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ABSTRACT 

 The purpose of this research is to determine if increased focus on science literacy 

improve student ability to gather evidence to support scientific claims.  The lessons 

focusing on scientific literacy consisted of annotating a scientific text, participating in a 

Socratic seminar within the Paideia method, and constructing claim, evidence, reason 

(CER) charts in groups.  The cycle used to complete these lessons utilized PONG 

(Problem, Observe, Negotiate, Goal), which supports teachers by structuring lessons as a 

repeated process where students construct and critique arguments, moving toward a goal.  

Three non-treatment units were followed by three treatment units in a 9th grade honors 

physical science class at Franklin Towne Charter High School in Philadelphia.  It was 

found that treatment had a positive impact on student performance on student ability to 

write argumentative essays and write analyzes when given scientific data. Mean essay 

scores increased by 18% and mean data analysis scores increased 20% during treatment.  

Additionally, by the third round of treatment over 80% of students indicated they were 

confident in their abilities on all survey questions relating to writing argumentative essays 

and data analyses.  Students also completed pre-test and post-test CER explanations 

based on common misconceptions before and after each unit.  Scientific literacy PONG 

cycles were less effective in helping students use evidence to support claims for problems 

based on common misconceptions.  If anything, it seemed that the treatment simply 

helped students to better rationalize an incorrect claim.  Additionally, it was determined 

that student attitude toward treatment type (annotation, Socratic seminar, and CER 

charts) did not differ based on student learning style (visual, auditory, or kinesthetic).  All 

student types favored Socratic seminars and CER charts in groups over completing 

annotations. 

 Overall, scientific literacy treatment was found to be effective.  In the future I 

intend to alter treatment by only implementing scientific literacy PONG cycles in more 

concrete units like The Nature of Science, Forces, Energy, and Waves as opposed to units 

involving more abstract thinking like Motion, Matter, and Intro to Chemistry due to the 

developmental state of 9th grade students.  Additionally, while student attitude toward 

completing annotations was negative overall, I am not confident this means inclusion of 

annotations is ineffective.  Students indicated that they did not like annotations due to 

their experiences using them in English class. In the future I will implement annotations 

under a different name to distance the scientific annotation process from those completed 

in other classes to determine if attitude changes.  Additionally, when implementing 

treatment in non-honors classes, I intend to scaffold treatment more by completing 

annotations as a teacher lead assignment, including more guiding questions during 

Socratic seminar, and using heterogeneous grouping when completing CER charts.
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INTRODUCTION AND BACKGROUND 

Project Background 

 As educators we have a duty to do our best to ensure that we are developing a 

population of citizens capable of coping with the forces that will shape our world during 

the next century.  We live in a nation that is technology and science driven in terms of the 

economy and employment as well as lifestyle and ethics.  A large contributor to our 

future success or failure as a nation will be the ability of our citizens to adequately 

interpret data and then make sound decisions based on these interpretations.  A major 

threat to this ability is a lack of literacy.  Specifically, scientific literacy will be 

particularly important if we are to effectively cope with a rapidly changing society and 

environment. 

 For my classroom research project I investigated whether or not certain scientific 

literacy teaching strategies helped improve students’ ability to gather evidence to support 

scientific claims.  In the past my teaching has focused mostly on content and math skills.  

I typically created tests whose questions were split to assess 2/3 content knowledge 

(multiple choice, matching, short answer responses) and 1/3 skills (math and science 

problems).  I then backwards planned to teach to this style of test.  In the past two years, 

however, I realized that there is a major component missing from my teaching – scientific 

literacy.  I occasionally required students to complete reading assignments with questions 

related to the topic at hand, and I regularly required that students use a note taking 

process called SQ3R (Survey, Question, Read, Recite, Review) when they pre-read the 
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textbook before we start a new unit.  However, I had not pushed myself to teach science 

literacy outside of these two strategies, nor had I ever assessed their effectiveness. 

 The science department, as a whole, struggles to incorporate effective science 

literacy teaching strategies into curriculum at Franklin Towne Charter High School 

(FTCHS).  Our department has focused on developing the following literacy skills: 

1) Define all content specific word, phases and ideas 

2) Identify main ideas 

3) Summarize 

4) Re-explain a process explained in the text 

5) Use evidence from the text to support analysis of text 

6) Follow a procedure to complete an experiment 

7) Create connections between content 

8) Identify the author’s purpose 

9) Translate words in a text into visual form (e.g., a table or chart)  

10) Translate information expressed visually or mathematically (e.g., in an equation) into  

words. 

11) Assess the extent to which the reasoning and evidence in a text support the author's  

claim or a recommendation for solving a scientific or technical problem. 

12) Compare and contrast findings presented in a text to those from other sources  

(including their own experiments), noting when the findings support or contradict  

previous explanations or accounts. 
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 Our department feels we (1) are adequately incorporating numbers 1, 2, 3, 6, and 

8, (2) are somewhat incorporating 4 and 7, and (3) need to significantly increase the 

incorporation of 5, 9, 10, 11, and 12. 

 The purpose of my research was to generate an effective plan of action to help the 

science department create more effective literacy themed teaching strategies for our 

student demographic.  Because many of the skills we did not incorporate well included 

using evidence from text to support claims, my research focused most heavily on this. 

Focus Questions 

 My primary research question is: “What effect will increased focus on science 

literacy have on the ability of students to gather evidence to support scientific claims? My 

secondary questions include: (1) How does increased focus on teaching scientific literacy 

impact student ability to write argument-driven essays? (2) How does increased focus on 

teaching scientific literacy impact student ability to analyze data from science lab 

activities?  and (3) What is the correlation between students’ learning style and the most 

effective literacy teaching strategy for them? 

CONCEPTUAL FRAMEWORK 

Introduction 

 My interest in constructing and implementing an action research project focusing 

on scientific literacy stems from the belief that all students should leave high school 

prepared to engage in civic life as informed citizens, capable of engaging with our 

Information Society, “where the creation, distribution, use, integration, and manipulation 

of information is a significant economic, political, and cultural activity” (“Information 
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Society,” n.d.). Unfortunately, a lack of scientific literacy in America is forming a public 

with a “predilection for facile misconceptions [that] fall seriously short of comprehending 

and coping with the events, forces, and processes that already shape our lives for the 21st 

century” (Stahl, 1994, p. 44).  It is argued that most public perceptions are informed by 

information relayed by the media.  When lacking the adequate educational background 

needed to be critical of reports of both scientific and technological happenings, a divide is 

created between the general population and scientists.  A scientifically illiterate public 

cannot relate with science, and therefore is weary of scientific findings.  There is hope 

that increased focus in education on scientific literacy can help create a population that 

while still critical, is less suspect of scientific findings.  This would lead to more 

informed leadership and behavior in areas of health, safety, environmental preservation, 

economic development, etc. (Stahl, 1994). 

 Adequately preparing students for this challenge starts with having an adequate 

understanding of “literacy” myself.  When I first approached the term “literacy” I viewed 

it as the simple act of reading and writing.  However, literacy involves much more than 

this, “literacy encompasses the language-based acts of reading, writing, listening, 

speaking, and viewing” (Washburn & Cavagnetto, 2013, p.128).  The need for effective 

scientific literacy teaching in the K-12 classroom has been both recognized and 

emphasized by the National Governors Association Center for Best Practices & Council 

or Chief State School Officers (CCSS) and Next Generation Science Standards (NGSS) 

in recent years.  The literacy standards CCSS and NGSS call for agree that students 

should regularly engage in text-centered classroom discussion and argument-based 
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writing (Washburn & Cavagnetto, 2013).  This assertion set the foundation for my action 

research. 

Direction for Action Research 

 When designing my action research design I first contemplated how to best design 

literacy lessons that would be effective in improving student ability to gather evidence to 

support scientific claims.  “Using Argument as a Tool for Integrating Science and 

Literacy” (Washburn & Cavagnetto, 2013) provides tangible and developed tools to help 

educators think about how to integrate best literacy practices into their science lessons.  

Much of the methodology of my action research has been modified from one of these 

tools, “PONG” (Problem, Observation, Negotiate, Goal).  PONG cycles are meant to 

support teachers by structuring lessons as a repeated process where students construct and 

critique arguments, moving toward a goal.  The PONG cycle is as follows: 

1. Teacher poses a problem or shares a focused question 

2. Students make observations 

3. Students make evidence-based or reasoned claim(s). 

4. Students share and critique claim(s). 

5. Students revise their evidence-based claim(s). 

 Additionally, this article discussed science learning as a process that is situated in 

multiple social contexts as opposed to an individual process.  It argues that “scientists use 

speaking and listening to present ideas as well as make, negotiate, and justify claims in 

both public and private domains with all types of people (e.g., collaborators, students, 

public stakeholders, government agencies” (Washburn & Cavagnetto, 2013, p.130).  This 
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influenced my project as I considered ways to incorporate a variety of techniques 

involving different types of interactions with peers including full class discussions, group 

interactions, and individual work. 

 Another method that held promise in designing effective literacy lessons was the 

use of Socratic questioning within the Paideia Method to foster dialogic within 

discussions about a text.  The Paideia Method is meant to place students, as oppose to the 

teacher, at the center of learning through dialogic opportunities in class discussion. The 

purpose of Socratic questioning is to provide thought-provoking, open-ended questions 

that promote inquiry and allow ideas to be examined and tested.  In this way, students are 

forced to focus on their thinking, and therefore, examine their own thinking processes.  

Originally, Paideia seminars were designed to engage students in discussion of ideas and 

values involving a “rich text”.  However, Paideia seminars have now expanded to 

“include the work of local authors, a mathematical problem, or a piece of artwork” 

(Davies & Sinclair, 2014, p. 25).  This expansion allows Paideia to be more widely used 

in the science classroom where scientific concepts and skills extend beyond traditional 

texts.  I was not only able to use scientific articles, but graphs, concept maps, equations, 

math problems, and diagrams as well.  A 2014 study conducted in New Zealand accessed 

the effectiveness of Paideia seminars in 8th grade classrooms.  This study consisted of 12 

control and 12 experimental classrooms, including a total of 720 students ages 11-13. 

Data regarding the complexity of interactions in class based on student interactions with 

the teacher, student interaction with other students, and student interaction with their own 

statements was gathered at three points for two groups, control and experimental, over 
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approximately a 12 week period.  The complexity of student interactions was determined 

using SOLO (Structure of Observed Learning Outcomes) taxonomy.   In the end, it was 

found that there was a significant difference between interactions classified as “deep” and 

“surface level” between the control and experimental groups, with experimental groups 

having a greater frequency of “deep” interactions.  Also, it was found that students with a 

higher socio-economic background showed a greater statistical variance, possibly in part 

due to average reading levels being more advanced on the whole (Davies & Sinclair, 

2014).  I kept this in mind when choosing my sample population. 

 Another area I wanted to explore was how students best learn to interact with a 

text independently.  For the past five years I have incorporated a note-taking process 

known as SQ3R into my lessons.  The article “Embedding Multiple Literacies into STEM 

Curricula” states: 

  Although SQ3R is often recommended for high school and college textbooks, 

 its effectiveness has not been widely studied. Some promising results, however, 

 have been reported with similar strategies that involve the activation of readers’ 

 schemata before reading, monitoring of comprehension during reading, and 

 processing information after reading.  The techniques differ slightly, but all 

 highlight the importance of repeated exposure to and interaction with a text 

 throughout the reading process in order to construct meaning and connect new 

 information to existing knowledge (Soules et al., 2014, p. 123). 

 

In the past, I have found using SQ3R somewhat limiting. During the SQ3R process 

students “Survey” the text in order to familiarize themselves with the content and 

purpose, then create “Questions” from headings and subheadings that help direct note 

taking.  Once questions are developed students “Read” the text and write down key 

points that help answers the questions they generated.  Finally, students “Recite” their 

notes back to themselves and “Review” the material by generating questions or a 
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summary at the end of their notes. Structurally, SQ3R works great for textbooks and 

articles with specific headings and sub-headings.  However, because of the variety of 

texts that can be used in the science classroom, I wanted to find an active reading strategy 

that was not limited to texts with headings. 

 “Annotating helps readers reach a deeper level of engagement and promotes 

active reading. It makes the reader's "dialogue with the text" a visible record of the 

thoughts that emerge while making sense of the reading” (Porter-O’Donnell, 2004, p.82).  

Annotating is also a method used extensively in the English department at FTCHS, 

making it a familiar method for students to incorporate into the science classroom.  Carol 

Portor-O’Donnell reports her experiences with teaching annotations in the article 

“Beyond the Yellow Highlighter: Teaching Annotation Skills to Improve Reading 

Comprehension.”  Overall, Porter-O’Donnell found through student surveys and 

interviews of students conducted in two 9th grade English classes that annotation of text 

helps teach reading as a process, changes comprehension by connecting new ideas to 

known ideas, slows down the reading so that students become more actively involved in 

the reading, and helps improve writing by forming a more organized record of thoughts 

and a method of identification of supporting evidence in text. Porter-O’Donnell also 

notably found that annotations were a source of frustration for strong readers who felt the 

process actually interrupted the flow of reading.  She introduced a method of alleviating 

this frustration to students in a lesson demonstrating how to asterisk ideas to come back 

to and annotate once completing reading a section of the text.  On the other hand, 

struggling readers found annotations less frustrating, as they found the time it took to 
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annotate was less than the time it took to reread a section several times in the struggle to 

understand (Porter-O’Donnell, 2004).  The perspective of both the strong and struggling 

reader was instrumental in effective implementation of annotation activities in my 

classroom.  I was able to anticipate the frustration of my strong readers and use Porter-

O’Donnell’s lesson suggestions when they expressed the same concerns Porter-

O’Donnell’s students did.  After researching the PONG cycle, the Paideia Method, and 

annotations I became convinced each could play a significant role in the development of 

effective literacy lessons in my classroom.  The next challenge involved weaving these 

methods into a fluid literacy treatment plan appropriate for my demographic of student.  

METHODOLOGY 

Treatment Description 

 The literacy treatment I implemented has three parts.  They include annotating 

text, participating in Socratic seminars within the Paideia Method, and constructing 

Claim, Evidence, Reason (CER) charts in groups on whiteboards.   

 Before participating in the Socratic seminar students annotated a text to refer back 

to during the seminar. When students annotated text they followed a list of general 

guidelines directed specifically to interacting with scientific text.  The guidelines used 

were adapted from www.biologycorner.com.  A summary of the guidelines given is as 

follows: 

1. Identify the Big Idea 

2. Underline topic sentences or main ideas 

3. Connect ideas with arrows 

http://www.biologycorner.com/
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4. Ask questions 

5. Add personal notes 

6. Define technical words 

When students completed annotations for the force unit on the text “Laws of Motion” I 

created a personal example and modeled my thinking when annotating it to help students 

visualize how to best annotate a non-traditional scientific text, in this case a flow chart.  

This example can be viewed in Appendix A.  During the Socratic seminars I posed 

guiding, open-ended questions and students used their annotated text to debate the 

validity of claims generated during these discussions.  The questions begin with one or 

two opening questions that help identify the main idea of the text, then move on to core 

questions that analyze textual details, and end with closing questions that help students 

make real world connections from the text.  For example, during the unit on force the 

class participated in a Socratic seminar on Newton’s laws.  The guiding questions asked 

can be seen in Table 1: 
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Table 1 

Socratic Seminar Guiding Questions Example 

 

Opening (Identifying main ideas from the text) 

 The text is titled “Laws of Motion”.  What could be another title for the text? 

(round robbin response) 

Core (Analyze textual details) 

 What do you make of the underlined text? (why is it underlined, and does that 

underlined text make sense?) As a form of categorization, what alteration or 

changes might you propose to the underlined text? 

 What key ideas are possibly missing here regarding the laws of motion?  Why 

do those ideas matter in our study of physical science? 

 Does the organization of the text suggest that one law is most important? 

Explain. 

 What link between the laws do you find that most interesting? Most important? 

Most confusing? Explain. 

Closing (Personalize and apply the ideas) 

 Have you ever been involved in a car accident?  Describe what happened. 

(What kinds you injuries can you get in a car?  What happens to your body if 

you don’t buckle up?  How does it move?  If you decide not to buckle up, are 

you the only one in danger inside your car?  Explain.) 

 We’ve all heard that claim that not wearing a seatbelt is a bad idea.  What 

evidence can you find regarding the lows of motion that support this? 

 Would it be better to get hit by a baseball moving at 55 mi/hr or a nerf ball 

moving at 55 mi/hr?  What evidence can you find regarding the laws of motion 

that support your claim? 

 

After the Socratic seminar, students broke up into groups of three or four to complete 

CER charts in groups on large white boards with dry-erase markers.  During the group 

CER chart-making activity, students developed a claim on the given topic (related to the 

same topic explored during the annotation and Socratic seminar processes), and then 

stated as many evidences as they could to support their claim.  They explained reasons 

why each piece of evidence was scientifically and logically connected to the claim. For 

example, during the force unit students applied what was learned during the Socratic 
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seminar and their notes from class to generate a claim regarding the egg drop apparatuses 

they were required to build for this unit.  Their claim responded to the question, “What 

design feature will best help your egg drop apparatus protect your egg from breaking?”  

An example can be seen below in Figure 1: 

 

Figure 1. CER chart on whiteboard example. 

 

After development of the CER charts students rotated in groups to each chart created and 

starred evidence-reason pairs they found the most helpful in understanding the claim.  

These claims were then shared during a teacher led class discussion and groups were 

given the opportunity to revise their charts.  This treatment cycle is intended to mirror the 

PONG cycle with students using a variety of methods to interact with the text, one-

another, and the teacher to thoroughly evaluate a given topic. 
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 The three-part literacy treatment took place, on average, over the course of 4 to 5 

days and was not entirely linear.  These treatment parts took place in between “normal” 

lessons that also taught needed content and skills for the unit.  Overall, the literacy 

treatment cycle composed about one third of each 2.5 week experimental group unit. 

 Note that differences in treatments were based on number of student involved 

(whole class vs. small group vs. individual) and differences regarding the nature of 

student involvement (talking and listening, brainstorming and writing, reading and 

annotating).  I felt the need to create a variety of literacy strategies to avoid too much 

redundancy in the classroom and simulate the variety of skills scientists use on a daily 

basis; including, but not limited to, speaking and listening to present ideas, and making, 

negotiating, and justifying claims in multiple contexts, both small group and large group.  

I was interested in seeing how these three treatments could work together to affect 

student learning and also to note any differences in effectiveness of and student 

preference of each. 

Student Sample 

 My sample consists of 27 students in a 9th grade Physical Science class.  They are 

Track 1, honors level, students at FTCHS which is located in Bridesburg, a blue-collar 

neighborhood in Northeast Philadelphia.  The school accepts students based on a lottery 

system and students may apply from all over the city.  Most students, who apply 

however, are from nearby Northeast neighborhoods.  In the school overall, 73% of 

students are White, 9% Black, 15.7% Hispanic, 1.6% Asian, 0.3% Native Hawaiian or 

Pacific Islander, 0.5% other ethnicities (“Public School Review,” n.d.).  Approximately 
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60% of students are considered economically disadvantaged. In my sample, 21 students 

are White, 4 students are Black, and 2 are Hispanic.  Additionally, 14 are female and 13 

are male. The majority of students in this class were academically motivated and capable.  

All students passed my class, however, I did recommended that 13 students be moved to 

a lower track chemistry class their sophomore year.  Because of the particularly rigorous 

nature of our honors chemistry class I normally make track recommendations that cut the 

two honors physical science classes I teach down into one honors level chemistry class.  

This year was no different.  Out of the 13 recommendations I asked that 11 be placed in 

track 2 chemistry. There were two students who struggled more significantly in my class 

that I asked by placed in track 3 chemistry.  It should also be noted that most students had 

at least some Middle School science, however, their knowledge base varied significantly 

depending on what Middle School they attended. 

Research Methods 

 I collected data by unit.  My first three units were control (non-treatment) units 

and the next three units were experimental (treatment) units where I incorporate my 

treatment approximately once every week and a half (one to two times per unit depending 

on unit length).  Research took place between October 2, 2015 and January 12, 2016.  A 

detailed research timeline can be found in Appendix B. 

 During my non-treatment units I taught as I normally do, refraining from 

incorporating my treatments, including annotating text, Paideia Socratic seminars, and 

completing Claim, Evidence, Reason (CER) charts in groups.  Non-treatment units 

included Unit 2: Matter, Unit 3a: Chemical Bonding, and Unit 3b: Periodic Table 
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Organization.  Treatment units included Unit 4a: Motion, Unit 4b: Force, and Unit 5: 

Energy.  During each non-treatment and treatment unit I assigned CER explanation pre-

tests and post-tests, argumentative essay assignments (one per unit test), and data analysis 

assignments (one per unit during class) in order to collect data regarding assessment 

performance. 

 At the beginning and end of each unit students wrote a CER explanation 

regarding common misunderstandings encountered during the unit.  This served as a pre-

test and post-test.  For example, the first I implemented was a response to the question “Is 

air matter?”  Students were given definitions for matter, mass, and volume.  An 

exemplary response would be “Air is matter (claim). Wind is able to move objects.  A 

force can only be applied by an object with mass (evidence). This shows that air has 

mass, one of the characteristics of matter (reasoning).  Also, air can fill a balloon 

(evidence).  This shows that air has volume, another characteristic of matter (reasoning).” 

The rubric used to assess CER explanations can be found in Appendix C. 

 Moreover, students regularly write three paragraph argumentative essays in my 

class and I assigned one per unit.  The rubric used to assess student ability to defend 

claims using evidence in their essays can be found in Appendix D.  To help make sure 

both pre-treatment and treatment argumentative essay prompts where as similar in rigor 

as possible three science teachers reviewed each essay prompt and ranked it’s rigor on a 

scale from one to three (one being the least rigorous and three being the most rigorous 

rating). Minor adjustments were made to each prompt after teachers assigned ratings and 

gave feedback to adjust rigor as needed.  For pre-treatment and post treatment prompts 
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two were ranked a “2” and one a “3”.  Additionally, the same amount of time was given 

to students to complete each essay. 

 In addition to writing CER explanations, and argumentative essays for each unit, 

students were also required to write an analysis for given data.  Students were provided a 

written experimental description, background information, and all data gathered from 

said study.  Using the given text, students wrote an analysis for the data, as they were 

taught during Unit 1: How to think like a scientist.  The rubric used to grade each analysis 

can be found in Appendix E.  The same process used to help ensure the validity and 

reliability of the argumentative essay prompts was used for the data analysis prompts.  

For pre-treatment and post-treatment prompts teachers also ranked two data analysis 

prompts a “2” and one a “3”.  The students were also given a time limit when giving their 

responses. 

 All three of these instruments helped me answer my primary question, “What 

effect will weekly lessons focused on science literacy have on the ability of students to 

gather evidence to support scientific claims?”  Both the argumentative essay and lab 

analysis assessments helped address the first secondary question “How does increased 

focus on teaching scientific literacy impact student ability to write argument driven 

essays?” My data was then triangulated with the addition of Likert surveys and individual 

student interviews, implemented during treatment units.  Please see the Table 2, the data 

triangulation matrix, for more detail: 
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Table 2  

Data Triangulation Matrix 

 

Questions Data Source 

Primary: What effect will weekly 

lessons focused on science literacy 

have on the ability of students to 

gather evidence to support scientific 

claims? 

CER Pre-Test/ 

Post-Test 

Scores 

Argumentative 

Essay  

and Lab 

Analysis Scores 

Student 

Surveys 

Secondary 1: How does increased 

focus on teaching scientific literacy 

impact student ability to write 

argument driven essays? 

Argumentative 

Essay Scores 

 

Individual 

Interviews 

Student 

Surveys 

Secondary 2: How does increased 

focus on teaching scientific literacy 

impact student ability to analyze data 

from science lab activities? 

Lab Analysis 

Scores 

Individual 

Interviews 

Student 

Surveys 

Secondary 3: What is the correlation 

between students’ learning style and 

the most effective literacy teaching 

strategy for them? 

Argumentative 

Essay and Lab 

Analysis 

Scores 

Individual 

Interviews 

Student 

Surveys 

 

 At the start of my first treatment unit, students completed a learning style survey 

for use in analysis of secondary question three: “What is the correlation between 

students’ learning style and the most effective literacy teaching strategy for them?”  I 

used the results of this survey to group students as auditory, kinesthetic, or visual.  The 

survey used was a modified version of the Swassing-Barbe Modality Index, amended to 

incorporate language more familiar to the student demographic I teach.  This index is 

widely used and was chosen due to the view that it is a valid test.  To ensure the 

reliability of this index students were asked to take the survey twice, a week apart.  Only 

one student’s learning style assignment changed when they took the test again.  This 

student was very borderline between two learning styles when it was taken the first time 



 

 
18 

and took the test a third time as a “tie breaker” to determine how they would be 

categorized. The survey used can be found in Appendix F.  

  A general survey was also given after each unit. The results of these surveys were 

instrumental in analysis of all four research questions. The surveys included questions 

that address three themes and can be found in Appendix G.  The themes addressed 

included: 

1) Student attitude towards treatments (attitude) 

2) Student beliefs connected to progress in argumentative essay writing (confidence) 

3) Student beliefs connected to progress in analyzing data (confidence). 

 Finally, individual interviews were conducted to address my third secondary 

question.  The learning style surveys were used to choose students to interview after each 

treatment unit.  I used stratified random sampling to choose “auditory” students, “visual” 

students, and “kinesthetic” students to interview.  Because twice as many students were 

visual learners (14) as auditory (7) or kinesthetic learners (6), two visual students, one 

auditory, and one kinesthetic learner were randomly chosen for the interviews.  I then 

used these interviews in conjunction with the class surveys to look for trends in attitude 

and confidence with each of the three treatments I implemented over the course of each 

unit.  The questions asked during each interview can be found in Appendix H.   When 

conducting the interviews, I recorded the dialogue and took written notes.  Immediately 

following each interview, I took additional notes regarding trends noticed. The recordings 

and notes were later used to identify themes I found for each student.  The research 

methodology for this project received an exemption by Montana State University’s 
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Institutional Review board (Appendix I), and compliance for working with human 

subjects was maintained. 

DATA AND ANALYSIS 

 The first secondary question posed by this study asks, “How does increased focus 

on teaching scientific literacy impact student ability to write argument-driven essays?” 

Student scores on argument driven essays indicated that increased focus on teaching 

scientific literacy significantly improved student ability to write argument-driven essays.  

The average score for argumentative essays during the 3 non-treatment units was 5.37 out 

of 10 points.  During the 3 treatment units, the average score increased to 7.05 out of 10 

points.  A Mann-Whitney U Test indicated that the distributions between treatment and 

non-treatment scores differed significantly (U = 1773.5, n1 = n2 = 27, P < .05 two-tailed). 

In fact, not only were treatment scores higher on average, the distributions were skewed 

higher, indicating improvement. There was one student who scored particularly low 

compared to the class average on both non-treatment and treatment essays.  Her non-

treatment average was 2.3 out of 10 and her treatment average was 4.7 out of 10.  

Therefore, although her scores were low, she did show an above average improvement, 

improving by an extra .72 points.  I was not surprised by these results as this student 

struggled greatly in may class overall.  She was the one student I recommended be moved 

to a track 3 chemistry class next year.  Three student outliers on the other end of the 

spectrum improved less overall, mostly because they scored high on both treatment and 

pre-treatment essays, leaving little room for improvement.  
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Figure 2. Argumentative essay scores quartile data, (N=27). 

 Additionally, survey data indicates that students felt confident during treatment 

units when writing argument-driven essays.  Question numbers eight and nine of the 

Likert survey asked students to rank how strongly they agreed or disagreed with the 

statements “I am able to easily think of evidence from science class or everyday life to 

support the claims I make when I write scientific essays” and “I am able to easily come 

up with scientific reasons why my evidence supports my claim when I write scientific 

essays” respectively.  Overall, over 80% of students responses during treatment were 

positive in response to both statements.  Question numbers 10 and 11 asked students to 

rank the statements “When I write essays, I feel like I can convey my thoughts in an 

organized manner that is easy to understand” and “I feel confident that I can write an A 

essay on any science topic we have learned this unit” respectively.  Students felt less 

confident about these statements, with 74% of student responses during treatment being 

positive to statement number 10 and only 60% of student responses being positive to 

statement number 11. 
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Figure 3. Argumentative essay confidence Likert Survey responses, (N=27). 

  When the data is broken into individual units, a trend is seen where student 

confidence appears to improve.  During the first treatment unit, the percentage of student 

responses in the strongly agree/agree range for questions 8 and 9 were 71% and 76% 

respectively, during the second unit 83% and 74% respectively, and during the third unit 

92% and 88% respectively.  The same is even more dramatic for questions 10 and 11. 

During the first treatment unit the percentage of student responses in the strongly 

agree/agree range for questions 10 and 11 were 57% and 38% respectively, during the 

second unit 78% and 56% respectively, and during the third unit both were 83%. 

 Student comments on the survey and individual survey responses supports the 

apparent increase in student confidence.  During the first treatment unit, students who felt 

they struggled to write argumentative essays made statements like, “When looking at the 

text, I can easily pull out the information, but I struggle backing up my responses”, “I can 

easily think of evidence, but have a hard time putting it into words”, and “Its hard to do 
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essays on tests because we don’t do too many in class for practice.”  By the third 

treatment unit the number of overall negative comments had decreased.  Moreover, in the 

first treatment unit, no students left comments referencing treatment, but by the final 

treatment unit several students were directly referencing Socratic seminars and CER 

charts as being helpful in essay writing.  Students made comments like, “During Socratic 

Seminars, I can think of examples to back up reasons”, and “I was able to think of 

evidence from the Socratic Seminar and CER activities.”  Many students also made 

claims indicating that they noticed their personal improvement similar to one student’s 

statement that “My essays have been improving and I really like to write so I can easily 

write to support my claims.” 

 The second secondary question of this study asks, “How does increased focus on 

teaching scientific literacy impact student ability to analyze data from science lab 

activities?”  Student scores on data analysis activities showed somewhat similar results as 

the argumentative essay scores. A Mann-Whitney U Test also indicated that the 

distributions between treatment and non-treatment scores differed significantly (U = 

1391.5, n1 = n2 = 27, P < .05 two-tailed).  The average score out of four on non-treatment 

data analysis activities was 2.08.  The average score out of four on treatment data 

analysis increased to 2.89.   Furthermore, during non-treatment units the minimum score 

was a 0 out of 4, with some students having no idea how to write an evidence backed 

analysis at all and summarizing the background article instead, while everyone during the 

treatment unit was able to score at least a 1 out of 4.  Because of this, data analysis 

treatment scores showed a slightly tighter range.  Also, overall scores were skewed 
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higher, indicating improvement.  The students who scored lowest on pre-treatment data 

analysis surprised me.  They were middle of the road students as oppose to my lowest 

achieving students.  However, they showed greater than average improvement by about 

1.2 points.  Similar to trends seen regarding essay scores, the highest scoring students 

improved the least because their pre-treatment scores were also high.  

 

 

 

 

 

 

 

Figure 4. Data analysis scores quartile data, (N=27). 

 Additionally, survey data indicates that students felt confident during treatment 

units when completing data analysis activities.  Question numbers 12 and 13 of the Likert 

survey given asked students to rank how strongly they agreed or disagreed with the 

statements “When I read about an experiment and view data (graphs and tables) about 

scientific findings regarding the experiment, I am able to easily recognize patterns in the 

data”, and “When I write an analysis for the type of data mentioned above, I am easily 

able to describe the relationship between the independent and dependent variables” 

respectively. Students were fairly confident regarding these statements during treatment 

units, with 74% of student responses during treatment being positive to statement number 
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12 and 82% of student responses being positive to statement number 13. Questions 14 

and 15 asked students to rank the statements “When I write an analysis for the type of 

data mentioned above, I am easily able to explain the relationships I see with real 

numbers from the data given” and “I feel confident that I can write an A analysis after 

reading about an experiment and examining the related data” respectively.  Students felt 

more confident about these statements, with 88% of student responses during treatment 

being positive to statement number 14 and 84% of student responses being positive to 

statement number 15. 

 

 

 

 

 

Figure 5. Data analysis confidence Likert Survey responses, (N=27). 

 Similar to trends seen relating to argumentative essay responses, when the data is 

broken into individual units, student confidence appears to improve with one exception.  

During the first treatment unit the percentage of student responses in the strongly 

agree/agree range for questions 12 and 13 were 57% and 81% respectively, during the 

second unit 74% and 87% respectively, and during the third unit 88% and 79% 

respectively. The decrease in student confidence from 87% to 79% for question 13 

between treatment units 2 and 3 is the only dip in confidence level observed. Similar 
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trends are observed for questions 14 and 15. During the first treatment unit the percentage 

of student responses in the strongly agree/agree range for questions 10 and 11 were 86% 

and 71% respectively, during the second unit both were 87%, and during the third unit 

both were 92%. 

 Students also gave written responses to help indicate confidence levels regarding 

data analysis.  Unlike the responses regarding argumentative essay, a clear shift in the 

type of answers given was not observed.  Also, students did not once mention the role of 

any treatment methods in their development of data analysis skills.  The most typical 

positive response consisted of statements indicating that pattern recognition in data is 

easy.  However, many negative responses countered this with statements like “In the 

graphs you give us in class the graphs are kinda intricate and it is hard to understand 

trends so my analyses are not good”, “When I write I don’t think I convey my thoughts 

properly”, and “I don’t use the scientific terms for things when I’m writing because I try 

to get my ideas out but it sounds messed up.” 

 The third secondary question for this study posed “What is the correlation 

between students’ learning style and the most effective literacy strategy for them?”  

Overall, when the data is broken down into learning style categories for both 

argumentative essay and data analysis scores, no distinct differences are seen.  The 

overall trends all lead to the same general conclusion, students moderately improved 

regardless of learning style. 
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Figure 6. Argumentative essay scores broken down by learning style, (N=27). 

 While each learning style group varies slightly in their non-treatment and 

treatment score dispersal, the same overall trend is seen for all.  The range does not 

change dramatically between non-treatment and treatment scores, however there is a very 

noticeable upward shift in scores for all groups.  Additionally, the mean score for 

auditory learners increased 1.4 points from 6.0/10 to 7.4/10, the mean score for 

kinesthetic learners increased 1.6 points from 5.1/10 to 6.7/10, and the mean score for 

visual learners increased 2.1 points from 5.5/10 to 7.55/10. A Kruskal-Wallis Test 

indicated that there was not a statistical difference between non-treatment unit scores for 

auditory, visual, and kinesthetic learners (H = 2.72, p>.05).  This test also indicated that 

there was not a statistical difference between treatment unit scores either (H= 1.30, 

p>.05). 

 

 

 

 



 

 
27 

0

1

2

3

4

5
A

n
a

ly
si

s 
S

co
re

 o
u

t 
o

f 
4

 P
ts

.
Analysis Scores by Learning Style

Forth Quartile

Third Quartile

Second Quartile

First Quartile

Minimum

 

 

 

 

 

 

 

 

Figure 7. Data analysis scores broken down by learning style, (N=27). 

 While the data varies more distinctly between learning style groups for data 

analysis scores, the same overall trend is also seen, i.e., there is a moderate upward shift 

of scores from non-treatment to treatment units.  The auditory learner data seems to show 

the most improvement.  During non-treatment units ¾ of students scored 2.25 points or 

lower and in treatment units ¾ of the students scored a 3 or above.  The mean score 

increased .8 points from 2.2/5 to 3.0/5.  The kinesthetic learners also showed an upward 

trend. During non-treatment units about ¾ of students scored between 1 and 2 points and 

1/4th of students above 2.  However, this trend reversed for treatment units with ¾ of 

students scoring above a 2.  The mean score increased 1 point from 1.9/5 to 2.9/5.  Visual 

learners showed a much smaller degree of improvement.  Three-quarters of students 

scored a 2 or higher for both treatment and non-treatment.  The only difference observed 

is that the minimum increased from 0 to 1 between non-treatment and treatment units.  

However, the mean score did increase .5 points from 2.4/5 to 2.9/5. In the end, however, 
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a Kruskal-Wallis Test indicated that there was not a statistical difference between non-

treatment unit scores for auditory, visual, and kinesthetic learners (H = 1.36, p>.05).  This 

test also indicated that there was not a statistical difference between treatment unit scores 

either (H= .042, p>.05).  Overall, I was not surprised by these results.  During the course 

of my study both the Franklin Towne school psychologist and a school psychologist 

friend told me that several studies have been conducted discrediting the validity of 

learning styles.  Ultimately, I think that student motivation may play a larger role in 

success than learning style, masking any slight differences that may arise due to the 

learning method use to present material. 

 In addition to observing the affect of treatment on academic performance, student 

attitude toward the three treatment types was observed. Two statements on the student 

survey addressed attitude toward annotating text.  The survey asked students to rank their 

level of agreement with the statements  “I enjoy annotating text” and “I find annotating 

text before talking about it in class helps me better understand the text”. 

 

 

 

 

 

 

 

Figure 8. Attitude toward annotating text broken down by learning style, (N=27). 
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 The data clearly show that Auditory learners had much stronger dislike of 

annotating text than visual or kinesthetic learners.  While only 28% of auditory students’ 

responses toward annotation survey questions were positive, 58% of kinesthetic students’ 

responses and 61% of visual students’ responses were positive.  Students’ written 

responses on surveys reflect these results.  The responses visual learners wrote often 

paired negative feelings toward annotations with a positive phrase indicating they still 

found them helpful.  For example, one student wrote, “I strongly dislike annotating 

because I feel like I don’t know what to do or I do too much or too little.  In the end it 

does help me understand though”, while several another students made the comments 

similar to “annotating is annoying, but it helped me understand the text better.”  A trend 

seen in student responses by kinesthetic learners was that they found annotating helpful 

specifically for participating in Socratic seminars.  One student stated that annotating 

“made it easier to connect the main ideas and supporting details” and another said that 

“although I don’t like annotating, I feel as through it makes me feel more prepared for the 

[Socratic seminar].”  Auditory learners, on the other hand, left overwhelmingly negative 

comments.  Only one student left positive comments on any surveys given.  Most 

students said they only did it because they had to, saying things like “when we annotate I 

feel like I’m just trying to underline or make something sound important instead of 

actually reading” or “annotating is a waste of time.”   

 Four students were also interviewed regarding annotations, two visual learners, 

one auditory learner, and a kinesthetic learner.  The first visual learner annotated was 

very negative toward annotations during all three interviews conducted throughout 
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treatment.  When asked what her thoughts were when I first mentioned annotating in 

science class her response was simply “kill myself.”  When asked to extend upon her 

answer she stated that she wasn’t a big fan of annotations in English class and after 

completing them in science she still felt the same way.  Her responses during the next 

two interviews reflected this attitude.  The second visual learner was more positive.  He 

did not necessarily like doing annotations, but stated, “I don’t really like annotating, but, 

it is kinda helpful.  I can find things easier during [Socratic seminar] discussions.”  The 

auditory learner stated that completing annotations were “boring, boring in Mrs. 

Downey’s class for sure.”  Mrs. Downey is the English teacher.  She also stated that it 

was hard to differentiate what was and was not important when annotating text.  I got the 

impression that while she disliked the process of annotation, she liked how we did it in 

science a little better than what she was used to.  The final student interviewed was a 

kinesthetic learner and her responses mirrored the sentiments of the auditory learner.  

When she first was interviewed she stated that based on previous experience she was “not 

thrilled” but that they “helped a little.”  She also stated that the “pointers I gave were 

more straightforward” and “easier to follow than English.” 

 Similar survey responses were collected regarding attitude toward Socratic 

seminars and creating CER charts in groups.  Students ranked their level of agreement 

with the statements “I enjoy participating in Socratic seminars during science class”, “I 

find that Socratic seminars in science class help me better understand the material”, “I 

enjoy working in groups to complete claim, evidence, reason charts”, and “I find that 
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working in groups to complete claim, evidence, reason charts helps me better understand 

the material.”  Almost the exact same trends in responses are seen for both. 

 

 

 

 

 

 

 

Figure 9. Attitude toward Socratic seminars broken down by learning style, (N=27). 

 Student attitude toward Socratic seminar was overwhelmingly positive.  Eighty-

six percent of auditory students agreed with positive statements regarding Socratic 

seminars, as well as 88% of kinesthetic students and 89% of visual students.  Almost 

identical results are seen for creating claim, evidence, and reason charts in groups.  

Eighty-eight percent of auditory students agreed with positive statements regarding 

claim, evidence, and reason charts, as well as 90% of kinesthetic learners, and 87% of 

visual learners. 
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Figure 10. Attitude toward CER Charts broken down by learning style, (N=27). 

 Written responses students wrote on surveys were overwhelmingly positive 

regardless of learning style.  The most common sentiment conveyed regarding Socratic 

seminars was that hearing the ideas of peers helps to clarify understanding and that they 

were fun to participate in.  The only negative comments made alluded to students not 

finding Socratic seminars helpful if they had a very poor understanding of the topic to 

begin with.  In response, I ensured that students had been taught some background though 

direct instruction before jumping into a Socratic seminar with the class. The most 

common sentiment conveyed regarding CER charts was that students appreciated 

bouncing ideas off other students to clarify understanding and sometimes found this more 

helpful than only hearing the teacher explanation. 

 All students interviewed indicated they felt CER charts in groups were the most 

helpful part of treatment.  The first visual student’s attitude improved throughout 

treatment.  Initially she stated that she did not want to participate, but by the end “found it 

more helpful this time.  It was easier to write about it because it helped me think about it 
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more.  Talking to the group was the most helpful part.”  The second visual student 

interviewed stated that he “liked talking things through with my friends.  I get it better 

when I can hear their ideas.”  The auditory student stated that she thought the activity was 

“cool”.  She “liked seeing everyone else’s opinion [because] you could see the difference 

between what you were thinking and what they were thinking.”  Moreover, the 

kinesthetic student shared similar sentiments.  She liked participating in the process of 

constructive criticism.  She also indicated that “moving around was nice, I paid better 

attention.”  The four students interviewed also gave positive feedback about Socratic 

seminars.  All four indicated that they were excited to do Socratic seminars because they 

had positive experiences doing them in other classes.  All four of them also said that the 

first Socratic seminar for the motion and force unit was difficult to engage in.  A 

statement made by the kinesthetic learner nicely summarizes the sentiment portrayed by 

all interviewee’s for this seminar; “I was really confused for a lot of the Seminar.  It was 

hard to talk about math.”  The auditory learner also stated that she “wished we had 

known more about graphing before we had to talk about it.”  Overall, by the 3rd treatment 

students felt more comfortable during Socratic Seminar.  One of the visual learners stated 

he “liked that we talked some about [the topic] before the seminar”, and “look[ed] 

forward to seminars days a lot.” 

 The primary question this study seeks to address is “What effect will increased 

focus on science literacy have on the ability of students to gather evidence to support 

scientific claims?”  Overall, the data demonstrates that scientific literacy treatment did 

have a positive impact on student ability to gather evidence to support scientific claims in 
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terms of academic performance.  This is made evident by the degree of student 

improvement when writing argumentative essays and when analyzing data once treatment 

began.   

 Another area studied was the impact of treatment on student ability to overcome 

common misconceptions.  Pre-test and post-test CER explanations regarding a common 

misconception during each unit were scored and normative gains for each unit analyzed. 

There was no difference between the normalized gains achieved during treatment and 

non-treatment units. Students struggled to choose the correct claim in both the pre-test 

and post-test responses. Consequently, the evidence and reasoning given were also 

flawed.  Students struggled far less to choose the correct claim when writing 

argumentative essays and data analyses, leading to more coherent responses.  Because the 

claims made in the essays and data analyses where not based on common 

misconceptions, the level of difficulty in choosing a claim was much less than when 

completing pre and post-test CER explanations. This leads me to believe that treatment 

was most effective in helping students enhance their abilities to develop and explain 

evidence for correct claims as opposed to helping them select the correct claim in the first 

place. 
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Figure 11. Average normalized gain for CER pre-test and ost-test scores, (N=27). 

 The data also demonstrates that student confidence in their ability to use evidence 

to support scientific claims improved throughout the course of treatment and that student 

attitude toward treatment was mostly positive.  Students conveyed overwhelming positive 

attitudes toward Socratic seminar and CER charts.  However, student reception regarding 

annotating text was much less positive.  One reason this may be true is the attitude 

students already had regarding annotating text prior to introduction in my class.  While 

teaching annotation in my classroom, students made several comments indicating that 

they did not enjoying annotating text in their English class.  Because of this, I am 

interested in further researching ways to directly interact with text through note-taking 

methods that are both effective and student-friendly.  Additionally, I would like to see if 

simply altering the name of this interactive note-taking process from “annotation” to 

something different would make students more receptive.  This could lessen the degree to 

which students project negative experiences with annotations in English class to science 

class. 
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INTERPRETATION AND CONCLUSION 

 The data indicate that weekly lesson plans focusing on science literacy increase 

students’ ability to gather evidence to support scientific claims.  There was a distinct 

improvement in student ability to both write argument driven essays and analyze data 

from science lab activities during treatment units.  This was obvious from both student 

scores and student confidence in their ability to complete these assignments.  Mean essay 

scores increased by 18% and mean data analysis scores increased 20% during treatment.  

Additionally, by the third round of treatment over 80% of students indicated they were 

confident in their abilities on all survey questions relating to writing argumentative essays 

and data analyses.  However, scientific literacy PONG cycles were less effective in 

helping students use evidence to support claims for problems based on common 

misconceptions.  If anything, it seemed that treatment simply helped students to better 

rationalize an incorrect claim.  Therefore, I will continue to use direct instruction to 

address more easily misunderstood topics.  Additionally, there was no correlation seen 

between students’ learning style and the most effective literacy strategy for them as was 

hypothesized.  Instead student performance on assignments and attitude toward treatment 

were consistent across all learning types.  In the end however, I still found value in all 

literacy strategies implemented during the study even though they didn’t contribute to 

aiding students with specific learning in the ways I expected.  Therefore, I still would like 

to continue to develop and implement all three. 

 Students repeatedly asserted the most effective aspects of treatment were Socratic 

seminars and developing CER explanations in groups.  Students appreciated the 
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interactive nature of these activities and the freedom to construct understanding with one 

another.  In the future when designing Socratic seminar activities, I will ensure there has 

been an appropriate amount of direct instruction before the seminar.  When the topic 

being discussed was brand new, all but my top students indicated they experienced 

difficulty both following and participating in the class discussion.  Moreover, students 

indicated that annotating text was overall unhelpful and even annoying.  Due to the 

evidence found when researching the effectiveness of annotation use in other classrooms 

I am not willing to completely dismiss using annotations in my courses.  Student surveys 

indicated that students entered my classroom with preconceived opinions regarding 

annotations due to their use in English class.  I am interested in reframing the use of 

annotations so they differ from English class to see if students will be more receptive.  

The easiest solution may simply be to change the name ‘annotation’ to something new.  

 This study strongly influenced my teaching practice.  I continue to implement 

scientific literacy PONG cycles in my Track 1 classes and have started to implement 

treatment in my Track 4 classes as well.  Due to time restraints, however, I do not 

implement treatment quite as often as I did during my study.  When doing my study I was 

not able to get to the last unit of the course, even though I only implemented treatment 

during 3 units.  This was in part due to snow days and in part due to the 2 extra 80-minute 

class periods treatment added to each unit.  Consequently, I have been very selective 

about what units to implement each treatment.  Overall, units that seem to work most 

fluidly in my course are “The Nature of Science”, “Forces”, and “Energy”.  I have found 

it difficult to implement treatment into my “Matter”, “Into to Chemistry” and “Motion” 
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units, both in regards to my ability to develop a treatment cycle and student ability to 

engage.  I believe this is due to the abstract, math based nature of both chemistry and 

motion.  It should be noted, also, that during the study students scored the lowest and 

indicated lesser confidence and attitude towards treatment on surveys during the motion 

unit, the only math based treatment attempted.  Therefore, due to time restraints and the 

need to balance other goals in the classroom, I have chosen to implement treatment only 

in more “concrete” units with more obvious life application.  I think this approach is most 

appropriate for the developmental level of most 14 and 15-year-old students who are still 

developing the ability to think in an abstract manner.  This leads to treatment being 

implemented about once every month.  

  Additionally, I have been pleasantly surprised with my track 4 students 

willingness to engage in treatment.  I have modified treatment in the two cycles tried so 

far to accommodate the needs of these students.  Because many struggle to read and have 

Individualized Education Plan (IEPs) that indicate low reading abilities we work together 

as a class to read aloud and annotate text together.  Moreover, a greater number of 

Socratic seminar questions are asked to guide conversations since the students struggle 

more to generate relevant conversation themselves. 

 As I work to further develop these literacy-teaching strategies I have begun to 

share my experiences with other teachers in the science department.  I would like to work 

with them to develop a method for annotating text specific to our department that can be 

implement across different courses and grades.  Additionally, professional development 

has been dedicated for work on Socratic seminars.  I plan to use this time to share what I 
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have learned through this action research cycle, work with my grade partners together to 

improve upon the lessons I have already generated, as well as develop new lessons 

together.  I am also interested in encouraging the development of group CER activities to 

pair with the Socratic seminars generated during this time.  After this study, I’m 

convinced that the extra time spent developing and receiving critical feedback on 

evidence and reasoning with peers is essential to effectively developing the skills needed 

to gather evidence to support scientific claims. 

VALUE. 

 In the end, I will keep most of the literacy treatment cycle I implemented the 

same.  I will continue to better develop better Socratic seminar questions as I gain more 

experience.  I will also continue to follow the implementation of Socratic seminars with 

group CER activities to help ensure students better retain and mentally organize the 

evidence for claims generated during discussion.  Additionally, while annotations were 

unpopular with students, I aim to develop a scientifically specific method for annotating 

that is more student-friendly and not stop their use altogether.  I also intend to develop 

methods of annotation specific to the track and grade level taught.  Both of these goals 

will involve scaffolding the annotation process more to help the process seem less 

overwhelming and tedious. 

 I would also like to further research the implementation of this literacy cycle in 

different units for different tracks.  Due to the limited time I have with students in a 

semester schedule, I am constantly working to ensure my time is spent effectively with 

students.  This study indicated that the literacy cycle implemented works better in some 
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units than others.  The results seen for each unit may differ depending on the track class.  

Consequently, I would like to determine which units to prioritize implanting the literacy 

cycle in to ensure that student class time is most well spent. 

 When seeking direction on the development of this research project my plan grew 

primarily from three principles of effective literacy and science education.  These 

principles include the notion that reading, writing, listening, speaking, and viewing are all 

necessary components of teaching scientific literacy, the idea that literacy is best taught 

by structuring lessons as a repeated process where students construct and critique 

arguments to reach a specific goal, and the claim that science learning as a process best 

suited for development in multiple social contexts as oppose to individually.  The results 

of this research project so far support all three of these principles, however, more can be 

done to test the validity of these claims in regards to my treatment.  In order to more fully 

investigate the claim that the notion that reading, writing, listening, speaking, and 

viewing are all necessary components of teaching scientific literacy, it would be 

beneficial to gather data on student performance when each of my three treatments is 

implemented separately since they each incorporate different literacy skills.  Annotations 

incorporate reading and writing, Socratic seminars incorporate listening and speaking, 

and CER group activities include viewing, speaking, and writing.  The study also 

supports the effectiveness of the PONG cycle where students construct and critique 

arguments to develop understanding.  A major theme found when analyzing data 

regarding student confidence and attitude is that students felt confident in their abilities 

and positive toward treatment because it allowed them to construct understanding with 
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peers through cycles of discussion that allow for question asking and critique.  I am 

interested in continuing research by comparing student performance when critique is and 

is not incorporated into treatment.  For similar reasons, this research project supports the 

idea that science learning as a process best suited for development in multiple social 

contexts as oppose to individually.  This is supported by data gathered on student attitude 

toward each of the three components of treatment.  Student attitude toward Socratic 

Seminar and CER group activities were much more positive than student attitude toward 

the individual process of annotating text. 

 Overall, my students and I gained a great deal of confidence regarding the 

development of skills needed during the implementation of literacy lessons.  I am 

confident in my ability to grow as a teacher into an effective instructor of scientific 

literacy.  Additionally, my students left my class this year more confident in their ability 

to grow as scientifically literate citizens, able to adequately gather evidence to support 

scientific claims. 
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APPENDIX A 

ANNOTATION EXAMPLE 
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APPENDIX B 

TIMELINE 
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Activity Treatment?  Topic Tentative Dates 

Unit 2 No Treatment Matter 10/2 – 10/19 

CER Pretest and Post Test (Give at beginning and end of unit) 

Lab Analysis (Give towards end of unit) 

Argumentative Essay (Include in Unit Test) 

Unit 3A No Treatment Intro to Chem  10/20 – 10/28 

CER Pretest and Post Test (Give at beginning and end of unit) 

Lab Analysis (Give towards end of unit) 

Argumentative Essay (Include in Unit Test) 

Unit 3B No Treatment Periodic Table 11/2 – 11/10 

CER Pretest and Post Test (Give at beginning and end of unit) 

Lab Analysis (Give towards end of unit) 

Argumentative Essay (Include in Unit Test) 

Administer Learning Style Survey 

Unit 4 Treatment Motion 11/12 – 11/25 

CER Pretest and Post Test (Give at beginning and end of unit) 

Lab Analysis (Give towards end of unit) 

Argumentative Essay (Include in Unit Test) 

Administer Student Survey 

Schedule and administer first round of Individual interviews 

Unit 5 Treatment Force 11/30 – 12/16 

CER Pretest and Post Test (Give at beginning and end of unit) 

Lab Analysis (Give towards end of unit) 

Argumentative Essay (Include in Unit Test) 

Administer Student Survey 
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Schedule and administer second round of Individual interviews 

Unit 6 Treatment Energy 12/17 – 1/12 

CER Pretest and Post Test (Give at beginning and end of unit) 

Lab Analysis (Give towards end of unit) 

Argumentative Essay (Include in Unit Test) 

Administer Student Survey 

Schedule and administer third round of Individual interviews 
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APPENDIX C 

CER RUBRIC 
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 0 1 2 3 

Claim Claim is 

scientifically 

incorrect or 

Incorrect 

multiple 

choice option 

chosen. 

Claim is 

scientifically 

correct and 

complete or 

correct multiple 

choice option 

chosen. 

  

Evidence Does not 

provide 

evidence. 

Only provides 

inappropriate 

evidence 

(evidence does 

not support the 

claim given) 

Provides 

appropriate but 

insufficient 

evidence to 

support claim or 

also includes 

some 

inappropriate 

evidence. 

Provides 

appropriate and 

sufficient 

evidence to 

support claim. 

Reason Does not 

provide 

reasoning. 

Reasoning does 

not adequately 

link evidence to 

the claim and/or 

reasoning is based 

on incorrect ideas. 

Some attempt is 

made to relate 

evidence to 

underlying 

principles but 

there are missing 

pieces and/or 

there are “extra” 

ideas that are 

incorrect. 

All of the 

scientific 

principles 

necessary to link 

claim to evidence 

are included and 

there are no 

“extra” ideas that 

are incorrect. 
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APPENDIX D 

ARGUMENTATIVE ESSAY RUBRIC 
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 0 1 2 3 

Claim Claim is 

scientifically 

incorrect 

Claim is scientifically 

correct and complete. 

  

Paragraph 

1 

None of the 

criteria is met or 

the paragraph is 

missing. 

Two of the following 

criteria is not met: 

-Evidence provided 

supports claim. 

- All the evidence 

necessary to link the 

evidence to the claim 

are included. 

- The evidence is tied 

to the claim by 

scientific principles 

and no “extra” ideas 

that are incorrect. 

One of the following 

criteria is not met: 

-Evidence provided 

supports claim. 

- All the evidence 

necessary to link the 

evidence to the 

claim are included. 

- The evidence is 

tied to the claim by 

scientific principles 

and no “extra” ideas 

that are incorrect. 

-Evidence provided 

supports claim. 

- All the evidence 

necessary to link the 

evidence to the claim 

are included. 

- The evidence is tied 

to the claim by 

scientific principles 

and no “extra” ideas 

that are incorrect. 

Paragraph 

2 

None of the 

criteria is met or 

the paragraph is 

missing. 

Two of the following 

criteria is not met: 

-Evidence provided 

supports claim. 

- All the evidence 

necessary to link the 

evidence to the claim 

are included. 

- The evidence is tied 

to the claim by 

scientific principles 

and no “extra” ideas 

that are incorrect. 

One of the following 

criteria is not met: 

-Evidence provided 

supports claim. 

- All the evidence 

necessary to link the 

evidence to the 

claim are included. 

- The evidence is 

tied to the claim by 

scientific principles 

and no “extra” ideas 

that are incorrect. 

-Evidence provided 

supports claim. 

- All the evidence 

necessary to link the 

evidence to the claim 

are included. 

- The evidence is tied 

to the claim by 

scientific principles 

and no “extra” ideas 

that are incorrect. 

Paragraph 

3 

None of the 

criteria is met or 

the paragraph is 

missing. 

Two of the following 

criteria is not met: 

-Evidence provided 

supports claim. 

- All the evidence 

necessary to link the 

evidence to the claim 

are included. 

- The evidence is tied 

to the claim by 

scientific principles 

and no “extra” ideas 

that are incorrect. 

One of the following 

criteria is not met: 

-Evidence provided 

supports claim. 

- All the evidence 

necessary to link the 

evidence to the 

claim are included. 

- The evidence is 

tied to the claim by 

scientific principles 

and no “extra” ideas 

that are incorrect. 

-Evidence provided 

supports claim. 

- All the evidence 

necessary to link the 

evidence to the claim 

are included. 

- The evidence is tied 

to the claim by 

scientific principles 

and no “extra” ideas 

that are incorrect. 



 

 
54 

APPENDIX E 

LAB ANALYSIS RUBRIC 
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 1 

Beginning or 

incomplete 

2 

Developing 

3 

Accomplished 

4 

Exemplary 

Analysis Very incomplete 

or incorrect 

interpretation of 

trends and 

comparison of 

data indicating a 

lack of 

understanding of 

results 

Some of the 

results have been 

correctly 

interpreted and 

discussed; partial 

but incomplete 

understanding of 

results is still 

evident 

Almost all of the 

results have been 

correctly 

interpreted and 

discussed, only 

minor 

improvements are 

needed 

All important 

trends and data 

comparisons have 

been interpreted 

correctly and 

discussed, good 

understanding of 

results is conveyed 
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APPENDIX F 

SWASSING-BARBE MODALITY INDEX 
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Learning Style Survey 

Modified from the Swassing-Barbe Inventory 

Participation in this survey is voluntary and participation or non-participation will not 
affect your grade or class standing in any way. 

This index will help you learn about some of your major ways of thinking.  There are 
not any right answers.  You are to read the question and put an ‘M’ (most frequently 
used) behind the answer which you like the best.  If there is a second response 
which you use a lot, just not as much as the main response, put an ‘S’ (second more 
frequently used) 

Reading: 

            a. I enjoy it, I’m a strong reader and have always been successful. I’m a fast 
reader. 

           b. I approach words well, enjoy reading aloud and listening.  I’m not very fast. 

           c. I like action-packed stories, in fact, I often jerk and move when I’m reading. 

Spelling: 

           a. It is easy for me, unless I have never seen the word before. 

           b. I use the phonetic approach and spell in a sing-song rhythmic pattern. 

           c. I am weak and tend to count out the letting with foot tapping or head 
bobbing. 

Hand-writing: 

           a. having it look well is important: learning neatness was easy. 

           b. I tend to talk to myself as I write. 

           c. Mine isn’t as good as others; it is usually thicker because I press harder. 

Types of verbs used: 

           a. I use the following a lot:  see, picture, vision, clear, focus, foggy 

           b. It is easier for me to remember names than faces 

           c. I remember what was done, better than whose face or name was involved 

Favorite expressions: 

           a. “I see what you mean.”, “Do you get the picture?”, “Is that clear?” 
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           b. “I hear you.”, “Does that sound right?”, “Thank you for listening.” 

           c. “I can handle it.”, “Does that feel right?, “Got it.” 

Fantasizing: 

           a. I see vivid imagery; can picture future possibilities and details 

           b. I hear sounds and voices 

           c. I want to get up and actually act out the imagery; walk through the idea. 

Conversations: 

           a. I have to have the whole picture with details, and when explaining I 
sometimes wander off on tangents. 

           b. I am more talkative than others; love discussion and sometimes I 
monopolize (talk the most in) the conversation. 

           c. I am a toucher when I talk; I use gestures, movement and lots of action 
words. 

The method of learning: 

           a. I need an overall view and purpose with a picture showing details. 

           b. I like to talk about the alternatives by dialoguing both to myself and others. 

           c. I learn by touching, handling, manipulating, and actually doing. 

When bored: 

           a. I stare, daydream, notice small items around myself, shapes and colors are 
noticed. 

           b. I hum, sing or talk to myself; get people into conversations. 

           c. I have to move, find something to touch or hold, otherwise I just fidget. 

Voice: 

           a. I usually speak with my chin slightly raised and a high pitched voice 
compared to other people. 

           b. I shift my tone and tempo (raise and lower my voice or speak slower or 
faster) to “mark off” important points. 

           c. I usually speak with my chin slightly lowered and my voice deeper 
(baritone). 
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As I have been answering these questions: (Eye scanning patterns) 

           a. I tend to look up towards my forehead as I think for the best answer. 

           b. My eyes have been eye level (or down and looking opposite the side I am 
holding my pencil) 

           c. My eyes have been down and to the same side that I am holding my pencil. 

 

Tabulate” “a” choices above are Visual; “b” are Auditory; and “c” are Kinesthetic 
tendencies.  Total all the “M” and “S” for each modality to determine the ranking of 
your strengths. 

“A” choices: number of “M”           , number of “S”           . 

“B” choices: number of “M”           , number of “S”           . 

“C” choices: number of “M”           , number of “S”           .
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APPENDIX G 

STUDENT SURVEY
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Class Survey 

Participation in this survey is voluntary and participation or non-participation will not affect 

your grade or class standing in any way. 

 Strongly 

Agree 

 

Agree 

 

Disagree 

Strongly 

Disagree 

 

 

    

1. I enjoy annotating text. 

 

1 2 3 4 

2. I find annotating text before talking 

about it in class helps me better understand 

the text. 

 

1 2 3 4 

Can you give me an example? 

 

 

 

    

 

3. I enjoy participating in Socratic Seminars 

during science class. 

 

 

1 

 

2 

 

3 

 

4 

4. I find that Socratic Seminars in science 

class help me better understand the 

material. 

 

1 2 3 4 

Can you give me an example? 

 

 

 

    

 

5. I enjoy working in groups to complete 

Claim, Evidence, Reason charts. 

 

 

1 

 

2 

 

3 

 

4 

6. I find that working in groups to complete 

Claim, Evidence, Reason charts helps me 

better understand the material. 

 

1 2 3 4 

Can you give me an example? 
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7. Open Ended: If you could rank annotating text, participation in Socratic Seminars, 

and completing CER Charts in groups from most helpful to least helpful how would 

you rank them?  Why? 

 

 

 

 

 

 

 

 

 

 

 

8. I am able to easily think of evidence 

from science class or everyday life to 

support the claims I make when I write 

scientific essays. 

 

 

1 

 

2 

 

3 

 

4 

Can you give me an example? 

 

 

 

 

    

 

9. I am able to easily come up with 

scientific reasons why my evidence 

supports my claim when I write scientific 

essays. 

 

 

1 

 

2 

 

3 

 

4 

Can you give me an example? 

 

 

 

 

    

 

10. When I write essays, I feel like I can 

convey my thoughts in an organized 

manner that are easy to understand. 

 

 

1 

 

2 

 

3 

 

4 

11. I feel confident that I can write an A 

essay on any science topic we have learned 

this unit. 

 

1 2 3 4 
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12. When I read about an experiment and 

view data (graphs and tables) about 

scientific findings regarding the 

experiment, I am able to easily recognize 

patterns in the data. 

 

1 2 3 4 

Can you give me an example? 

 

 

 

 

    

     

13. When I write an analysis for the type of 

data mentioned above, I am easily able to 

describe the relationship between the 

independent and dependent variables. 

 

1 2 3 4 

14. When I write an analysis for the type of 

data mentioned above, I am easily able to 

explain the relationships I see with real 

numbers from the data given. 

 

1 2 3 4 

Can you give me an example? 

 

 

 

 

    

 

15. I feel confident that I can write an A 

analysis after reading about an experiment 

and examining the related data. 

 

 

1 

 

2 

 

3 

 

4 
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APPENDIX H 

INDIVIDUAL INTERVIEW QUESTIONS 
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Intro: This past unit we’ve been doing a number activities to improve our scientific literacy.  The 
three main things are the Socratic Seminars, the Group activity where you worked in your group 
to create a CER chart on the whiteboard, and the annotation activity where we read the    
article.  
What can you tell me about your past experiences in a science class, what are some activities 
you’ve done in the past that you’ve liked?  What haven’t you liked? 

1. If you could rank Socratic Seminars, the Group activity where you worked in your group to 
create a CER chart on the whiteboard, and the annotation activity where we read the    
article in order of what you liked the most/though was the most helpful to liked the 
least/thought was the least helpful how would you rank them?  Why? Can you give me an 
example?  

2.  Lets talk about the Socratic Seminar lesson.   

 a. When I first said we were going to do a seminar, what were your feelings?  Why? Can 
 you give me an example? 

 b. Did your feelings change at all by the end of the seminar?   

 c. Do you have any suggestions for me as to how to make doing the seminars better?  

 d. Is there anything specific you think I should keep the same or change? 

 

3.  Lets talk about the CER group-work activity were we used whiteboards.   

 a. When I first introduced this activity what were your feelings?  Why? Can you give me 
 an example? 

 b. Did your feelings change at all by the end of the activity?   

 c. Do you have any suggestions for me as to how to make this activity better?  

 d. Is there anything specific you think I should keep the same or change? 

 

4.  Lets talk about the Annotation activity.   

 a. When I first introduced this activity what were your feelings? Why? Can you give me 
 an example? 

 b. Did your feelings change at all by the end of the activity?   

 c. Do you have any suggestions for me as to how to make this activity better?  

 d. Is there anything specific you think I should keep the same? 
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APPENDIX I 

INSTITUTIONAL REVIEW BOARD EXEMPTION 
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