
conserved. The law of conservation of energy states:

« Energy can be converted from one form to another but
that it can be neither created nor destroyed.

o This law tells us that the total amount of energy in the universe

is , though it does change forms.

o The law also tells us that in a chemical reaction, all energy gains

and losses must be accounted for.

Energy Changes

« Energy changes must always accompany chemical reactions.
o You just learned how the law of conservation of energy
demands that any energy released from a chemical
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reaction be equal to the energy gained by the surroundings
and vice versa.

« Chemical reactions involve changes in energy because of the
chemical bonds that hold atoms together.

o When a chemical reaction takes place, the bonds between
atoms are rearranged. This involves breaking the chemical
bonds in reactant molecules and forming new bonds in the
product molecules. The two key points here are:

. chemical bonds requires energy

and is therefore an endothermic process.

. chemical bonds gives out energy

and is therefore an exothermic process.

Conservation of Matter

« At this point you have learned about the law of conservation of
energy and how energy is conserved in chemical reactions.

e You will now learn about the law of conservation of matter.
o Like energy, matter is always conserved in a chemical
reaction.

« The law of conservation of matter says that matter cannot
be created or destroyed.

o Therefore, in a chemical reaction, no new atoms are created and
none are destroyed. They are only

e You can see this when you look at chemical reactions.
o In a displacement reaction, for example, one or more
elements in a compound switch places with another
element.

o In the diagram below you see a simple reaction of two molecules
of hydrogen (H.) reacting with a molecule of oxygen (0O.) to form
two molecules of water (H.O).
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o Note how the atoms are only rearranged and that nothing is lost
or created.

’H,+0, --> 2H,0

« The law of conservation of matter demands that all atoms

present in the of a chemical reaction must be

accounted for in the

o In other words, there must be the same number of each

type of atom on the product side and on the reactant side.

e Making sure that this rule is obeyed is called a

chemical equation for a reaction, but first lets talk about writing

an eqgation

Writing Chemical Equations

1. First write a sentence clarifying the reaction. Sometimes seeing
the reaction on paper helps you to be able to tear apart and
analyze the equation. Make sure to include all the names and
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states of your products and reactants. Once you have these
written out, you can start writing out your equation.

a. For an example, we will use water. If we were to write the
reaction that produces water in a sentence we would say:
Hydrogen added to Oxygen yields water.

i.Example:

2. Write down your product and reactants. Make sure that your
reactants are on the left side of your equation and your products are
on the right.

For our example it would look like this.

Hydrogen + Oxygen ------- > Water

Example:

3. Insert the correct symbols to replace the words for your product
and reactants, remember if you know the phases you should write
those as well.

For our example it would look like this:

HZ (g)+ OZ (9) = Hzo 0D

Example:

Homework: Writing Chemical Equations



https://docs.google.com/document/d/1fHZ1zBh_6KYlD6OJFAlVatQ8KTTTy_vq9jc3iq0jgqw/edit?usp=sharing
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Chemistry: Identifying Chemical Reactions

Identify the type of each type of reaction.
Synthesis
Decomposition
Single displacement or Single replacement
Double displacement or Single replacement

Write balanced equations for each of the word equations below, then indicate
which kind of reaction it is

1. Sodium bromide + Calcium hydroxide — Calcium bromide + Sodium
hydroxide

Type of reaction =

2. Ammonia + Sulfuric Acid — Ammonium sulfate

Type of reaction =

4. Lead(II) + Phosphoric acid — Hydrogen gas + Lead phosphate

Type of reaction =

5. Lithium nitride + Ammonium nitrate — Lithium nitrate +
Ammonium nitride

Type of reaction =

6. Hydrobromic acid + Aluminum hydroxide — Water + Aluminum
bromide

Type of reaction =
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7. Silver nitrate + Calcium chloride — Silver chloride + Calcium nitrate

Type of reaction =

8. Sodium + Water — Sodium hydroxide + Hydrogen gas

Type of reaction =

9. Ammonium nitrate — Nitrous oxide + Water

Type of reaction =

10. Copper(II) oxide — Copper + Oxygen gas

Type of reaction =

11. Copper + Silver nitrate — Silver + Copper(II) nitrate

Type of reaction =

12. Hydrochloric acid + Zinc — Hydrogen gas + Zinc chloride

Type of reaction =

13. Nitrogen gas + Hydrogen gas — Ammonia gas
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Type of reaction =

14. Silver nitrate + Hydrochloric acid — Nitric acid + Silver chloride

Type of reaction =

15. Copper + Sulfur — Copper(I) sulfide

Type of reaction =

16. Sodium nitrate — Sodium nitrite + Oxygen gas

Type of reaction =

18. Silver nitrate + Iron — Iron(II) nitrate + Silver

Type of reaction =

19. Sodium sulfate + Lead(II) nitrate — Lead(II) sulfate + Sodium
nitrate

Type of reaction =
Balancing Chemical Equations

Law of conservation of mass: this law states that in ordinary chemical
and physical changes, mass is neither created nor destroyed.
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As a result when we write a chemical equation we have to add
, multiples of the humber of atoms in a formula, to
balance the equation, or make the reactants equal the products.

Rules for balancing equations

Identify reactant and products.
If no equation is provided, identify the reactants and products
and write an unbalanced equation for the reaction.
If not all chemicals are described in the problem try to predict
the missing chemicals based on the type of reaction.

Count atoms
Count the number of atoms of each element in the reactants and
in the products and record the results in a table
Pick one element that is not balanced and figure out how you
would balance it.

Insert coefficients
Insert coefficients into the equation the balance the numbers of
atoms on both sides of the equations

Example:
Fe.O. + H. —» Fe + H.O

Reactants | Products | Balanced?
Unbalanced equation | Fe.O, + H, | Fe + H.O

Iron atoms 2 1 No

Oxygen atoms 3 1 NO

Hydrogen atoms 2 2 Yes
N2 + H2 — NH3

KCIO3 — KCl + 02
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NaCl + F2 - NaF + o p)
Pb(OH)2 + HCl — H20 + PbCI2
CH4 + 02 - CO2 + H20

Homework: Balance the equations and page 4, 10, 11, 12

Balancing Equations Worksheet

Balance the equations below and to the side write the type of chemical
reaction
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1) Nas;PO. + KOH — NaOH +
K;PO.

LiF

3) P4 + OZ — PzO3

4) RbNO3 + Ber ad Be(NO3)z +
RbF

5) AgNO; + Cu — Cu(NO:s), +
Ag

6) CF4 + Brz — CBF4 +

F.

7) HCN + CuSO., — H.SO. +

Cu(CN).
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8) GaF; + Cs—>_  GCsF+_

Ga

PtS

10) - Nz + . Hz — NH3

11) NaF + Br.—____ NaBr+ __

F.

12) Pb(OH). + HCl—> _ HO+
PbCl,

13) AIBr3 + KzSO4 - KBr + -

AL(SO.),
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15) _ NasPO.+ __ CaCl, - __ NaCl +
_Ca3(PO4)z

16) K + Cl. — KCI

17) Al + HCl — H. + AICI;
18) Nz + Fz — NF3

20) NH3 + HzSO4 — (NH4)zSO4

TYPES OF CHEMICAL REACTIONS LAB

Pre-Lab Discussion
There are many kinds of chemical reactions and several ways to classify them. One
useful method classifies reactions into four major types. These are:

direct combination, or synthesis
decomposition, or analysis

single replacement

exchange of ions, or double replacement

el el
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Not all reactions can be put into one of these categories. Many, however, can.

In a synthesis reaction, two or more substances (elements or compounds) combine to
form a more complex substance. Equations for synthesis reactions have the general form
A + B — AB. For example, the formation of water from hydrogen and oxygen is
written 2H. + O, — 2H.O.

A decomposition reaction is the opposite of a synthesis reaction. In decomposition, a
compound breaks down into two or more simpler substances (elements or
compounds). Equations for decomposition reactions have the form AB — A + B. The
breakdown of water into its elements is an example of such a reactions: 2H.O — 2H. +
O..

In a single replacement reaction, one substance in a compound is replaced by another,
more active, substance (an element). Equations for single replacement reactions have two
general forms. In reactions in which one metal replaces another metal, the general equation
isX + YB — XB + Y. Inthose in which one nonmetal replaces another nonmetal, the
general formis X + AY — AX + Y. The following equations illustrate these types of
reactions:

Zinc metal replaces copper (1) ion:
Zn(s) + CuSO.,(aq) — ZnSO.(aq) + Cu(s)

Chlorine (a nonmetal) replaces bromide ions:
Cl(g) + 2KBr(agq) — 2KCl(aq) + Br«(l)

In a double replacement reaction, the metal ions of two different ionic compounds can be

thought of as “replacing one another.” Equations for this type of reaction have the general
foom AB + CD — AD + CB.
Most replacement reactions, both single and double, take place in aqueous solutions
containing free ions. In a double replacement reaction, one of the products is a precipitate,
an insoluble gas, or water. An example is the reaction between silver nitrate and sodium
chloride in which the precipitate silver chloride is formed:

AgNO.(aq) + NaCl(ag) — AgCl(s) + NaNO.(aq)

All of the types of reactions discussed here may be represented by balanced molecular
equations. Reactions involving ion exchanges me be represented by ionic equations also.
In this investigation you will be concerned only with molecular formulas and equations. In
a balanced equation, the number of atoms of any given element must be the same on both
sides of the equation. Multiplying the coefficient and the subscript of an element must yield
the same result on both sides of the balanced equation.
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In this investigation you will observe examples of the four types of reactions described
above. You will be expected to balance the equations representing the observed reactions.

Purpose:

Observe some chemical reactions and identity reactants and products of those
reactions. Classify
the reactions and write balanced equations.

Equipment:

burner wood splints
crucible tongs evaporating dish
microspatula safety goggles
test tubes, 15x180mm(7) lab apron

test tube holder
test tube rack

Materials:

zinc, mossy (Zn) 1 M copper (I) sulfate (CuSO.,)
Copper Wire, 10 cm (Cu) 0.1 M zinc acetate (Zn(C,H.0,),)
magnesium ribbon, 5 cm (Mg) 0.1 M sodium phosphate (Na,PQ.)
copper (I1) carbonate (CuCO,) 1 M sodium sulfite (Na,SO;)

Safety: A A

Goggles, Aprons and use caution with burner.

In this investigation you will be working with open flames, heating chemicals,
handling acids, and producing gaseous products.

Burning magnesium produces a very bright, hot flame. Make sure you hold the
burning metal at arm’s length and do not look directly at it. Remember never to
smell a chemical directly.

Wear safety goggles and aprons at all times when working in the lab.
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Procedure:
PART A SYNTHESIS
1. Get a piece of copper wire from your teacher. Note the appearance of the wire.

2. Using crucible tongs, hold the wire in the hottest part of a burner flame for 1 to 2
minutes. Examine the wire and note any change in its appearance caused by
heating.

3. Place an evaporating dish near the base of the burner. Get a piece of magnesium
from your teacher. Examine a piece of magnesium ribbon. Using crucible tongs,
hold the sample in the burner flame until the magnesium starts to burn. DO NOT
LOOK DIRECTLY AT THE FLAME. HOLD THE BURNING
MAGNESIUM AWAY FROM YOU AND DIRECTLY OVER THE
EVAPORATING DISH. When the ribbon stops burning, put the remains in the
evaporating dish. Examine this product carefully.

A

PART B DECOMPOSITION

4. Place 2 heaping microspatulas of copper (1) carbonate (CuCO,) in aclean, dry
test tube. Note
the appearance of the sample.

5. Using a test tube holder, heat the CuCO, strongly for about 3 minutes. Insert a
burning wood splint into the test tube. If carbon dioxide gas (CO,) is present, it
will put the flame out. Note any change in the appearance of the residue in the test
tube.

Ak,
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PART C SINGLE REPLACEMENT

6. Stand a clean, dry test tube in the test tube rack. Add about 5 mL of 3
M hydrochloric acid (HCI)

to the tube. CAUTION. Handle acids with care. They can cause painful
burns. Do not inhale

any HCI fumes. Now carefully drop a small piece of zinc metal (Zn) into the
acid in the test tube.

Observe and record what happens.

7. Using a test tube holder, invert a second test tube over the
mouth of the test tube in which the reaction is taking place.
See the diagram to the right. Remove the inverted tube
after 30 seconds and quickly insert a burning wood splint
into the mouth of the tube. (A “pop” indicates the presence
of hydrogen gas.) Note the appearance of the substance
in the reaction test tube.

8. Add about 5 mL of 1 M copper (II) sulfate (CuSO.) solution to a clean, dry
test tube. Place a

small amount of zinc metal in the solution. Note the appearance of the solution
and the zinc before

and after the reaction.
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PART D DOUBLE REPLACEMENT

9. Addabout 2mL of 0.1 M Lead Nitrate Pb(NO,), to a clean, dry test tube. Next,
add about
2 mL of 0.1 M Potassium lodide (KI) to the test tube. Observe what happens and
note any changes in the mixture.

OBSERVATIONS AND DATA
DATA TABLE

Sample Before reaction After
reaction

A. Synthesis

1. Cu
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B. Decomposition

3. CuCO;

C. Single Replacement

4. Zn + HCI

5. Zn + CuSO,

D. Double Replacement

6. Pb(NO.).(aq) + Ki(aq)

EQUATIONS:

Balance each of the equations by inserting the proper coefficients where
needed.

Write the Names of the reactant(s) and product(s) below the molecular equation
for each reaction.

PART A SYNTHESIS

1. Cu(s) + 0O,(g) — CuO(s)

2. Mg(s) + O,(g) — MgO(s)
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PART B DECOMPOSITION

3. CuCO,(s) — CuO(s) + CO.9)

PART C SINGLE REPLACEMENT

4. Zn(s) + HCl(ag) — ZnCl(aq) + H.(g) 1

5. Zn(s) + CuSO.aq) — ZnSO.(ag) + Cu(s)

PART D DOUBLE REPLACEMENT

6. Pb(NO)).(aq) + Kl(aq) — KNO,aq) + Pbl,s)

CONCLUSIONS AND QUESTIONS:

What are the indicators of a chemical change?
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2. Describe what test was used to identify hydrogen gas?

3. State the law of conservation of matter, How do we show the law of
conservation of matter is upheld in a chemical equation?

3. Balance the equations below using the smallest whole number coefficients.

Identify the type of reaction represented by each equation.

QD

. AgNO,(aq) + Cu(s) — Cu(NO,).(aq) + Ag(s)

O

. BaCl,(ag) + NaSO.(aq) — BaSO.(s) + NaCl(aq)

o

. Cl(g) + NaBr(ag) — NaCl(aq) + Br(l)

d. KCIO,s) — KCI(s) + O4(9)
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e. AICl,(ag) + NH.OH(aqg) — NH.Cl(ag) + AI(OH).(s)

f. H(g) + O.(g) — H.O(0g)

BALANCING CHEMICAL EQUATIONS

Load the simulation Balancing Chemical Equations
http://phet.colorado.edu/en/simulation/balancing-chemical-equations

CRITICAL THINKING QUESTIONS

1. Explore the Balancing Chemical Equations simulation. Discuss with your group
what you find.

a. What are the different ways that the simulation indicates when an equation
is balanced?

2. For each balanced reaction, indicate the total number of molecules in the
table below.

Total Number of Molecules \

‘ Reaction



http://phet.colorado.edu/en/simulation/balancing-chemical-equations
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Reactant Side (Left) | Product Side (Right)

Make Ammonia
Separate Water
Combust Methane

3. [s the number of total molecules on the left side of a balanced equation
always equal to the number of total molecules on the right side of the
equation? Explain your answer.

4, For each balanced reaction, indicate the total number of atoms in the table
below.
Reaction Total Number of Atoms
Reactant Side (Left) Product Side (Right)

Make Ammonia

Separate Water

Combust Methane

5. [s the number of total atoms on the left side of a balanced equation always
equal to the number of total atoms on the right side of the equation?

6. What is the same on the left and right side of a balanced equation? Explain
your answer.

7. As agroup, play level 1 of the balancing equation game. Write down the
strategies your group uses to balance chemical equations.
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8. Startlevel 2 of the balancing equation game. Take turns in your group to
balance the equations in the sim, using your strategies from Level 1, and adding
new strategies as needed.

Each person should be in charge of balancing at least one equation, asking

for help from the group as needed. As a group, write down the equations as you
solve them.

9. In the simulation, were you able to use noninteger numbers (like %2 or 0.43)

for the coefficients in a balanced equation? Why do you think this is?
a. Which of the following are coefficients you could use in a balanced
equation?
HE7 O % 01 02 06 09

b. If you were balancing an equation containing the O. molecule, which of the

following would be correct representations of O. and its coefficient?
O %20, 0 O. O30, O 60. O 30 O 50,

10.  What do you have to do to the coefficients of equation I below to get to
equation II?

I.2Sn0.+4H. > 2Sn+4H.0

11.Sn0. + 2H. — Sn+ 2H.0

a. Both equation I and II are balanced, but equation I is the correct way to write
the balanced equation.
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b. Canyou divide equation Il by another factor and still have it be correct? Why
or why not?

C. Inacomplete sentence, write down a method you could use to determine if
an equation is written in the correct way.

11. Start level 3 of the balancing equation game. Take turns and write down the
equations as you solve them, along with any new strategies you needed for
balancing.

CHALLENGE QUESTIONS: BALANCE THE EQUATIONS BELOW.

A __NaNO;+__PbO— __ Pb(NO:).+_Na.O

B. _ CaP.+_ HO — _ Ca(OH).+__PH,

C. _Fe0:+__CO — __Fe+__CO.
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D. _NH.+__0, —-_ NO, +__H.0

E. _FeS +__0,— _ Fe,0,+__SO,

F. _C3H602 +_02 — COz +_H20
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APPENDIX K

AAAS TEST OF CHEMCIAL REACTIONS CONCEPTS
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Chermeal Reactions Concepts Test
1. Which of the follvwng & an exarmple of a chermical reaction?
A Water evaporating ffom a pot on o hot stove
B. Sand bemg removed from sea water by fration
C. A spoonfil of sugar dssobimg moa glhss of water
D, A white sohd forming when two clear hqusds are poured together

2. Acstudent places some bakmg soda and a jar of lemon uice moa plasts bag and seals the bag, She
wielghs the bag and everything mit. She shakes the bag so that the lemon juice spills out of the jar
aned mixes with the bakng soda mexde the bag. The student observes that bubbles form and the bag
expands,

Before reaction

[t student weghs the bag and everything . it after the bubblmg stops and compares the fnal
wieipht to the startmg wesght, what will she fnd ow?

A, The final weight will be greater than the startmg weisht becamse new atoms are produced
durmyr the experznent.

B. The fmal weeht will be Jess than the startmg weght because some of the ators are destroved
durmyr the experznent.

C. The final weight will be the same as the startmg weight becuse the number of each kind of
atom does not change durig the expermment.

. The final weight will be the same as the startmg weight becawse some atorms are destroved,
but mew omes are created durmyg the expermment.
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3 Acstudent hos two different Bpuxds moopen jars. She pours the Byud fom one jar mbo the other jar,
angd she observes bubbles. Afier the bubblng stops, she fimds that the total wegst of the Bguds
now Jess than the total weest of the hguds before they were mixed topether.

How can her observation be explumed?

A
B.
C.
0.

Some atoms went mio the ar.
Some atoms were destroyed,
Some atoms became heavier.

Some atoms became lghter.

4, Which of the follvwng always results fom a chemecal reaction?
Fire
Bubbles

Anew substance that s a sobd

g0 = F

Amew substance that can be a sobd, bpod, or gas
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5. Acstudent adds water and sugmr to a jar and seaks the jar so that nothing can get nor ot The
weighs the jar and = contents agam.

What will happen to the wesght of the jar contammy the water and sugar afier some of the sugur
dusobves?

A, The weight will stay the same.

B. The weight will merease.

C. The weight will decrease.

. The weght will depend on how much sugsr diesohes.

6. A chemical reaction i takng plce i a sealed container. What will happen to the mass of the
meterials mthis sealed container?
A The mass will merease,
B. The mass will decrease.
C. The mass will stay the same.
0. It wil depend on which chemical reaction ocours.
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7. Inthe dmprams bekow, sulfir atomms are represented by pray creles, carbon ators are represented
by black circles, and oxypen atoms are represented by white cocles,

Which of the fallkramg could be a product of the chermical reaction between sulfir and oxypen?

A O8

B_cﬁj

¢ 080

> e

8. Which ofthe followmg & an example of a chermical reacton?
A A marshmalkew tuming black when heated over a fre
B. A powder dissohmg mowater to make kmonade
C. Anwe cube meling mto o puddle of water
. Salt coystals bemg cnshed mto a powder

9. Two white powders were mixed together. A chemical reaction ocowrred, and a vellow powder was
formed, What is the relatonship between the vellow powder and the white powders?

A, The yellow powder & made up of the same kinds of atorrs as the white powders, but the
atorrss are combred mo different molecules.

B. The velow powder & made up of the same kinds of molecules as e white powders, but the
molecules are a different color.

. The yelow powder was released from nsxde the atoms of the white powders.
0. There & no relationshp between the vellow powder and white powders,
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10, A student mixes two different hquids topether. After moomg the Bguids, o sobd substance forms that
camnot be tumed back mio the startme Boods. The student clamms that a chermeal reaction ocourred.
Why 5 the student correct?

A

Because a sobd substance 1 ahbvayvs formed durng a chemical reaction

B. Because a new substance s abways formed dunng a chemical reaction
C.
D

Because a chermical reaction abvays ocowms when o substances are mixed fopether

. Because the products of a chemical reaction can never be turned back mito the starting

substarices

11, Asmdent determines the density, sohsbility, and bodng pomt of two bguids, Lagud | and Liqued 2.
Then he strs the two gqueds together and heats them Adter stimng and heatmg the Bqueds, teo
different bquads form, Laguid 3 and Liquid 4. Then the student determmes the density, sohdbity, and
o pomt of Lipuids 3 and 4. He conchades that a chermical reaction oceurred. Here are bs
Tesults:

Density | Soluble n | Boiling
(ginl) | Water | Pomt (°C)

Before strrng and |Ligud 1] 0.96 Ving 164
heating Ligwd 2| 0.31 Yes 118
After stirring and |Ligusd 3] 087 Yins 166
heating Lijwd 4| 1040 Vg 100

How does the student know that a chermeal reaction has oceurred?

A

B.

The student knows that a chermeal reaction has occurred because
Liguad 3 has different properties than Liquad 4.

The student knows that a chermcal reaction has occurred because
Liguad 1 has different properties than Liqud 2.

The student knows that a chermcal reaction has occurred because
Liguadds 3 and 4 have different properties than Liquods 1 and 2.

The student knows that a chermcal reaction has ocourred because
a chermcal reacton abways occurs when two bguds are mxed topethen
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12. Which of the followng could represent a chemical reaction?

Atoms are represented by crckes, and molecules are represented by crckes that are commected to
each other. The different colored circles represent different kinds of atoms.

Ao§o+oo+oo—>&+0.0+oo
» oo + 0O + GO > 00 + oo + 00
c oo + 00 + 0O - 080 + 00O + 0P

> oo + 00 + 00 > ofe + 00 + 00

13. Which of the followng & an example of a chemical reaction?
A. Ahrnimum foil being cut mto smaller pieces
B. Adrop of food colorng dissolving m water
C. Meked butter becoming a solid when phced in the refrigerator
D. The surface ofa copper penny changing color after being in a drawer for years

14, Which of the llowng statemnents about chemscal reactions s TRUE?
A, Chemal reactions produce solids, bquads, or gases.
B. Chemal reactions produce gases but not iquads or solids.
C. Chermeal reactions occur between Bquads but not between gases or solids.
D. Chermeal reactions ocer between sobds and hquids but not between solids and gases.
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12. Which of the followng could represent a chemical reaction?

Atoms are represented by crckes, and molecules are represented by crckes that are commected to
each other. The different colored circles represent different kinds of atoms.

,,_o§o+oo+oo—>&+ooo+n
» oo + 00 + 00 > 00 + fo + 00
C_o§o+OO+OO—>O.O+OOO+OOO

b B0 + 00 + 00 — ofe + 00 + @@

13. Which of the followng & an exarmple of a chemical reaction?
A. Ahzmimumn foil being cut nto smaller pieces
B. Adrop of food coloring dissolvng m water
C. Meked butter becoming a solid when placed in the refrigerator
D. The surface ofa copper penny changing color after being n a drawer for years

14. Which of the followng statements about chemecal reactions s TRUE?
A, Chemial reactons produce solids, bquads, or gases.
B. Chemal reactions produce gases but not quads or solids.
C. Chemeal reactions occur between Bquads but not between gases or solids.
D. Chemcal reactions oceur between sobds and hquids but not between solids and gases.
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15, Which of the follvwmg statements about chemeal reactions s TRUE?
A, Chermcal reactions produce solids, guds, or mses.
B. Chemical reactions produce solids and mses but not liquds.
C. Chermcal reactions ocour between Bouids but not between mses or solids.
. Chermcal reactions ocour between solds and hguds but not between sobids and gases.

16. Which of the follamg statements about chemmeeal reactions s TRULE?
A, Al chemical reactions are danperous.
Some chermeal reactions can be reversed,

Chermeal regctons ocowr only . a hboratory.

BN w

Chermeal repctons reguine startmge with af least two substances,

17, Areaction occurs bebarcen two bqued substances moa sealed jar What will happen to the mass of
the sealed jar and it contents after the reaction ocours?

A, The mass will changs a gas i formed, and w1 change 1fa sobd 5 frmed.

B. The mass will change ifa gas ts fommed, bt # will not change o sobd 5 formed.
C. The mass will change ifa sobd 5 formed, but # will not change if'a gas 5 formed.
[, The mass will not changee fa gas & ormed, and 1t will mot change iFa sobd 15 formed.
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18. Astudent uses a knife to cut a stick of butter on a dish nto smaller pieces. The student weighs the
dish, knife, wrapper, and butter before and after cutting the butter into preces.

.

. Beforecuting il
Will the dish, knifee, wrapper, and butter weigh more, Jess, or the same when the butter & 1 small
preces and why?

A. They will weigh more because there are more pieces of butter.

B. They will weigh kess because the butter is m smaller pieces.

C. They will weigh kess because some of the butter disappears when it 5 cut.

D. They will weigh the same because the amount of butter has not changed.

e

After cutting
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19, Athermometer s heated, The volume of the bguwd mside of the thermometer ncreases, and the kvel
of the hquid rees.

-
-

—

lalalalalalalalalalalals
||||H|.'ll.lr-lrﬂlrlﬂrlﬂplﬂpﬂlrlﬂl.-

Before heating After heating

What happens to the mass of the bquid m the thermmometer as the level of byud rses?

C. The mass stays the same.
. It depends on the tvpe of hqud.
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20, Inthe dmpgrams below, atoms are represented by creles, and mokcukes are represemted by crcles
that are connected to each other. The different colored creles represent different kmeds of atoms.

Apropune molecuke 5 made up of 3 carbon atoms and 8 hydrogen atoms. An oxveen mokeule &
mmade up of 2 oxyeen atorrs.

.« © . o s oo

[]l'-:].'gun aloam Carbon alom EI:.'lInrp:n aboam Propane malecule t]:l.}'j'._"h;'l'l mslecule

Thes dmperam shows one propane mokecuk and five oxveen molecules.

%@+M+M+M+M+M—}

Which of the follkvwmg dmprams could represent the mokecules formed when propane and oxypen
mlecules react?

;»._C§D+O§O+cﬁ)+cﬁ)+cﬁ:>

B.OO +00 +00 + 080 + b+
C.OB0 + 080 + 080 +d + b + b +

D G0 + GO + 00 + O + O8O0 + 080 + I
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21. When heated, oxyeen reacts with copper to form copper oxide.

O + ® +0 - @ + ®©

oxygen molecule copper atoms copper oxide molecules

Oxygenatom  Copper atom

Key:

[f this reacton ooews T a sealed contamer, will the mass of the contamer and evervthinge o it
merease, decrease, or stay the same and why?

A, The mass will stay the same becawse the number of each kind of atom stays the same.
B. The mass will decrease because two substances combme to form one substance.

C. The mass will merease because a new kind of molecule 15 formed.

0. More mtrmaton 5 needed to tell o the mass will change,

22, Astudent placed a hquad m a jar and sealed £ Then she heated the Bqud and # terned mio a gas.
[f thie nurmbier of atorms o the sealed jar stayved the same, what happened to the mass of the jar and
everything mside # after she heated 27

A, The mass mereased.

B. The mass decreased,

C. The mass stayed the same,

0. It depends on whether a chemacal reaction occurred,
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23. Which of the followng could represent a chemscal reaction?
Atoms are represented by crcks, and molecules are represented by crekes that are comnected to

each other. The different colored circles represent different kinds of atoms.
» O® + OO —
. O® + OO — +
c O® + OO —» OO + 00

p 0@ + OO - €O + €O

24, Astudent places a Iving plant 1 a jar and seak it so nothing can get m or out. He determmes the
total mass of the jar and everything mside . Several weeks later, the plant is dead.

What will happen to the total mass of the jar and everything nside % after the plant dies?
A. The mass will stay the same.
B. The mass will mcrease.
C. The mass will decrease.
D. It depends on the type of plant.
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25, Which of the folkvamg & an example of a chermcal reacton?
A A peece of wax meltmg and SHrmmg a bgud
B. Apece of chak makmg white marks on a chalkboard
C. Bubbles of gas formmg when a seashel s placed m voegar
. Apowder dissohmg m hot water to make hot chocolate
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26. The dagram below shows mokecukes before they react moa chermeal reacton, Atoms are
represented by crcles, and molecules are represented by ereles that are commected to each other.
The different colored crckes represent different kinds of atoms.

coO+ 00+ 00 —

Which of the folkvamg dngrams could represent the molecules that result from the chermcal reaction
and why?

Becuuss
there
were 6
atoms

befiore
A o@o@0® the
reachon
and &
atoms
after the

TEeachon

Hecause
there
were 2
kmds of
mokcules
before

B. @C + C@0 the
reacton
and 2
kmds of
mokcules
affer the
TeRcton
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o@0 + O@0

@0 + @cO® + Cec®

Becauss

were 4
white
atoms
amd 2
fray
atoms

befiore

Teacton
amd 4

atoms
and 2
ay

atoms

after the

TEACHOn

Because

mokecules
before

neacton
and 3
mokecules
afier the
reactnn.



