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ABSTRACT 

 This Capstone Project's purpose was to examine the effects of an educational 
approach called Process-Oriented Guided Inquiry Learning (POGIL) on student abilities 
to create, identify, and understand different aspects of scientific argumentation. The 
research followed two middle school classes through the process of treatment, and 
inquiry labs where they engaged in argumentation in response to a guiding question. 
Students in grades six and seven investigated the differences among claim, evidence and 
reasoning in scientific argumentation.  The research indicted low gains in identifying 
examples of argumentation components and creating written argumentation for both 
classes.   
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CHAPTER ONE 

INTRODUCTION AND BACKGROUND 

Context of Study 

In my first few years as a science teacher, students were taught the scientific 

method as the standard for inquiry in science. This idea informed science fair rubrics for 

grading and judging, students were expected to know its components by heart, and they 

were taught how to use it as a means to answer questions. Over time, I observed that 

students often had excellent questions to explore that didn't fit neatly into the scientific 

method scaffold for investigation. Together we often bent ideas around that scaffold to 

conduct inquiry. Students quickly saw that not every investigation worked well with the 

scientific method. It became one of many possible ways to understand and approach an 

inquiry problem.  

These experiences led me to research activities and instructional opportunities 

which could lead to greater growth in scientific thinking and argumentation. A broader 

set of values for communication of ideas in science emerged along the lines of the Claim, 

Evidence and Reasoning (CER) framework. Unsurprisingly, this change came with its 

own set of challenges in implementing those new values successfully.  

 Middle school students could often identify a valid and solid claim based on 

pieces of evidence and patterns they observed in data and models. This was a welcome 

and more intuitive way to communicate science findings. However, most students 

struggled to present the reasoning behind the evidence. Their efforts were usually a 

restatement or mixture of the claim and the evidence, not the reasoning behind it. I 
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incorporated new strategies in the form of argument driven inquiry labs, but found the 

same problems cropping up. I began to wonder what I could do as a teacher to offer 

students a chance to gain proficiency in this area of reasoning. 

While doing background research, I discovered that many other middle school 

teachers had encountered similar issues. After leading several units of argument-driven 

inquiry, I was still seeing my students still struggle to separate evidence from reasoning 

as well as not be able to present a well-developed argument for their claims. I wondered 

how to model best practices using techniques that weren't too challenging. Students 

needed some type of scaffolding to help them grasp the difference between the evidence 

supporting a claim and the reasoning that explains the link between the claim and the 

evidence itself.  I decided to use a more structured treatment approach via a tool which 

had high engagement and interest with my students already.  

 Process-Oriented Guided Inquiry Learning (POGIL) uses teacher-facilitated, 

small group activities to introduce students to new ideas and vocabulary in science and 

mathematics through structured models and questions. Most POGILs use multiple models 

with increasing complexity to compare and contrast concepts. I often used POGIL in my 

classroom to explore new fundamental science ideas and concepts as well as model 

abstract ideas. I wondered if I could develop and use a specific POGIL alongside my 

argument driven inquiry units to introduce and break down components of claim, 

evidence and reasoning. 

This seemed very practical on many levels. I have used POGIL for several years 

with excellent results. It had a high familiarity level as it is a tool my students use early 
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and often in my classes, so bias towards a new instrument would be minimal. Most of my 

students when surveyed informally about things they have enjoyed each year mentioned 

POGIL as being a favorite learning activity. The cooperative and small group nature of 

POGIL allowed me as an instructor to check in with each student or group frequently at 

specific checkpoints. The three CER elements by nature seemed to lend themselves to 

POGIL traits such as relatable modeling, comparison and contrast, and identification of 

good practice among varied examples, like a misconception probe. Thus, the idea for this 

study came from a desire to see students improve scientific argumentation skills by 

engaging in guided inquiry and a modified argument driven inquiry. Both Process-

Oriented Guided Inquiry Learning (POGIL) and Argument Driven Inquiry (ADI) have 

their roots in inquiry but use different techniques to engage students. 

I was the sole science teacher for my students throughout middle school, I wanted 

to make sure that I was doing the very best I can for them in meeting their academic 

needs in preparation for high school and beyond. I hoped to incorporate POGIL as the 

missing piece in allowing students to put the whole puzzle together or improve CER 

skills. 

School and Student Demographics 

 Our school is a small, private school with a diverse student population. 

Cornerstone Christian School is in Lacey, Washington. In 2020-2021 our school served 

142 students in grades K-8. Our ethnicity was Caucasian at 65%, 13% African American, 

12% Latino, 9% Asian, 4% Native American, 2% identifying as multiracial, and 2% 
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Native Hawaiian. Some students identified as two categories, resulting in the percentages 

being more than 100%. An unusual, consistent aspect of our school was that roughly ten 

percent of our students were adopted (T. Davis, personal communication, October 2020).  

 Cornerstone is a private, non-profit, ecumenically diverse Christian school. It 

grew from a homeschool cooperative in the early 1990s and became an accredited school 

in 1997 with a single class of first grade students. In 2020-2021, twenty-five percent of 

our students received financial assistance to attend, and several families qualified for free 

or reduced school lunches.  Two of our families lived in Pierce County just to the north of 

our school and the rest resided in Thurston County. Our students were placed in single 

class grades with a cap of 18 students per class. Middle school students had science with 

me for three years, allowing continuity and community in adolescence when student need 

for connection is high (Davis, 2020).  

The middle school population represented five ethnic groups along with three 

students who identify as multiracial. The group was also neurologically diverse; two 

students identified as being on the autism spectrum and six received accommodations 

both formally and informally in support of diagnosed learning disabilities (ADD/ADHD, 

dyslexia, and dysgraphia).  Four of those six students had diagnosed anxiety or other 

mood disorders as well.  Seven students in middle school were adopted, five 

internationally. There were two sets of twins as well as half-siblings who are only a few 

months separate in age and in the same class. Over a third of our middle school students 

were new to our school this year, possibly a result of COVID school shutdowns and 

parent concerns over school closures. Although the school average on the Iowa Test of 
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Basic Skills is in the high 80s in terms of percentiles, the middle school classes were in 

the 75th percentile in comparison to the school as a whole entity (Riverside, 2010). 

Focus Statement 

My endeavors to improve critical scientific thinking over the past few years 

brought me to this focus for my action research project, How will using POGIL affect 

student proficiency in making their own claim, evidence and reasoning statements in 

response to a guiding question?  

This generated the following sub-questions: 

1. Will student abilities to discriminate between claim, evidence and reasoning 

statements encountered elsewhere improve as a result of POGIL? 

2. Will student abilities to differentiate between evidence supporting a claim and 

evidence that refutes or has no correlation with a claim improve as a result of 

POGIL?  
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CHAPTER TWO  

CONCEPTUAL FRAMEWORK 

POGIL 

Process Oriented Guided Inquiry Learning (POGIL) is a structured cooperative 

learning approach to introducing concepts and vocabulary within a small group using 

defined roles. One of the early implementations of POGIL was in large group 

undergraduate chemistry classes at Franklin and Marshall College with high drop rates 

and low pass rates for students. Class format was traditional lecture with recitation hours 

led by graduate teaching assistants. Chemistry professors Richard Moog and James 

Sherman implemented this cooperative learning technique to determine if it could boost 

student success and pass rates. They created two class formats: one using POGIL in small 

groups with graduate teaching assistants acting as facilitators and the other a traditional 

lecture with recitation hour, then ran the two formats simultaneously for four years. What 

they discovered was overall class pass and non-attrition rates were significantly higher in 

the POGIL section than in the traditional lecture/recitation model (Moog, 2006). 

Moog was influenced to move from a traditional lecture-centered class to a 

learner-centered approach after observing students struggle to master concepts that he felt 

they were capable of conquering. His changes were based on learning research, but he 

also wanted to emphasize process skills which would enable his students to be successful 

in future situations regardless of pedagogy. In researching how people learn, inquiry 

came out as a clear best practice.  Moog found that inquiry worked best in small groups 

where students can learn to share their ideas as well as listen to the perspectives of others.  
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Moog wanted to work within a constrained set of concepts while providing a framework 

for his students. This led to guided inquiry based on the Karplus learning cycle: 

exploration, concept development and application. POGIL activities are designed to be 

used in a content-specific setting and guiding questions are chosen carefully to set 

students on a course towards mastery. As POGIL has expanded to other levels and 

branches of science and mathematics, guided inquiry has held up as a format across 

disciplines. POGIL activities are used from middle school science classrooms to post-

secondary institutions (Moog, 2019). 

Cooperative learning methods have roots in the idea that obtaining and use of 

knowledge in practice has strong correlation to social interactions (Christensen et al., 

1991). Additionally, students who ask questions, discuss, engage in dialogue, and interact 

with new concepts in a social setting tend to retain the ideas (Bransford et al., 1999). 

Background research on teams of learners has some salient points on inclusivity. 

Cooperative learning in math and science tends to be more supportive for second 

language learners, female students, and other groups that are not widely represented in 

science career paths. Reducing isolation and making environments less competitive by 

promoting collaboration gives everyone in a team a voice to seek clarity with little risk 

(Bransford et al., 1999).  

Most POGIL activities have three main phases echoing a modified learning cycle. 

It starts with exploration using models to build a construct. Questions about models are 

structured to guide students to a correct perspective on a core idea while encouraging 

growth in science and engineering practices. The questions and models begin with 
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everyday examples that students encounter, a story about universal experiences or simple 

graphics organized for exploration. The second phase moves towards concept ideation 

and pattern recognition. The final section requires students to apply ideas and patterns to 

more diverse or complex problems. Students are often required to generate a further 

response either as a group or individual that reflects on areas where questions remain 

about a concept. This is often a valuable tool for the instructor as it gives formative 

feedback (Kussmaul, 2019). 

A POGIL is not a complete 5E learning cycle. It is meant to develop science 

process skills in tandem with exploration of a new concept and give students scaffolded 

practice in those skills while setting an accurate knowledge foundation. Breaking down 

an idea into component parts allows students to manipulate those parts in a small 

collaborative setting so that they may have a stronger connection to the learning. This 

gives students a solid start to extending and applying their concept base through being 

able to understand what a concept means and also identify what it is not (Moog, 2006).   

Claim, Evidence and Reasoning 

 Claim, Evidence and Reasoning (CER) has its origins in the manner that scientists 

work, present, argue and rebut their ideas in a community of peers. Many student 

populations over the years have been introduced to the scientific method of question, 

hypothesis, research, experiment, collect data, and draw conclusion as the gold standard 

for scientific argument. However, the nature of science is much more of a web or a 

progression than a lockstep method. CER seeks to replicate argumentation in order to 
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create opportunities for students to experience thinking as a scientist in community 

(McNeill & Martin, 2011).  

 Cognitive research indicates that students learn science best when given 

opportunities to work within social structures and a framework of argumentation. CER 

works best when it becomes part of common vocabulary used by teachers to discuss ideas 

with students. Students frequently make claims in response to queries about the 

underlying processes or causes of phenomenon encountered in science investigations.  

When instructors point out claims that students are making, they begin to see claims as 

answers to science questions, or inquiry (McNeill & Martin, 2011).  

 Students in middle school are beginning to interact with data in many different 

ways, from graphs and tables to visual organizers and illustrative figures. They may use 

models or photographs of life cycles in organisms. They are able to understand that data 

in many forms can act as support evidence for a claim, even if they don't always 

understand how to optimally organize or use what they are seeing (McNeill & Martin, 

2011).  

 The most difficult part of CER for middle school and older elementary students is 

the reasoning aspect. In order to have sound reasoning, you have to be able to apply 

known scientific processes, theories or laws to explain how your data supports your 

claim. Identifying which science ideas are at work requires much support and students are 

often not able to communicate their reasoning well without scaffolding. One of the most 

effective ways is to show examples of weak versus strong reasoning (McNeill & Martin, 

2011).  



10 
 
 Middle school students make claims regularly and often will present evidence to 

back up their claim, even if it's erroneous. Reasoning provides a feedback loop to 

themselves to investigate the why behind the claim and ensure that their evidence is solid.   

Offering a rebuttal phase for students is not often included in most CER activities but can 

provide feedback for weak versus strong reasoning, errors in claims, misleading or 

misunderstood evidence, and practice for peers to identify how to argue positively in 

pursuit of the best explanation behind phenomena (McNeill & Martin, 2011).   

Argument Driven Inquiry 

 Argument driven inquiry (ADI) broadens the CER model to take on more 

challenging concepts. Students work in small cooperative groups to make a claim in 

answer to a complex yet specific guiding question. An example of a question might be, 

"Why do earthquakes usually accompany a volcanic eruption while volcanic eruptions do 

not occur with every earthquake?" Students are given written text resources, data tables 

or maps, active scientific websites that monitor the phenomenon in question, models, 

links to animation and other materials that refer to the guiding question. Working 

together with instructor approval, students create a plan for the investigation using the 

materials. Teams to then come up with a claim, an analysis of the data and an explanation 

of the evidence they find to back up their claim. Their analysis goes through peer review 

wherein peers critique their work both empirically for quality and sense as well as 

theoretically for its soundness and usefulness as an explanation. Once arguments are set, 

students write a lab report style paper to answer the guiding question which also 
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undergoes peer review. Finally, students take their peer-reviewed paper and refine their 

arguments as needed (Sampson et al., 2009). 

 The research team behind ADI ran a controlled action research project with a 

class of 19 high school chemistry students.  To determine the efficacy of ADI on student 

written and oral scientific argumentation, students participated in 15 ADI activities over 

an 18-week period. The goal was to bolster written and oral scientific argumentation in a 

student population. Students remained on the same team for the entire time and went 

through the process weekly. Pre- and post-intervention activities measured students' 

argumentation skills against norms of accuracy, collaboration, active listening and 

response and rebuttal. In the beginning, single students dominated the discussion, 

whether they were correct or not, and the other students tended to confirm what the leader 

was saying. The claim and evidence given to explain phenomena were inadequate or 

incorrect and all other aspects relied on informal argumentation rather than scientific 

theories or laws. Post-treatment, there was a significant change in presenting a correct, 

more robust claim with corresponding hard evidence. However, students still relied on 

very general, informal argumentation rather than citing specific laws.  Additionally, all 

students engaged in near-equal amounts of discourse with true argumentation statements 

such as challenging claims, investigating claims together, responding to fallacies with 

redirection to correct ideas, and proposing alternate explanations for phenomenon that 

might warrant investigation to rule out other ideas. Like other instructional techniques, 

this research reveals that for most students the development of argumentation skills 
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following a scientific model looks to be a progression that takes place over time and 

improves with practice (Sampson et al., 2010).  

Reasoning about Data in Middle School Science 

 Niels Bohr (1934), the Nobel prize winning physicist and educator, stated "the 

task of science is to both to extend the range of our experiences and reduce it to order" (p. 

1). Early work in inquiry as an instructional practice gave rise to cooperative learning 

practices such as CER, POGIL, and ADI as forms of inquiry style learning based on 

student experiences. The National Research Council confirmed these findings in 1995 

that the central strategy for teaching science should be inquiry into authentic questions 

that arise from student experiences (National Research Council, 1995).  

  Researchers Vellom and Anderson (1999) explored this strategy in a study that 

created "a rich problem space" for a classroom of urban sixth graders with no prior 

experience using inquiry in the classroom (p. 184). Researchers created this space by 

providing open inquiry investigation into liquid density through experience. Students 

were allowed to create their own investigation to determine what combinations of 

different colored liquids were possible according to their respective densities.  The goals 

of the study were fourfold: reach consensus on what was not possible in a task, 

developing persuasive arguments that relied on relevant data while ignoring the 

irrelevant, getting students to appreciate and understand that science knowledge is a 

rigorous communal effort that differs from opinion, and finally to establish classroom 

norms for inquiry conducted as a community (Vellom & Anderson, 1999).  
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 Reaching consensus on a claim involves peer review and rebuttal. It requires 

students to have solid evidence, to make rigorous claims, and to be able to argue 

persuasively based on evidence. Therefore, the first two goals were deeply intertwined 

with one another. The third goal dealt with the nature of science and the fourth with 

identifying science and engineering processes as well as the nature of science (Vellom & 

Anderson, 1999).  

 Another goal of the study was to identify what types of arguments students would 

make and the veracity of the arguments.  Researchers also wanted to observe what 

students gained as they navigated the science content as well as the practices and 

processes used. Finally, social interactions within groups were closely observed as 

students were required to collaborate without assigned roles or guides (Vellom & 

Anderson, 1999).  

 Outcomes were varied.  Students were able to eventually reach consensus and 

distinguish between possible and not possible variations on the task. Students also 

reported a higher level of confidence after having figured it out for themselves. 

Concerning the second goal, students were successful in presenting reasoning based on 

personal experience and employed solid rhetoric to argue for their own findings but did 

not apply larger patterns to the classroom as a whole.  The third goal results were much 

more troubling.  Students were able to understand that science is collaborative and 

require claims to be supported by durable and replicable evidence, but their findings from 

their task were not seen as evidence of a larger law or theory that applied in other 

situations they encountered. Finally, students were not able to create a culture of social 
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norms on their own in which all voices were respected and heard. Coercion was more the 

order than consensus, which required more teacher intervention than was desired and 

likely led to a deleterious effect for some student voices. In retrospect, taking time before 

the task to create and explore norms as a class would probably have given low 

performing students more opportunity. As an early research study into the dynamics of 

inquiry and student experiences, this was not necessarily a setback without value. The 

inability for students to create a respectful yet argumentation-friendly environment on 

their own led to awareness of need to help students, whether through scaffolding in 

cooperative learning roles or in taking time to cultivate norms through whole group 

consensus prior to tasks (Vellom & Anderson, 1999).   

A Learning Progression for Scientific Argumentation and Reasoning 

 While one of the central goals for science education is to develop argumentation 

skills, students clearly need help and scaffolding to develop those skills. They benefit 

from modeling and clear examples of good reasoning in both content and structure. 

Teachers need to understand where students are in terms of their progress and how to 

provide support via the classroom environment and instructional context in which the 

learning takes place (Berland & McNeill, 2010).   

 Berland and McNeill (2010) define learning progressions as "pathways to support 

student learning" or "increasing levels of complexity in disciplinary knowledge and 

practices" (p. 767). Berland and McNeill identify a learning progression that begins at a 

basic level and moves with support to enabling students to develop complex 

argumentation skills. In their research they first identified that students often needed to 
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see examples of good reasoning contrasted with poor argumentation in order to improve 

their own work. In their comprehensive survey of elementary, middle school, and high 

school students, three aspects of support were identified as benefitting students of all 

ages: content, developmentally appropriate data sets, and learning scaffolds (Berland & 

McNeill, 2010). 

 Instructional content is the core of most science classrooms and sets expectations 

for what concepts students should be learning and retaining. It is also the most significant 

in this study in terms of helping students develop complex argumentation skills. The most 

effective support in instructional content comes from providing an abundance of 

resources and experiences from students to draw on rather than a single or few 

interactions with an idea. When students experience a phenomenon or idea in multiple 

ways, they can grasp its key concepts better and home in on evidence to respond to 

questions with legitimate claims. Instructional content needs to provide questions of 

increasing complexity where the possible claims may vary widely. Interestingly, 

questions that are simpler often produce more complex and varied argumentation 

(Berland & McNeill, 2010). Additionally, data sets provided to students should be 

appropriate to their skill and increase in complexity at pace with proficiency in 

argumentation. Finally, scaffolds will help students define their argument better.  

Scaffolding can look like many tools: visual organizers, flowcharts, organizers with 

questions about how students choose and analyze data, peer critique and many more that 

would be specific to instructional contexts. Students simply need a framework to build on 
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moving from more to less in terms of support as proficiency increases (Berland & 

McNeill, 2010.)  

 The second part of a learning progression which is measured is the argumentation 

product. An argumentation product can be written or spoken. A good argument contains 

reasonable support for a claim and has a counterclaim as rebuttal that has been found 

lacking in support. The third part of a learning progression is the argumentative process. 

It makes sense that this is closely interwound with the product previously mentioned as it 

is the method used to gain the claim. In the argumentation process, students should state, 

defend, evaluate and revise their own claims while questioning and evaluating the claims 

of others in a back-and-forth manner. Students naturally do not engage in challenging the 

ideas of others due to social tension, so providing scaffolds to allow argumentation as an 

expectation is important (Berland & McNeill, 2010).  
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CHAPTER THREE 

METHODOLOGY 

 POGIL is designed to introduce or extend concepts while ADI is typically used as 

part of a larger unit to give students an opportunity to apply knowledge in argumentation. 

Therefore, I wanted to examine the effects of using a POGIL activity designed 

specifically to investigate the components of claim, evidence and reasoning and use 

various instruments to assess students progress through treatment.  Students would 

undergo two rounds of ADI before and after intervention and their argumentation 

products would be evaluated.  

Treatment 

 A background knowledge probe, pre- and post-tests, surveys and open-response 

questions were used to collect data both before and after treatment during this action 

research project. 

 The intervention strategy was applied to two groups of sixth and seventh graders 

using a POGIL that explored the argumentation components of the Claim, Evidence and 

Reasoning (CER) framework. The research methodology for this project received an 

exemption by Montana State University's Institutional Review Board and compliance for 

work with human subjects was maintained (Appendix A). Ten of my eighth-grade 

students piloted the first iterations of the instruments and treatment along with the 

assessment. This study was designed to investigate if addition of a POGIL activity 

specifically designed to help students investigate the components of CER would make a 

difference in being able to identify valid claims, evidence, and reasoning as well as 
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improve proficiency in student abilities in writing their own claim, evidence and 

reasoning statements in response to a specific query such as an argument-driven 

investigation (Appendix B).  

 The treatment group consisted of 18 sixth grade integrated science students and 

18 seventh grade integrated science students. The seventh-grade class had some exposure 

to CER instruction and practice the previous year, but our state's pandemic response had 

shut down our school for in-person instruction and ended our school year with less-than-

ideal instruction opportunities during the last quarter. Additionally, there were seven new 

students in seventh grade who did not attend our school last year and who did not indicate 

a high familiarity with the nature of science argumentation.  Sixth grade had very little 

science instruction previous, mainly by me in half-hour enrichment classes that met once 

weekly for part of a semester. Thus, both groups could stand to benefit from targeting 

scientific argumentation skills. 

 Since this research involved science process skills that reach across content, 

content throughout the pre-treatment, treatment and post-treatment phase included a life 

science unit and an Earth science unit. The ADI life science investigation took place after 

a unit on human body systems and incorporated the NGSS disciplinary core idea relating 

to structure and function of cells in an organism (MS LSA.1).  More specifically, students 

would contrast animal cells with plant cells and seek to identify photographs of unknown 

cells that had large and obvious features which animal cells do not generally have, such 

as large vacuoles, cell walls and chloroplasts. The ADI earth science activity took place 

after a mineralogy unit; students used a set of known minerals which they tested to 
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identify a set of unknown minerals with those same qualities. Looking at patterns in 

mineral structures through physical properties builds background knowledge about how 

Earth's materials cycle (MS ESS 2).  

 Prior to completing ADI activities, students were given a background knowledge 

probe and a pre-test where they had to identify statements as claim, evidence or 

reasoning. They also took a survey about their perceived proficiency in argumentation. 

This phase took place during the week of December 7-11, 2020 and included the first 

attempt at ADI. These three instruments were typical for tasks I would use in class. 

 Before any exposure to CER inquiry or new instruction, both groups attempted an 

argument driven inquiry activity that required them to present a supported claim 

identifying plant cells and animal cells from unidentified slide photos. They created 

group posters for their claims. Each group received feedback and critique on their claims, 

evidence and reasoning in a poster session from other students before turning in a 

personal version of a claim with evidence to support it and reasoning to explain. This 

allowed for individuals to disagree or improve on their group's work.  My fellow science 

teacher Mare Sullivan then scored the individual responses using a CER scoring rubric. 

 Next, I began the treatment phase. The treatment protocol consisted of a POGIL 

activity designed specifically to examine the components of claim, evidence, and 

reasoning. Specifically, the activity contrasted the differences between each component 

and examined how those components related to each other in scientific argumentation. 

Like many POGILs, it begins by presenting a realistic scenario. This particular scenario 

includes arguing for and against a claim regarding a problem and uses tables with 
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models, data sets and data collection exercises to establish evidence. Students worked 

with evidence to evaluate claim validity between three choices, then collected further 

evidence and explored reasoning that could tie their evidence to one of those three 

possible claims. Group members used defined roles of reader, manager, and quality 

controller over two to three days using this format. The final piece of the guided inquiry 

activity is the creation of a claim, evidence and reasoning section that also includes 

rebuttal. During the treatment activity, I roamed between groups, checking in at 

predetermined points marked by a symbol (a stop sign) to indicate when students should 

stop or check in before continuing. This allowed me to give instant feedback and re-direct 

any misconceptions as well as address any comprehension gaps or other questions that 

came up. Students also reported out to a class idea chart on certain questions and were 

allowed to send envoys to double check their ideas against other groups (Figure 1). 

 

Figure 1. POGIL stop sign. 

 Finally, students engaged in a second round of argumentation using a second ADI 

lab activity. This time the guiding question concerned identifying unknown minerals by 

comparing properties of known minerals to the mystery set.  They gathered evidence, 

made a claim, and presented reasoning to connect their claim to evidence.  Posters, 

critiques and feedback were given once more by peers, then each student was responsible 

to take their group's claim, evidence and reasoning and put it in their own google slide 

that followed a set format (figure 6).  If they disagreed or wanted to add more 
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information in any category, they could change it for the better, but they had to minimally 

include their group's work. 

Instrument Description 

 To begin the action research process, I first administered the Background 

Knowledge Probe. This is a form of classroom assessment technique that allows an 

instructor to gauge the level of familiarity with a topic before study. While background 

knowledge probes can be more complex if desired, I simply wanted to know if my 

students remembered or had experience with the claim, evidence and reasoning 

framework and so only that question was asked. Students were given 5 minutes to 

respond. All students were present to respond on a paper copy, but I made a copy 

available for distance learning as our school had its first COVID cases the first week in 

December and some classes were sent home.  My original plan for the probe response 

was to rate each student's perceived proficiency along a scale of 1-3. A student showing 

little to no familiarity with claim, evidence and reasoning would have been given a score 

of 1, a student who remembered using it or had experience with it in a previous school 

had a score of 2, and a student who was able to explain most or all of it would have 

received a score of 3. I originally planned to use those scores to create small POGIL and 

ADI groups with a mixture of self-identified high, medium and low familiarity students 

(Appendix C).   

 What I didn't anticipate was the diversity in answers I would find in the probe.  

The answers were so widely discrepant that my plan was scrapped in favor of putting one 

student in each group who was comfortable with CER and using classroom observations 
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about who worked well together as a team. This ended up working well and allowed me 

to change the groups at a future date in case of issues in personality differences or work 

style. 

 To collect information about student attitudes regarding proficiency, I created a 

Student Attitudes Regarding Claim, Evidence and Reasoning Survey to determine how 

students felt in using different aspects of claim, evidence and reasoning. I translated this 

survey into a google form as well in anticipation that we would have some students doing 

distance learning due to COVID exposure; two students did have to use that method to 

respond. Students were given statements about identifying, creating and connecting CER 

components. They were then asked to choose a response of strongly agree, agree, 

disagree or strongly disagree for each of the six statements. A seventh item at the end of 

the survey invited students to share whatever else they felt I needed to know. The survey 

was given pre- and post-treatment and analyzed for change (Appendix D).  

 One of my guiding questions prompting this action research project was whether 

or not students could identify claim, evidence and reasoning statements. I designed the 

Identifying Claim, Evidence and Reasoning Statements pre-test to evaluate that 

proficiency. The twelve items on the test ranged in subject matter from sports, plant 

versus animal taxonomy, and extended comically to the possibility that a student could be 

a zombie. Several ideas were connectable to one another in the hope that students would 

be able to use patterns and reasoning to sort these ideas into supportable claims, 

observable evidence and connected reasoning. The ideas were randomized and placed 

into a grid. Students could indicate one of three choices by writing C, E, or R beside each 
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statement to correspond to claim, evidence and reasoning. This was also available as a 

google form for students who were under COVID quarantine, but all who took it were 

able to use the paper forms (Appendix E). 

  Their answers were evaluated for accuracy and data was collected. After the 

treatment period, students were given the same test again and the pre/post-test scores 

were compared were using normalized gains. The normalized gain was calculated to 

determine differences in student knowledge. Normalized gains of less than 0.3 percent 

were considered low, gains 0.3 to 0.7 were considered a medium gain and normalized 

gains greater than 0.7 were considered high (Hake, 1998.)  

Another goal for treatment was the desire to improve CER statements made by 

students on a continuum of accuracy, completeness and logic. This meant a rubric of 

some sort would need to be present for students to have a tangible goal. A rubric was 

used to evaluate claim, evidence and reasoning statements made by students both before 

and after treatment. While there are many rubrics available for CER writing, I chose one 

that seemed straightforward to students and simple to score but gave more weight to the 

reasoning portion (Meacham, 2017). The rubric gave clear explanations of each type of 

statement and expectations for scores. A zero rating reflected an inaccurate or missing 

claim, inappropriate or missing evidence, and non-supportive or missing evidence. 

Statements receiving a 1 rating on claims were accurate but vague or incomplete, while 

evidence in this rating group had to be mostly appropriate but might include some errors.  

Reasoning in the mid-range repeated the evidence with some connection to scientific 

principles and received a weight of 2 points. The highest rating for claim required an 
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accurate and complete claim to receive a weight of 2 points, while the top evidence rating 

had an identical score and necessitated evidence presentation that was both appropriate 

and sufficient. The highest number of points a student could receive for reasoning was 4. 

Reasoning at that level required accurate and complete logic that connected the claim to 

the evidence using appropriate and sufficient scientific principles (Figure 5). Since 

reasoning demands more critical thinking than making a claim or gathering data for 

evidence, it was hoped that a heftier point value would help students remember to give 

more effort to that piece of the framework.  Changes in argument proficiency were 

analyzed using normalized gains as well. 

 Due to Covid restrictions, face-to-face interviews were difficult to conduct so I 

asked the following question on the student attitude survey: "What else would you like 

for me to know?"  While many students chose to use that space to give me feedback on 

how their ADI groups had worked or not worked well, several students responded 

specifically to learning how to approach CER.  Additionally, the ADI lab had checkout 

questions that I used to evaluate students individually. Accurate answers reflected 

appropriate reasoning. 

 In working with writing CER, one aim of the study was to evaluate if students 

would demonstrate an increase in their ability to differentiate between information that 

could be considered evidence and information that could not support their claim.   

I used student written CER responses both before and after treatment to evaluate this 

question.  Only responses with evidence that did not support their claim were counted.  
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Additionally, the student attitude survey and open-ended questions gave opportunity for 

students to reflect on their perceived ability to identify supporting evidence for claims. 
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Instrument List and Data Triangulation Matrix 

Focus question 
and sub-
questions 

Instrument and 
Methodology 

Instrument 
and 
Methodology 

Instrument 
and 
Methodology 

Instrument 
and 
Methodology 

How will using 
POGIL affect 
student 
proficiency in 
making their 
own claim, 
evidence and 
reasoning 
statements? 

Likert Survey 
questions 
regarding 
Student Attitudes 
Pre-and Post -
Treatment 
 
 
 
 

Background 
knowledge 
probe 

 

ADI CER 
evaluated 
through 
common 
rubric  

 
 
 
 

Student open 
response 
question 

Sub-question: 
Will student 
abilities to 
discriminate 
between claim, 
evidence and 
reasoning 
statements 
improve as a 
result of 
POGIL? 
 

Pre-test and post-
test of CER 
statements  
 

ADI CER 
evaluated 
through 
common rubric  

 
 

Likert Survey 
questions 
regarding 
Student 
Attitudes Pre-
and Post -
Treatment 

 

Student open 
response 
question 

Sub-question: 
Will student 
ability to 
identify 
evidence 
supporting a 
claim versus 
evidence that 
refutes or has 
no correlation 
with a claim 
improve as a 
result of 
POGIL? 

Pre-test and post-
test of CER 
statements  
 

ADI CER 
evaluated 
through 
common rubric  

 
 

Likert Survey 
questions 
regarding 
Student 
Attitudes Pre-
and Post -
Treatment 

 

Student open 
response 
question 
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CHAPTER FOUR 

DATA ANALYSIS 

Results 

 The results of the Student Attitudes Regarding CER survey indicated that 82% of 

sixth grade and 76% of seventh grade students who chose to respond agreed with the first 

question (N=33). Both classes indicated a similarly high confidence in being able to 

identify a claim statement for the second question.  88% of sixth grade and 95% of 

seventh grade students indicated agreement to strong agreement in being able to identify 

evidence to support a claim per the third item on the survey.  However, when asked about 

differentiating between evidence and reasoning in the fourth question, 25% of the 

combined classes disagreed or strongly disagreed. A similar drop in confidence showed 

up in response to question five. Agreement was high concerning the statement about 

student ability to use reason to explain why evidence supported a claim on item six. 

However, some students in both grades strongly disagreed that they were able to achieve 

this goal.  

 Post-treatment, students were given a chance to respond to the same survey 

regarding their personal growth and perceived aptitude towards CER argumentation. 

Overall students felt more confident across most areas except for being able to assess 

whether evidence supports a claim (Figures 2 & 3).  That measure decreased overall, but 

none of the students disagreed strongly after treatment.  
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Figure 2. Student attitudes pre- and post-treatment regarding CER argumentation ability, 
grade 6, (N=16). 

 

Figure 3. Student attitudes pre- and post-treatment regarding CER argumentation ability, 
grade 7, (N=17).  
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 Results of the pretest for Identifying Claim, Evidence and Reasoning Statements 

were 69% for seventh and 66% for sixth grade (N=36).  None of the seventh-grade class 

scored null on the pretest; one of the sixth-grade students could not identify any statement 

correctly. Posttest results were 77% and 75% respectively. Pre- and post-test scores over 

the ability to identify claim, evidence and reasoning statements were compared using 

normalized gains. Seventh showed a normalized gain of .28. Sixth grade showed a 

normalized gain of .27 (Figure 4) both of which are low gains according to Hake (1998).  

 

 

Figure 4. Gains from identifying claim, evidence and reasoning pre-and posttest for 
grades six and seven (n=18, 6th grade; n=18, 7th grade).  

 Students engaged in inquiry in response to a guiding question and submitted the 

results of their investigation by making a claim, presenting their evidence and attempting 

to demonstrate reasoning to connect their evidence to their claim. This was done pre- and 

post-treatment (N=35).  Student work was then scored using the CER Scoring Rubric 
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(Appendix F). When work was evaluated using normalized gains, seventh and sixth 

showed low gains in presenting argumentation (Figures 6 and 7).   

 

Figure 5. Gains in writing CER pre- and post-treatment for grades six and seven (n=18, 
6th grade; n=17, 7th grade).  

 In working with writing CER, one aim of the study was to evaluate if students 

would demonstrate an increase in their ability to differentiate between information that 

could be considered evidence and information that could not support their claim.   

Written CER arguments were evaluated for claim appropriateness. Pretreatment, 43% of 

sixth graders and 41% of seventh graders did not use appropriate evidence to support 

their claim. Posttreatment, only 13% of sixth graders continued to include inappropriate 

evidence and none of the seventh graders included evidence that did not correlate to the 

claim they made. Convention in language and data organization had improved as well 

with more complex data and tables as well as attempts at using tests and techniques that 

would give them quantitative data.  Students also reported they felt more confident in 
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being able to identify evidence supporting their claim; 77% of sixth graders and 82% of 

seventh graders agreed or strongly agreed that they could identify evidence that 

supporting their claim.    

 Covid restrictions meant that we needed to take precautions to protect both 

students and teachers from possible infection. Our area saw an increase in cases just as 

we finished our initial argumentation, so I chose to use the final question on the student 

survey in lieu of student interviews as well as a question on the post-treatment ADI lab 

checkout. One sixth grader wanted me to know that he felt like he could do CER now, 

and his posttest score was improved to corroborate that attitude.  Meanwhile, a student 

who typically carries an A average and is a diligent student wrote, "I think I need to work 

more on this topic (CER)". She specifically stated that she often flips reasoning and 

evidence and has trouble telling where one stops and the other starts.  One of my students 

who often receives one-to-one academic support stated that in order to do CER you first 

need to have a guiding question and remember it during your investigation. Finally, one 

sixth grade student shared that she still felt like she had a hard time differentiating 

between evidence and reasoning, but her post-test scores were improved while one of her 

more self-described confident classmates did not see significant increase.  

  ADI labs typically include post-activity questions which require students to use 

reasoning and evidence to explain their choices.  The checkout question from the initial 

lab had two final questions relating to the importance of identifying patterns in science 

along with how the structure of an organisms affects its function. Both questions asked 

students to relate their investigations to these concepts (Enderle et al, 2015). Students did 
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not address either question appropriately and either left it blank or explained what 

patterns they found. There was a significant change on the second checkout question set 

post-treatment. When asked why it was possible to identify a mineral based on physical 

properties, 22% of seventh grade students were able to state that this is a possible task 

because minerals have unique properties that can be identified using physical tests and 

33% of seventh grade students were able to state that clearly. 

 Student-created CER slides and posters changed from the beginning to end.  The 

pre-treatment posters were decorative with minimal text, while the post-treatment set 

were heavy with organized data in the evidence section (Figure 6). Initially, many 

students restated their evidence or claim in lieu of reasoning. Reasoning on post-

treatment posters and slides had more text, although the majority still kept including 

evidence in their reasoning. On their post treatment personal responses, several students 

were not content to use the space provided and created a second slide to create space for 

evidence tables and reasoning (Figure 7).  
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.  

Figure 6.  Examples of initial (left) and final (right) argumentation posters. 

 

Figure 7. Example of final student argumentation. 
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CHAPTER FIVE 

CLAIM, EVIDENCE AND REASONING 

Claims From the Study 

 When I began designing the study in anticipation of conducting action research, I 

knew I wanted to work with targeting the process skill of argumentation.  My middle 

school students made acceptable claims, showed widely varied ability across grades in 

gathering evidence, and demonstrated very little proficiency in reasoning skills.  It 

seemed like instruction and inquiry in using argumentation only slightly improved their 

ability to connect claims to evidence but had little to no impact on reasoning.  Using a 

specifically designed POGIL to address this gap brought specific, clear instruction to this 

group and allowed them to investigate the differences between the three main aspects of 

argumentation. The whole process of action research brought a spotlight to skills that 

needed work and raised student awareness that it was an important process skill for 

science and many other applications as well. Responding to a background probe, taking 

pre and post-tests to evaluate their ability to identify CER statements, and working 

through a POGIL as a group that allowed them to break down the elements of CER all 

contributed to focusing on this particular process skill. 

 While neither ADI nor POGIL are defined as learning progressions, both provided 

guided argumentation experiences from different approaches. One can see POGIL as 

reducing it to order and ADI as extending its reach. By using POGIL as a scaffold, 

students had opportunity to extend proficiency in argumentation. By engaging in ADI 

through using the skills gained through POGIL scaffolding, students exhibited 
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progression by using guiding questions, planning investigations with teacher feedback, 

and presenting arguments for critique.  

 After all the data was collected and analyzed, students overall showed gains in 

their ability to write CER, their ability to discriminate between statements as claim, 

evidence or reasoning statements, and their ability to select appropriate evidence to 

support a claim.  From a qualitative perspective, their argumentation became much richer 

and more organized.  It is my claim that adding a guided inquiry activity to our learning 

environment brought improvement by giving them a better scaffold.  

 As an instructor conducting action research for the first time, I found the process 

rich and informative as I examined student work for patterns and documented changes to 

student understanding. It was enlightening to look at background knowledge probes 

which asked students to explain their ideas about claim, evidence and reasoning and see 

the diversity in understanding.  One student thought he'd be great at CER because he 

"watched a lot of cop shows." Several students described claim as indicating possession 

or discovery; others were able to specify that claim means to state that something is true 

and prove it. Students were more on target with evidence in terms of definition.  The 

word proof was used by most students in relation to evidence. However, by the end of the 

study, most students used the word claim appropriately as evidenced on their work 

through investigation and were able to exclude data that did not support their claim. 

 Reasoning was the most difficult thing for students to describe, with evidence 

being restated alongside variations of the words "logic" and "explanation" by a few 

students.  This affirmed what I saw in their work after all treatment was concluded; in 
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spite of good examples and clear instruction and experience, meaningful reasoning 

remained elusive for some students.   

  This raised more questions for me.  Is it developmentally appropriate to approach 

reasoning with younger adolescents?  Gains in these areas give me hope that it isn't 

unobtainable, but proficiency might be related to exposure and experience. Refutation or 

rebuttal kept coming up in conversations with students in concept if not in name.  An 

open question remains for me as a teacher, then, about using refutation as a tool to 

improve reasoning.  

 Action research is by nature never complete, and I believe as a beginning 

practitioner there were many directions I could have taken to examine what was 

happening when I targeted argumentation through the use of POGIL. Like any new 

endeavor, many of the lessons are found when problems are encountered, and my action 

research project was no exception.  

  It was an unusual year due to COVID protocols and that restricted many design 

choices. I had a shorter instructional week and students were limited in group work 

because of social distancing. Additionally, we had many students out for long absences 

due to quarantine or illness. I would have preferred to compare a treatment group with a 

non-treatment group. I was concerned that it wouldn't be an accurate way to measure 

progress due to small class sizes, but mostly I wanted to make sure that each student had 

access to what I hope would be better learning opportunities through the inclusion of 

POGIL.  
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 My eighth-grade class beta-tested every instrument, the treatment POGIL and the 

argumentation investigations. They alerted me errors or unclear word choices. While that 

class growth in argumentation seemed significant, their class population nearly doubled 

throughout the year which changed the dynamics considerably and made comparison 

difficult to navigate. In a typical year, I would have liked to have taken their measure as 

well and included them in the study. I wondered if their growth as older students would 

have been more significant since most of them had more opportunities to engage 

argumentation activities. These are just a few things I would do differently.   

 Part of the research that surprised me was how deeply I enjoyed creating 

databases and working with the data to uncover bigger patterns. It was enlightening to 

give shape quantitatively to things I had informally observed in students in class; 

sometimes there were new insights into thinking patterns or misconceptions while other 

observations were confirmed empirically. It was satisfying to look for the story in the 

data and read the ending in the gains, giving me insight in what to work on next year. 

Within the data itself, there were subsets of information such as individual gains or gains 

as a group on specific items which each tell another piece of the story of what my 

students gained this year in argumentation skills.  
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Value of the Study and Consideration for Future Research  

 The value of my study lies in uncovering misconceptions students have about 

argumentation, observing what changes are possible when the process skill of 

argumentation is targeted for treatment and practice, and learning what still needs 

improvement in this area for middle school students  

 Additionally, my small study is part of a larger, growing body of research that 

looks at how students grow in reasoning ability and what types of pedagogical choices 

can be made in the classroom to help them in this endeavor.  I found value in close 

examination of the effects of guided inquiry towards a specific process skill and I would 

hope others could benefit from this study as well.  

  Future research could entail continuing to teach process skills within content area   

coordinating with refutation and refinement of reasoning. There were many more 

questions I had about student learning processes and research into any of them will yield 

information to help me improve as a teacher. General background vocabulary in science 

is not typically high in middle school and students often had a difficult time finding 

words to express their ideas. I wonder what impact deliberately building meaningful 

science literacy would have on argumentation. Finally, after watching my students learn 

the value of creating tables and charts on their second ADI investigation, 

I would like to explore more about building meaningful, student-generated data sets that 

students can explore as evidence and look for reasoning within those patterns. 
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Impact of Action Research on the Author  

 At the beginning of my time in the MSSE program, I was concerned about 

conducting an action research project successfully. After going through the process, it has 

been one of the most informative years of my teaching career. I've become much more 

deliberate about what we do and how I teach concepts rather than merely using the same 

approach I used previously. Every group of students is unique and requires careful 

assessment of their needs with a response that is appropriate. I would hope to continue 

using many types of the instruments I used this year to uncover areas where students are 

needing scaffolding, where learning progressions might be implemented, and how I can 

help students learn to communicate through written argumentation at a more coherent and 

cohesive level.  Through using action research processes, I can see the impact of 

instruction on a much more profound level rather than just looking at success or failure 

through grades and mastery of concept on tests.  

 This means that I will have to work on communicating new ways of assessment 

and evaluation to students and parents.  Our school has typically not used standards-based 

grading or problem- based learning approaches but instead used a more traditional 

grading system, but I can work within that system to reflect growth and change. Gradual 

instructional changes over the past nine years have resulted in a science teaching program 

that looks very different than it once did, so more changes won't be too shocking but will 

require adjustment.   
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CHAPTER SIX 

THE JOURNAL ARTICLE AS SUBMITTED TO SCIENCE SCOPE 

Title: Learning to Argue 

Subtitle: Using Process Oriented Guided Inquiry Learning to Increase Student 

Proficiency in Claims, Evidence and Reasoning 

Abstract: The author's classroom action research project's purpose was to examine the 

effects of an educational approach called Process-Oriented Guided Inquiry Learning 

intervention on student abilities to create, identify, and understand different aspects of 

scientific argumentation. The project follows two middle school classes through the 

process of pre-and post-assessment, treatment, and inquiry labs where they engaged in 

argumentation in response to a guiding question. Students in grades six and seven 

investigated the differences among claim, evidence, and reasoning in scientific 

argumentation.  The research showed gains in each group as measured through 

identification of CER statements and writing their own CER argumentation. 

 Inquiry is a strong tool; it has been the primary vehicle recommended for science 

instruction in the United States for over 25 years (National Research Council, 1995). The 

NRC further clarified that the current three-dimensional model of science and 

engineering practices, cross-cutting concepts, and disciplinary core ideas is not meant to 

replace inquiry but communicate a deeper understanding of how to teach it (National 

Research Council, 2012). When students engage in inquiry, their findings are 

communicated through argumentation, often in the form of claim, evidence and reasoning 
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(CER). This approach models how many scientists conduct research and provides an 

opportunity for students to think like scientists and evaluate others' claims.   

 In middle school science classrooms, the NGSS disciplinary practices of planning 

and carrying out investigations, analyzing and interpreting data, and engaging in 

argument from evidence are critical steps towards conducting effective inquiry.  As a 

science teacher for grades 6-8, I consistently observed that my students had little to no 

background in these practices when they arrived at my science class in grade six.  

 Investigation opportunities provided good initial experiences. Argument Driven 

Inquiry activities were implemented a few times per year alongside an inquiry-style 

science fair. Students were soon able to identify accurate claims but found analyzing and 

interpreting evidence in the form of data to be challenging. They struggled to plan or 

carry out independent investigations even when given a guiding question. 

 I began to search for ways to potentially foster gains in argumentation skills and 

wondered if breaking down the component parts of CER be helpful to students and 

improve their argumentation skills. As a student in the Master of Science in Science 

Education program at Montana State University, I decided to undertake an action 

research project to see if a targeted intervention strategy would be effective.  Dr. John 

Graves, my advisor, worked with me through MSU's foundation classes to help me 

design the project.  

 I wanted to use a tool that learners already knew how to use and found enjoyable.  

Process-oriented guided inquiry learning (POGIL)was familiar to students, and it ranked 

among my students as one of their favorite learning tools on end-of-year surveys.    
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 POGIL is a student-centered approach that uses small teams with assigned roles to 

explore concepts. Models are used to explore aspects of fundamental ideas, learn terms 

associated with concepts, and apply concepts to more complex problems. Students are 

assigned or choose roles that involve participation through reading, timekeeping, 

documenting, and collaborating with the larger class.  

 While POGIL focuses on several process skills to develop alongside content in 

the science classroom, I was most interested in working with my students to enhance 

written communication, problem solving, critical thinking, and information processing 

(Moog, 2019). After digging into research on ADI, argumentation, and POGIL, I felt I 

had a good intervention to try. I've helped developed POGILS for several collections, so I 

decided to use its structure to work through argumentation components.  

 With help from fellow POGIL practitioners, an activity that explored claim, 

evidence and reasoning was born from an investigation that occurred in my classroom 

some years before. The title of the POGIL was "Is it Safe to Use Your Lunchbox as a 

Bowl?" and explored the question of food safety and cleanliness in relation to levels of 

bacteria and dirt in student lunch containers. Students were presented with an inquiry 

project's data and worked through queries about what they were observing in collected 

data and experiment results. The final task was to create a claim, evidence, reasoning, and 

refutation model that supported a claim that argued for or against eating directly from 

one's lunch box surface.  

 Surveys were given to students to explore attitudes before treatment.  A high 

percentage of students (69% of sixth graders, 77% of seventh graders, N=33) agreed or 
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strongly agreed that they were able to differentiate between evidence for a claim and 

reasoning that supported a claim.  Only 6% of sixth graders strongly disagreed while no 

seventh graders showed negative attitudes about proficiency.   

 Next, a series of claim, evidence or reasoning statements were given to students to 

identify. Sixth grade averaged 65% and seventh averaged 68% on their ability to identify 

CER statements. 

 Prior to the treatment POGIL, students engaged in their first ADI unit which 

generated both group and individual responses; these were scored using a rubric. The 

initial CER products were diverse; some students unable to create any argument while 

few approached proficiency. Most students did not meet the standard. The group 

argumentation posters were scant on evidence, inaccurate on claims, and had little 

reasoning. Students as individuals likewise struggled to make a valid claim, presented 

disorganized evidence, and often restated evidence in place of reasoning. The scores 

averaged 2.94/8 for sixth grade and 3.94/8 for seventh.  

 After the initial round of inquiry, POGIL groups were organized to provide 

diversity and support. Students worked through the models and answered questions. I 

facilitated their discussions and checked for understanding.  Students were given claim 

choices to match their evidence but were not provided reasoning options. Most groups 

easily discovered an effective claim and were able to provide evidence. Disagreement 

popped up in groups in writing the reasoning portion. 

 The POGIL intervention was followed with a second round of ADI, CER 

identification test, and attitude survey. Students showed gains on both the argumentation 
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rubric and CER post-test. An interesting shift in seventh grade student attitudes towards 

perceived proficiency communicated needing growth in differentiating between evidence 

and reasoning.  

 

 

Figure 1. Student attitudes pre- and post-treatment regarding CER argumentation ability, 
grade 6 (top) and grade 7 (bottom). (N=33, n=16, n=17). 

0%
20%
40%
60%
80%

100%

make
claim
pre

 ID
claim
pre

 ID ev
pre

 Ev vs
rea
pre

 ev
sup
pre

 rea
pre

 make
claim
post

 ID
claim
post

 ID ev
post

 Ev vs
rea

post

 ev
sup
post

 rea
post

Student Attitudes Regarding 
CER-6

Strongly agree Agree Disagree Disagree Strongly

0%

50%

100%

make
claim
pre

 id
claim
pre

 id ev
pre

 ev vs
rea
pre

 ev
supp
pre

 rea
pre

 make
clam
post

 id
claim
post

 id ev
post

 ev vs
rea

post

 ev
supp
post

 rea
post

Student Attitudes Regarding 
CER-7

Strongly agree Agree Disagree Disagree Strongly



45 
 

 

 

Figure 2. Identifying Claim, Evidence and Reasoning Statements (top) and Writing 
Claim, Evidence and Reasoning (bottom) (N=36; n=18, n=18). 

Qualitatively, the biggest change came in communicating results. Posters went 

from disorganized with sparse evidence to elaborate and organized data tables 

filled with measurements in support of accurate claims.   
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 Finally, one measure showed surprising growth.  Lab checkout questions 

accompany ADI investigations which I used to check for understanding. The first 

question prompted students to provide reasoning but no student from the first 

round responded accurately. After the treatment, 30% of the students were able to 

respond with adequate or proficient reasoning statements. 

 

Figure 3: Group CER Posters Pre/post treatment. 

 Data collection during my action research provoked more questions about how to 

support and scaffold students in argumentation. I am curious about the prompt/reasoning 

relationship and the role development plays when I look at the gains of sixth and seventh 

grade.  
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