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ABSTRACT 

 This study investigated the effect of developing and using rubrics to assess 

students’ abilities to plan and carry out investigations and engage in argument from 

evidence as defined by the Next Generation Science Standards. The intervention was 

carried out with a group of eighth-grade students in science and a high school physics 

class. A control group of similar eighth-grade students was also established in another 

class. Modest gains were seen with the eighth-grade intervention subgroup in a test of 

scientific reasoning skills, but the real value in the intervention was the ability for the 

assessment tools to communicate expectations for these practices.
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INTRODUCTION AND BACKGROUND 

 Telluride Middle/High School is located in the San Juan Mountains of 

southwestern Colorado. The school serves a resort community of a few thousand full-

time residents and has an enrollment of 254 students in the high school (THS Senior 

Profile, 2017). About a quarter of the students are Latino, with the majority of the rest of 

the school being Caucasian. A similar fraction of the school qualifies for free and reduced 

lunch. Southwestern Colorado is a sparsely populated part of the state, and locals often 

like to point out that there are no stoplights in the county. However, the school’s rural 

nature should not be confused for a lack of opportunity, as it is consistently ranked one of 

the top public high schools in the state (US News & World Report, 2018).  

 I have been teaching science in the combined middle/high school for seven years. 

Each of those years has included some middle school classes, and my background as a 

physics education major eventually earned me the spot of teaching the physics and AP 

Physics courses as well. My teaching assignment also often includes a new science 

elective in the high school, and occasionally a math or even a PE class. Such is the nature 

of teaching in a small school. This past year I had four different classes: physics, AP 

Physics, a STEM elective class, and two sections of eighth-grade grade science. I split the 

eighth grade science classes with a colleague, who was gracious enough to allow me to 

use his students as a control group in this study. I was the only teacher for the rest of my 

classes, which is typical for most other secondary teachers in the district. For the past 

four years I have also served as the science department head in our school. 
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 Most Telluride alumni attend college after graduation and are generally bought in 

to what we were trying to accomplish as an institution. In my experience as a science 

teacher, when I pass out a sheet of instructions for a lab, most students would get right to 

work following those instructions. However, students are often less clear on what the 

purpose of a laboratory investigation might be, and also how they could design an 

investigation themselves to provide evidence for or against a claim. While planning an 

actual experiment and answering multiple choice questions about designing an 

experiment are different things, the observation that my students are not as versed with 

experimental design also shows up in our standardized testing data. As the department 

head, I can say with some confidence that this situation exists despite students spending 

considerable time in a laboratory environment in every one of the science classes we 

offer. Colorado has not officially adopted the Next Generation Science Standards 

(NGSS), but teachers in our department still give the NGSS at least equal consideration 

to our state standards when discussing our approach in department meetings.  

 A similar problem existed with respect to engaging in argument from evidence. 

Students frequently argue about their ideas in science class, they often do not need to be 

prompted to do so. While passionate, I have found these arguments often lack a solid 

grounding in evidence, or a clear link between the evidence and the point they are trying 

to support. I have found this to be true with my students in arguments large and small, 

from providing a rationale for explaining why they think another classmate’s work might 

be wrong to the arguments found in more formal, edited writing samples. This problem 

transcends the science department in our school. I know from conversations I’ve had with 
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other colleagues that this is a challenge that the English and Social Studies departments 

are working on as well.  

 Taken together, planning and carrying out investigations and engaging in 

argument from evidence are practices that I hold as high priorities in what I want to get 

across in my teaching. I think of my practice as one that is grounded in an inquiry-based 

approach, and I want students to learn to argue in an informed, logical fashion. However, 

when I examine what ends up being factored in to my final grades, these practices only 

play a minor role, and some are entirely absent.  Students know that I care about these 

practices, but I have not leveraged my grading to increase student performance. With the 

college-bound students in Telluride, this amounts to a missed opportunity.  

 For my classroom research based on the action research model, I intended to 

investigate whether utilizing rubrics designed to assess the different aspects of 

developing and carrying out investigations and engaging in argument from evidence, as 

defined by the NGSS, would improve student performance with these practices. My 

intent was both to share the rubrics that I develop with the students to help articulate what 

exactly is being expected of them during these activities, and also to give students the 

opportunity to use the rubrics to assess their own performance.  

 The main question that drove my research was, Will the development and 

implementation of rubrics specifically designed to assess students’ competence in 

planning and carrying out investigations and engaging in argument from evidence 

improve performance in these areas? I was also interested in a secondary question, Will 
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the development and implementation of these rubrics also have a measurable effect on 

student performance on standardized test questions that cover experimental design?  

CONCEPTUAL FRAMEWORK 

 In the summer of 2011, the National Research Council published A Framework 

for K-12 Science Education, a report intended to provide guidance and recommendations 

for improving science education from kindergarten to 12th grade (Keller & Pearson, 

2012). Outlining a three-dimensional approach to science education, this report defined 

these dimensions as Cross-Cutting Concepts, Disciplinary Core Ideas, and the Science 

and Engineering Practices. The Next Generation Science Standards (NGSS) followed 

shortly thereafter, fleshing these dimensions out into a set of standards that could be used 

and adopted by schools (NGSS Lead States, 2013). In contrast to other sets of science 

standards, the NGSS were clear about what students should be doing in a science class, as 

opposed to solely describing the content that should be taught. Each practice was 

unpacked and progressions were delineated, so that educators were clear on what exactly 

could be expected of a student for each practice at different points in a student’s 

education.  

 With respect to planning and carrying out investigations, the standards focus on 

students’ abilities to formulate a testable question, as well as a hypothesis that answers 

that question. Students should be able to determine what data should be collected, what 

tools would be needed to collect that data, and how this data should be recorded. Students 

need to be conscious of how much data should be collected for the results to be valid, and 

how sources of error might impact that data. Finally, students need to be able to identify 
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dependent and independent variables, and controlling for additional variables (NGSS 

Lead States, 2013). In addition to defining these characteristics, the NGSS also provides 

guidance on the progression of these skills throughout their K-12 years. For example, 

“Older students should be asked to develop a hypothesis that predicts a particular and 

stable outcome and to explain their reasoning and justify their choice. By high school, 

any hypothesis should be based on a well-developed model or theory” (NGSS Lead 

States, 2013, p.61). The emphasis in these practices, as with much of the NGSS, paints a 

clear picture of what students should be doing regularly in a science classroom.  

 These new standards were embraced by science teachers across the country, 

including by schools and teachers in states that had not formally adopted the standards. 

However, as the director of the National Science Teachers Association pointed out, 

“significant effort is needed to use these performance expectations to modify and guide 

the development of classroom/ formative and high-stakes summative assessments at all 

levels” (Evans, 2014, p.3). While the Science and Engineering Practices had been clearly 

defined, assessing students’ performance in these practices remains a challenge.  

 If authentically assessing student progress towards what has been set out in the 

Science and Engineering Practices is challenging, it isn’t just a problem of accurate 

record keeping for the teacher. For at least the past several decades, assessment has also 

been seen as a vehicle for additional learning opportunities, often referred to as 

assessment for learning. “Assessment for learning is any assessment for which the first 

priority in its design and practice is to serve the purpose of students’ learning” (Black, 

Harrison, Lee, Marshall & William, 2004, p.10). To achieve this aim, the assessments of 
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the practices should also provide additional clarity to the student as to what is being 

expected of them. To fail to do so would involve missing out on a significant opportunity 

for teaching and learning. 

 One way of accomplishing this aim is with the usage of rubrics.  “Assessments 

can serve these purposes when they are clearly linked to standards that are reflected in the 

rubrics used for scoring the work; when these criteria are made available to students as 

they are developing their work; and when students are given the opportunity to engage in 

self- and peer assessments using these tools” (Conley & Darling-Hammond, 2013, p.29). 

Not only do rubrics provide a way of accurately assessing a multifaceted objective like a 

NGSS Science and Engineering Practice, they also make clear exactly what and how the 

task is being assessed, and when put in the hands of students they provide a means for 

students to assess their own work and the work of their peers. This self- and peer-

assessment is critical for students to achieve their learning goals, since using the rubric 

will make clear to them exactly what is being expected and allows them to set clear goals 

for future performance (Black, Harrison, Lee, Marshall, & Wiliam, 2004; Chappuis & 

Stiggins, 2002). 

 When students use rubrics for self-assessment, they are not just an effective tool 

for making objectives and learning goals clear. Hafner and Hafner (2003) showed that 

student use of a rubric to assess their peers’ presentations were not only consistent with 

each other but were also strongly correlated with the professor’s own grading of the 

presentations. This suggests that student scores can also be used somewhat reliably as a 

component of a student’s grade, adding to the legitimacy of the exercise. Another 
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surprising result of the study was that the results were generalizable with as few as five to 

ten ratings, meaning that large numbers of peer assessments did not necessarily need to 

be carried out and compiled for the results to be reliable. In another study, Eyster (1997) 

showed that two different teachers with different levels of familiarity with a rubric 

designed to assess student performance in lab were able to generate scores which were 

highly consistent with one another. This suggests that teachers could collaborate on 

scoring student performance with a rubric without necessarily first going through an 

extensive process to normalize their scores.  

 The Framework for K-12 Science Education and the NGSS set out clear 

performance expectations for what students should be doing in their science classes, 

known as the Science and Engineering Practices. Assessing these Practices remains as an 

open problem in science education, but the use of rubrics appears to be a promising tool 

in meeting these challenges. Rubrics provide clear and tangible descriptions of what is 

being expected of students, and also allow students to assess themselves and their peers 

using the same tool. These student and peer assessments have been shown to be 

consistent enough that they can be used in final scoring, honoring student’s effort in 

joining in on the assessment without detracting from the legitimacy of the final grades. 

This creates an authentic assessment-for-learning opportunity that can meet rigorous and 

meaningful standards, accurately measure progress toward those standards, and help 

students understand what is being expected of them all at once. 
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METHODOLOGY 

This study was carried out in two science classes at Telluride Middle/High 

School. One was a middle school science class divided into two periods (n=37). The 

other was a relatively small physics class for juniors and seniors (n=8). A control group 

was established using the students from my colleague Chris Loew’s eighth-grade science 

students, who took part in the pre- and post-testing but none of the interventions (n=38). 

The overall participation rate for the study was 82%, though only 57% in the physics 

class. The numbers above represent full participants. The backgrounds of the students in 

these classes generally mirrored the demographics of Telluride as a whole. The students 

in each class were predominantly white, and evenly populated with girls and boys. Four 

of the students in my physics class did not speak English as their first language, three of 

which were European students on a Rotary study abroad program. The intervention for 

the eighth-grade students and the physics students was similar, though the data was 

sometimes reported separately for the middle and high school sub-groups (N=83). The 

research methodology for this project received an exemption by Montana State 

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

subjects was maintained (Appendix A). 

 The aim of this study was to improve student performance in the NGSS science 

and engineering practices of planning and carrying out investigations and engaging in 

argument from evidence. The intervention primarily involved assessing these practices 

more explicitly, using rubrics to assess student performance. The Investigations Rubric 

was developed directly from a section within the Framework for K-12 Science Education, 
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where the expectations for planning and carrying out investigations was described 

(Appendix B). The Investigations Rubric used a four-point scale, where possible the top 

score corresponded to 12th grade expectations as defined in the Framework, a three 

equaled middle school expectations, two indicated partial proficiency, and a one did not 

meet any substantial expectations. Performance descriptions were copied directly from 

the Framework or reduced for brevity. Students could score up to 16 points on this rubric. 

The Argumentation Rubric was found online and used a three-point scale to assess 

student proficiency in scaffolding arguments (Appendix C). This rubric and all 

instruction around it relied on the Claim-Evidence-Reasoning structure. The maximum 

possible score on the Argumentation Rubric was six, as the low score in any component 

earned zero points. 

Explicit instruction related to the use of these rubrics and structure occurred over 

a two-month period. During this time, the eighth-grade students studied weather and 

climate, while the physics students completed units on projectile and uniform circular 

motion. In an effort to make the intervention more robust, both classes departed from the 

normal curriculum near the end of the treatment to complete more labs and arguments 

than were normally called for during this period.  

During the intervention, students were assessed using the Investigations Rubric in 

each lab that took a full class period or longer to complete and were periodically asked to 

fill out the rubric to self-assess their performance. This was largely to improve their 

familiarity with the practices themselves, and also served as a self-assessment of their 

progress. It became immediately clear that some labs would need to be reframed to allow 
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students more control in designing their own investigations. In total, students used the 

Investigations rubric in five different labs during the intervention period. Mini-lessons on 

various skills were interspersed between these labs to address patterns of weakness found 

in the rubric results, making use of the rubrics as formative assessments.  

In a similar fashion, students were also asked to construct arguments using the 

Claim-Evidence-Reasoning structure and assessed with the Argumentation Rubric. These 

arguments were necessarily given in a written, worksheet form, so as to score the work in 

a standardized way. However, especially in my physics class where I have the students 

frequently present and discuss homework problems, the common language of the Claim-

Evidence-Reasoning structure was stressed during the presentations and students were 

encouraged to construct their arguments in a similar fashion. Students were asked to 

complete eight of these argumentation worksheets, and again mini-lessons were 

interspersed to address patterns of weakness observed in the data.  

 To measure the impact of this intervention, several instruments were used. To 

assess whether students improved their ability to successfully analyze experimental 

situations, Lawson’s Classroom Test of Scientific Reasoning was administered as a pre- 

and post-test (Appendix D). This 24-question multiple choice test presented students with 

common laboratory situations, and asks students about conclusions, explanations and/or 

rationales for certain results. Results from these tests were compared graphically, with a 

calculation of normalized gain, and a matched paired t-test. Students also completed the 

Student Attitudes Survey before and after the treatment which probed their attitudes 

towards these practices and science generally (Appendix E). Statements were given, and 
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students selected answers using a Likert scale ranging from 4- Strongly Agree to 1- 

Strongly Disagree. The differences between pre- and post-test responses were calculated 

and compared with the CTSR growth scores with a correlation coefficient. Any shifts in 

survey responses were also subjected to a t-test.  

Finally, twenty-five randomly selected students from the treatment groups were 

interviewed on their experience following the intervention (Appendix F). The questions 

focused on whether students felt that their approach to labs or constructing arguments had 

changed at all after the rubrics were introduced. Responses were recorded and cross-

referenced with any apparent patterns in the data. The ways in which each of these 

instruments addressed the primary and secondary question for the research is summarized 

in the Data Triangulation Matrix (Table 1). 

Table 1 

Data Triangulation Matrix 
Data Source Questions 

Primary Question: Does 

assessing student performance 

in SEP 3 and 7 using rubrics 

improve student performance 

with those practices? 

Secondary Question: Does an 

increased focus on SEP 3 and 7 

improve student performance 

on standardized tests? 

Lawson’s Classroom Test of 

Scientific Reasoning 

X X 

Student Attitudes Toward 

Science Survey 

X  

Interview Questions 

 

X X 

Investigations Rubric X  

Argumentation Rubric X  
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DATA ANALYSIS 

 Each student in the study completed Lawson’s Classroom Test of Scientific 

Reasoning (CTSR) as a pre- and post-test. The table below shows the results from the 

eighth-grade control group, the eighth-grade treatment group, and the physics students 

(Figure 1). Median scores rose in both of the eighth-grade groups, moving from 37.5% to 

41.7% in the control group and 45.8% to 58.3% in the treatment group. On average, 

scores fell in the physics class, with the median score going from 70.8% to 64.6%. In 

both eighth-grade groups, the standard deviations increased for the post-test, while 

narrowing slightly in the physics group. A matched paired one tailed t-test returned a p-

value for the eighth-grade intervention group of .0004, indicating it was unlikely that the 

increase in post-test scores was due to chance. This same test returned a p-value of .12 for 

the physics tests, which failed to reach the .05 standard needed to reject the null 

hypothesis. The eighth-grade control group’s data was not compiled by student, so an 

unpaired t-test was run instead, and returned a p-value of .17, again failing to reach the 

significance level to reject the null hypothesis.  

 
Figure 1. Lawson’s Classroom Test of Scientific Reasoning data for the eighth-grade 

control group (n=38), the eighth-grade intervention group (n=37), and the physics class 

(n=8), (N=83). 
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Normalized gains were also calculated for each group. The control group saw an 

overall normalized gain of six percent, indicating that students in this group correctly 

answered six percent of the questions that were originally missed on the pre-test. The 

eighth-grade students in the treatment group saw a normalized gain of 15.4%, while the 

students in the physics class managed a negative normalized gain, as the average post-test 

score was lower than the pre-test score. A plot of pre- vs. post-test scores for both 

treatment groups is shown below, with eighth-grade scores shown in green and physics 

scores in orange (Figure 2). The control group was not sorted by student, so those data do 

not appear in the chart. A line with a slope of 1 has also been included. Points falling 

above this line represent students who improved their score on the post test, while points 

below show students whose scores fell.  

 

 
Figure 2. Classroom Test of Scientific Reasoning pre- vs. post-test scores, (n=45). 
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For students in the treatment groups, the number of incorrect scores on each 

question were tabulated. This was useful in identifying areas of relative strength and 

weakness for the students, as well as where the most growth took place. Of the 24 

questions on the test, 54% of the growth came from just five questions: numbers five, six, 

nine, ten, and twenty.  Questions five and six were proportional reasoning questions. 

Nine and ten covered a pendulum lab and asked about isolating variables. Question 

twenty involved justifying a claim that had been made about a situation in the previous 

question. Question 21 saw more incorrect responses on the post-test than the pre-test by 

the largest margin. This question also involved testing a claim, this time proposing a 

further test to gain additional evidence. It was also the longest question on the test, 

requiring students to read about three quarters of a page to make sense of the question.  

Another aspect of my analysis was to compare the scores or gains from the CTSR 

to other aspects of the study. A number of comparisons were made between either raw 

scores or gain scores on the CTSR to the responses on various survey questions. 

Correlation coefficients were also calculated between these measures, but few patterns 

emerged. One notable lack of correlation is shown in the graph of CTSR post-test scores 

against the survey question, “I am interested in science” (Figure 3). I predicted that 

students who liked science more would score higher on a test like the CTSR, or vice 

versa. The correlation coefficient for these two measures was .13, indicating essentially 

no correlation. The general interest in science indicated by both the pre- and post-test 

surveys mirrors a general positivity seen during the interviews, and during the year as a 

whole with my students. When asked if they had anything else they wanted to say, most 
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students declined, but when they did volunteer a response it was most often to say that 

they liked my class, or science generally.  

 
Figure 3. Classroom Test of Scientific Reasoning post-test score vs. Likert responses to 

the question “I am interested in science.” 1=Strongly Disagree, 2=Disagree, 3=Agree, 

4=Strongly Agree, (n=45). 

 

Responses from the survey questions were compiled and compared from before 

and after the intervention (Figure 4). Generally, post-test survey responses were quite 

similar to the responses given before the treatment. In a few cases, students did not 

answer a question or gave a response that was between two values. These numbers were 

omitted individually, and account for the reduced number of responses in some of the 

questions.  
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Figure 4. Likert responses to select survey questions before and after treatment, (n=45). 

 

Most of the other survey questions showed similarly small shifts in student 

perception over the course of the treatment period. Of the eleven questions on the survey, 

the greatest shifts occurred in the final question, When I’m evaluating some else’s 

argument, looking at their evidence is an important part of my analysis (Figure 5). Before 

the treatment, 84% of students gave an affirmative response, while after the treatment 

only 71% of students did so. This decrease was seen in both the eighth-grade and physics 

subgroups.  A matched paired two-tailed t-test for the two classes combined returned a p-

value of .07, narrowly missing the standard for rejecting the null hypothesis. If the 

students actually felt less inclined to look at evidence when evaluating another argument, 

the interviews indicate that many still feel that it is an important part of their own 

argumentation. Many students indicated that one of the benefits of the CER framework 

was being asked to explicitly cite evidence, as typified by this response, “Yeah, because 

having to write down your evidence changes your claim sometimes, having to write it 

down made it more clear.” 
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I am a curious person
Post-Test
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I am likely to pursue a STEM career
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I enjoy carrying out investigations in science
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Figure 5. Likert responses to the statement, “When I’m evaluating someone else’s 

argument, looking at their evidence is an important part of my analysis,” (n=45) 

 

INTERPRETATION AND CONCLUSION 

 Student gains on the Classroom Test of Scientific Reasoning (CTSR) were 

modest in the case of the eighth-grade group and disappointing in the case of my physics 

class. I was pleased to see that in terms of normalized gain, the students in the 

intervention group showed about three times more growth than those in the control group. 

Of course, attributing this growth to the intervention would be difficult, and even if I 

were able to show causation, I would then have to explain why that same intervention 

caused my physics students to regress. If I had to guess, I would say that perhaps giving 

the post-test for the physics students right before spring break did not help the scores, but 

that is speculation. In any case, the t-test results prevent me from making too many 

inferences about the changes in anything beyond the eighth-grade treatment group. The 

average physics CTSR scores did help put the growth in the eighth-grade groups in 

context. The intervention group gained back just 15.4% of the questions they originally 

missed, but this was over a third of the gap between the eighth-grade pre-test average and 

my physics students’ pre-test scores, a class of juniors and seniors in high school.  If we 

could maintain growth at this rate, these eighth-grade students would be in great shape by 

the time they were upper-classmen.  

0 5 10 15 20 25 30 35 40 45

Pre-Test

Post-Test

Strongly Agree Agree Disagree Strongly Disagree
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Again, given the time and scope of the intervention, it might not be especially 

surprising that students’ responses to questions such as “I am likely to pursue a STEM 

career later in life” did not change significantly over the course of the study. That said, I 

was surprised to see that other survey questions were similarly stable, especially given 

that such a strong majority of students interviewed stated that they found the tools of the 

intervention to be helpful. I was suspicious during the interviews that some students felt 

compelled to tell me what they thought I wanted to hear, so perhaps some of these 

responses should be taken with a grain of salt. It is also possible that while the students 

do now have a better understanding of what is required to competently carry out an 

investigation or base an argument in evidence, more time is needed before that 

understanding translates to correctly analyzing the situations presented on the CTSR. 

Students in both classes showed substantial growth in CTSR questions nine and ten, 

which deal with a pendulum. Both the physics and eighth-grade students did an 

investigation on a pendulum as a part of this study, and it seems likely that this 

experience translated to better scores on these items. And while we were frequently 

emphasizing investigation and argumentation skills that were related to other questions, 

the connection was less explicit, and likely would take longer to develop.  

 The strongest signal that I received from my data came from the student 

interviews I conducted at the end of the study. Student after student informed me that 

both the Investigation Rubric and the Claim Evidence Reasoning scaffold provided them 

with concrete direction that helped them understand what I was looking for in these tasks. 

The survey did not provide evidence that this helped students enjoy these activities any 
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more, but this was not necessarily the goal. Tellingly, one student told me in response to 

an interview question on how the CER framework had changed her arguments, “I don’t 

like it. My arguments have gotten better. Verbal arguments are better, I don’t know how 

to word it on paper … Writing enough to provide evidence makes it difficult.” In an early 

iteration of the CER framework on a lab dealing with a pendulum, she appears to be 

using the Claim section as a replacement for an opportunity to state a hypothesis (Figure 

6). Numerous other students did something similar, some even followed by evidence and 

reasoning in which they provided a convincing case for why their stated claim was 

actually wrong. It appeared to me at the time that students were mimicking elements of a 

lab report, equating Claim and Reasoning with Hypothesis and Conclusion. After a mini-

lesson and a few more iterations, the expectation seem to have been more clear. A few 

weeks later in a lab on balance and torque the student quoted earlier now made a claim 

that was clearly supported by her evidence and used the reasoning section to provide 

some quantitative backing for the claim. While ideally, I was looking for some 

quantitative relationship to be stated in the claim section, this student was now using each 

section as I had instructed, and taken together I feel she has constructed an argument that 

was based on evidence that she gathered for that purpose. Even in the absence of 

conclusive data that showed that these instruments helped improve student performance, 

a tool that helps better communicate what we are looking for in lab or in structuring an 

argument is quite useful. I will certainly continue to use the Claim Evidence Reasoning 

structure in future years, and I will continue to refine the rubric for assessing labs, if only 
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to provide another way of explaining to students what my expectations are for these 

investigations.  

 
Figure 6. Student samples of Claim Evidence Reasoning arguments from early and late in 

the treatment. 

VALUE 

 As explained in the introduction, to teach in a small school is to wear a lot of 

different hats. Since moving to Telluride seven years ago I have taught nine different 

classes, three or four at a time, developing curriculum for most of them. I have learned 

much from these experiences. Teaching so many different classes has broadened my own 

knowledge base and added many different activities to my toolkit as a science teacher. 

However, in preparing for and carrying out this project, I have realized that some of the 

central aspects of my science teaching have been neglected, namely developing and 

improving my assessment tools, and aligning my practice to the NGSS. This project gave 
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me an opportunity to revisit how I assess some of the aspects of my science teaching that 

I hold to be very important yet have been put on hold in favor of what often felt like the 

more immediate demand of planning lessons in new classes.  

 Before this project, I had heard that the elements within the Next Generation 

Science Standards were highly interconnected. I had even repeated this idea myself but 

didn’t really appreciate the depth until I got into this project. There were a number of 

instances where I was helping a lab group improve their performance with the designing 

and carrying out investigations practice, but I found myself talking about other practices 

instead. For example, I was helping a group improve their score on the hypothesis 

component of my Investigations Rubric and found myself emphasizing the importance of 

developing and using models. Similarly, I would be helping a group wrap up and make 

sense of their investigation and realized that we had transitioned from the investigation to 

analyzing and interpreting data, as well as using mathematics and computational 

thinking. I had originally chosen to focus this project on the investigations and 

argumentation practices, thinking of them as important but discrete. Early on I realized 

that these two practices complimented each other well. Resolving our investigations 

involved developing an argument or grounding our arguments in evidence required 

another investigation. I had been an advocate of the NGSS before this project, but doing 

this research really helped me understand how the NGSS practices aren’t just a collection 

of solid priorities, but a package of interrelated skills that shouldn’t be thought of as 

individual entities.  
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 I also found that when I was planning the lessons with assessment tools in mind, 

my approach to framing the lab changed. With the eighth-grade students, I had a bit of 

difficulty early on finding labs that students could take a meaningful role in designing 

themselves, since the content at the time was covering large systems like weather and 

climate. When I moved on to general investigations outside of the curriculum, I found 

that when my main goal was to have students construct an argument at the end of a lab, I 

framed the whole activity differently than I previously would have. Before the study, I 

certainly would have described my approach to science instruction as primarily inquiry 

based, and I still feel that it was. However, this experience allowed me to try an approach 

where the argument that I wanted students to eventually construct took on a much larger 

role than it had before. I spent more time clarifying the question that would guide this 

inquiry and setting the lab up so that I could release students to whatever they deemed to 

be a worthwhile investigation during the work time. When students asked questions like, 

“how much data do we need to collect?” it felt a lot more authentic to ask them about 

what they felt like they would need to confidently back up their claim, instead of just 

telling them that a scatterplot should have at least eight different data points as I might 

have said previously. While I spent more time working with students developing the 

reasoning portion of their CER arguments, it was the evidence portion that helped me 

think about the purpose of our laboratory investigation with more focus than I had before. 

It is entirely possible that while I was measuring what I could about students’ 

performance, the largest changes in this study were happening to my own practice, in 

how I was conceiving the lab from the start.  
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 Assessing these practices through rubrics or other means provided an effective 

way of communicating these priorities to students, not least because it ties the priority to 

their grade. The students at my school frequently look for ways to improve their grade, 

and teachers can grow weary when students seem more interested in points than learning. 

If I can close the gap between what gets points and what is important in their science 

education, I can at least better leverage the students’ desire for better grades into more 

learning opportunities. The students have already told me that the tools developed in this 

study helped them understand what was expected. One challenge I have going forward is 

to refine how these assessment tools can occupy a larger part of their grade, and how 

more can be developed so that the gradebook and the NGSS start to have more in 

common.  

 Given the small sample size, low growth, and weak correlations that my own 

study produced, it would be difficult for me to make the case that these assessment tools 

must be taken up by other science teachers. I might instead advocate for others to try to 

use the action research process as a way of reflecting on their own practice and subjecting 

new ideas to more rigorous testing. There were certainly times during this process where 

I despaired at the number of uncontrollable variables related to students and performance 

within a school. It is tempting then to fall back on instinct and qualitative judgement and 

given the number of decisions that a teacher must make in any period of time, this 

approach will always be necessary. However, if we resort exclusively to these instincts, 

as I feel I have over the past few years, we can become lost. As Carl Sagan said, “Science 

is far from the perfect instrument of knowledge. It’s just the best we have.” As science 
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teachers, we shouldn’t just be teaching about the scientific process, we should take steps 

to make sure that the scientific process in informing the decisions we make, even if what 

we are left with at the end of our inquiry falls short of a definite conclusion.  
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APPENDIX B 

INVESTIGATIONS RUBRIC 
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 4 3 2 1 

Guiding 

Question 

The investigation hinges 

on a testable question, 

and the investigation is 

completely focused 

around generating 

evidence to help 

answering that question 

A question has been 

identified, and the 

investigation is 

relevant 

A question exists, but 

the investigation only 

has partial relevance in 

finding an answer to it 

Either there is 

no guiding 

question, or 

the 

investigation 

is unrelated to 

the question 

Hypothesis A hypothesis makes a 

prediction about the 

answer to the question, 

and is based on a 

scientific model or theory 

A hypothesis makes a 

prediction about the 

answer to the 

question, and is based 

on some existing 

background 

knowledge in science 

A hypothesis makes a 

prediction about the 

answer to the question 

No hypothesis 

was stated 

Identification 

and Isolation 

of Variables 

 

When appropriate, an 

independent and 

dependent variable are 

clearly identified, and 

other variables are 

identified and controlled 

to avoid interference in 

the investigation 

When appropriate, 

independent and 

dependent variables 

are clearly identified, 

and most other 

variables are 

controlled to avoid 

interference in the 

investigation 

Variables are identified, 

but some confusion 

may exist in which are 

independent or 

dependent. Also, other 

variables may remain 

uncontrolled and 

interfere with the 

validity of the data 

Variables are 

not identified, 

and little effort 

has been made 

to control 

other variables 

Data 

Collection 

Data is collected 

carefully, with every 

effort to systematically 

identify and reduce 

sources of error. By the 

end of the investigation, 

the data is useful in 

providing evidence for 

the claim that will be 

made about the question 

Data is collected 

carefully and some 

effort has been made 

to identify and reduce 

sources of error. The 

data collected is 

useful as evidence in 

answering the 

question. 

Data is collected, but 

for some reason 

(carelessness, error, 

disorganization) has 

limited usefulness in 

answering the question.  

The data 

collected is not 

useful in 

answering the 

question.  
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ARGUMENTATION RUBRIC 
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APPENDIX D 

LAWSON’S CLASSROOM TEST OF SCIENTIFIC REASONING 
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APPENDIX E 

STUDENT ATTITUDES SURVEY 

 

 

 

  



 

 

47 

Student Attitudes Survey and Science Reasoning Test 

 

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

affect a student’s grades or class standing in any way.  

 

Directions: Rank the degree to which you agree or disagree with the following 

statements on a 4-point scale: 

 

4- Strongly Agree 

3- Agree 

2- Disagree 

1- Strongly Disagree 

 

I am a curious person 

 

4 

SA 

3 

A 

2 

D 

1 

SD 

I am interested in science 

 

4 

SA 

3 

A 

2 

D 

1 

SD 

I am likely to pursue a STEM related career later in life 

 

4 

SA 

3 

A 

2 

D 

1 

SD 

I enjoy opportunities to carry out investigations in science 

 

4 

SA 

3 

A 

2 

D 

1 

SD 

Designing my own investigations helps me answer questions in 

science 

 

4 

SA 

3 

A 

2 

D 

1 

SD 

Testing ideas is an important part of the scientific process 

 

4 

SA 

3 

A 

2 

D 

1 

SD 

I find myself applying what I know about designing and carrying 

out investigations outside of science class 

 

4 

SA 

3 

A 

2 

D 

1 

SD 

My arguments in science are always grounded in evidence 

 

4 

SA 

3 

A 

2 

D 

1 

SD 

I enjoy making arguments in science class 

 

4 

SA 

3 

A 

2 

D 

1 

SD 

I find myself applying what I know about engaging in argument 

from evidence outside of science class 

 

4 

SA 

3 

A 

2 

D 

1 

SD 

When I’m evaluating someone else’s argument, looking at their 

evidence is an important part of my analysis 

 

4 

SA 

3 

A 

2 

D 

1 

SD 

 

Is there anything else you would like to tell me? 
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APPENDIX F 

INTERVIEW QUESTIONS 
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1. Do you feel your approach to labs has changed at all since we started using the 

rubrics? In what way? 

2. Do you feel your ability to construct arguments has changed at all since we started 

using the Claim-Evidence-Reasoning worksheets? In what way? 

3. Is there anything else you want to tell me? 

 

 

 

 

 

 

 

 

 

 

 


