
 
 

GOAL SETTING IN HIGH SCHOOL CHEMISTRY 

by 

Ryan Walter Cordon 

A professional paper submitted in partial fulfillment 
of the requirements for the degree 

of 

Master of Science 

in 

Science Education 

MONTANA STATE UNIVERSITY 
Bozeman, Montana 

July 2021 
  



 
 
 

©COPYRIGHT 

by 

Ryan Walter Cordon 

2021 

All Rights Reserved 



ii 
 

TABLE OF CONTENTS 

 
1. INTRODUCTION AND BACKGROUND ....................................................................1 

 
    Context of the Study ........................................................................................................1 
    Focus Statement ...............................................................................................................2 
 
2. CONCEPTUAL FRAMEWORK ....................................................................................3 
 
    Goal Setting .....................................................................................................................3 
    Reflection .........................................................................................................................5 
    Level and Autonomy of Goal ..........................................................................................6 
    Methods of Implementation .............................................................................................7 
 
3. METHODOLOGY ........................................................................................................10 

 
    Treatment .......................................................................................................................10 
    Data Collection ..............................................................................................................11 
 
4. DATA ANALYSIS ........................................................................................................16 

 
    Quantitative Data ...........................................................................................................16 
    Qualitative Data .............................................................................................................21 
     
5. CLAIM EVIDENCE AND REASONING ....................................................................32 
 
    Claims From the Study ..................................................................................................32 
    Value of the Study and Consideration for Future Research ..........................................35 
    Impact of Action Research on the Author .....................................................................37 
     
REFERENCES CITED ......................................................................................................38 
 
APPENDICES ...................................................................................................................41 
 

APPENDIX A: Institutional Review Board Exemption ........................................42 
APPENDIX B: Goal Setting and Reflection Survey .............................................44 
APPENDIX C: Goal Quality Misconception Probe ..............................................50 
APPENDIX D: Five-minute Goal Check-in ..........................................................52 
APPENDIX E: Goal Setting and Reflection Follow Up Interview .......................55 
APPENDIX F: Non-treatment Unit Assessment ...................................................57 
APPENDIX G: Treatment Unit 1 Assessment ......................................................61 
APPENDIX H: Treatment Unit 2 Assessment ......................................................66 

  



iii 
 

LIST OF TABLES 

Table Page 
 

1. Rubric for Assessing Goal Quality of Student Goals ........................................12 
 
2. Data Triangulation Matrix .................................................................................15 

 
3. Breakdown of three questions only asked in finals  
round of goal setting and reflection survey............................................................26 
 
4. Breakdown of how many students were very affected by  
treatment for each goal setting and reflection survey statement ............................27 
 
5. Average student scores for four statements only found  
in final round of goal setting and reflection survey statement ...............................28 
 
6. Breakdown of student homework completion during  
non-treatment and treatment units .........................................................................29 
 
7. Number of office hour appointments independently  
set up and optionally attended ................................................................................29 
 
8. SMART goals during the three units of the action 
 research of three specific students ........................................................................31 

 
  



iv 
 

LIST OF FIGURES 

Figure Page 
 

1. Conceptual overview of SMART goals and the questions that students should 
be asking themselves as they create their own SMART goals. .............................11 
 
2. Box and whisker plot of first semester, non-treatment, and  
treatment average test scores .................................................................................16 

 
3. This histogram compares the frequency of treatment and  
non-treatment test score ranges ..............................................................................17 
 
4. Pie chart showing percentage of students who scored low, 
medium, and high normalized gains ......................................................................18 
 
5. Results of the five-minute check-in for both treatment units ............................21 
 
6. Frequency chart of student answers in goal setting  
and reflection survey ..............................................................................................22 
 
7. Frequency chart of student answers about doing well in school/looking  
forward to chemistry class in goal setting and reflection survey ...........................23 
 
8. Frequency chart of student answers on importance and ease of setting  
goals and reflecting on them from the goal setting and reflection survey .............24 
 
9. Frequency chart of student answers on questions about self-confidence  
from the goal setting and reflection survey............................................................25 

 
  



v 
 

ABSTRACT 

In high school chemistry classes, it was evident that many students were not 
reaching their full academic potential. Most students would demonstrate their abilities but 
struggled to be consistent. These students often appeared to lack a sense of academic 
purpose. To help students find this purpose, research into the benefits of teaching goal 
setting to high school chemistry students was conducted. Students were taught how to set 
specific, measurable, achievable, relevant, and time-bound (SMART) goals. In each 
treatment unit, students took time in class to check-in on their goals and reflect on any 
potentially needed adjustments. The data showed that treatment helped many students 
and at least slightly helped most students find an academic purpose. Check-in data 
pertaining to students’ goals showed that most students knew what to do, but a large 
portion lacked the motivation to actualize their intentions. While the data obtained herein 
demonstrated general success with regards to the methods of implementation, the 
treatment remains in need of further refinement. Findings show a larger emphasis is 
needed on identifying the rationale behind achieving each student’s stated goals. Such a 
focus would enable students to find the motivation needed to take the acknowledged 
steps towards their goal. 
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CHAPTER ONE 

INTRODUCTION AND BACKGROUND 

Context of the Study 

This study was conducted at a public high school called Saint Charles East High 

School in Saint Charles, IL. During the period of study, just under 2,200 students 

attended this high school. The racial demographics of the school were 84% White, 1.7% 

Black, 8.5% Hispanic, and 4.1% Asian. About 10% of the student population came from 

families with low income (city-data, n.d.). Students performing at the lowest academic 

level were often not enrolled in my classes as chemistry was not a graduation 

requirement. Students performing at the highest academic level were often not enrolled in 

my classes because honors chemistry was an option. The classroom limit for the number 

of students in a standard chemistry class was 24. According to my calculations, 14% of 

students in my study had 504 plans, 6% of students had Individualized Education Plans, 

and 2% of students were English Language Learners (N=87). Respect, collaboration, and 

having fun were all integrated into my personal educational philosophy. Over the course 

of the year, I invested a lot of effort into ensuring a safe, positive work environment for 

my students because I believed it was essential to the learning process. 

In my standard chemistry classes, it was evident that numerous students were not 

reaching their full academic potential. Each student occasionally showed glimpses of 

their full academic ability but often struggled to consistently perform. The goal of this 
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study was to identify a method that helped students realize their academic potential and 

provide them with the cognitive tools to actualize on that potential.  

Previous methods of extrinsic academic encouragement, such as individual 

conversations and parent phone calls have only demonstrated temporary improvements in 

academic performance. I wanted to provide intrinsic motivation so that students can reach 

their potential more consistently. I hypothesized that having students create their own 

individualized goals would personalize their learning experience and encourage them to 

take ownership of it. 

Focus Statement 

To investigate how to have students intrinsically motivated to reach their 

academic potential, I developed the following purpose statement, The purpose of this 

study is to determine the academic and self-confidence benefits of teaching goal setting 

and reflection skills to high school chemistry students.   



3 
 

CHAPTER TWO 

CONCEPTUAL FRAMEWORK 

Goal Setting 

 It is well understood that setting goals leads to higher levels of achievement and 

success. Many classroom aspects must be successfully incorporated before students can 

make their own goals. One of those aspects is class culture. The classroom needs to have 

an environment where students understand, through experience, that they are capable of 

self-improvement and personal growth. If students do not experience that environment, 

they will likely not buy into the idea of goal setting (Nordengren, 2019). 

 With a successful classroom culture, a teacher could implement a goal setting 

strategy to help students reach their potential. In China, a study was performed in an 

inclusion classroom with the aim of helping a student with autism who was struggling 

with behavioral issues. In response, the researchers attempted to use self-monitoring and 

goal setting as a means of helping this student reach his potential. There were five phases 

of the study in which the student was slowly given control of monitoring his behavior and 

reflecting on his goals. After implementation of the treatment, the student showed 

improved engagement within each phase of the study and was eventually able to 

intellectually engage without any assistance (Xu et al., 2017).  

  Success stories like this more often come from students who set goals at the 

appropriate level. One study investigated the value of setting a goal versus not setting one 

in addition to setting a challenging goal versus an easy one. These researchers found that 
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students worked better and demonstrated higher levels of academic achievement when 

they committed to challenging goals. The researchers related these findings to the 

concept of purposefulness. The researchers found that students gained new skills, 

demonstrated higher levels of curiosity, and improved problem-solving skills when they 

were motivated to attempt something difficult (Far & Fazel, 2017). According to one 

author, setting a challenging goal requires students to work on their planning, time 

management, and other executive functioning skills. Because of the extra effort required, 

students will not try to better themselves in these categories without some sort of 

motivation (Willis, 2007). 

 Successful implementation of goal-setting strategies requires a particular set of 

metacognitive skills. Nordengren (2019) stated that our goal should be to teach students 

the awareness to understand where they currently are, where they would like to get to, 

and how to identify the pathway to get there. One study noted that this was not an ability 

that all students possessed and sought out more effective ways to teach this to students. 

The authors of this study utilized two treatment groups and one control group. The first 

treatment group focused on teaching mental contrasting techniques. These techniques 

involved students practicing strategies to disconnect their negative thoughts towards 

school. They instead used that mental energy to focus on how to set goals, identify 

obstacles, and plan to overcome those obstacles. The second treatment group was taught 

self-regulation strategies. The goal of these strategies was to show students the 

techniques required to act and be the best version of themselves. This primarily involved 

the development of control over their social and emotional skills. Both treatment groups 
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saw significant benefits and the authors were therefore correct in their assumption that 

these skills needed to be developed and explicitly taught (Mercy & Victoria, 2019). 

Reflection 

 Setting ambitious and challenging goals is an extremely important skill if one 

seeks to thrive academically. However, this success doesn’t happen from just setting the 

goal itself. According to one study, it is essential for students to check-in on their goals 

and reflect upon how their original plan is progressing. Reflection is the main avenue in 

which we process experience into learning. Reflection is what drives our next steps in our 

plan to be purposeful and driven (Ogden & Claus, 1997).  

 Students will likely experience progress and setbacks during the process of 

achieving a challenging goal. One researcher claimed that teachers need to be there for 

students who are not on track towards completing their goal. In this study, success was 

most often achieved by utilizing one-on-one conversations with students. This 

subconsciously demonstrated to students that the teacher valued their success and that 

setbacks were normal. Without this support, students could convince themselves that the 

goal was too challenging and consequently give up. After these conversations, the 

researcher suggested having the students write down their adjusted plan on how to get 

past the setback and back on track to accomplishing their goal (Willis, 2007). A different 

researcher recommended having frequent check-ins to avoid having students give up. 

This could get repetitive and dull, so it was important to make the goals short-term and 

targeted. She claimed that this strategy required students to realize their need for 

additional effort right away to avoid a goal not being reached (Nordengren, 2019).  
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Level and Autonomy of Goal 

 Setting an appropriately leveled goal and developing an understanding of the 

value of autonomy also affected academic achievement. According to one article, 

students realize their full potential only when their self-concept is the same as their 

thoughts and feelings towards what they can achieve. The authors of this article suggest 

that setting high goals for oneself is imperative for getting those two conceptualizations 

to match (Ogden & Claus, 1997). Setting challenging goals has been found to have many 

benefits, but it is hard for students to know what level of goal to set before reflecting on 

their personal life, struggles, and aspirations. Making goals more personal can give 

students a sense of control over their future, and this generally leads to students feeling 

better about their learning experience (Nordengren, 2019).  

 While students may feel better about their learning experience with reflection and 

goal setting, complete actualization of their intentions requires students to become 

autonomous in these tasks. Research says students have autonomy when their decisions 

are initiated and regulated by themselves. One way to help support the development of 

autonomy is by providing students with choices. When students are given a choice, they 

maintain a sense of control and feel like their actions have a significant impact on their 

outcomes. This allows them to be more receptive to the idea of challenging themselves. If 

students do not believe that they can achieve success, they will have little motivation to 

work hard. The author of this research claims that the idea of free will can lead to 

intrinsic motivation. He states that this type of motivation is the most powerful as it is 

coming from the students themselves and not an outside source (Vieira, 2011).  
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 Gender is another factor to consider when helping students set goals. Research 

has found that boys and girls may have different approaches to setting goals. One study 

investigated how males and females differed with regards to goal setting. He found that 

males may avoid the negative feeling of being judged and therefore take on easier tasks 

to ensure positive outcomes, while females might focus on developing task knowledge 

and skills (Vieira, 2008; Vieira & Graham, 2009). While the evidence for these patterns 

was partial, it provides a basis for combining male and female students onto teams where 

their different perspectives can complement one another in setting goals requiring the 

appropriate level of rigor (Vieira, 2011). 

Methods of Implementation 

 Many implementation methods for goal setting and reflection in high school 

classrooms have been researched. Studies have suggested that teachers must incorporate 

the four aspects of student motivation: providing them opportunities to build competence, 

giving them control or autonomy, cultivating interest, and altering their perceptions of 

their own abilities (Usher & Kober, 2012). One study saw success with worksheets that 

start off with goal identification and when the goal was expected to be achieved. She then 

had students write down their plan of how they would accomplish what they set out to do. 

This step required students to make the learning process their own. The last step is for 

students to provide evidence along the journey of accomplishing this goal. Evidence can 

come from student experience, written feedback, or oral feedback through one-on-one 

conversations (Nordengren, 2019). 
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 Another potential implementation technique for goal setting in the high school 

classroom is the Goal Ranking and Matching Classroom Assessment Technique (CAT). 

The Goal Ranking and Matching CAT is best implemented at the beginning of the school 

year as it deals with long-term goals. Students create a few ideas of tasks they would like 

to accomplish in the class once they understand the outcomes of the course. The teacher 

then reviews their responses and provides feedback for them should their goals lack 

significant overlap with eh course’s objective. The end goal of this exercise is to have 

students be able to identify and adjust their personal goals (Angelo & Cross, 1993). 

 The authors also suggest using a CAT called Self Confidence Surveys. According 

to these researchers, teachers can more effectively plan their instruction when guided by 

the knowledge of their students’ level of confidence. Successful students improve 

academic performance through improved self-confidence. Because of this, it is important 

to ensure students are explicitly thinking about their own self-confidence. The Self 

Confidence CAT is best implemented before and after attempting skill development so 

that students can see their perceived growth. Just the act of administering this CAT could 

show struggling students that they were not the only ones feeling insecure and that the 

teacher wants them to improve in their self-confidence. This communication of support 

can be a huge relief to students and cause them not to abandon their goals for the course 

(Angelo & Cross, 1993). 

 One last method of goal implementation would be setting specific, measurable, 

achievable, relevant, and time-bound (SMART) goals. One author stated,  

The SMART Goal Framework (SGF) has been developed as a school 
improvement model designed to provide teachers with the skills necessary 
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to build leadership capacity through focus, reflection, and collaboration 
(Yates, 2014). 

An elementary school had teachers in kindergarten through fifth grade set SMART goals 

to ensure their students met their reading, writing, and mathematics proficiencies. The 

principal reflected on the experience and said, “I notice positive buzz in the room and 

mark by my watch that it is 3:00- usually a low energy point in the day” (O’Neill, 2000, 

p. 46). Many teachers gave feedback stating that setting SMART goals took them out of 

their comfort zone but knowing whether their practices were worthwhile or not made it a 

positive experience. One teacher said, “I may not always like the results, but I am 

learning. And each time I get better, so will my students” (O’Neill, 2000, p. 50).  
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CHAPTER THREE 

METHODOLOGY 

Treatment 

The purpose of this study was to determine the academic and self-confidence 

effects of teaching goal setting and reflection skills to high school chemistry students. 

The research methodology for this project received an exemption by Montana State 

University’s Institutional Review Board and compliance for working with human 

subjects was maintained (Appendix A). Eighty-seven students in four sections of high 

school standard chemistry participated in the research. The beginning of the year had 

several instructional model changes due to the COVID-19 pandemic. No goal setting was 

conducted during the first semester of the school year. The study covered three units of 

chemistry. The first unit was used to collect the non-treatment data. At the beginning of 

the unit, students were simply instructed to set a goal for themselves and reflect on that 

goal along the way. The following two units were used to collect the treatment data. The 

treatment was teaching students how to set SMART goals (Figure 1). 
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Figure 1. Conceptual overview of SMART goals and the questions that students should 
be asking themselves as they create their own SMART goals (Simon, 2016). 

The treatment also included teaching students how to properly reflect on SMART 

goals throughout the learning process. To ensure no students received different levels of 

instruction, all eighty-seven students participated in the treatment and non-treatment 

groups. 

Data Collection 

The treatment began by having students fill out the Goal Setting and Reflection 

Survey to determine their initial confidence levels on chemistry content and self-

confidence in goal setting and reflection (Appendix B). All the survey questions were 

multiple choice with possible answers of one, two, three, or four. The numbers one, two, 
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three, and four represented strongly disagree, disagree, agree, and strongly agree, 

respectively. This Likert-type survey was administered before non-treatment began, 

before treatment began, after the first treatment unit, and after the second treatment unit. 

The data were analyzed with a frequency chart to see overall trends in response numbers 

throughout the treatment process. Following this, small group and individual student 

responses were analyzed to see if the treatment had different effects on different levels of 

students.  

After students made their goals for each unit, their goal quality was analyzed on 

their ability to be specific, measurable, achievable, and relevant (N=87). Since all goals 

were structured to be time-bound for them, that criterion was not evaluated. The goals 

were scored on a four-point rubric (Table 1). The data were analyzed to see if there was a 

pattern between the quality of the goal set and changes in confidence, academic 

achievement, and attitude towards setting goals. Three students were analyzed in a case 

study to track their quality of goals over time. Students 1, 2, and 3 were high-level, 

medium-level, and low-level students, respectively. 

Table 1. Rubric for assessing goal quality of student goals, (N=87). 
Specific Measurable Achievable Relevant 
What do you want to 
accomplish? +0.5 points 

Metrics attached to 
goal +0.5 points 

Any attempt of how it will be 
accomplished +0.5points 

Good level of goal for 
student +0.5 point 

Why do you want to 
accomplish this? +0.5 
points 

Easy metrics for 
student to follow 
+0.5 

Specific, actionable steps on 
how to accomplish goal +0.5 
points 

Goal is linked to 
success in class +0.5 
points 

  

Before the first unit started, each student took the Goal Quality Misconception 

Probe (Appendix C). Students were given four sample goals from hypothetical students 
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and were asked to select which goal they thought was the strongest and why. Students 

were given the same misconception probe after the treatment was complete. The data 

were analyzed in a frequency chart to see if students could better identify high quality 

goals after treatment.  

After each quiz during the treatment units, students were asked to complete the 

Five-minute Goal Check-in (Appendix D). Students wrote about how they had been 

progressing in their goals and what their future plan was to ensure their goal was met. 

Students who were on track to meet their goal were asked to write about what they 

specifically needed to keep doing. Students who were not on track to meet their goal were 

asked to write about what they needed to change or to ask questions if they were not sure 

of what to change. Students had five minutes to reflect on the question prompts.  

After analyzing each qualitative instrument’s data, the Goal Setting and 

Reflection Follow Up Interview was given (Appendix E). These questions were designed 

to have students provide more feedback about their results from the Goal Setting and 

Reflection Survey, test scores, and what aspects of the treatment they plan to use going 

forward.  

Students completed an assessment after each of the three units (Appendix F, G, & 

H). The non-treatment unit covered molar mass, mole conversions, and solutions. 

Treatment Unit 1 covered gases and Treatment unit 2 covered chemical reactions. All 

units were of similar rigor due to similar numbers of learning targets, and similar 

requirements to model content mathematically and pictorially. Test score data was 

visualized using a box and whisker plot. Pretests were not administered for various 
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reasons. First, the instructional model put in place this year decreased the amount of 

synchronous instructional time by 44%. This year, students had 19 hours and 40 minutes 

of instructional time per week while having 35 hours per week last year. Furthermore, 

pretests were not administered because of the test format. This year, tests had to be open-

note due to our instructional model. Therefore, students would not have had their notes 

for the pre-test, making comparisons unfair. Due to these conditions, it was determined 

that there would not be enough value in obtaining pretest data. Since there were no data 

on pretests, each student’s unit assessment score was compared to their average 

assessment score during first semester chemistry. Due to various factors regarding 

instruction during the pandemic, there were 24 students in my second semester classes 

that I did not have in my first semester classes. Since these students had different teachers 

and tests, it was decided that these students’ first semester grades were unreliable for 

comparison purposes and therefore were not analyzed. The data were visualized with a 

box and whisker plot. The test score data was broken down by first semester average, 

non-treatment unit scores, Treatment Unit 1 scores, Treatment Unit 2 scores, and 

treatment units average scores. The mean, first quartile, third quartile, and range were 

interpreted to extract meaning from the assessment scores. A histogram was also used to 

compare the frequency of non-treatment and average treatment test scores. In addition, 

normalized gains were analyzed to see how treatment affected academic achievement. 

The non-treatment unit test score served as the pre-test metric, while the average 

treatment unit test scores served as the post-test metric. Hake (1998) characterized a 

normalized gain with a value less than 0.3 as low, a value between 0.3 and 0.7 as 
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medium, and a value above 0.7 as high. All the test score data were analyzed based on the 

level of student to see if the treatment affected some students differently. 

Data were obtained and analyzed to determine the academic and self-confidence 

benefits of teaching goal setting and reflection skills. Both qualitative and quantitative 

data were utilized in accordance with the focus statement (Table 2).  

Table 2. Data Triangulation Matrix. 

Focus 
Statement 

Data 
Source 
1 

Data 
Source 2 Data Source 3 

Data 
Source 
4 

Data 
Source 5 

Data 
Source 6 

Data 
Source 7 

Data 
Source 8 

The purpose 
of this study is 
to determine 
the academic 
and self-
confidence 
benefits of 
teaching goal 
setting and 
reflection 
skills to high 
school 
chemistry 
students.  

Test 
Scores 

SMART 
goal 
quality 
scores 

Goal Quality 
Misconception 
Probe 

Five-
minute 
Goal 
Check-
in 

Goal 
Setting 
and 
Reflection 
Survey 

Homework 
Completion 

Optional 
Office 
Hour 
Visits Interviews 
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CHAPTER FOUR 

 DATA ANALYSIS 

Quantitative Data 

 The average test scores from Treatment Units 1 and 2 were compared to the test 

scores of the non-treatment unit (N=87). The mean of test scores increased from 76% to 

77%. The first quartile decreased by one percent, while the third quartile increased by 

three percent. The achievement gap did not shrink as the range was 100 for both non-

treatment and treatment scores. The first quartile of Treatment Unit 1 was 72% while the 

first quartile of Treatment Unit 2 was 69%. The third quartile of both treatment units was 

94%. Both treatment units’ means were 78%. The first semester average test scores were 

compared to the treatment and non-treatment data (n=63).  The first quartile was 71% 

while the third quartile was 90%. The mean of the first semester test scores was 79% 

while the range was 76 (Figure 2).  

                          
Figure 2. Box and whisker plot of first semester, nontreatment, and treatment average test 
scores, (N=87). 
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Forty-nine percent of students’ average test scores improved during treatment 

(N=87). Two students scored a zero on all treatment and non-treatment tests. These two 

students did not attend class often, rarely participated, and completed no assignments 

during treatment and non-treatment units. Reports from other teachers with these students 

confirmed similar behavior in other classes. There were eleven students that scored under 

50% during the non-treatment unit, while only seven students scored under 50% average 

during treatment. There was an increase of ten students earning above a 92% during 

treatment. These were the two largest changes in frequency of test scores (Figure 3). 

  

Figure 3. This histogram compares the frequency of treatment and non-treatment test 
score ranges, (N=87). 

 Normalized gains between the non-treatment unit test score and the average of the 

two treatment unit test scores were calculated (n=83). Four students scored a perfect on 

the non-treatment unit and were therefore excused from this analysis since it was 
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impossible for them to improve their score. Approximately two-thirds received a low 

normalized gain while about one-third received either a high or medium normalized gain 

(Figure 4).  

 

Figure 4. Pie chart showing percentage of students who scored low, medium, and high 
normalized gains, (n=83). 

Students who scored a high or medium normalized gain were tested for a 

normalized gain of average treatment scores versus average first semester test scores to 

see if the same results were observed (n=25). Since I did not teach six of the 31 students 

who scored a medium or high normalized gain, they were exempt from this analysis. Of 

the 25 students tested, 14 of them had medium or high normalized gains, while 11 of 

them had low normalized gains.  

 The data were analyzed by comparing SMART goal quality scores to average test 

scores and frequency of successfully completing a goal. Since it was possible to earn a 

score of 0.5 for all criteria, the sum does not equal the number of students. Therefore, the 
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percentages associated with the sum are compared to the maximum possible sum and do 

not represent the percentage of students.  

 The average SMART goal score for non-treatment was 2.1, while the average 

scores for Treatment Units 1 and 2 were 3.1 and 3.0, respectively. The sum of measurable 

scores increased from 44% of the capacity during non-treatment to 83% and 80% during 

treatment units. Goals were also more achievable as percentages increased from 37% of 

the capacity to 70% and 66% during the two treatment periods, respectively. The goals’ 

specificity increased from 35% to 52% and 45% during treatment. Students’ ability to set 

relevant goals increased from 91% to 94% for both treatment units. 

 When analyzing the quality of goals, it was determined that a high-quality score 

for a goal was 3.5 or 4 out of 4. All other goals were considered non-high-quality since 

they had multiple missing pieces. Thirteen percent of students were able to set a high-

quality goal during the non-treatment unit while 28% and 27% of students were able to 

set high-quality goals during the two treatment units, respectively (N=87). During non-

treatment, 75% of high-quality goals were successful (n=12), while 84% (n=25) and 96% 

(n=24) of high-quality goals were achieved during the treatment units, respectively. 

Forty-nine percent of non-high-quality goals during non-treatment were successful 

(n=63), while 61% (n=34) and 45% (n=40) of non-high-quality goals were achieved 

during the two treatment units, respectively. During the non-treatment unit, the eight 

students who did not set a goal had an average test score of 69%. For Treatment Unit 1, 

the 28 students who did not set a goal had an average test score of 72%. For Treatment 

Unit 2, the 23 students who did not set a goal had an average test score of 61%.  
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 Of the 79 students who set goals during the non-treatment unit, 53% of them 

achieved their goal. During Treatment Unit 1, 70% of the 59 students who set goals 

achieved them. During Treatment Unit 2, 66% of the 64 students who set goals achieved 

them.  

Before and after treatment, the Goal Quality Misconception Probe was 

administered to determine if treatment helped students identify high quality goals from 

low quality goals (Appendix C). Sixteen percent of students guessed incorrectly during 

non-treatment, while 12% of students guessed incorrectly after treatment (n=55). All 

students who guessed incorrectly during non-treatment could not give a quality 

explanation. Only two students during treatment were able to acknowledge pros and cons 

of goals in their explanation. Three students improved in their ability to identify quality 

goals, while no students regressed in their ability to do so. 

 Students’ reflections on whether they were on track for their goals were recorded 

with the Five-minute Check-in (Appendix D). The Five-minute Check-in asked students 

to reflect on what they needed to continue to do, what they needed to do differently to get 

back on target, or what questions they had for me if they were not sure. Reflections were 

categorized as poor if they were vague or showed that they did not know how to get back 

on track. The overall number of poor reflections were very low. Each round two of the 

Five-minute Check-in saw an increase in percentage of students on track and a decrease 

in percentage of students not on track when compared to round one. In addition, for both 

Treatment Unit 2’s round one and round two results, the percentage of students on track 

was higher than that in Treatment Unit 1 (Figure 5). 
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Figure 5. Results of the Five-minute Check-in for both treatment units, (N=87). 

Qualitative Data 

Students’ opinions on school, treatment, and self-confidence were collected 

before, during, and after treatment with the Goal Setting and Reflection Survey 

(Appendix B) (N=87). There was a slight decrease in the number of students selecting 

ones and twos, and fours (Figure 6).  
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Figure 6. Frequency chart of student answers in Goal Setting and Reflection Survey, 
(N=87). Key: 1= Strongly Disagree, 2=Disagree, 3=Agree, 4=Strongly Agree. 

To see if there was any difference in responses due to the category of questions, 

the data was split into three sections and analyzed again. Those three categories were 

opinions on school, the treatment, and self-confidence. The data showed that a small 

portion of students changed from a two to a three or from a four to a three when asked 

about their opinion on school (Figure 7). 
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Figure 7. Frequency chart of student answers about doing well in school/looking forward 
to chemistry class in Goal Setting and Reflection Survey, (N=87). Key: 1= Strongly 
Disagree, 2=Disagree, 3=Agree, 4=Strongly Agree. 

When asked about the treatment of goal setting and reflection, there was a small 

decrease of students selecting a one and a small decrease of students selecting a four. 

This resulted in a slight increase in the number of students selecting a three (Figure 8).  
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Figure 8. Frequency chart of student answers on importance and ease of setting goals and 
reflecting on them from the Goal Setting and Reflection Survey, (N=87). Key: 1= 
Strongly Disagree, 2=Disagree, 3=Agree, 4=Strongly Agree. 

Several students felt an increase in confidence in their abilities in chemistry class 

and setting goals, while a few went from feeling very confident to confident (Figure 9). 
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Figure 9. Frequency chart of student answers on questions about self-confidence in 
chemistry and treatment from the Goal Setting and Reflection Survey, (N=87). Key: 1= 
Strongly Disagree, 2=Disagree, 3=Agree, 4=Strongly Agree. 

The biggest percentage changes from ones and twos to threes came from 

confidence in students’ ability to set SMART goals, confidence in the chemistry content, 

and confidence in applying the content, with changes of 13%, 11%, and 11% 

respectively. The biggest increase in scores of four came from students seeing themselves 

setting goals for other aspects of life. This was an increase of four percent. 

Three statements were only answered after treatment had been finished since they 

were not applicable beforehand (n=63). Those three statements were about whether 

conceptual learning of SMART goals helped students find a purpose in chemistry class, if 

they planned to continue to set goals in chemistry moving forward, and whether they 

enjoyed learning about SMART goals. 
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Sixty-six percent of students said learning about SMART goals helped them find 

a daily purpose in class. Eighty-one percent of students saw themselves setting goals and 

reflecting on them in chemistry class moving forward. Sixty-seven percent of students 

enjoyed learning about SMART goals and how to reflect on them (Table 3). 

Table 3. Breakdown of three questions only asked in finals round of Goal Setting and 
Reflection Survey, (n=63). 

1 2 3 4 Statement 

8% 25% 52% 14% 
Learning about SMART goals has helped me find a purpose in 
chemistry class every day 

5% 14% 60% 21% 
I see myself setting goals for myself and reflecting on those goals 
in chemistry class moving forward 

3% 30% 46% 21% 
I have enjoyed learning about SMART goals and how to reflect on 
them 

 

 The results of the Goal Setting and Reflection Survey of students whose test 

scores were most positively and negatively affected by treatment were analyzed to see if 

their opinions on the treatment matched their academic achievement (n=42). The students 

whose normalized gain were medium or high were considered the biggest academic 

beneficiaries of the treatment (n=31). One of these student’s responses were not 

considered, because he only submitted one of the four surveys. This made it impossible to 

determine if he thought treatment was helpful, hurtful, or had no effect. The students 

whose normalized gains were less than -1 were considered the most negatively affected 

by the treatment (n=11). 

 Each statement on the Goal Setting and Reflection Survey was analyzed for 

positive change in opinion due to treatment (n=41). The survey ran once before non-

treatment, once before treatment, once after Treatment Unit 1, and once after Treatment 
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Unit 2. For a student to be viewed as positively affected for a statement, he or she must 

have shown higher scores in both the third and fourth survey results when compared to 

the first and second survey results. This way, if students showed an increased score 

multiple times the likelihood that the increase was an accurate depiction of their 

performance improved (Table 4).  

Table 4. Breakdown of how many students were very affected by treatment for each Goal 
Setting and Reflection Survey statement, (n=41). 

Statement on Goal Setting and Reflection 
Survey 

Improved (most positively 
affected normalized gain) 
n=30 

Improved (most negatively 
affected normalized gain) 
n=11 

Doing well in school is important to me 0 0 

I look forward to coming to chemistry class 10% 9% 

Setting goals is easy for me 13% 0 
Setting goals is important in order to see 
success in something 3% 18% 
I am confident in my ability to set SMART 
goals 20% 45% 
Reflection is important in order to see 
success in something 0 45% 
I am confident in my ability to reflect on 
something to better myself moving forward 17% 18% 
I am confident in the content we learn in 
chemistry class 10% 9% 
I am confident in applying the chemistry 
content we learn in class to new, 
hypothetical scenarios 17% 27% 
I have a lot of self-confidence in my ability 
to be successful in this class 20% 27% 
I see myself setting goals for myself and 
reflecting on those goals for other aspects of 
life 20% 9% 
 

Of the students that completed the last round of the Goal Setting and Reflection 

Survey, results were analyzed for the four statements that were only scored during the 

final round of treatment. The students with the most positive normalized gains all had an 
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average score between 3 and 3.3, showing an overall positive outlook on treatment. The 

students with the most negative normalized gain had average responses between 2.4 and 

3 showing that most students were able to view treatment somewhat positively (Table 5). 

Table 5. Average student scores for four statements only found in final round of Goal 
Setting and Reflection Survey statement, (n=31). 

Statement 

Average of students with 
very positive normalized 
gain (n=24) 

Average of students with 
very negative normalized 
gain (n=7) 

Learning about how to set SMART 
goals has helped me find a purpose 
in chemistry class every day 3.0 2.4 
I see myself setting goals for 
myself and reflecting on those 
goals in chemistry class moving 
forward 3.3 2.6 
I see myself setting goals for 
myself and reflecting on those 
goals for other aspects of life 3.3 3.0 
I have enjoyed learning about 
SMART goals and how to reflect 
on them 3.0 2.7 
 

Data on student assigned homework completion and attendance of optional office 

hours were analyzed to determine the treatment’s effect on motivation (N=87). The 

amount of homework completed deceased during treatment (Table 6). 
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Table 6. Breakdown of student homework completion during non-treatment and 
treatment units, (N=87). 

 
Non-treatment Unit 
(15 assignments) 

Treatment Unit 1 (7 
assignments) 

Treatment Unit 2 (6 
assignments) 

Total points 
average per student 21.5 7.3 6.4 
Total points 
possible 26 11 12 
% Completion 83% 66% 53% 

 

Class was ended each day with a reminder that an office hours appointment could 

be set up for extra help. All students were instructed to reach out should they desire to set 

up an appointment. The number of office hour appointments attended by students 

increased throughout the treatment process (Table 7). 

Table 7. Number of office hour appointments independently set up and optionally 
attended, (N=87). 

 
Non-treatment Unit (25 
school days) 

Treatment Unit 1 (16 
school days) 

Treatment Unit 2 (14 
school days) 

Office Hour 
Visits 9 20 33 

 

 Three individual students’ goals were analyzed over time to see the effect 

treatment had on them. Students 1, 2, and 3 were high-level, medium level, and low-level 

students, respectively.  

 The non-treatment goal for Student 1 was somewhat specific as she wanted to 

understand the material at a foundational level. Their goal was also relevant as such an 

understanding would be beneficial to performance in chemistry class. However, their 

goal was very hard to measure and had no action plan on how to achieve it. Thus, it was 

only scored at 1.5. The first treatment goal of Student 1 was easily measurable and had a 
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well thought out plan on how to achieve it. However, the student did not explain why it 

was significant to her and was only slightly relevant since she would have needed a 

perfect score on the test to accomplish it. Therefore, she earned a score of 3. The second 

treatment goal of Student 1 was similar to the first treatment goal; however, she adjusted 

the goal to make it much more relevant, earning her a score of 3.5. 

 The non-treatment goal for Student 2 was specific since she said what she wanted 

to accomplish and why. It was not easily measurable, had a semblance of a plan 

associated with it and was relevant. Therefore, Student 2 earned a score of 2.5 on her 

non-treatment goal. The first treatment goal for Student 2 improved upon all of the 

missing qualities from the non-treatment goal. However, she omitted why this goal was 

important to her, so she earned a score of 3.5. The second treatment goal for Student 2 

had all the qualities of a good SMART goal, so she earned a score of 4. 

 The non-treatment goal of Student 3 lacked focus, was unmeasurable, and had no 

plan of how to achieve the goal; but was relevant to the student. This earned Student 3 a 

score of 1. The first treatment goal of Student 3 was still relevant and had a detailed plan 

on how to accomplish the goal. However, it still lacked focus, didn’t explain why the goal 

was important to her, and was very hard to measure. Thus, this goal was scored as a 2. 

The second treatment goal for Student 3 was much clearer on what she wanted to 

accomplish and was somewhat measurable. She was able to keep the other high-quality 

aspects from the previous goals while doing this, earning her a score of 3 (Table 8). 

  



31 
 
Table 8. SMART goals during the three units of the action research of three specific 
students. 

 
Non-treatment Unit 
Goal Treatment Unit 1 Goal Treatment Unit 2 Goal 

Student 
1 

I plan by the end of 
this unit to be able to 
describe the content 
we talk about in the 
simplest terms to an 
elementary student to 
the point that they 
would understand. 

My goal is to have at least 
a 95% in the class by the 
end of the unit. I plan to 
study and review notes 
from class for 20 minutes a 
day. 

My goal for unit 4 is to get 
a 90 percent or higher on 
every test or quiz. I plan on 
studying at four nights a 
week specifically for 
chemistry. 

Student 
2 

My goal is to be more 
time efficient with 
studying. I want to 
start studying more 
advance so I don't 
have to cram a day or 
two before the test 

To finish all my 
homework. I bought a 
planner so I plan on writing 
my assignments on there so 
check them off. 

To turn in my assignments 
in on time and to get my 
grade up. Writing 
assignments in my planner 
so I don’t forget about 
them 

Student 
3 

plan on using my time 
wisely and getting 
more work done on 
time and completed to 
the best of my ability  

participate more and really 
focus on understanding the 
information rather than get 
it all done so completion. 
go to office hours and have 
good communication with 
you when I need help 

to continue working on my 
communication whenever I 
need help and stay on top 
of my work. make sure that 
right when I don’t 
understand something I ask 
for help before I fall behind 
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CHAPTER FIVE 

CLAIM EVIDENCE AND REASONING 

Claims From the Study 

 This study has shown that many, but not all, students benefitted academically 

from learning about the goal-setting process. A first glance at the data showed similar 

means, first, and third quartiles on test scores. However, looking at both individual and 

small groups helped tell the whole story. Forty-nine percent of students’ test scores 

improved due to treatment and 37% of students’ test scores significantly increased due to 

a medium or high normalized gain.  

Some of the lowest students were unaffected by treatment while others 

significantly benefitted from it. For instance, two students who started off with zeros for 

test scores during non-treatment continued to get zeros on tests throughout the rest of the 

year. These students set goals, but the process could not help them overcome their 

particular challenges. Eight other students failed the non-treatment exam and had a 

failing average on the treatment exam scores. These students were fully remote or only 

seen once a week. Therefore, it was difficult to identify what the underlying challenge to 

their learning was. However, it was clear that goal setting was not enough to overcome it. 

That said, one of these students did seem to somewhat benefit from the treatment based 

on an interview. He said that he was not turning anything in since he decided it was best 

to focus on passing classes that were a requirement to graduate. He also mentioned that 

planning in advance helped him figure out what was most important and break down the 

daunting amount of work into smaller, digestible pieces. This decision demonstrated a 
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thought out, calculated decision as well as an increased level of maturity than previously 

seen from this student. 

Other academically low performing students did progress given instruction about 

the goal-setting process. Six students failed the non-treatment exam and had a passing 

average for the treatment exams. One of these students jumped from a 17% on the non-

treatment test to an average of 95% on treatment tests. When asked if she thought it was a 

coincidence, she replied, “The goal setting helped me a lot. I don’t think it was a 

coincidence.” When asked what helped, she said, “Just staying consistent and looking 

back on it throughout the weeks.” To see if this skill was transferrable, I asked if she 

applied the goal-setting skill to other classes. She replied, “I’ve used goal-setting in all of 

my classes. It’s just a personal preference, but in this class, it helped me a lot.”  

Treatment also helped a significant portion of the higher-level students. There 

were ten more students in the 92-100% range for the average treatment test score than the 

non-treatment unit test score.   

Outliers were what caused the shallow look at the data to seem unaffected by 

treatment. For instance, one student had a -4.625 normalized gain on test scores. In other 

words, her non-treatment test score was a 94% and her average treatment test score was a 

69%. When asked how she was doing, this student said that her grandma had recently 

passed, and she was having a hard time with it. She said she was struggling to keep up 

with school during the tough time. Another contributing outlier was a student with a         

-6.875 normalized gain on test scores. This student said he was spending a lot of hours 

after school working on a play production during Treatment Unit 1. He said this affected 
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his learning as he was not motivated during school and tired from staying up so late at 

rehearsal. This student scored a 97% on the non-treatment test, 69% on Treatment Unit 1 

Test, and 88% on Treatment Unit 2 Test. 

Treatment also helped students set high quality goals. The average SMART goal 

scores significantly increased from 2.1 to 3.1 and 3.0. This means students benefitted 

from learning how to set quality goals and were able to apply it to their own learning. 

This is significant since the highest percentage of students who accomplished their goals 

were ones who set high quality goals.  

Setting SMART goals was shown to be enough motivation for some students, but 

not enough on its own for others. Homework completion declined throughout treatment 

showing that there were a lot of students struggling with motivation to keep going. On the 

contrary, the number of students attending office hours increased dramatically showing 

that there were many students willing to put in the extra effort to be successful after 

treatment. The results from the Goal Quality Misconception Probe and Five-minute 

Check-ins showed that students can identify the necessary steps to be successful in 

hypothetical and personal situations. The high number of students who could identify the 

highest quality goal in the Goal Quality Misconception probe and have quality, 

actionable Five-minute Check-ins on their goals shows they understand what it takes, but 

often don’t have the skills to self-motivate themselves to get there.  

The results from the Goal Setting and Reflection Survey showed that treatment 

helped many students with motivation and self-confidence. A large portion of students 

said that learning about SMART goals helped them find a daily purpose in chemistry 
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class, that they enjoyed learning about SMART goals, and the majority said they see 

themselves setting goals and reflection on them in chemistry class moving forward. There 

were a small number of students that positively changed their opinion on the goal-setting 

process in different ways. With the parameters set strictly to confidently confirm the 

findings, 20% of students positively academically affected strongly felt their self-

confidence increase due to treatment. Twenty-seven percent of students whose test scores 

were negatively affected by treatment still said that they are more confident in their 

ability to be successful.  

Interviews also helped with ambiguity of data to confirm these findings. One 

student who saw positive test results was interviewed about her experience. She said the 

treatment worked because it gave her motivation. She further stated, “Thinking about the 

goal and how you can make it what you want it to be helped me mentally prepare for 

challenges. It got me to a better place and helped me make high school what I want it to 

be.” A student who had a negative normalized gain on test scores said he thought it was a 

coincidence. He said that he liked certain aspects of the goal setting, like having a 

specific explanation on what to get done. He said he felt like he could take away parts of 

the treatment and apply it to what he did beforehand to improve how he learns.  

Value of the Study and Consideration for Future Research 

 This study was extremely valuable to many students. It forced them to slow down 

and think about what they wanted to accomplish and how they were going to do it instead 

of figuring it out as they went. Whether it was academically or through self-confidence, 

most students got something out of the experience. Only two students said they strongly 
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disagreed with the statement, “I have enjoyed learning about SMART goals and how to 

reflect on them.” One of these students was interviewed so she could elaborate on this 

statement. She said, “I didn’t feel the need to do it. You’re not going to remember the 

goal so it’s not going to change how hard you work.” She further went on saying, “I just 

work hard to get good grades since I know I want to go to college.”  

 The COVID-19 pandemic caused many administrative difficulties with this 

research. Our class structure was responsive to fluctuating COVID-19 case numbers 

throughout the school year. There were a lot of unknowns during this time which put 

stress on students. With no rule forcing students to have their cameras on when learning 

remotely, much more responsibility was placed on individual students. During the whole 

study, students were either fully remote or in person in chemistry class once a week. 

Students were also much more reserved when in person compared to my typical 

experience in the classroom. This made it difficult to foster a class culture like I typically 

would. Teaching in-person and remote students simultaneously was extremely taxing. 

Oftentimes having to create two slightly divergent lesson plans, constantly checking 

emails for students with connection problems, making sure students were wearing their 

masks correctly and social distancing led to increased levels of burnout. Technological 

difficulties with the Chromebook devices distributed to students only complicated things 

further. Trouble shooting student technology issues on unfamiliar websites also increased 

the stress of the situation.  

 Overall, the results showed great promise in teaching goal setting to high school 

chemistry students. However, there is still room for improvement. Analysis from the 
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Five-minute Goal Check-ins and Goal Quality Misconception Probe showed that most 

students were able to pinpoint what they needed to adjust or continue doing to 

accomplish their goal. Oftentimes, the issue was finding the motivation to do what they 

needed to do. In the future, it would be essential to see how emphasizing why students 

want to accomplish the goal would affect results. This could help students motivate 

themselves to consistently reach their academic potential. 

Impact of Action Research on the Author 

  This action research has been extremely significant to my career as an educator. 

Prior to this, I would try new things, reflect on it for a little while and decide whether it 

was good for my class. This process has shown me how to much more accurately figure 

out if something is working in class, which parts are working, why this is the case, and 

identify the missing pieces to improve the practice. I learned that analyzing data both 

quantitatively and qualitatively is extremely important. Also, I learned to take an in-depth 

look at data. Analyzing data in small groups and individual stories can show a lot more 

than test averages alone. Conducting interviews is a data collection tool I will continue to 

use throughout my career. It helped give me confidence that my data analysis was 

accurate, and it helped develop a stronger relationship since it showed those students that 

I cared enough to take the time and listen to their experiences. 

 I feel much more confident in my ability to assist students in developing essential 

life skills with my arsenal of data collection instruments, data analysis skills, and 

determining how to do something about it.  
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APPENDIX A 

 
  INSTIUTIONAL REVIEW BOARD EXEMPTION 
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APPENDIX B 

 
GOAL SETTING AND REFLECTION SURVEY 
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APPENDIX C 

 
GOAL QUALITY MISCONCEPTION PROBE 
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APPENDIX D 

 
FIVE-MINUTE GOAL CHECK-IN 
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APPENDIX E 

 
GOAL SETTING AND REFLECTION FOLLOW UP INTERVIEW 
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APPENDIX F 

 
NON-TREATMENT UNIT ASSESSMENT 
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1. Draw particle pictures of the following portion of the graph: III 
 
 
 
2. Where on the graph are the least attractions between particles? 
 
 
 
3. What section of the heating curve has the fastest moving particles? 
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4. Determine the molar mass of the following compounds using this hypothetical 
periodic table (do not use the real periodic table for your numbers) 
a. J2P 
b. E(OP3)2 
 
 
5. Answer the following questions using the hypothetical periodic table above (do 
not use the real periodic table for your numbers) 
a. How many grams are in 2.5 moles of XAc2? 
b. How many moles are in 450 grams of J2S? 
 

3M 9M 4.5M 4.5M 
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6. A model of 1L of a 1M solution has been provided. Based on the first model, 
determine the correct number of solid particles dissolved in the solutions. 
 
 

 
7. Which of the following statements is correct about the drawings above: 
a. Beaker A has a higher concentration (molarity)  
b. Beaker B has a higher concentration (molarity) 
c. Beaker A and Beaker B have the same concentration (molarity) 
 
 
 
8. **The following calculation problems are regarding elements on the hypothetical 
periodic table** 
 
 
a. Determine the number of moles of particles of J2P present in 750 mL of a 0.8M 
solution. 
b. A solution contains 37g of E3R2 dissolved in 1.72L of water. What is the 
concentration of the solution? 
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APPENDIX G 

 
 TREATMENT UNIT 1 ASSESSMENT 
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APPENDIX H 

 
TREATMENT UNIT 2 ASSESSMENT 
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Thermodynamics and reactions test 
 
Use the heat capacity formula to solve the following, showing all 
work on the Classkick: 

ΔE = m c ΔT 
1. How many Joules of heat are needed to raise the temperature of 5 grams of gold 

from 10 ℃ to 90 ℃, if the specific heat of aluminum is 2.50 J/g℃?   
ΔE = 
m = 
c =  
ΔT = 
 
 
2. Calculate the specific heat of a piece of lead if 500 grams of lead absorbs 35,000 
Joules of heat, and the temperature changes from 30 ℃ to 65 ℃.  
ΔE = 
m = 
c =  
ΔT = 
 
 
 
 
 
3. It’s Spring Break. You go to the beach with your family and notice that the sand is 
very hot while the water is very cold even though both are exposed to the same amount 
of sunlight. Does the sand or the water have a lower specific heat capacity? Explain. 
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Calculate the change in energy of the following hypothetical 
chemical reactions and determine whether the surroundings 
become hotter or colder, showing all work on the Classkick (use 
the bond energy chart below): 

A-A 410 
 

D-D 510 
 

E-E 200 
 

G-G 180 

A-D 380 
 

D-E 470 
 

E-G 220 
 

G-J 150 

A-E 320 
 

D-G 350 
 

E-J 250 
 

G-L 110 

A-G 350 
 

D-J 440 
 

E-L 290 
   

A-J 300 
 

D-L 430 
    

J-J 310 

A-L 290 
    

L-L 100 
 

J-L 260 
           

A=A 770 
 

D=D 830 
 

E=E 650 
 

G≡G 990 
 
 
4. A-A + D-D → 2 A-D  
 
 

5.  
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Identify the type of reaction, and balance it: 
 
 
6. _____ Qn  +  ______ Fv2P  →   ______ Fv  +  ______Qn2P 
 
 
a. type of reaction _______________________________ 
 
 
 
7. ____ DsZt  +  ____ Pk3Pw  →   ____ PkZt  +  _____Ds3Pw 
 
 
a. type of reaction _______________________________ 
 
 
 
8. ______ Az  +  ______ Vw2  →   ______ Az3Vw2 
 
 
a. type of reaction _______________________________ 
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