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ABSTRACT 

The purpose of this project was to study the effects of problem solving case studies on 
student understanding of high school concepts.  Students were exposed to a case study 
that related chemistry content to real world applications.  The project began with a non-
treatment group studying periodic trends where students engaged in traditional chemistry 
learning activities which included reading, lecture, video, and virtual labs.  The treatment 
group also had students engaged in traditional chemistry learning activities with the 
addition of including a real-world case study with class discussion.  Data were collected 
using student pre-unit and post-unit assessments, surveys and interviews as a measure of 
student content understand, higher-level thinking, student attitude and motivation.  
Teacher data were also collected using student observations and teacher reflections to 
gain understanding of student attitudes and motivation.  The data showed no difference 
between the two groups regarding post-assessment scores.  The data showed some of the 
students’ attitudes about science improved when applied to real world scenarios using 
case studies.      
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CHAPTER ONE 

INTRODUCTION AND BACKGROUND 

Context of Study 

In the past, science was not so fun in high school.  It was do this vocabulary assignment.  

Then read the chapter.  Answer the questions at the end of each section.  There will be a test on 

Friday.  That is how my science classes in high school were.  I do not remember doing many labs.  If 

there was a lab, it was really a demonstration in front of the class.  It was so boring.  I do not think I 

learned much of anything during high school science - even though I took five different science 

classes.   

 Fast forward to my science classes in college.  The first day, I had a Chemistry professor 

create a huge bang in the trash can in the front of class.  (That probably couldn’t be done now 

without repercussions.)  Believe me, I wanted to make sure I attended each of these lectures for the 

rest of the semester.  He made learning fun, interesting, and engaging.  Thank you Dr. Frank!! 

 The purpose of my Action Research project was to see how I can make learning science 

relevant for my students.  I want to study student engagement when it comes to learning science.  

How are the students engaged?  Are they engaged in their learning?  Do they even care what they are 

learning in my science class?  If not, how can I get them to care?  What can I do to make the subject 

matter relevant to them?  How can I help them understand why learning science is important in their 

daily lives?  Why?  Why is this so important for me to make sure they learn?  Why care?  Why 

bother?  That is the reason I went into teaching.  I care that they learn in ways I didn’t experience in 

high school.  That is why I want to explore making this subject relevant. 

 Why is this research that I want to study significant?  It is important for my science students 

to understand the relevance between what they are learning in class and the real world.  I do not want 

to hear the question “Why do we need to learn this?”  I want them to see and experience why they 
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need to learn this.  I want my colleagues to see how we can make learning science relevant and teach 

our students in a manner that is not always reliant on the textbook.  How we can bring other modes 

into our classroom to help the students understand science concepts? 

Focus Statement 

 For this study, I wanted research methods to make learning science relevant.  My main 

research question is, What are the effects of problem solving case studies on student understanding 

of high school science concepts?”  

The following sub-questions guided my action research development and data collection while 

receiving information towards my main question.  

1. What is the impact on student attitudes about science? 

2. How does this help students with higher level thinking? 

3. What is the impact on student retention? 

4. What is the impact on the teacher? 

5. How could I revise this to make it better next time? 
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CHAPTER TWO 

CONCEPTUAL FRAMEWORK 

Student Attitudes Towards Science 

At the beginning of the school year, I am one to ask “Who likes science?”  Normally less 

than half of the class raises their hand.  It is surprising to me that young children are always asking 

the question “Why?”  Why is the sky blue?  Why do the clouds look like cotton balls?  Why is there 

lightning and thunder sometimes when it rains?  That inquisitive side is great when you see the child 

wanting to learn. 

Fast forward a few years later to high school.  Teens seem to have lost the “Why?”  Why is it 

this way and not that?  Why do we have to follow school rules?  They seem to just accept it and not 

question like they did when they were younger.  What happened during the years between the young 

child to high school?  Have we created a student that is not that interested in the sciences?  Many 

students (and their parents) consider math and science irrelevant to their personal interest and goals 

and are unaware of how many jobs require this knowledge. (Kadlec, Friedman, & Ott, 2007).  Is this 

a reason as to why they have lost that “Why?”   

It seems like students may have lost that “why” because of the memorization of science 

concepts, not so much how the world works around them.  They are not able to relate to memorizing 

40 elements from the periodic table.  Science is no longer a class of why, as a class of memorization.   

Attitudes towards science might be viewed “as a learned, positive, or negative feeling about 

science that serves as a convenient summary of a wide variety of beliefs about science.”  It is 

important because it permits the prediction of science related behavior (Salta, 2004).  Science can be 

considered a difficult subject in high school.  It may not be relevant to their lives as they see it.  

Some normal thoughts many people have regarding science might be: “Science is enjoyed more by 

males than females,” or “physical sciences are much harder than biological sciences.”  
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Should we rethink the way we, as teachers, teach science?  Should we make it more 

engaging, relevant, and more understandable on their level?  How can teachers help with that?  How 

can we, as educators, interest them in science?  What can we do to change their attitudes about 

science?  Most people involved in science education seem to agree to some extent that negative 

attitudes to science are a problem (Ramsden, 1998). 

Science Literacy 

 Science literacy is an important part of engaging students in real life scenarios.  Science 

literacy emphasizes not only the importance of scientific content and processes, but also the need for 

students to learn about science that is contextualized in real world situations that involve persona and 

community decision making (Chowning, 2012).  It allows students the ability to ask, find or 

determine the answers to a question because of curiosity of everyday experiences.  This helps them 

describe, explain and predict natural phenomena.  These are important qualities that are a part of 

critical thinking. 

 Science literacy is important to each and every one of us.  It provides a way to address 

societal problems giving us the information needed to make smart choices.  Science literacy allows 

us the chance to make intelligent choices based on evidence and/or scientific facts that can impact 

our lives now and in the future.  These decisions may not only impact their lives, but the lives 

around us. 

 How can we as educators promote science literacy in our students?  First, we must teach 

them background knowledge and vocabulary.  Students will not benefit from science literacy without 

it.  With the knowledge and vocabulary, teachers will then be able to improve scientific 

understanding and achievement (Fisher, 2009).  Once this is accomplished, strategies can then come 

into the classroom.  The best strategy is to model in our classrooms how a scientist thinks, talks, and 
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analyzes data.  Once we engage them in this type of talk, it is easier for them to demonstrate their 

science literacy.  Bringing in science topics of interest for a class discussion can help engage 

students to research topics they have an interest in.  This can show students how to read, question 

and analyze like a scientist.  These are a few ways teachers can help students with science literacy.   

Traditional Versus Nontraditional Teaching Methods 

 Traditional teaching methods are based on educators explaining topics in a textbook.  This 

method had the educator stand in front of the class with a slide presentation expecting the students to 

take notes.  This is the method I grew up with in the 1970s and 80s and is what I was taught to do for 

my students in the credential program I completed in 2005.  I know I did not learn that way in high 

school.  I was able to learn that way in college, but it was not my preferred way of learning.  I did 

not want to take excessive pages of notes which were then looked upon once more right before an 

exam.  Most students taught this way do not absorb the course content up to the expected level 

(Safapour, 2019).  Learners are not actively participating in the lecture, but rather actively taking 

notes.  

 There is a need to create a stimulating, enriching, challenging, and focused environment for 

science learners using multiple teaching methods (Zenda, 2017).  Nontraditional teaching methods 

can be more effective for students because it can be tailored to that particular course.  Chemistry 

needs to have more hands-on labs for students to understand concepts.  Relating the materials to 

everyday life situations can help students understand difficult concepts and ideas by engaging the 

learners’ curiosity and creativity.  It also helps motivate them to actively engage in class discussions 

regarding the concepts being covered.   

 Active learning helps students make connections between the activity and its concepts.  

Students are more likely to remember what is happening within a system if they are discussing the 

process with their lab group.  One study showed average exam scores improved by about 6% in 
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active learning classes as compared to the traditional classes.  Furthermore, students in the traditional 

classes were 1.5 times more likely to fail than students in classes with active learning (Freeman, 

2014).   

 If science is relevant to their lives, the nontraditional teaching method works best.  It 

enhances student’s attitudes about the relevance of science with the use of innovative and issue 

based activities.  It is not just plug and chug into formulas with no real idea of what is happening 

with those values.  A positive attitude can help with a students’ persistence and performance (Siegel, 

2003).  Science instruction that is activity based and issue oriented might help enhance positive 

attitudes towards science.  Making science fun with these methods could help spark the interest of 

your students that may dislike science. 

What is a Case Study? 

 General chemistry has a profound bearing on studies of health and medicine (Dewprashad, 

2004).  The majority of chemistry textbooks do not focus on the relationship between chemistry and 

medicine.  Some may not even make connections with real life scenarios at all.  The case study 

method of teaching is a discussion teaching method to promote active learning and the professional 

development of students (Bowe, 2009).  

 The case study teaching method has a long history starting with Socrates (Burko, 2016).  It is 

used in business schools, medical schools, law schools, and a variety of other disciplines, but has 

made an appearance recently in a few science classrooms.  Case studies are “stories with a message” 

whose intent is to educate (Burko, 2016).  The case study can be chosen to fit the topic to help 

students make connections from content to real life scenarios.      

 This method originated from the marginal gaps in the students’ knowledge and abilities, and 

utilized a method for enhancing higher-order cognitive skills (Safapour, 2019).  It is valuable for 
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improving problem based learning, which requires both self-directed and teamwork skills.  It 

promotes critical thinking skills and helps students be more engaged in their learning while 

connecting to the real world.  This approach is an effective tool for engaging students in STEM 

disciplines beyond lectures and cookbook lab experiments.   

Impact of Assessments on Students Using Case Studies 

 There is quite a bit of evidence showing that nontraditional teaching and learning methods 

produce more positive learning gains in science classes compared to the traditional lecture methods 

(Chaplin, 2009).  Classrooms that use active learning strategies give students opportunities to 

connect new information to their own experiences.  It also provides students with models for 

applying new knowledge and promotes cognitive skills for higher level thinking.  Case studies that 

use real life scenarios to explore the content of a particular subject has been a popular means of 

engaging students in the classroom.  Teachers are also seeing students improve their critical thinking 

skills and engagement through these activities.  Students are diving deeper into the content because 

they are able to make connections across content areas and apply the knowledge to new situations 

(Chaplin, 2019).  Learners should be able to solve problems, make decisions, think critically, 

communicate ideas effectively and work efficiently (Zenda, 2017).  In our changing world, it is 

critical to include other courses in this active learning process (Utkur, 2019).  

 Teachers must be aware that nontraditional teaching methods may require more time to 

complete (Reyes, 2011).  This could be due to the required development of necessary skills.  With 

problem based learning, teachers may be tempted to reduce the time spent on these activities, but 

rushing students through an activity without allowing them the time needed may backfire.  The 

intent is to have the students make those necessary real world connections.  If the students are not 

allowed the time to digest and analyze the case study, it is a waste of their time.  Allow the time 
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necessary for these types of activities to flourish.  The reward could be worth it in the end for the 

teacher and the students. 

 For physical sciences, students want hands-on activities in a classroom.  Pairing the labs with 

other nontraditional teaching methods, like case studies, may help capture the learners’ interest 

during class time.  The textbook then could be used for questions and answers giving the learner the 

opportunity to illustrate mastery of content (Zenda, 2019).  In the end, the nontraditional methods 

could help improve the learners’ performance on assessments.  
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CHAPTER THREE 

METHODOLOGY 

School and Student Demographics 

Central High School East Campus is located in Fresno, California.  It is one of two high 

schools that are in Central Unified School District.  Students can choose to stay at one of the two 

campuses or shuttle between each campus.  The other high school campus is Central High School 

West Campus.  Central High is a public school.  Total enrollment for Central High School is 4,216 

students.  About 55% of those students are at Central East while the others call Central West their 

home school.  There are approximately 193 full time teachers on both campuses.  This puts the 

student-teacher ratio to 22:1.   

Central High Schools have quite a diverse student body.  Eighty-five percent of students are 

minorities.  Hispanic students make up 57% of the population, Asian students comprise of 16%, 

White students are 15%, Black students are 9%, 2% are two or more races, 1% is made up of 

American Indian/Alaskan Native, and 0.3% are Native Hawaiian/Pacific Islanders.   

Sixty-five percent of students are economically disadvantaged. Fifty-seven percent of 

students qualify for the free lunch program while 8% qualify for reduced-price lunch.  However, 

because of the pandemic, this past year every student at the high school received free breakfast and 

lunch.  Because of this, Central High School is eligible for Title I funding.     

Our graduation rate is approximately ninety-two percent which is around the state average 

for the state of California.  Students are able to take general core subjects as well as honors and 

advanced placement classes.  Students take eight classes each year.  This allows students to not only 

take core subjects, they are able to take numerous elective classes that are offered.  I am unsure how 

the pandemic impacted 2020 and 2021 graduation rates.  From conversations I have had with other 



10 
 

 

teachers and departments on campus, student success rate this past year has been down.  This is not 

normal for our students, but they have had a difficult year with distance learning across the board.     

Treatment 

 This project was conducted over nine weeks, from January 14 through March 18 of 2021.  It 

included one non-treatment group on the Periodic Trends Unit and the treatment group on Periodic 

Trends Unit with the Arsenic Case Study.  The treatment group received a case study, “Am I 

poisoning my child?” to help make connections with what was being covered in class.  This case 

study was a story of a child drinking apple juice one morning.  During this time, mom was watching 

a morning news program when a topic popped up in the program.  It has been found that some apple 

juices on the market were found to have traces of arsenic in it.  Mom immediately began to wonder 

because the child was experiencing some of the symptoms being listed.  The student had to decide 

whether or not the child became ill because of drinking the apple juice which may have had traces of 

arsenic.  Students were asked to research and answer questions regarding the study.  They were 

given websites to help with the research into arsenic and how it can affect a person.  The purpose of 

including the case study was to increase student understanding of what they are learning and how it 

relates to everyday life. 

Non-treatment Group  

 The non-treatment group consisted of 33 students.  Fourteen were juniors and nineteen were 

sophomores.  The non-treatment group started the unit with the Pre-Assessment (Appendix A) to 

check for prior knowledge.  The students also completed a student survey (Appendix B) to check for 

motivation.  Students engaged in a variety of learning activities to gain knowledge of periodic 

trends.  Formative assessment tools were used throughout the unit followed by a unit post-

assessment (Appendix C) and a post-survey (Appendix B).  Some students were randomly chosen to 
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participate in a student interview (Appendix D) at times throughout the unit according to their level 

of academic success.  The interview checked for their attitude towards the subject matter and 

motivation.  Teacher field notes, journal, and reflection was documented throughout the unit. 

Treatment Group  

The treatment group consisted of 36 students.  Twenty-three were juniors and thirteen were 

sophomores. The treatment group started the unit with the Pre-Assessment (Appendix A) to check 

for prior knowledge just like the non-treatment group.  The students also completed a student survey 

(Appendix B) to check for motivation.  Students engaged in a variety of learning activities to gain 

knowledge of periodic trends.  This group also received the case study (Appendix E).  The students 

were to complete this activity throughout the unit. (It was due the same day as the unit post-

assessment.)  Formative assessment tools were also used throughout the unit followed by a unit post-

assessment (Appendix C) and a post-survey (Appendix B).  Some students were randomly chosen to 

participate in a student interview (Appendix D) at times throughout the unit according to their level 

of academic success.  The interview checked for their attitude towards the subject matter and 

motivation.  Teacher field notes, journal, and reflection was also documented throughout the unit.  

Data Collection and Analysis Strategies 

 A variety of qualitative and quantitative data collection instruments were used in an effort to 

gain a wide view of implementing problem solving case studies in chemistry for student 

understanding of science concepts.  The research methodology for this project received an 

exemption by Montana State University’s Institutional Review Board (Appendix F) in compliance 

for working with human subjects was maintained.  Student data was collected from 69 high school 

chemistry students from two classes at Central High School East Campus in Fresno, California.  

Central is a public high school in Central Unified School District and includes a diverse student 
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body.  Students in my chemistry classes are a mix of general education student, special education 

students and English language learners.  

 Data were obtained through a variety of instruments in an effort to compare the effects of 

interventions on student content understanding, making connections for higher-level thinking, 

motivation, and teacher pedagogy.  This data was used to analyze and answer the focus questions for 

the treatment and non-treatment groups.  Student content understanding and higher-level thinking 

data collected compared pre-unit and post-unit assessment, case study information, and survey and 

interviews for the unit.  Also, student attitude and motivation data was collected in interviews, 

surveys, teacher notes and reflections.  Teacher data was gained through field notes, reflections, and 

student surveys with feedback.  Table 1 shows the outline of data sources per focus question.   

Table 1.  Triangulation Matrix. 
Focus Question Data Source 1 Data Source 2 Data Source 3 

Primary Question: 
What are the effects of 
problem solving case 
studies on student 
understanding of high 
school science 
concepts? 

 

Pre- and post-unit 
assessments 
 
Teacher reflection 

 

Pre- and post-unit 
student surveys  

 

Pre-, mid-, post-unit 
student surveys 

Secondary Questions: 
1.  What is the impact 
on student attitudes 
about science? 

Student surveys  

 

Student interviews Teacher reflection 

2.  How does this help 
students with higher 
level thinking? 

Pre- and post-unit 
assessments 
 
Teacher reflection/ 
journaling 

Pre- and post-unit 
student surveys  

Pre-, mid-, post-unit 
student interviews 

3.  What is the impact 
on student retention? 

Pre- and post-unit 
assessments 
 
Teacher reflection/ 
journaling 

Pre- and post-unit 
student surveys 

Pre-, mid-, post-unit 
student interviews 

4.  What is the impact 
on the teacher and 
teaching methods? 

Teacher post interview 
reflection, journaling 

Teacher reflection/ 
journaling 

Student surveys/ 
interviews 
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 To begin the action research process, I administered the student survey (Appendix B) to get a 

feel of student attitudes and motivation towards science.  This form was given as a Google Form to 

the students to fill out since we were not face to face at the time.  (Distance learning was still the 

instruction method in January 2021 due to COVID.)  Students in both groups filled out the survey.  I 

made it clear to the students the surveys were needing honest input and had no ties to their grade.  

They were given 21 statements to rate from 1-5.  One was strongly disagree, two was disagree, three 

was undecided, four was agree and five was strongly agree.  There were a few statements that had a 

probing question wanting more information as the rating given.   The last statement/question asked 

the students if they wanted to tell me anything else.  

 Next, I administered the Pre-Assessment for Unit #3.  This assessment was administered 

thorough the online textbook that we use (HMH HS Chemistry in the Earth System).  This is a form 

of classroom assessment technique that allows an instructor to gauge the level of familiarity with a 

topic before study.  With this tool, I wanted to know what my students knew coming into this unit.  

This pre-assessment was also done at home due to COVID restrictions for Distance Learning.  I 

made clear that I expected honesty when it came to the students’ answers.  This was used to help me 

figure out the areas I needed to concentrate for my instruction. 

 Due to COVID restrictions, student face-to-face interviews were difficult to conduct.  So I 

had to improvise.  I made appointments to meet with 6 students from both classes to interview over 

Zoom for the Pre-Treatment Interview (Appendix D).  From each class, I choose 2 low performing 

students, 2 average students, and two higher level students to interview.  This was going to help me 

understand their attitudes and motivation about science.  I also interviewed the same six students in a 

similar manner midway through the unit (Mid-Treatment Interview, Appendix D) and at the end of 

the unit (Post-Treatment Interview, Appendix D).  The interviews were conducted over Zoom in a 

relaxed manner between teacher and student. 
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 At the end of the unit, the students were given Unit #3 Post-Assessment (Appendix C).  In 

the Distance Learning setting, this was given on a Google Form.  Students were taking the 

assessment at home.  I was not able to lock screens or control what was going on at home during this 

assessment.  So I had to trust my students with no funny business.  I wanted them to show me what 

they were able to master over these past nine weeks.  (I did not want them to show me what Google 

mastered over nine weeks.)   

 After the post-assessment, they were directed to fill out the Student Survey (Appendix B) one 

last time.  I asked for their honest input on this form.  I made clear this was not to have any impact 

on their grade.  I wanted to use it as a tool to see if attitudes or motivation towards science changed 

as a class.  It was not an anonymous survey since it was sent out in Google Forms.  But I was not 

wanting names associated with the form, just input.      

 In addition to the student data methods above, I documented weekly reflections during my 

unit of study for my capstone.  I recorded what I thought was going well during the week for the 

students and what might not be going as well for them.  I also analyzed what was happening for me 

regarding teaching practices and how I took in responses from the student survey and interview 

questions.  It was a way that helped me reflect on the good things and bad things that maybe going 

on during this pandemic in the online classroom. 

 The methods that were used in this study for both groups were carefully chosen.  They were 

chosen to help measure the progress of the students during this unit.  Input from my colleagues, 

peers, and professors aided in the instruments used to understand what would work best in my study 

plus this helped with the validity of my study.   Surveys help students have a voice in the learning 

process.  It is a wonderful guide to let me know as a teacher where they are in the learning process.  

And how they are feeling at this time during the unit.  Interviews give me a deeper understanding of 

what a student is thinking about and how they are feeling.  Pre- and post-assessments help me 
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understand what they learned over the entire unit. The teacher reflection was also helpful in seeing 

my “a-ha” moments during this unit.  What worked and didn’t work.  How would I make the lesson 

better next time?   All of these tools where chosen because I felt they would help me with the 

purpose of my study.   
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CHAPTER FOUR 

DATA ANALYSIS 

Results 

 For the Pre-Assessment (Appendix A), the non-treatment group and the treatment group had 

similar results.  This was to measure what the student knew before starting the unit about periodic 

trends.  For the non-treatment group, twenty-seven students out of thirty-three students took the pre-

assessment.  The scores ranged from 15/15 to 0/15 on the assessment with the average score 5.3/15.  

For the treatment group, thirty-five students out of thirty-six students took the pre-assessment.  Their 

scores ranged from 15/15 to 0/15 as well.  The average score for the treatment group was 5.5/15.  

Both groups were similar in their scores.     

 The results of the Student Survey (Appendix B) for both groups came up with interesting 

findings.  The question “I enjoy science class and am motivated to do my best” showed similar 

results.  For the treatment group (Figure 1), 13% of students strongly agreed, 31% of students 

agreed, 39% of students were undecided, 10% of students disagreed, and 7% strongly disagreed.  For 

the non-treatment group (Figure 2), 11% of students strongly agreed, 37% of students agreed, 26% 

were undecided, 22% disagreed and 4% strongly disagreed with that statement.  Some of the 

responses from both groups are “science was never my subject”,  “When it comes to math, it is too 

much work”, “it’s fun and interesting”, “I can’t remember everything because it is too confusing”, 

and “I like science because we do fun labs, but not this year”.  I saw similar responses throughout 

the responses when probed for deeper explanation to their responses.  
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Figure 1. Student survey treatment group pre-unit assessment. 

 

Figure 2. Student survey non-treatment group pre-unit assessment. 

 Another statement the students responded to was “I feel science is useful and relevant to my 

life.” For the treatment group, 7% of students strongly agreed, 33% of students agreed, 22% of 

students were undecided, 22% of students disagreed, and 16% strongly disagreed.  For the non-

treatment group, 13% of students strongly agreed, 26% of students agreed, 39% were undecided, 7% 

disagreed and 15% strongly disagreed with that statement.   
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 For the next statement, I received similar and surprising results.  The statement is “If I like a 

class, I am motivated to do my best”.  Both classes had an alarming 67% of students strongly agreed 

with this statement (Figure 3 and 4).  As long as students like the class, they are more motivated to 

try to do well.  I should have added a probing question to this statement because I wanted to know 

more. 

 

Figure 3. Student survey treatment group pre-unit assessment.  

 

Figure 4. Student survey non-treatment group pre-unit assessment. 
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 Next were the Pre-Unit Interviews (Appendix D).   There were ten different questions for this 

interview.  But I really was focusing on three specifically.  The first question was “What do you 

like/dislike about science class?”.  The answers varied.  The students that seemed to be doing well in 

class liked science classes because they were challenging.  It helped students see connections 

between class work and real world situations.  The students that were not doing as well in class 

didn’t like science classes because it was too hard and confusing.  It didn’t make sense to them.  

Both ends of the spectrum did agree on one thing.  They wanted to be back in the classroom.  The 

reason for this is to participate in hands-on labs.  That is one thing student’s look forward to when 

taking chemistry.  And they were missing out on that. 

 Another question was “If you like a class, are you typically more motivated/engaged in the 

class?  Why/why not?”  All of the students said yes.  But their reasoning differed.  Three students 

were more engaged in class because they were interested in the pursuing the medical profession in 

the future.  Two students said that they wanted a good grade in chemistry and being engaged helped 

that.  The others stated something like because it is interesting.  So then I asked those students “What 

motivates you to learn or be involved in a class?”  The answers were clear.  Those students more or 

less said that the subject has to be interesting, not boring.   

 So then I took it a step further, “Do you like the idea of class being centered on solving a 

problem?  Why/why not?”.  Some wanted to learn this way.  Others said no.  The reasoning?  When 

they hear the word “problem”, they automatically think math fits in somehow.  Once I explained that 

that isn’t always the case.  They decided it may be a good way to introduce a topic.     

 The Mid-Unit Interview (Appendix D) was asked halfway into the unit.  I thought this would 

be a great time to check in with these students.  I asked these twelve students, six from each group, 

the ten questions listed.  But I was really focusing on three of them.  The first one I asked was “Do 

you currently like science class?  Explain.”   (We were discussing periodic trends at the time in 
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class.)   Some students said yes because now they know why the periodic table is set up in that 

particular order.  That it is not all about the atomic number and mass of the different elements.  

Others said no because why do we need to know the periodic table.  It is something we can look up 

if we need to reference it.  Others said no because the electron configuration thing is confusing.  In 

summary, there were varying responses to this question. 

 The next question I wanted to know was “Do you feel you are successful in science class?  

Explain.”  The higher achieving and average students said yes because they were understanding the 

information currently being covered (electron configurations).  The lower performing students said 

no because the topic being covered in class is confusing.  I asked them if they were asking for 

additional help or coming into Office Hours or if they were too shy to ask for help during class.  

They said no because they were busy or having to go to Office Hours for other classes.  (Office 

Hours were made mandatory to attend if they were failing a class.  But for some reason, they were 

not coming to mine.) 

 The last question I was interested in was “Does your science teacher have a good connection 

with students in your class?”  All the students said yes to this question.  I asked them why they 

thought that and the responses varied slightly from student to student.  What it came down to is that I 

greet each of them individually when I let them in on Zoom for the class.  I ask them to tell me how 

they are feeling each time I see them.  One student even mentioned that he likes it when I say “Be 

honest with me.”  I ask them how their weekend was and/or what they are doing over the weekend.  I 

keep them “in the loop” for school information.  One student said that I was like his aunt in making 

sure everyone is doing okay.  One student said “Mrs. R cares for her students like they are her kids.”.  

I do call them “my kids” because they are.       

 The scores for the post-unit assessment (Appendix C) was not what was expected.  There 

were a total of thirty-three students in the non-treatment group.  For this group, five students 
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received an “A”, three students received a “B”, two students received a “C”, seven students received 

a “D”, and sixteen students received an “F” (Figure 5).  One of the five students that received an “A” 

scored a perfect score.  Seven of the sixteen students that received an “F” choose not to take the 

exam at all.  The class average was 52.97% for this chemistry exam.  The standard deviation for this 

group was 16.56.   

 Since seven of the sixteen students chose not to take the post-assessment, this would change 

the class average for the class if these scores were discarded (Figure 6).  The total number of 

students is now 26 (N = 26).  This changes the class average to 57.35%.  This is a change in the class 

average of approximately five percentage points.  

   

Figure 5.  Assessment scores for non-treatment group, (N=33). 
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Figure 6.  Assessment scores for non-treatment group, (N=26). 

   

Figure 7. Assessment scores for treatment group, (N=36). 
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Figure 8.  Assessment scores for treatment group, (N=31). 

 The assessment scores for the treatment group were not any better.  There were a total of 

thirty-six students in the treatment group.  For this group, five students received an “A”, seven 

students received a “B”, one student received a “C”, two students received a “D”, and eighteen 

students received an “F” (Figure 7).  Two students out of the five students that received an “A” had a 

perfect score.  Five out of the eighteen students that received an “F” choose not to take the 

assessment.  The class average for the treatment group was 52%.  The standard deviation was 16.45. 

 Since five of the eighteen students chose not to take the post-assessment, this would change 

the class average for the class if these scores were discarded (Figure 8).  The total number of 

students is now 31 (N=31).  This changes the class average to 56.45%.  This is a change in the class 

average of approximately five percentage points. 

 This was the first assessment of the second semester.  The students were still distance 

learning online, but this was not what I was expecting.  Both groups had scores across the board but 

was heavy at the low end.  The students that choose not to take the assessment did not help the class 

average or the standard deviation.  The standard deviation showed the scores were spread out over 

all areas for this assessment.  This was true for both groups.  The class averages were similar for the 

0

2

4

6

8

10

12

14

16

18

A B C D F

N
um

be
r o

f S
tu

de
nt

s

Assessment Grade

Post-Assessment for Treatment Group



24 
 

 

non-treatment and treatment group.  But the average for the treatment group was slightly lower by 

0.97%.  Was the use of a case study as effective as I was hoping for?  Looking at the data, it doesn’t 

seem like it helped at all.  It may have made it worse.  Maybe the assessment I used did not align as 

well as I thought with the case study provided? (The school requires the department to use the 

assessment from the textbook.) 

   The Student Surveys were also given at the end of the unit.  For the non-treatment group, 

the results of this second survey were very similar to the first survey.  The treatment group had 

similar results to their first survey.  But some statement results surprised me.  The statement “I am 

more interested in science when I am learning about real life situations” showed results that students 

don’t really care if they are learning about real life situations or not (Figure 9).  Many of the thirty-

five responses fit in the middle of agree, undecided, and disagree.  Is this something I need to be 

concerned with?  Trying to make connections for students to real world situations in science? 

  

Figure 9.  Student survey treatment group post-unit assessment 

 

 The Post-Unit Interviews (Appendix D) were also conducted at the end of the unit.  I asked 

the ten different questions to the same students as before in the other two interview sessions.  One of 

the questions I was interested in was “Did you feel successful during this unit?  Why/why not?”.  As 

expected, the students that normally do well said yes.  This was because they put time and effort into 
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making sure they understood the concepts to do well.  The students at the lower end said no.  They 

struggled with this unit because of the topics covered did not make sense to them.  These students 

did not actively participate in class or come in after school for additional help. 

 Another question that I asked was “If one thing was changed to increase student participation 

and motivation, what should it be?”.  I already knew answer before I even asked it.  All of the 

students said that we need to come back to school for this to happen.  

 The question I was most interested in the response was “Did the case study help you see a 

connection between science class and your life?  Explain.”  My lower level students did not even do 

the assignment because it was confusing.  I mentioned that we went over the major points of the case 

study during our class discussion.  They could have filled it out during class.  The response is that 

they didn’t know.  My average students enjoyed it by their responses.  They struggled a bit doing it 

on their own.  But felt more comfortable when we discussed the information as a class.  The higher- 

level students really enjoyed the case study.  They even asked if I would assign more before the year 

was done.   

 I have to wonder if this pandemic impacted this study with the outcome of some of the 

information and data received.  My students have been going to school online for a full year once I 

fully assessed this unit.  Are the majority of high school students able to handle eight classes online 

for a full year?  What toll does this take on them staring at a computer screen all day for their classes 

while continuing after school with online homework and assignment?  Looking at the numbers of 

my low scoring students, it makes me wonder.  For a normal school year, I normally do not have this 

many students failing.  Students are failing classes when they have never failed a class before.   

 Could this have impacted their attitudes towards my science class?  All labs were virtual labs.  

Labs that were done on a computer with students staring at the computer screen even more.  One of 

the fun aspects of chemistry is the hands-on labs.  They lost out on that.  Did this help with higher 
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level thinking for students?  I think the students that were interested in the study were able to take it 

to that level.  Especially with class discussions after they completed it.  The lower level students 

gave up.  It was too difficult for them.  Did it help with student retention?  I feel that it really didn’t 

help in that area.  It may if the students were in class in a different situation.       
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CHAPTER FIVE 

CLAIM, EVIDENCE AND REASONING 

Claims From the Study 

 When I started this study, I knew that I wanted to make science relevant to students.  I 

wanted to help engage the students in activities to help them with making the connections needed in 

science.  Chemistry is a hands-on class.  With the situation we are currently in, hands-on labs are not 

happening for my students.  So, I tried to help my students make connections with another method, 

case studies.  But I think by January 2021, my students were Zoomed out.  Taking classes online for 

a year is not what my students signed up for.  It is not the type of teaching I signed up for, but we 

had to make the best of it. 

 When I gave the case study (Appendix E) to the students in the treatment group, I thought 

this would be a great way to get them engaged in my class.  But the students felt like it was more 

work to do.  It was another assignment piled on with the other assignments from their other classes.  

Some of my students tried to make sense of it.  And those students benefited from learning chemistry 

can and does have a place in our daily lives.  But I am not sure if all my students in the treatment 

group saw the same thing.  From the responses in the interviews and surveys, it seemed like they felt 

it was more busy work.   

 As for the case study helping improve their understanding of science concepts, that is still not 

clearly answered.  I think in a normal, non-pandemic school year, I may have had a clearer answer.  

But this year, with these circumstances we are in, I do not think it helped improve their 

understanding of science concepts.  It may have helped them realize the importance of science in 

their daily lives.  But not help them understand the concepts better.  If I used more than one case 

study for my classes, I may have seen different results.   
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 The students’ attitudes towards science is quite varied in both groups.  Some really enjoy 

science while some students despise science.  I think by this time, January 2021, students are fed up 

with the whole online school bit.  When I try to make learning science fun and exciting and great, it 

doesn’t feel that way on a computer screen.  I can whoop and holler until I am blue in the face and it 

won’t change their minds.  Attitudes towards science may not have changed during this pandemic.  It 

may have even made it worse.  As for motivation, some of my students have turned in very little 

over the whole school year.  The students that are motivated, will do the work.  But I am trying to 

reach the ones that need the help with motivation.  Online learning does not help that struggle.  

 As for the case study helping students reach the higher levels of thinking, I believe it helped 

some students that completed the case study (Appendix E).  When we had a class discussion about 

traces of arsenic being found in the apple juice, there were times it got there in the discussion.  

However, I only feel a few students were able to understand and ask those higher level questions 

with other students answering them.  This was all done over Zoom as a class.  I was able to get some 

of my students pumped about this topic, but some did not even participate in the chat if they were 

too embarrassed to talk.  I believe that if this was a discussion in the actual classroom, things would 

have been much rowdier and more informative and engaging for the students. 

 Retaining information in a day where students can look information up online at home seems 

pointless.  My students can look up information from a test to cheat their way through an 

assessment.  Some do, but most do not even try to do it.  I can tell this by the perfect scores on my 

pre-assessments before I have even taught the content.  I will get a better feel when my students are 

back in class as to students retaining information.  I see it now with some students when we are 

working out problems together on the board.  Especially when asking for information from previous 

units.  However, that is just from a few of my students.  It is hard to gauge student retention in 

today’s “online” school.   
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 As for me, teaching this school year has been difficult.  I enjoy the interactions in class.  I 

even enjoy the beakers breaking on the lab table because a student made a mistake.  Reflecting on 

this unit has made me aware that human interactions in the classroom are what make the school day 

enjoyable.  The interactions of class discussions about what is happening in lab, the student’s 

confusion over a math problem, and the students having time collaborating in class over a Unit 

review.  What makes my classroom special is those relationships we form between teacher and 

students that makes the learning environment fun.  I need the normalcy back in my classroom.  Until 

then, I know I want to include case studies in my classes.  Once I am able to teach the students how 

to analyze the information and data, I feel this will be an amazing teaching tool for my class.  I feel 

showing student’s real life scenarios where science does matter will help them see why science is 

important.  Why it is beneficial for one to learn. And why it is required for a high school diploma.   

Value of the Study and Consideration for Future Research  

 The value of my study lies in helping students understand science concepts with using case 

studies to make the learning relevant.  I want to find a way to help students learn science and science 

concepts.  Instead of me standing in front of the class and lecturing, I am wanting new ideas and 

methods to make it a better learning environment.  I can regurgitate info to them day in and day out, 

but it is exhausting.  Nor do I want them to learn like I did in high school by reading the text, taking 

notes, watching a demo (no labs) and take an assessment at the end of the week.  I need a better way 

for my students to become engaged in their learning in a way that doesn’t feel like learning.  I want 

to engage them in discussions.  Maybe even a debate if I can find something for Chemistry.  I want 

them to own their learning and take it upon themselves to learn the content.  This will help me 

change the attitudes of the students and get them motivated as well.  And once we are back to lab 

based hands-on science, things may be different.  
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 If I change the way of my teaching, this also may help with scores for middle and end of unit 

assessments.  If I am having students engage more in their learning, it may transfer over to help with 

retention of ideas and concepts covered in class.  This in turn could have an impact on the score of 

the assessment.  Better student retention would lead to better scores and better grades.  That also 

may help with attitudes towards science. 

 For future research, I need to look at alternate teaching methods to help with student 

engagement in my class such as a flipped classroom where students use their time to prepare for the 

class at home.  This may be reading an article about a topic or having the students do a pre-lab at 

home and research what is planned for the next lab activity.  Having the student do an activity at 

home to help prepare them for what is being done in class the following day.  Preparing the students 

to become science literate in my class is another way to help with their engagement.  Doing activities 

that help this process is something to help with attitudes and even motivation.  If students understand 

the topics, they may be more willing to participate in class.  When it comes to case studies, using 

them more in class will help students relate science content to real world scenarios.  

Impact of Action Research on the Author  

 When starting my journey at Montana State University in the MSSE program, I did not have 

any idea what I wanted to focus on for my action research project.  I knew I wanted to challenge 

myself to a project that would benefit my students by making science, either biology or chemistry, 

relevant.  I wanted something that I could tie into the other core classes taken during this program.  

This process has been a learning experience.  Not only was I doing a study on my students, but I was 

conducting every bit of it online.  Who would have guessed the 2020-2021 school year would be 

online.  (We did have a few students now on campus but very few.)    
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 Through my teaching practices, I do want to bring real world scenarios into the classroom.  I 

want to show the students that we do not just use the textbook for our information.  We can research 

and experience other areas for learning science.  Case studies which look at real world problems 

does just that.  I feel I need to be more comfortable as a teacher using case studies in my classroom. 

And with that experience, I will become more capable of teaching with case studies.    Maybe make 

small groups to have them work on together until they become more familiar with case studies.  This 

would show them how to work through a case study step by step by step.  Not just getting directly to 

the correct answer to solve the situation.  I also need to help them dissect the study a chunk at a time.  

My students may not have had this type of learning experience before and may have been just 

overwhelmed.     

 During this whole process, I have learned how I do not want to teach.  I have gained the 

insight that I want my students back in class while engaging them in an activity to help them 

understand chemistry concepts.  I do not want to lecture like I have been to my students over Zoom.  

I want to become more activity driven than lecture driven.  I want to flip my classroom.  I need to 

continue to use the instruments and tools used in this project to make me a better teacher by guiding 

me where my weaknesses are and finding a way to improve.  I owe my students my effort to be the 

best teacher that I can be for them to become successful as a science student.   

 Including case studies for my students in the classroom help them make the connections they 

need to understand how this related to science.  Students need to be able to make informed decisions 

about important topics.  Researching topics, which could come up in their lifetime, in a manner that 

is helpful will be a skill that can help create critical thinkers.  If they are able to be successful critical 

thinkers, they will be adults that can make informed decisions.  That would make me a happy 

science teacher.   
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  Making science relevant is key in helping students be comfortable with learning science.  If 

they can make a connection to a topic, that is half the battle.  Showing them how to dive into a 

problem successfully is key.  Once they are able to tackle this, science may become more enjoyable.  

And less intimidating for students.  I feel making science relevant can help change the attitudes of 

the students about science.  Putting a positive outlook on how to view science may help.  With this, 

retention of the science topics covered may help.  As students, being able to solve problems in real 

life is a way to become successful individuals in society. 
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Unit #3 Pre-Assessment:  Patterns in the Properties Of Matter 
 

Read each question.  Circle the letter of the correct answer. 
 
1.  Which subatomic particle was discovered using the cathode ray tube? 
 a. anode   c.  electron 
 b. cathode   d.  millikan 
 
2.  Which type of bond is made when two atoms share two pairs of electrons? 
 a. ionic bond   c.  double covalent bond 
 b. single covalent bond d.  triple covalent bond 
 
3.  Which property is expected in the elements found in Group 18? 
 a. unreactive   c.  high boiling points 
 b. radioactivity  d.  react violently with water 
 
4.  Which property increases when the electronegativity difference between two bonded atoms 
increases? 
 a.  ionic character  c.  metallic character 
 b.  electron sharing  d.  covalent character 
 
5.  Which subatomic particle has a positive charge and is found in the nucleus? 
 a.  electron b.  neutron c.  positron d. proton 
 
6.  Which particle is removed when the ionization energy is supplied to an atom of an element? 
 a.  electron b.  ion  c. neutron d.  proton 
 
7.  What is the mass number of an atom that has 19 protons, 19 electrons, and 20 neutrons? 
 a.  19  b.  20  c.  39  d.  58 
 
8.  How does Mendeleev’s periodic table differ from the one developed by Mosley? 
 a.  Mendeleev ordered the elements by atomic radius, while Mosley used atomic mass.  
 b.  Mendeleev ordered the elements by atomic mass, while Mosley used atomic number. 
 c.  Mendeleev ordered the elements by number of protons, while Mosley used atomic   
 number. 
 d.  Mendeleev ordered the elements according to atomic number, while Mosley used atomic 
 mass. 
9. Which property must be known about each atom in order to draw an electron-dot structure? 
 a.  bond length   c.  ionization energy 
 b.  atomic mass  d.  number of valence electrons 
 
10.  Which statement accurately describes emission-line spectra of elements? 
 a.  Each element has a unique emission-line spectrum. 
 b.  Emission-line spectra are created by the movement of protons. 
` c.  Elements with larger atomic radii produce emission-line spectra with longer 
 wavelengths. 
 d.  The emission-line spectrum of an element changes depending on the amount of 
 energy released. 
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11. Which element has the largest atomic radius? (Refer to the periodic table.) 
 a. aluminum  b. magnesium  c. silicon  d. sodium 
 
12.  Which property is the VSPER theory used to predict? 
 a.  ionization energy  c.  lattice energy values 
 b.  shape of molecules  d.  strength of metallic bonds 
 
13.  Which term describes the lowest energy state of an atom? 
 a.  ground state  c.  principle quantum number 
 b.  highest-occupied shell d.  electron configuration level 
 
14.  Which term describes the repeating pattern of atomic properties found in the periodic table? 
 a.  trends   c.  valence theory 
 b.  periodic law  d.  group properties 
 
15.  Why do atoms form bonds? 
 a.  to become less stable 
 b.  to create a lower potential energy 
 c.  to create a higher potential energy 
 d.  to move farther away from each other 
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APPENDIX C 

 UNIT #3 POST ASSESSMENT 
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Unit #3 Test: Patterns in the Properties of Matter 

Read each question. Circle the letter of the correct answer. 

1.  Which property is dependent only on the atomic structure of the compound? 

 a.  mass  b. volume  c.  melting point d. total thermal energy       

2.       How did arranging elements by comparing atomic mass with other chemical and physical properties 
allow Mendeleev to predict the reactivity of undiscovered elements? 

 a.  Mendeleev notice gaps in the pattern of reactivity he observed. 

 b.  Mendeleev noticed that as atomic mass increased, reactivity decreased. 

 c.  Mendeleev noticed gaps in atomic mass, which represented reactive elements. 

 d.  Mendeleev noticed that nonmetals and metals follow different patterns of reactivity. 

  

3. The diagram models bonding in chlorine gas, Cl2, and sodium chloride, KCl. 

 

Which statement accurately compares ionic and covalent bonding?  

A. The attractive forces between molecules are weaker than those between ions because valence electrons 
are shared. 

B. The attractive forces between molecules are stronger than those between ions because valence 
electrons are shared. 

C. The attractive forces between molecules are weaker than those between ions because valence electrons 
are transferred. 

D. The attractive forces between molecules are stronger than those between ions because valence 
electrons are transferred. 

.
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4. Use the emission-line spectra of the known elements to identify the unknown element. 

 

What is the unknown element?  

A. hydrogen 

B. helium 

C. neon 

D. mercury 

5. Which statement explains the trend in atomic radius on the periodic table?  

A. It generally increases from left to right because the greater number of electrons increases 
their distance from the nucleus. 

B. It generally decreases from left to right because the increase in charge within the nucleus 
pulls electrons closer. 

C. It generally increases from top to bottom because the attraction from the nucleus has to 
pull on fewer electrons. 

D. It generally decreases from top to bottom because more electrons in the same shell 
increases the pull of the nucleus on them. 
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6. In the gold foil experiment, positive particles were directed at gold atoms to find out about 
the interior of an atom. 

 

Which direction recorded the most particles to support the claim that an atom is mostly 
empty space?  

A. Direction A 

B. Direction B 

C. Direction C 

D. Direction D 

7. The diagram models metallic bonding. 

 

What about the electrons in metal elements contributes to metallic bonding?  

A. All electrons move within pairs of atoms. 

B. All electrons are attracted to several nuclei. 

C. Outer electrons are able to move freely within the sample. 

D. Outer electrons are tightly held by the nucleus in each atom.  
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8. What would be the general formula unit of a compound made with a Group 1 element, A, 
and a Group 16 element, Z, from the periodic table? Refer to the periodic table.  

A. AZ 

B. AZ2 

C. AZ16 

D. A2Z 

Read each question. Follow the instructions to answer the question. 

9. Match the terms with their definitions. Write the letter in the box next to the correct 
definition. 

the number of protons in an atom    
A. mass number 

B. atomic number 

C. average atomic mass 

the number of protons and neutrons in an atom    

weighted average mass of all naturally occurring  
isotopes of an element 

   

10. Number the subshell names in the correct order in which they are filled with electrons. 

 ________  3p 

 ________  2p 

 ________  3s 

 ________  2s 

 ________  1s 
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11. Two sulfur atoms and one carbon atom combine to form carbon disulfide, CS2. Write the 
letter of the correct type of bond between each pair of atoms to construct the electron-dot 
structure of the compound. Each type of bond may be used more than once or not at all. 

 

 

 

 

 

 

A.               B.                C.    

12. Passing an electric current through a glass tube filled with hydrogen gas causes the gas to 
emit a pinkish glow. It is then passed through a spectroscope, and a hydrogen emission-line 
spectrum, as shown in the diagram, is obtained. 

 

Write one letter in each blank to correctly complete the sentences. 

The emission-line spectrum shows that hydrogen absorbs and then emits 1. __________ 

corresponding to the wavelengths of 2. __________. During this process, 3. __________ 

move from a ground state to a 4. __________ energy state and back again. The spectrum 

provides evidence that the electrons of hydrogen atoms occupy only 5. __________ energy 

states according to the Bohr model. 

1.  

A. gas 

B. atoms 

C. energy 

D. electrons 

2.  

E. hydrogen gas 

F. electric current 

G. electromagnetic 
radiation 

3.  

H. atoms 

I. photons 

J. electrons 

4.  

K. lower 

L. higher 

M. continuous 

5.  

N. allowed 

O. higher 

P. ground state 
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13. Elements on the periodic table are classified as metal, nonmetal, or metalloid. Write the 
letter of each property in the correct category of elements. Some properties may be used 
more than once or not at all. 

Metals Nonmetals Metalloids  A. All are shiny. 

B. All are solid at room temperature. 

C. All have “semiconducting” properties. 

D. Some can be a gas at room temperature. 

E. Most can be hammered into sheets easily. 

F. All are poor conductors of heat and electricity. 

G. Some are dull and brittle solids at room 
temperature. 

H. All have properties of elements in both other 
categories. 
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14. Write the letter of the group name from each numbered list to correctly label the parts of the 
periodic table. 

           1. ________                   2. 
________ 

 

      3. ________           4. ________          5. 
________ 

1.  

A. alkali metals 

B. alkaline earth 
metals 

C. halogens 

2.  

C. halogens 

D. noble gases 

E. transition 
metals 

3.  

A. alkali metals 

B. alkaline earth 
metals 

E. transition 
metals 

4.  

A. alkali metals 

C. halogens 

E. transition metals 

5.  

B. alkaline earth 
metals 

C. halogens 

D. noble gases 
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15. The figure shows elements in the same period and group of the periodic table where 
germanium is located. 

Which element(s) have a higher ionization energy than germanium (Ge)? Circle all the 
correct answers. 

 

 

16. Write the letter in the boxes to correctly describe the valence shells and the ions formed by 
the atoms of the elements in different groups of the periodic table. 

 

A. 1+ D. 2– F. not full 

B. 2+ E. full  G. no ion 

C. 1–  
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17. Even though each of these molecules has a central atom bonded to three atoms, one of these 
molecules is planar and the other molecule is shaped like a pyramid. Determine which 
molecule is pyramid-shaped and circle the part of this molecule that determines its shape. 
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Read each statement. Write your answer on the lines. 

18. During the Civil War, the military used hydrogen gas, H2, to lift balloons that would carry 
people high in the air so that they could view the land for miles around. Hydrogen-filled 
balloons rise because the atmosphere is composed mostly of nitrogen, N2, and oxygen, O2, 
gases. Now, helium is used to fill other kinds of balloons, but at that time helium was 
unknown. In contrast, hydrogen could easily be obtained from many common reactions. A 
section of the periodic table is shown here. 

 

Predict the relative reactivities of Group 1 and Group 18 elements based on the information 
given. 

  
  

Compare the atomic masses of hydrogen, helium, nitrogen, and oxygen atoms and the 
pattern of their placement on the periodic table. 

  
  
  

Explain the use of hydrogen gas to lift balloons based on their positions on the periodic 
table. 
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19. The periodic table shows trends in properties of the elements. 

Describe the trends in ionization energy, atomic radius, and reactivity in the periodic table. 

  
  

Explain the relationship between an element’s ionization energy and its reactivity. 

  
  
  

Explain the relationship between an element’s ionization energy and its atomic radius. 

  
  
  

20. Oxygen and rubidium react with fluorine to form oxygen difluoride and rubidium fluoride 
respectively. The table shows the electronegativity of the three elements. 

 

Determine and provide an explanation for which element is more likely to form an ionic 
bond with fluorine.  

  
  
  

Determine which element, oxygen or rubidium, has a higher ionization energy. Explain your 
reasoning.  
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Directions: Read the passage, then answer the questions that follow. 

Ionic Compounds 

People use substances made up of or containing ionic compounds in everyday life. Sodium 
hydroxide (NaOH) is used to make soap. Calcium chloride (CaCl2) is often used in food 
packaging to absorb moisture and to deice frozen roads. Magnesium oxide (MgO) is used in 
antacids to treat heartburn. Scientists and chemical engineers can understand the physical 
properties of these compounds by understanding how they are formed based on the placement of 
the elements forming them on the periodic table. 

21. Which of these shows the electron dot notation for calcium? Refer to the periodic table. 
Circle the letter of the correct answer. 

A.    C.   

B.   D.   

22. Which statement describes why sodium reacts more vigorously than magnesium to 
hydrochloric acid? Refer to the periodic table. Circle the letter of the correct answer. 

A. Sodium has a smaller atomic radius than magnesium. 

B. Magnesium has a lower ionization energy than sodium. 

C. Sodium has a lower ionization energy than magnesium. 

D. Magnesium is closer than sodium is to having a full valence shell. 

23. Explain the trends in electronegativity of the elements in the periodic table. Write an X in 
the correct box to show whether or not the statements accurately describe the trends. 

Statement Yes No 

A. Electronegativity decreases as the atomic radius increases.       

B. Electronegativity increases as the number of valence electrons decreases.       

C. Electronegativity in the elements decreases when moving from left to right 
on the periodic table. 
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D. Electronegativity increases in elements when moving from the bottom to 
the top on the periodic table. 

      

E. Electronegativity decreases in elements when moving from the bottom to 
the top on the periodic table. 

      

24. Barium is an alkaline earth metal. Chlorine is a halogen gas. These elements can bond to 
form an ionic compound. Write your answer on the lines. 

Name the new compound, and construct a formula for the resulting compound. 

  
  

Explain how the formula for this new compound was constructed. 

  
  
  
  
  

25. Locate lithium, bromine, and oxygen on the periodic table. Write your answer on the lines. 

Identify the two pairs of elements that will combine to form ionic compounds. Name each 
compound and its chemical formula.  

  
  
  

Explain why these combinations of elements form ionic bonds, using knowledge of trends 
and patterns in the periodic table.  
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Compare the strength of the ionic bonds in the two compounds, using knowledge of trends 
in the periodic table. Use this comparison to determine which compound will have a higher 
melting point. 
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APPENDIX D 

 STUDENT INTERVIEW QUESTIONS 
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APPENDIX E 

CASE STUDY 
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Am I poisoning my child?   
 
“Hurry up, Robbie.  Finish eating your breakfast and drink all your apple juice.  The school bus 
will be here in 20 minutes.  Honey, turn off the TV and help Robbie get his book bag together.  
And can you walk him to the bus stop this morning?  I still need to take a shower.” 
“Sure, Katie – but first I want to see the weather report.  And the Good Morning America crew 
said that the next interview will be really interesting.  I want to catch what that’s about before we 
go.” 
After a few minutes, Robin Roberts on GMA opens the next segment by saying, “The FDA and 
some of the most popular apple juice brands are defending the safety of their products after the 
Dr. Oz show raised questions about the levels of arsenic in apple juice.  Our medical 
correspondent, Dr. Richard Besser, joins us with a look at this controversy.”     
Dr. Besser replies, “That’s right, Robin.  Dr. Oz is telling parents to check their pantries and read 
their juice labels after his independent testing found high arsenic levels in some apple juice.  But 
companies such as Gerber, Mott’s, and Juicy Juice are firing back, saying that their product meets 
all the safety standards set by both their industry and the FDA.  So we decided to do some of our 
own fact checking.”  The show cuts to a tape of Dr. Oz on an earlier show aired that week stating 
that some of the best known apple juice brands in American contain arsenic.  The camera cuts to 
concerned parents in the audience who look horrified.  Dr. Oz holds a microphone in front of a 
father who shakes his head in despair, saying “I am the guy administering poison to my own 
children.”   
Robbie then moans, “Mom, I don’t feel so good – I think I have a fever.  Do I have to go to 
school today?  Maybe the apple juice is making me sick.” 
“Don’t worry, honey,” as Katie feels his forehead, “You don’t feel hot.  I’m sure the apple juice is 
okay.  These news reporters and TV doctors just like to scare people so they will watch their 
shows.  I’m sure there’s nothing to worry about.  John, turn off the TV and you guys go on to the 
bus stop before you miss the bus.” 
As John and Robbie walk out of the kitchen, Katie turns the TV back on and listens to rest of the 
story after which she goes to the refrigerator, pulls out the apple juice, and pours it down the sink. 
 

Pre-case Activities: 

Visit the following webpages to learn more about this controversy: 

http://abcnews.go.com/GMA/video/dr-oz-takes-heat-apple-juice-arsenic-warning-14525402 

http://abcnews.go.com/GMA/video/dr-oz-takes-heat-apple-juice-arsenic-warning-14525402
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http://abcnews.go.com/GMA/video/dr-mehmet-oz-accused-fear-mongering-dr-richard-besser-

arsenic-apple-juice-14525404 

http://www.foxnews.com/health/2011/11/30/consumer-reports-study-backs-dr-ozs-claim-about-

arsenic-in-apple-juice/ 

https://www.mcgill.ca/oss/article/health/what-difference-between-organic-and-inorganic-

arsenic 

Answer these questions on a separate piece of paper in complete sentences.   

Investigating and Researching Arsenic: 

1. Where is arsenic found on the periodic table?  What general properties does it 
exhibit? 

2. Write the electronic configuration for arsenic.   
3. Predict the most common ionic charges for As and explain your reasoning. 
4. Two common arsenic-containing compounds are As2O3 and As(CH3)3.  Answer 

the following questions regarding these compounds: 

a. Name both compounds. 
b. Which compound is considered inorganic and which is organic?  Explain. 
c. Draw the Lewis structures for both compounds.  Include  

i. Angles 
ii. Geometry 

iii. Polarity 
iv. Formal charges 

 

Case Study Questions:  Do not copy and paste information.  Use your own words to 
answer.  If you plagiarize, the assignment will be a zero.   
 

5. Where is arsenic found in nature and how would it get into our food naturally?   
6. Can arsenic get into our food any other way?  [NOTE:  As a bit of extra credit, 

your team may want to go online to find some scientific articles on the use of 
arsenic in agriculture.] 

http://abcnews.go.com/GMA/video/dr-mehmet-oz-accused-fear-mongering-dr-richard-besser-arsenic-apple-juice-14525404
http://abcnews.go.com/GMA/video/dr-mehmet-oz-accused-fear-mongering-dr-richard-besser-arsenic-apple-juice-14525404
http://www.foxnews.com/health/2011/11/30/consumer-reports-study-backs-dr-ozs-claim-about-arsenic-in-apple-juice/
http://www.foxnews.com/health/2011/11/30/consumer-reports-study-backs-dr-ozs-claim-about-arsenic-in-apple-juice/
https://www.mcgill.ca/oss/article/health/what-difference-between-organic-and-inorganic-arsenic
https://www.mcgill.ca/oss/article/health/what-difference-between-organic-and-inorganic-arsenic
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7. What does the Food and Drug Administration (FDA) indicate as the toxicological 
limit of arsenic in humans?  Define your terms. HINT: the Agency for Toxic 
Substances and Disease Registry is also useful: https://www.atsdr.cdc.gov/  

8. One of the compounds indicated in question #4 above is toxic while the other is 
not. Can you explain why?   

9. If Robbie is 9 years old and weighs 90 lbs, how much arsenic (in ppb) would have 
to be in his blood system to be considered a toxic level?  

10. Was Robbie’s mom overreacting when she poured all of the apple juice down 
the sink?  Explain your reasoning. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.atsdr.cdc.gov/
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