
Action Research Plan

I-a) Explanation of Content


Science is all around us every day.  One of the emergent themes, or big ideas, is change.  Whether it is a caterpillar that completes metamorphosis to become a beautiful butterfly, a small seedling that grows to become a tall, strong oak tree or various ingredients that are combined and baked to form a birthday cake, change is an idea eminent to science.  Students observe chemical changes in their every day lives yet often times are not able to recognize the science behind the changes.
Chemical reactions can be an excellent way to grab students’ attention, however many students are unable to explain exactly what one entails.  The process of a chemical change, called a chemical reaction, is defined as “a change in matter in which different chemical substances are created by forming or breaking chemical bonds” (Tillery, et al 2004).  A chemical change alters the composition of the original matter and atoms in the compounds rearrange to make new and different compounds.  Chemical reactions may be recognized by any number of characteristics. In a chemical reaction, substances change their identity and it is typically difficult, if not impossible, to separate the new substance back into its original substances.  The production of a gas is one way to tell if a chemical reaction has occurred, for example when you drop an antacid tablet into water.  The production of energy such as heat, light or sound may also indicate a chemical reaction may have taken place.  An example of energy production may be when a firecracker explodes (Merril 1995).  Energy may be either given off, which is called an exothermic reaction, or taken in, which is called an endothermic reaction.  Another characteristic of chemical reactions is the formation of a precipitate.  This may be seen when a nail is allowed to rust in a glass of water.  Color change may also indicate a chemical change has occurred, however this may also be a characteristic of a physical change.  
A physical change in one in which the size, shape or state of matter may change, but the substances retain their own identity (Merrill 1995).  There is not a formation of new substances and the only characteristic that may be altered is the appearance of the substance.  For example, if a mirror breaks, all of the tiny pieces of the mirror still reflect and retain the original characteristics of a mirror.  The tiny pieces are still mirrors and the only thing that has changed is the size.  Another example of a physical change is ripping or cutting a piece of paper into smaller bits.  The paper still retains all of its original properties that makes it paper.  In a physical change, the original substances are able to be separated fairly easily.  Case in point, a mixture of saltwater may be separated by allowing the water to evaporate leaving behind the salt. 

When a chemical reaction takes place, there is not loss or gain of mass.  In other words, atoms may not be created or destroyed, instead they are simply rearranged.  This is called the law of conservation of mass.  This law does not hold true for nuclear processes, however, it does hold true for all ordinary chemical reactions.  When a piece of wood is burned, atoms are neither created nor destroyed, but instead change (or rearrange) from a piece of wood to smoke and ash.  The mass of the products must be equal to the mass of the reactants. 

Balanced equations may be written so that the same numbers of atoms of each element are written on each side of the arrow.  For example, one atom of carbon plus two atoms of oxygen yield to form the compound carbon dioxide (Tillery et al 2004).  The equation may be written as

C + O2 --> CO2 (balanced)

In this reaction, the reactants equal the products.  There is one atom of carbon on the left and therefore one atom of carbon on the right.  There are two atoms of oxygen of the left and therefore atoms of oxygen on the right.   The subscripts of a chemical reaction may never be changed because in doing so you change the chemical formula which means a different composition and a different compound (Tillery et al 2003).  Instead you must change the coefficients which will not change the formula, but only the amount of that compound.  For example, if a 2 was placed in front of the C in the above mentioned equation, a 2 would also need to be placed in front of the carbon dioxide for the equation to be balanced.  
2C + O2 --> 2CO2 
Both of the above equations demonstrate a balanced chemical equation and represent symbolically the law of conservation of mass.

I-b) Relevant Standards
The pre-assessment questions were directly linked to three New Jersey State Core Curriculum Standards, which are based on the National Education Standards.  

The standards targeted were New Jersey Core Curriculum Content Standard 5.6 (Chemistry), specifically chemical reactions.  
The standards state:
· Students will be able to show how substances can chemically react with each other to form new substances having properties different from those of original substances.
· Students will be able to demonstrate that regardless how substances within a simple closed system interact, the total mass of the system remains the same
· Students will be able to illustrate how atoms are rearranged when substances react, but that the total number of atoms and the total mass of the products remain the same as the original substances.

I-c) Relevant Research
Students have many misconceptions regarding chemical reactions.  Some of the major misconceptions held by ninth grade students are misconceptions regarding the law of conservation mass, the confusion of chemical and physical reactions and that when any two substances are mixed together they will form a chemical reaction (Cavallo et al 2003).  Research by Cavallo et al showed that students also tend to misuse key terms such as atoms, compounds and chemical reactions.  Misconceptions about chemical reactions did not tend to decrease if key terms were given as part of the pre-assessment question.  
Abraham et al also supports the idea that students have misconceptions regarding what is happening at the atomic level during a chemical reaction.  It was found that eighth grade students in that study either did not use, or used incorrectly, chemical definitions such as atom and molecule (Abraham et al 1992).  It is suggested by Abraham et al that students may be more likely to use those terms if they are given as part of the question.
Cavallo et al concluded that after the unit on chemical reactions was taught, there was a 28% decrease in misunderstandings when key terms were given as part of the post test.  The types of misunderstandings were also narrowed.  Most commonly occurring was the misuse of chemical definitions (such as chemical reactions) and the inability to make the distinction between chemical and physical changes.

II-a) Demographics and Methodology   
The subjects of the study were 62 eighth-grade physical science students whom were not tracked by academic ability, but instead grouped heterogeneously.  The subjects were students in three separate science classes located in a Mid-Atlantic city of the United States.  As presented in Table 1, the ethnic composition of the students was approximately 88% Caucasian, 7.5% Asian (including Chinese, Indian and Korean) and 4.5% African American.  Less than 3% received free or reduced lunches.  The total percentage of female participants was 57% and male participates was 43%.  There were no students with special needs in these particular science classes.  
The test was administered at the end of a 42 minute class period.  The students had approximately 20 minutes to answer both of the pre-assessment questions, although the majority of the students required only half that time.  The instructor informed the students that the assignment would not count for or against their grade and encouraged them to write as much as possible about the subject and use diagrams if they felt appropriate.   
Table 1: Demographics Chart

	Ethnicity
	% female
	% male
	total

	Caucasian
	48.0%
	40.0%
	88.0%

	Asian
	6.0%
	1.5%
	7.5%

	African American
	3.0%
	1.5%
	4.5%


II-b) Questions Asked  

The questions developed for this action research initiative were based on the New Jersey Core Curriculum Content Standards, in particular standard 5.6b- Chemical Reactions.  In addition to basing the questions on the above mentioned standards, research was conducted on students’ misconceptions about chemical reactions.  According to Cavallo et al, students had misconceptions about the law of conservation of mass, confused chemical and physical changes, thought that any two substances mixed together would produce a chemical reaction and misused chemical definitions such as compound, atom and matter.  The questions were developed to probe students in this study to see if they had similar misconceptions.  

The questions used to pre-assess students were both multiple choice and open ended.  The students were given three choices and then asked to explain their choice thoroughly.  In the first question, students needed to demonstrate knowledge of the law of conservation of mass (5.6b) as well as explain that new products are formed when a chemical reaction takes place (5.6b ).  (Appendix A)  In the second question, students were to asked to recognize a chemical change as opposed to a physical change and explain the characteristics of a chemical change.  (Appendix A)  In both cases, students should have explained what was occurring on the atomic level and been able to incorporate appropriate vocabulary such as atom, compound and matter.
IIc) Analysis of Findings
QUESTION #1

The first question asked students to explain if they thought the total mass in a closed system would increase, decrease or stay the same if the object was burned.  Student responses to the multiple choice portion of the question were calculated and categorized according to their answers.
Table 2: Question #1- Multiple Choice
Answer Choice
  Number of Students     Percentage of Students


	Answer A (mass increased)
	6
	9.7%

	Answer B (mass decreased)
	22
	35.5%

	Answer C (mass stayed the same)
	33
	53.2%

	No response (did not know)
	1
	1.6%


The second part of the analysis grouped the open ended responses in which the students explained why they thought the mass increased, decreased or stayed the same.  The responses were evaluated and categorized by common themes and ideas.  If a student’s response could fit into one of the already established explanation categories, the student would be counted for that category.  If there was not a category that already existed, a new category was formed.  For example, one student may have explained that they thought that the mass increased because “paper is lighter than ashes” which is essentially the same as the response “ashes are heavier than paper.”  Those responses, although not identical, are similar and therefore may be considered to be the same explanation.  
Table 3a: Question #1 Students Explanations of Choice A (increase)

	Ashes are heavier than paper
	4
	6.5%

	Smoke was created so the mass must increase because there is more in the box
	1
	1.6%

	Paper was folded and not touching the scale, all of the ashes were touching the scale
	1
	1.6%


Table 3b: Question #1 Students Explanations of Choice B (decrease)

	Ashes weigh less than paper
	11
	17.7%

	Plane became nothing
	5
	8.1%

	Particles went into the air
	3
	4.8%

	Molecules are changed
	2
	3.2%

	Oxygen was used up by the fire
	1
	1.6%


Table 3c: Question #1 Students Explanations of Choice C (stay the same)

	Changed form or appearance
	14
	22.6%

	All mass stayed in the box
	10
	16.1%

	Mass same, weight would change
	4
	6.5%

	Unsure
	4
	6.5%

	Burning has no effect
	1
	1.6%


The qualitative responses were further categorized by the overall understanding of the law of conservation of mass and the recognition of the production of a new substance.  The interpretive system used in this study to score student responses was a concept evaluation scheme developed and used in previous research (Abraham et al 1992).  In question number one, the responses were evaluated for understanding where a 6, or sound understanding, would have a detailed explanation of the law of conservation of mass.  A student who thoroughly understood this concept would be able to give other examples of mass conservation and explain why mass is conserved.  Students would recognize that all of the same mass or matter is present; the atoms have simply rearranged to form new substances (ashes and smoke).  Finally, the students would be able to describe what was occurring atomically and use chemistry vocabulary correctly.
Table 4: Scoring scheme for students’ understandings on the open-ended evaluations of chemical reactions
	Degree of Understanding
	Criteria for Understanding

	1. No response
	Responses left blank
Responses that state or indicate “I don’t know” or “I don’t understand”

	2. No understanding
	Responses that repeat the question

Irrelevant or unclear responses

	3. Specific misunderstanding or 

    alternative conception 
	Responses that include illogical or incorrect information

	4. Partial understanding with specific  

    misunderstanding or alternative 

    conception
	Responses that show understanding of the concept but also make statements that demonstrate a misunderstanding

	5. Partial understanding
	Responses that include at least one of the components of the validated response, but not all of the components.

	6. Sound understanding
	Responses that include all components of the validated response.


*Adapted from: Abraham, M. R., Grzybowski, E. B., Renner, J. W. and Marek, E. A., (1992) Understanding and misunderstandings of eighth graders of five chemistry concepts found in textbooks, Journal of Research in Science Teaching, 29, 106.
Table 5: Students understandings of the law of conservation of mass
	1
	1
	1.6%

	2
	2
	3.2%

	3
	32
	51.6%

	4
	14
	22.6%

	5
	13
	20.1%

	6
	0
	0%


Level of understanding         Number of students      Percentage of students
Summary of Question Number 1

Table 2 presents the number and percentage of students who selected each multiple choice answer but does not take into account the explanation.  By looking only at the multiple choice answers, one may infer that over half of the students had a sound understanding of the law of conservation of mass.  Upon further analysis which is presented in table 3C, the students’ explanations revealed that they did not necessarily understand the law of conservation of mass just because they indicated that mass stayed the same.  A large percentage of the students, 22.6%, stated that there was a change in form or appearance, which did not accurately demonstrate knowledge of mass conservation.  Another group of students, 16.1%, noted that all of the mass stayed inside of the box, so therefore the mass must stay the same.  Two groups of students with equal percentages of 6.5% stated that the mass would stay the same but the weight would change while the other students stated they were unsure.  One student stated that the burning had no effect.  In examining tables 3a though 3b, the student responses indicated that students had little if any relevant knowledge of the law of conservation of mass.  Students did not identify that mass was conserved.  Instead, the students thought that the mass either increased or decreased.  In most cases, students were not able to give evidence to support their answer or their information was incorrect.  


As presented in table 5, students’ understandings of the law of conservation of mass were varied.  Only one student had no response to the question.  An example of this type of response would be “Not very sure.”  Approximately 3.2% of the students had no understanding of mass conservation.  This type of response may state, “I have no clue about this question but I would probably say b because the box lost grams when the airplane burned completely.”  Over half of the students, 51.6%, had a response that contained irrelevant or incorrect statements such as “I think the mass of the box decreased because the ashes weigh less than the paper airplane.”  A large percentage of the students, 22.6%, mentioned some correct information, but stated incorrect information as well.  For instance, many students explained that they thought the mass would stay the same because the plane is changing its form to ashes.  They have the misconception that the plane only changes to ashes, and do not take into account the gases that are formed and still contained in the box.  Several of the students, 17.7%, had a partial understanding of the law of conservation of mass.  The students were able to identify that all of the mass remained in the box because it was sealed and none of the matter, including the gases, was able to escape.  The responses did not contain any misconceptions or misinformation; however the explanations were missing key points that would have shown sound understanding. An example of a level 5 understanding is as follows, “I think the mass of the paper airplane stayed the same after burning it because when the airplane is burned to ashes and smoke, nothing is being removed from the box so the mass remains the same.” In order for students to demonstrate a sound understanding of the topic, not only should they have stated that the plane changed form from paper to ashes and gas (smoke), and all of the mass (including the gases) was conserved because it was not allowed to escape the sealed box, but the students should also have explained what was happening atomically.  None of the students were able to demonstrate a sound knowledge of the law of conservation of mass because they did not mention key terms such as matter, mass, atoms, compounds, etc.
QUESTION #2
The second question asked students to identify if a chemical reaction, a physical reaction, or no reaction occurred when two substances were mixed together although some students created a category of both a chemical and physical change.  The answers were first categorized strictly by the students’ answer to the multiple choice portion of the question.
Table 6: Question #2- Multiple Choice

Answer Choice
  Number of Students    Percentage of Students


	Answer A (chemical reaction)
	45
	72.6%

	Answer B (physical reaction)
	9
	14.5%

	Both a physical and chemical reaction took place
	7
	11.3%

	Answer C (nothing happened)
	1
	1.6%



The responses were then evaluated based on the explanations given by the students as to why they identified the reaction as chemical, physical, none at all or both physical and chemical.  If responses were similar, they were considered to be like and therefore counted in that category.   
Table 7a: Question #2 Students Explanations of Choice A (chemical reaction)

	Bubbling and/or heat
	24
	38.7%

	A reaction occurred (no further explanation)
	9
	14.5%

	New substance formed
	7
	11.3%

	Remained a liquid
	1
	1.6%

	White powder is a chemical
	2
	3.2%

	Unsure/ do not know answer
	2
	3.2%


Table 7b: Question #2 Students Explanations of Choice B (physical reaction)
	New substance formed (change in appearance)
	6
	9.7%

	Sensed or saw things occur
	2
	3.2%

	No reason given
	1
	1.6%


Table 7c: Question #2 Students Explanations of Choice C (nothing happened)

	Water could have just been hot
	1
	1.6%


Table 7d: Question #2 Students Explanations of Combination of A and B

	Do not know the difference between a physical and chemical change
	4
	6.5%

	Observed bubbles and heat, but “sensed it” so physical
	3
	4.8%



Responses were then evaluated for an overall understanding of identifying the characteristics of a chemical reaction versus a physical change.  The scoring scheme utilized in question one was again used to code the students’ responses.  For this question, a 6 would be a sound understanding and would include both the characteristics of a chemical reaction, such as heat production and formation of a gas, as well as the mention of the production of a new substance.  Correct terminology would also be mentioned and used correctly in the explanation.
Table 8: Students understandings of recognizing chemical reactions

Level of understanding      Number of students         Percentage of students
	1
	3
	4.8%

	2
	11
	17.7%

	3
	14
	22.6%

	4
	18
	29.0%

	5
	16
	25.8%

	6
	0
	0%


Summary of Question Number 2

Table 6 presents the number and percentage of students who selected each multiple choice answer but does take into account the explanation.  Upon first glance, students seem to understand that a chemical reaction took place, with 72% of the students responding that a chemical reaction occurred.  The analysis of the students’ explanations revealed that students did not necessarily understand chemical reactions just because they indicated that a chemical reaction had occurred.  In fact, there was not a singe student that had a sound understanding of identifying chemical changes.  A large percentage, 38.7%, of the students were able to state that bubbles and/or heat were indications of a chemical change but in order to prove sound understanding students should have also noted that a new substance was formed (translucent liquid).   Another group of students, 14.5%, noted that a reaction occurred, but gave no further evidence to support their idea.  A small percentage of the students, 11.3%, noted that a new substance was formed, but failed to mention the additional indications of a chemical change (bubbles and heat).  In examining tables 7b though 7d, the student responses indicated that students had little if any relevant knowledge of chemical reactions.  Students did not identify that a chemical reaction occurred.  Instead, the students thought that a physical change occurred, neither a physical or chemical change occurred or in some cases a combination of a chemical and physical change.  In most cases, students were not able to give evidence to support their answer or their information was incorrect.  

As shown in table 8, students’ understandings of chemical reactions were varied.  Less than 5% of the students had no response to the question.  An example of this type of response would be “I have no idea.”  Approximately 17.7% of the students had no understanding of chemical reactions.  This type of response may state, “I think it is a physical reaction because a reaction occurred.”  Nearly one quarter of the students, 22.6%, had a response that contained irrelevant or incorrect statements such as “I think a chemical reaction occurred because the white stuff was a chemical.”  A large percentage of the students, 29.0%, mentioned some correct information, but also made incorrect statements.  For instance, one student explained that he thought a chemical reaction occurred because there was heat generated by friction.  Finally, 25.8% of the students had a partial understanding of chemical reactions.  The students were able to identify that a chemical reaction took place and the responses did not contain any misconceptions or misinformation.  Instead, the explanations were missing key points that would have shown sound understanding such as one response that stated “I think A is true.  I think this because the clear liquid and the powder touched and chemicals in both reacted with each other.  These reactions created heat and bubbles.  Physical reactions do not change matters properties.  Chemical reactions do.  The answer is definitely not C because the clear liquid and the white powder interacted.”   In order for the response to be scored a 6, the student would have had to explain that a new substance was formed as well as describe what was occurring atomically.  None of the students were able to demonstrate a sound knowledge of chemical reactions. 
IId) Discussion of Findings

The results of the pre-assessment test revealed several key pieces of information about students’ knowledge and misconceptions of the law of conservation of mass and chemical reactions.  Although over half of the students were able to choose the correct letter choice, none of the students had a sound understanding of the science concepts. Although there was a group of students who were able to state that the mass was not escaping the sealed box thereby remaining the same, all of the students failed to mention what was occurring on the atomic level.  Necessary vocabulary such as atom, compound and molecule were missing from the students’ explanations.  This is consistent with the research done by both Abraham et al and Cavallo et al, who also found that students either failed to mention or misused the chemistry terminology.  

Students also seemed to have misconceptions regarding how to identify a chemical reaction has taken place as well as deciphering a chemical change from a physical change.  Close to three quarters of the students chose letter A (chemical reaction) as their answer but were unsuccessful when it came to explaining why it was a chemical reaction as opposed to a physical reaction.  In addition, students once again either left out or misused key terminology, including the big idea of a chemical reaction.    Besides the misuse or failure to mention essential vocabulary, Cavallo et al also found that students had misconceptions when it came to explaining the difference between a physical and chemical change.  

Students most likely were unable to use the appropriate terms because they have not had an in depth unit on chemistry.  Most of the students have some awareness of chemistry on the macro level, but it appears that there are missing components on the atomic level.  According to the New Jersey State Standards, students must understand the atomic theory by the end of eighth grade.  Although students may have some prior knowledge of chemical and physical reactions, students in this particular district do not learn the atomic theory until the second half of eighth grade.  

Students may have misconceptions about chemical and physical reactions due to the nature in which they were learned.  According to an articulation conference recently attended in the students’ school district, many elementary school teachers are not science certified and tend to focus on math and language arts (reading and writing).  They tend to shy away from science and as a result, many of the teachers through sixth grade use a read only approach to science teaching.  A read only approach to science involves students focusing on vocabulary words and facts located in a textbook (Krajcik et al 2003).  Because the lessons and concepts may not be relevant and meaningful to the students, often times the students memorize the facts for the test or the lesson and never really obtain a sound understanding of the concepts being taught.  These types of learners are called inert learners and are often times do not develop a rich understanding of science concepts and cannot apply what they learn to science phenomena (Krajcik et al 2003).   An example given by Krajcik et al states that students may be able to define the words atom, but not know how to use that definition to explain properties of matter, or in the case of this pre-assessment, the law of conservation of mass and chemical reactions. A high percentage of the students in this study tested about chemical reactions were able to choose the correct letter answer.  However, upon further probing of understanding, none of the students were able to prove sound understanding of the subject matter.  
As we saw in the Private Universe documentary in class, students will also fill in the gaps or create their own explanations for concepts that they do not fully understand.  Students may carry around these misconceptions for years, even to a prestigious university such is Harvard.  “Educators must be sensitive to this initial knowledge construction; carefully implementing instruction to guide students toward what may be the students’ first construction of understanding” (Cavallo et al 2003).  In other words, students may have initial knowledge, but they have not yet constructed a sound understanding.
IIe) Implications

The results of this pre-assessment suggest that students need to be taught the concepts of conservation of mass and chemical reactions by implementing lessons that are relevant to their lives.   Krajcik et al suggest an intervention for these misconceptions may be project based science.  This entails creating lessons with driving questions that are relevant to the students’ lives.  By utilizing a driving question, teachers are able to tie lessons together which allows students to effectively construct knowledge and understanding of the concept.  “Driving questions organize as well as drive and sustain activities, investigation and instruction” (Krajcik et al 2003).

Investigations and/or lessons are developed around the driving question and should have worth, meaning and sustainability.  Students should ask questions, hypothesize, make predictions, find information, and design investigations that are meaningful and relevant to their lives (Krajcik et al 2003).  Typically the investigations are inquiry based; meaning students are constructing their own knowledge. They are not simply following a “cook book” science investigation, but instead are working collaboratively to discover science truths.  When students can make connections to their own lives, their learning becomes meaningful, misconceptions are reduced and long term understanding transpires.
Based on the overwhelming percentage of students who were unable to explain why mass was conserved or a chemical reaction took place, the next step will be to develop a student centered, project based approach to teaching the above mentioned concepts.   This will include, but not be limited to, a driving question, investigation and lessons that are relevant to the students, collaboration among peers and the incorporation of technology.  
According to Cavallo, there was a 28% decrease in student misunderstandings when key terms were given to the students, but only after the students have constructed meaning of the concept.  Based on that research, key terms such as atom, molecule and compound will be given on the post test.  The post test will be administered after the students have completed the project based unit. 
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