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Single Replacement

Li + HCl � H+LiCl

 

Figure 18.  Example from Introduction to Chemistry students who 

incorrectly predicted the products and did not balance a single 

replacement reaction.   
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FeBr + HCl = HBr+FeCl

 

Figure 19.  Example of Introduction to Chemistry students who correctly 

showed replacement but incorrectly predicted the chemical formulas, and 

did not balance a double replacement reaction. 

The group who created Figure 18 developed an incorrect understanding of diatomic 

elements.  Although the class had a basic knowledge of replacement reactions, the group 

misunderstood how diatomic elements were incorporated in reactions.  A review of diatomic 

elements was discussed with the group.  The group who created Figure 19 demonstrated 

conceptual understanding of the mechanics of the double replacement reaction, but the 

analysis lacked depth. 

Advantages and Disadvantages of Animations 

One advantage of animation in the science classroom is the ability of students to learn 

at their own pace.  Animations allow students to learn and explore on their own.  The 

students could access their account from any computer in the school or complete the 
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laboratory at home and transfer it to their account at school.  In addition, students with 

special needs would be able to explore and learn on their own depending on their specific 

needs.  On the other hand, gifted students could be placed in accelerated animation programs 

or more complex animation programs that would benefit their advanced learning style. 

Utilizing animation laboratories reduced safety concerns for students.  During 

traditional laboratories, safety is always a concern and requires the teacher to be present.  

This concern was eliminated as the only requirement for the laboratory was a computer.  For 

example, some slower working students could work on it during study hall or after school in 

another classroom where the science teacher was not needed for safety purposes.  The 

students would simply save the PowerPoint presentation to a flash drive or to their school 

account and turn it in the following day.  In addition, laboratory equipment can be expensive 

and easily damaged.  Animations can reduce the need for laboratory equipment.  However, it 

needs to be stated that laboratory is a critical part of chemistry.  Animation laboratories 

should be used in conjunction with traditional laboratories.  Again, it is reiterated that 

animations laboratories are meant to supplement, but not replace, classroom and laboratory 

learning.   

These laboratories appealed to many students because it was not only science based, 

but they could also exercise their creativity as well.  “Although science is a creative 

endeavor, many students think they are not encouraged--or even allowed--to be creative in 

the laboratory. When students think there is only one correct way to do a lab, their creativity 

is inhibited” (Eyster, 2010).   This laboratory allowed students to exercise their creativity by 

allowing the laboratory to be completed with their resourcefulness and originality.  For 
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example, part of their grade was creativity.  This allowed the more artistic students to 

developed creative backgrounds and use different colors or animations while at the same 

time reaching the goal of the laboratory in understanding that particular science concept.  

One student stated that his favorite part of the laboratory was being able to use his own 

creativity.  Another student stated, “I love how you make us learn and have fun at the same 

time.”  These comments indicated a positive experience by the student. 

During one laboratory administered to a Chemistry 1 course, students were given the 

option to use symbols other than element symbols to represent elements during their 

“Chemical Reactions” animation laboratory.  The laboratory required students to chose two 

different types of reactions and create an animation.  The students were given the option to 

use either elements or non-element symbols to represent their animation.  Students also 

needed to describe the reaction in writing as well as answer post laboratory questions to 

ensure the goal of the laboratory was met.  The goal of this laboratory was to build 

understanding of single replacement, double replacement, combination, decomposition, and 

acid/base reactions.  This laboratory allowed students to expand their creativity even further 

and was viewed as successful due to a strong positive response from the students.  Through 

discussions with students and laboratory reflections, students expressed repeatedly that they 

enjoyed the laboratories.  Depending on the interest of the student, non-element symbols 

relating to athletics, automobiles, food, and music were used.   Two examples of student 

work are shown in Figure 20 and 21. 
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+ +

▪ In a double replacement reaction the 2nd

and 4th product change places. An example
Is shown below.

 

Figure 20.  Screen shot of students who opted to use non-element symbols 

instead of elements for a double replacement reaction.   
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Single Replacement Definition

Single Replacement reaction – A single element 

takes the place of an element in a compound.

A + BC A + BC A + BC A + BC ���� B + ACB + ACB + ACB + AC

+ ���� +

 

Figure 21.  Screen shot of a student who opted to use both letters and 

symbols for a double replacement reaction.   

In Figure 20 and Figure 21, the groups correctly showed each reaction keeping the 

proper exchange of non-element symbols.  In Figure 20, the group opted to use non-element 

symbols to represent the reaction.  However, the definition of the reaction is incorrect.  The 

groups’ definition states “In a double replacement reaction the 2
nd

 and 4
th

 product change 

places.”  This definition implies that the products of the reaction change place.  The error by 

the group was cleared up through discussions and reiteration of the proper products of a 

double replacement reaction.   

In Figure 21, the group properly represented a single replacement reaction.  This 

group went above and beyond to represent the reaction using both letters and non-element 
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symbols.  The definition of the reaction is also accurate.  Also, both groups demonstrated 

creativity with their backgrounds as well as their choice of reactions.     

The optional use of non-element symbols instead of elements for the chemical 

reactions laboratory was a success.  Students had a positive response to the laboratory, and 

this laboratory was able to motivate one particular student who was very difficult to 

motivate.   This student was quoted as saying, “This stuff is so cool.”  This was encouraging 

from a student who has a difficult time completing other work and was clearly motivated by 

this laboratory.  However, misconceptions could easily emerge using non-element symbols 

instead of elements.  Also, the use of non-element symbols does not incorporate ionic 

charges for predicting proper product ratios.  For this reason, this laboratory was only used 

once and was discontinued for concern of misconceptions.  However, the use of non-element 

symbols may be a good option for a middle school or elementary school setting.  The use of 

non-element symbols may appeal to their creativity while greater details of the reactions can 

be addressed in high school.   

Creativity was another major benefit to animation laboratories.  Creativity led to self-

motivation for some students.  For example, another Chemistry 1 student was very difficult 

to motivate throughout the year with homework, laboratories, or tests.  However, he showed 

an instant interest in the animation laboratory involving chemical reactions and said “I had no 

idea all this was in PowerPoint.”  This statement shows an immediate interest in the 

laboratory.  The laboratory was able to motivate the student, which indicates a positive effect 

of this animation laboratory.  The student completed this laboratory on time and with 

excellent quality.  He also was observed being called on by other students for help during the 
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laboratory.  This was encouraging to see from a student who was very difficult to motivate.  

This laboratory helped motivate this particular student in completing the assignment.   

Another potential advantage to the use of animations is when animations are 

incorporated into online science courses.  It may be difficult for students taking online 

courses to visualize an atom without teacher assistance and direction.  The use of animation 

could greatly help these students.  In addition, taking online courses can hinder a student who 

is an active learner.  The use of laboratories in science is important, but online courses reduce 

active learning for the student.  Traditional science laboratories are scarce with online 

courses, as safety becomes a large concern when doing traditional laboratories at home.  

Combining both animation laboratories and traditional laboratories could offer an excellent 

combination for online courses.   

Another benefit of animation laboratories was the benefit to active learners.  These 

laboratories required students to become actively involved in the assignment.  “Anyone who 

has studied chemistry, or tried to teach others, knows that active students learn more than 

passive learners” (Bodner, 1986).  By creating these animations and actively participating in 

laboratories, students begin to take ownership of their own education.   

Sources of Error 

     One possible source of error was students not taking the assessments seriously.  

The instructor had discussions with the students to ensure they understood their role in the 

study. The students and their parents also signed an informed consent form informing them 
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of the research study and the expectations of the students.  However, some students still 

refused to take the surveys seriously.  

Another potential source of error was that there were students who refused to 

participate in the assessment survey or were absent the day of the assessments.  Some 

students rarely showed up to class or simply refused to take the pre-surveys, post-surveys, 

laboratory reflections, or to complete the laboratory altogether.  The issues of defiant or 

reluctant students were handled at the time they arose and dealt with in a professional 

manner. 
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Chapter 5. Conclusions 

The purpose of this study was to examine the effects of animation among secondary 

science students on chemical concepts such as the nature of matter, atomic structure, and 

classes of chemical reactions.  The goal of this research project was to observe the 

effectiveness of animation usage, which was measured through student opinions and 

impressions.  Based on post-survey questions of lecture-embedded animations, students’ 

reflections of animation laboratory, and discussions with students, it is concluded that 

animations in the science classroom can benefit students’ motivation, promote creativity, 

solidify concepts, and allow students to learn at their own pace.  Animation, particularly 

animation laboratories, offers a great way for schools to keep up with ever-changing 

technology.  Animation laboratories assist the active learners in the classroom by offering 

them a cognitively active learning experience.  Computer-based learning, including 

animations, can promote deeper levels of mental processing through cognitive processes.     

 

Extension of this study could incorporate long-term or short-term retention of 

material learned through animation.  In addition, more animation laboratories could be 

created involving bonding in chemical reactions or electrochemistry.   
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Appendix A 

Informed Consent 

Research Project Title:  Analysis of Animations Used in High School Chemistry Classes 

Investigator: Elli Toskey , Eastern Michigan University 

Co-Investigator: Larry Kolopajlo, Eastern Michigan University 

 

Purpose of the Research:  

1.  To improve the chemistry knowledge and performance of high school chemistry 

students and improve the teaching and learning of chemistry in high school.  Samples 

of student work for their courses will be analyzed and recommendations for 

improvement will be made.  

2.  To provide enhanced chemistry experiences for chemistry students that result in 

increased student learning and understanding using case studies, animations and 

processed oriented guided inquiry learning.  Such assignments must be effectively 

woven throughout the courses emphasizing the importance of using them as a 

communication and learning tool. 

3.  To improve the preparation of practicing  K-12 teachers by implementing strong 

technology, writing, and inquiry-based pedagogy throughout the mathematics and 

science curricula.  

4. Demographic data will be collected but it is not of prime importance. 

 

Procedure for Research: Elli Toskey will explain the study to you, answer any questions 

you may have and this form must be returned to class.  You must be enrolled in either pre-

chemistry, chemistry or chemistry 2 in order to participate.  This involves research that will 

be conducted through assignments and surveys in class. 

Upon completing the questionnaires, you will be given a duplicate copy of this informed 

consent, which includes follow-up contact information, if needed. The approximate total 

time to complete the questionnaires should be about  5 minutes.  Each chapter covered in the 

course will contain roughly 2-3 surveys.  There will be about 6 chapters covered during the 

course.  The questioners will be mostly multiple choice with a few short answer questions.  

Some surveys will ask students to reflect on their learning of the animations.   

 

Confidentiality: Only a code number will identify your questionnaire responses. The 

results will be stored separately from the consent form, which includes your name and 

any other identifying information. At no time will you name be associated with your 

responses to the questionnaires. 

All information will be kept in locked file cabinets of the study investigator. 

 

Expected Risks: There are no foreseeable risks to you by completing this survey, as all 

results will be kept completely confidential.  
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Expected Benefits: Students will enhance their chemical knowledge and performance by 

using animations,  case studies and heuristic writing.  Students will enhance both their 

reflective and transactional writing skills, and hopefully use animations to improve their 

understanding of chemical concepts.  Hopefully, participants will learn chemistry via 

animations, case studies and use technology as a teaching tool in science and math.  The 

project should enhance how the teaching of high school chemistry. Faculty (University 

adjuncts and methods faculty) will improve their abilities to create readable math and 

science assignments.  Samples of faculty math and science writing will be analyzed.  Faculty 

will better understand student problems in learning chemistry and mathematics.      

Voluntary Participation: Participation in this study is voluntary. You may choose not   

to participate. If you do decide to participate, you can change your mind at any time and 

withdraw from the study without negative consequences. 

 

Use of Research Results: Results will be presented in aggregate form only. No names 

or individually identifying information will be revealed. Results may be presented at 

research meetings and conferences, in scientific publications, and as part of a master’s 

thesis being conducted by the principal investigator. 

 

Future Questions: If you have any questions concerning your participation in this study 

now or in the future, you can contact the principal investigator, Elli Toskey, at 

(810-591-5103) or via e-mail (etoskey@bendleschools.org).  You may also contact Larry 

Kolopajlo at (734-487-0106) or via email (lkolopajl@emich.edu). 

This research protocol and informed consent document has been reviewed and  approved by 

the Eastern Michigan University Human Subjects Review Committee for use from 3/1/09 to 

3/1/12. If you have questions about the approval 

process, please contact Dr. Deb de Laski-Smith (734-487-0042, Interim Dean of the 

Graduate School and Administrative Co-Chair of UHSCR, 

mailto:human.subjects@emich.edu. 

 

Consent to Participate: I have read or had read to me all of the above information about this 

research study, including the research procedures, possible risks, side effects, and the 

likelihood of any benefit to me. The content and meaning of this information has been 

explained and I understand. All my questions, at this time, have been answered. I hereby 

consent and do voluntarily offer to follow the study requirements and take part in the study. 

 

 

 

PRINT NAME:_______________________________________ 

 

Signature:_________________________________________ 

 

PARENT NAME:____________________________________ 
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Signature:________________________________________ 

 

Date_________________ 
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Appendix B 

 

Chemical Reactions  Pre- Survey                Name___________ 

 

You are invited to participate in our survey regarding classroom teaching techniques. In this 

survey, approximately 30 people will be asked to complete a survey that asks questions about 

Ms. Toskey's classroom. It will take approximately 5 minutes to complete the questionnaire. 

 

Your participation in this study is completely voluntary. There are no foreseeable risks 

associated with this project. However, if you feel uncomfortable answering any questions, 

you can withdraw from the survey at any point. It is very important for us to learn your 

opinions.  Please circle your answer below 

 

1.  I have learned about density of objects  

a. Strongly Agree 

b. Agree 

c. Neutral 

d. Disagree 

e. Strongly Disagree 

 

2.  I feel comfortable calculating the density of an object based on mass and volume 

a. Strongly Agree 

b. Agree 

c. Neutral 

d. Disagree 

e. Strongly Disagree 

 

3. I don’t know the difference between homogenous and heterogeneous 

a. Strongly Agree 

b. Agree 

c. Neutral 

d. Disagree 

e. Strongly Disagree 

 

4. I could give at least 2 examples of homogeneous mixtures  

a. Strongly Agree 
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b. Agree 

c. Neutral 

d. Disagree 

e. Strongly Disagree 

 

 

5. I know what John Dalton contributed to science 

a. Strongly Agree 

b. Agree 

c. Neutral 

d. Disagree 

e. Strongly Disagree 

 

 

6.  The building blocks of matter are 

a. Mixtures 

b. Compounds 

c. Elements 

d. Properties 

 

7.  I know what the difference between an elements and compound is 

a. Strongly Agree 

b. Agree 

c. Neutral 

d. Disagree 

e. Strongly Disagree 

 

8. The units for density can be ( there may be more than one right answer) 

a. g/kg 

b. g/ml 

c. m/s 

d. miles/hr 

e. g/cm
3
 

 

9.  Working with other students could help me remember ideas about matter 

a. Strongly Agree 

b. Agree 

c. Neutral 

d. Disagree 
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e. Strongly Disagree 

 

10.   I understand all the different way to measure matter 

a. Strongly Agree 

b. Agree 

c. Neutral 

d. Disagree 

e. Strongly Disagree 
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Appendix C 

 

Atomic Structure Post- Survey 

         Name___________ 

 

You are invited to participate in our survey regarding classroom teaching techniques. In this 

survey, approximately 30 people will be asked to complete a survey that asks questions about 

Ms. Toskey's classroom. It will take approximately 5 minutes to complete the questionnaire. 

 

Your participation in this study is completely voluntary. There are no foreseeable risks 

associated with this project. However, if you feel uncomfortable answering any questions, 

you can withdraw from the survey at any point. It is very important for us to learn your 

opinions.  Please circle your answer below 

 

1.  I feel comfortable with atomic structure (protons, atomic number, atomic mass etc) 

a. Strongly Agree 

b. Agree 

c. Neutral 

d. Disagree 

e. Strongly Disagree 

 

2.  The animations used in the classroom help me remember the material. 

a. Strongly Agree 

b. Agree 

c. Neutral 

d. Disagree 

e. Strongly Disagree 

 

3. Sample problems help me understand the material more than animations 

a. Strongly Agree 

b. Agree 

c. Neutral 

d. Disagree 

e. Strongly Disagree 
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4.  Animations help me visualize an atom 

a. Strongly Agree 

b. Agree 

c. Neutral 

d. Disagree 

e. Strongly Disagree 

 

 

5. Hearing the teacher talk helps me visualize an atom 

a. Strongly Agree 

b. Agree 

c. Neutral 

d. Disagree 

e. Strongly Disagree 

 

6.  I am ready for a test on atomic structure (protons, neutrons, atomic mass etc) 

a. Strongly Agree 

b. Agree 

c. Neutral 

d. Disagree 

e. Strongly Disagree 

 

7.  Hearing the teacher talk helps me remember atomic structure 

a. Strongly Agree 

b. Agree 

c. Neutral 

d. Disagree 

e. Strongly Disagree 

 

8.  Taking notes help me remember atomic structure 

a. Strongly Agree 

b. Agree 

c. Neutral 

d. Disagree 

e. Strongly Disagree 

 

9.  Working with other students helps me remember atomic structure 

a. Strongly Agree 

b. Agree 
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c. Neutral 

d. Disagree 

e. Strongly Disagree 

 

10.  Animations helped me remember atomic structure 

a. Strongly Agree 

b. Agree 

c. Neutral 

d. Disagree 

e. Strongly Disagree 
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Appendix D 

 

Animation   Lab 

Introduction to chemistry 

Atomic structure 

         

Name_____________________ 

Partner_________________________ 

Purpose:  The purpose of this lab is to build understanding of the properties of an atom. 

Materials:   

� Computer with Microsoft PowerPoint 

 

Procedure: 

1.  Log onto a computer 

 

2. Go to  

i. Start 

ii. Programs 

iii. Microsoft Office 

iv. Microsoft Office PowerPoint 

v. Immediately create 2-3 new slides 

 

3.  You will first create an animation representing a hydrogen atom 

 

4. Go to 

i. Insert tab 

ii. Shape  

iii. Choose a circle.  This will be the proton of the hydrogen atom.   

iv. Go to shapes again and create another circle in a different 

color.  This is your neutron. 
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v. Place the proton and neutron in the center of the screen.  THIS 

IS YOUR NUCLEUS.   

vi. Create on other circle in a different color and place it outside of 

the circle.  This is your electron. 

vii. Click Animations 

viii. Custom Animations 

ix. Click on a circle 

x. Click on Add Effect (upper right hand corner) 

xi. Motion path 

xii. Draw custom path 

xiii. Scribble 

xiv. Click in the center of the sphere and while holding 

down the mouse, move the circle around in the box.  

You are creating the motion of the path of the electron.  

Draw large circle around the nucleus showing the path 

of the electron.   

xv. SAVE 

 

5. Go to the next slide 

6. Click insert and choose a circle to create one other element of YOUR CHOICE.   

7. REMEMBER, the number of protons equals the number of electrons. 

 Place the circles in the box 

 

8. On the last slides answer the following questions in COMPLETE sentences. 

9. Questions: 

 

i. Where are protons found in an atom? 

ii. Where are electrons found in an atom? 

iii. What does the atomic number of an atom represent? 

iv. What does the mass number of an atom represent? 
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10. Call the instructor over to check your animations and the answers to your questions. 

Requirement Points Possible Score 

Element 1-Correct P, N, E and placed properly 10  

Element 2-Correct P, N, E and placed properly 10  

Element 1-Correct movement of electrons  4  

Element 2-Correct movement of electrons 4  

Creativity 5  

Question i 2  

Question ii 2  

Question iii 2  

Question iv 2  

TOTAL 41 points  
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Appendix E 

 

Animation   Lab 

Chemistry 1 

Types of Reactions 

         

Name_____________________ 

Partner_________________________ 

Purpose:  The purpose of this lab is to build understanding of single replacement, 

double replacement and acid/base reactions. 

Materials:   

• Computer with Microsoft PowerPoint 

 

Procedure: 

1. Log onto a computer 

2. Go to  

i. Start 

ii. Programs 

iii. Microsoft Office 

iv. Microsoft Office PowerPoint 

v. Immediately create 3 new slides 

 

3. You have been shown in class how to create the animations.  Your task is to chose two 

different reactions and demonstrate them using animations.  There are samples in your 

book as well as homework assignments.  

4. Your first slide needs  

i. Your name and your partners name 

ii. The date 

iii. The course 
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5. The second slide will contain your first reaction 

 

6. The third slide will contain your second  reaction 

 

7. The fourth slide will answer the following questions. 

 

8. Questions: 

 

1. Compare and contrast single replacement reactions and double replacement 

reactions. 

2. What are the products of a combustion reaction? 

3. Classify the following as  

i. Synthesis Reaction 

ii. Decomposition Reaction 

iii. Single Replacement Reaction 

iv. Double Replacement Reaction 

v. Acid/Base Reaction 

vi. Combustion Reaction 

 

a.   Al2O3   �   Al  +   O2 

 

b.    K  +  Cl2  �   KCl 

 

c. Ba(OH)2  +   HCl  �  BaCl2  +   H2O 

 

d.  CaI2  +   Li  �   LiI  +  Ca 

 

e. C3H8 + O2  �CO2  +  H2O 

 

f. Mg + Fe2O3 �   Fe +   MgO 

 

g. PbSO4 �   PbSO3 +   O2 

 

h. H2O + SO3 � H2SO4 
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Requirement Points Possible Score 

Reaction 1  5  

Reaction 2  5  

Creativity 5  

Question 7a 2  

Question 7b 2  

Question 7c 16  

TOTAL 35  
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Appendix F 

 

Animation Lab Reflection 

     Name________________________________ 

1.  Did you enjoy the animation lab?  Why or why not? 

 

2. How do you think this lab helped you with different types of reactions? 

 

3. Did you learn anything new in PowerPoint?  What new things did you learn? 

 

4. What is the likelihood that you would do another lab similar to this? 

a. Very likely 

b. Likely 

c. Neural 

d. Unlikely 

e. Very unlikely 

 

5.  Would you like to do another animation lab?  If so, do you have any ideas for another 

lab? 

 

6. What would you like to see done differently in the animation lab?  More animations, less 

animation, more complex animations, etc? 

 

 

 



 

 


